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THE NEW ARMSTRONG NAVAL 
SHIPBUILDING YARD. 


THe development in the design of warships, in 
which Mr. J. R. Perrett, the Naval Constructor 
of the Elswick Works, has taken such a prominent 
part, and which is to form the subject of one of the 
papers at the forthcoming Naval Architects’ Con- 
gress in Newcastle, has necessitated the building 
of a new yard by Messrs. Sir W. G. Armstrong, 
Whitworth and Co. Ten years ago the beam of the 

of our warships was under 80 ft., and the 
Dreadnought, which eight years ago was con- 
sidered an immense step forward, was only 
82 ft. But to-day ships approaching 95 ft. in 
beam are being constructed i several Powers, 
and the length in the same period has increased 
enormously. The Elswick Yard in itself is quite 
adequate for even a greater advance, but, un- 
fortunately, the vessels, when completed, have to 
pass between the piers of a swing-bridge spanning 
the River Tyne, and the distance between the 
piers sets a limit to the beam of ships which 
could be constructed at the Elswick Yard. It was 
therefore decided to construct an entirely new 
yard. This decision was the more readily come to 
as the ordnance. hydraulic engineering, and other 
departments at Elswick required room for further 
extension, in order to meet the increasing demands 
made upon these departments. As soon as the 
ships now building at Elswick are completed, the 
shipbuilding machinery there, which is all com- 
paratively modern, will be moved to the new yard 
to supplement the entirely new equipment already 
laid down. 

The new Armstrong yard, which is situated at 
Walker, 34 miles from Newcastle and 7 miles from 
oe “sy is in working order, the British battleship 

a 
the Turkish battleship Osman I. (formerly the 
Brazilian ship Rio de Janeiro) is being completed 
at the fitting-out wharf. But until the removal of 
the machinery from Elswick, the yard will not be in 
full operation. We therefore defer for the present 
a detailed description of the establishment, which 
is unexcelled in its equipment. As the Naval 
Architects during the Conference week will visit 
the works, a general description may, however, 
now be given to assist the visitors in appreciating 
the admirable arrangement of the works and the 
broad policy which has characterised the equip- 
ment of the yard. It may be said that the 
scheme of the works was laid down by Mr. 
G. J. Carter, when shipyard manager at Elswick ; 
since his departure, in September, 1912, to become 
managing director of Messrs. Cammell Laird 
and Co.’s Works at Birkenhead, the supervisory 
work has been carried out by Mr. F. E. W. 
Coller, the shipyard manager at Elswick, and Mr. 
Harold Thomson, the superintendent engineer, 
under the direction of Mr. Perrett. Messrs. 
Cackett and Burns Dick, Newcastle-on-Tyne, were 
responsible for the design, and supervised the 
carrying out of the civil engineering and architec- 

work, the resident engineer being Mr, 


being in one of the building-berths, while | Th 








W. H. 8S. Tripp, Assoc. M. Inst. C.E., Assoc. M.I. 
Mech. E., assisted by Mr. M. Stevenson. 

The total area of the site of the new works is 
83 acres. Originally the surface rose steeply from 
the river e, village, old thoroughfares, and a 
modern existing at the high level. All of 
these had to be removed, and a level site for the 
works prepared. Some idea of the extent of this 
preparatory work can be formed from the fact that 
4,115,000 cubic yards had to be excavated, the 
height in some cases being 130 ft. above the new 
quay-level, and in many other cases 90 ft. The 
material, too, was not easily dealt with, bein 
in age rocky deposits from iron and chemica 
works of bygone days. The method of excavation 
and removal adopted, which was very ingenious, 
cannot be described in this brief notice, and must 
be left until we give a complete description later. 
The interesting point is that the work was started 
at the end of 1910, and was completed in eighteen 
months, the erection of the buildings being com- 
menced in 1912. As it was desired that the 
difference in level between the natural und 
beyond and the surface of the yard should be a 
slope of moderate gradient, the area of the yard 
proper is 50 acres. The river frontage of the 
cok is 4376 ft. long, and, as shown on the 
plan given on the next page, it is on the convex 
side of a bend in the river. This fact influenced 
the selection of the site, as it enabled the battle- 
ship berths to be nearly parallel with the river, the 
maximum length for launching p being thus 
obtained by having the diagonal of the curve 
directly opposite the ends of the building-berths. 

There are nine completed berths, one of 1000 ft. 
in length, one of 900 ft., one of 750 ft., with others 
ranging from 650 ft. to 500 ft., so that practi- 
cally every type of ship can be constructed. 
e remainder of the river frontage is taken 
up by a fitting-out wharf, 2133 ft. long, which 
is traversed by a 30-ton electric crane ; heavier 
loads will be lifted on board the ships in course 
of completion by a floating crane. The river, 
too, has been specially dredged for a width of 
100 ft. alongside the quay, to a depth of 30 ft. at 
low water; this involved the removal of half a 
million tons of material. This quay-wall, termi- 
nating at the shipbuilding berths with a round 
head, is of ferro-concrete work on the Mouchel- 
Hennebique principle, as are also the jetties 
between the berths. In strengthening the founda- 
tions for the ships’ keel launching-way and bilge- 
blocks on the berths, 4500 pitch-pine piles (14 in. 
by 14in.) were used, the average depth to which 
they were driven being 18 ft. On the jetties between 
the larger berths there are now being erected 
travelling tower Arrol cranes, to lift 10 tons ata 
radius of 60 ft., while 5 tons will be lifted at a radius 
of 120 ft., the clear height of lift above rail-level 
being 90 ft. The material passes in trucks down 
the rail-track on the concrete jetty, the tower cranes 
being arranged with splayed legs to enable the trucks 
to gothrough. An interesting point which may be 
mentioned here is that electric transformer sub- 
stations are built into the concrete jetties, the 





idea being here, as elsewhere, to reduce the length 
of electric leads for low-tension current. The voltage 
of the current, as supplied from the supply com- 
panies’ mains, is 6000, and in these transformer 
stations at the building-berths it is reduced to a 
potential suitable for the lighting of ships in the 
course of construction and for the driving of port- 
able electric tools. 

The principle kept in view in planning the works 
was to have the m wheat shed as close to the ship- 
building berths as possible, and to arrange the 
departments which are associated most with the 
fitting-out of ships opposite the deep-water quay, 
where two or three battleships may be simulta- 
neously berthed. Thus, in the immediate neighbour- 
hood of the quay there are the blacksmiths’ shop, 
the engine-fitting shop, the joiners’ shop, the 
stores, and other similar departments. Practically 
all of these buildings are 300 ft. long. 

Material is conveyed into the yard from the 
North - Eastern Railway system down gradients 
with an incline of 1 in 30, with three sidings, 
and the plates are delivered into racks at the 
rear of the platers’ shed, as shown on the plan. 
The racks extend for a length co nding to 
that of the platers’ shed—namely, 1 ft. Over 
the racks there run, at a height of 47 ft. 3 in., 
electric travellers of 76-ft. 6-in. span. One of the 
rails is supported on the platers’ shed and the 
other on a gantry. The pickling-tanks are located 
under the try, and railway lines are laid direct 
into the platers’ shed. This latter is an ex- 
ceptionally fine building, 1200 ft. long, as already 
stated, 150 ft. wide, and for the greater of its 
length 40 ft. 3in. high to the eaves. It is in three 
8 and 10-ton overhead travelling cranes run 
the full length of the building, so that material can 
be very expeditiously handled. At the north end 
the moulding-loft is built over the plat« rs’ shed, 
the roof in this case being 63 ft. high, so that 
although the moulding-loft is itself 18 ft. 9 in. high 
at the spring of the trusses and 28 ft. high at the 
centre, the head-room in the part of the platers’ 
shed below it is not affected. The moulding-loft 
is 320 ft. long and 98 ft. wide, and therefore one 
of the largest, if not the largest, in the country. 
It may be —_ “Wy here that as this will be used 
for luncheons, &., on important ceremonial occa- 
sions, ante-rooms to form reception-rooms, with 
kitchens, cloak-rooms, lavatories, &c., are arranged 
at the north end. 

We do not propose now to enter into any detailed 
posany oy of the platers’ tools. It may |e said, how- 
ever, that provision has been made for dealing with 
the longest plates required in modern practice, and 
up to 12 ft. in width and 2 in. in thickness. This 
applies not only to the power of the machine- 
tools, but to their disposition, so that the plates 
being worked at one machine can be handled 
easily without interfering with those at adjoining 
machines. As is well known, high-tensile steel is 
now being more and more used in connection with 
warships, and this has been borne in mind in 
arranging for the new machinery. Drilling has 
largely to be substituted for punching, and to mee 
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the requirements of Messrs. Armstrong, Messrs. 
Asquith have designed and provided machines 
carrying high-speed radial drills, supported on a 
bridge travelling on rails between which the plate to 
be drilled can be supported, so that the work can 
be completed on the longest of plates without any 
movement of the plate. Another notable tool is 
a plate-edge planer, which is designed so that the 
beam with hand-screw and hydraulic holding-down 
clamps can be raised, in order to enable turbine- 
lifting girders, up to 2 ft. 3} in. deep, to be planed. 
The —- shearing: machines, and any others 
where work has to be supported during operations, 
are provided with 8-ton cranes, of 23-ft. rake, and the 
smaller machines with 5-ton cranes, of 20-ft. rake. 
The practice is adopted of laying out and drilling 





In the range of buildings behind the fitting-out | another to benches, while a third is given up to 
wharf the blacksmiths’ shop comes first. it is|the erection of furniture, cabins, &. In the 
300 ft. long by 80 ft. wide by 30 ft. high, and| galleries there are to be pattern and model-makers’ 
included in its equipment is gas-fired reversing | shops. In close proximity to the joiners’ shop is 
regenerative forging-furnace and an annealing fur-|a saw-mill, which is now in process of erection. 
nace. At the west end of this building is the| It is a building 120 ft. long, 82 ft. 6 in. wide, 
blacksmiths’ fitting-shop for the manufacture of | and 26 ft. high. Adjoining it is a boat-building 
ladders, gratings, mess-racks, &c. |shed of the same length, 71 ft. in width and 

A very important department is the fitting-shop, | 16 ft. in height. An annexe to the saw-mill 
a building 300 ft. long by 132 ft. wide. Under the|is being arranged as a saw-sharpener’s shop. 
same roof there is arranged a tool department, | Needless to say, the equipment in these depart- 
with stores and a valve-testing shop. Above these| ments corresponds in modernity of design and 
are the riggers’ loft and sail-makers’ shop. The | adequacy of power with that in the other depart- 
remainder of the building is divided into three| ments of the works. To the rear of the saw-mill 
bays, the largest of 40 ft. 9 in. span. Two of the! are timber-drying and storing-sheds. The logs will 
bays accommodating the larger machine-tools are be lifted from the river by the 30-ton crane 
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REFERENCES. 

1. Bulkhead boards. 24. North sub-station. 47. No. 2 transformer station. 68. Ferro-concrete jetty, 2133 ft. by 34 ft.; 
2. Platers’ shed (machinery) 25. -stores. 48. Retaining wall, 420 ft. long. 30 ft. at low water of ordinary spring 
8. Platers’ shed (mould loft above) 26. Cable-stores. 49. Retaining wall, 580 ft. Ly tides in front. 

4. Pneumatic-tool store. 27. Ship electric stores. 60. Ferro-concrete jetty, 350 ft. by 30 ft. 69. Entrances. 

6. Workmen’s stairs to yard. 28. Yard electric stores. 51. No. 1 transformer station. 70. Plate-racks (10-ton gantry over). 

7. General offices. 29. Electricians’ workshops. 52. Retaining wall, 290 ft. long. 71. Angle-bar racks ven gente over). 

8. Paint-shop and store. 30. Admiralty stores. 53. Retaining wall, 467 ft. long. 72. Pickling-tanks and d: ing-rack. 

9. Fire-station and office. 31. General stores. 64. Ferro-concrete roundhead, 180 ft. long. 78. Electric capstans. 
10. Oil-store. 32. Pipe patterns (Hawse, c.) 55. Retaining wall, 158 ft. long. 74. Boat-builders’ shed. 

11. Furnace-blocks. 33. Store. 56. Rudders. 75. Retaining-wall. 
12. Furnaces. 34. Joiners’ sh: 57. Contractors’ workshops. 76. Railway standage —_-. 

18. Gas-producers, 35. Timber- 57a. Carpenters’ store. 77. Railway incline to yard (1 in 30). 

14. Frame-shop machinery. 36. Saw-mills. 578. Masons’ store. 78. Time-office. 

15. Sorive-boards. 37. Direct-current sub-station. 58. Plumbers’ store. 79. Workmen’s dining-rooms. 

16, Anglesmiths’ shop. 88. Boiler-house. 59. Plumbers’, &c., workshops. 80. Outfitting berth, 30 ft. at low water of 
17. Blacksmiths’ fitting-shop. 39. Rivet-store. 60. Acetylene-gas plant. ordinary oe See. 

18. Blacksmiths’ shop. 40. South sub-station. 61. Latrine. 81. Ditto ditto. 

19. Engine-shed. 41. Ferro-concrete jetty, 200 ft. by 30 ft. 62. es sh 82. Outfitting berth, 34 ft. at low water of 
20. Fitting-shop. 42. No. 3 er station. 63. Oen —t— ordinary spring tides. 

21. Fitters’ store. 43. Retaining wall, 331 ft. long. 64. Power-house. 83. Ordnance workshop. 

22. Valve-testing. 44. Retaining wall, 340 ft. long. 65. Hydraulic accumulator. 84. Latrine. 
23. Fitters tool store. 45. Retaining wall, 642 ft. long. 66. Air reservoir. 85. Ship-lighting transformer. 

46. Ferro-concrete jetty, 300 ft. by 30 ft. 67. Store. 86. Yard. 


bulkheads and decks in position in the platers’ shed, 
as this greatly facilitates the preparation of the 
work for subsequent erection in the ship. 

It will be seen that the angle and frame shop is 
at the head of the largest of the shipbuildin 
berths. The material, brought by rail, is s 
behind the building, and here is installed a gantry- 
crane of 5 tons capacity ana 120-ft. span, for dis- 
posing of bars in the racks or lifting them on to 
railway-trucks to be conveyed to the furnaces. 
The furnaces are all gas-fired. That for angles is 
double-ended, 90 ft. long by 4 ft. wide, with 
bending blocks at each pom. | while those for plates 
are 36 ft. by 13 ft. and 25 ft. by 10 ft. 6in. The 
——— of the frame shop, which is 300 ft. long 
by ft. wide, and about 30 ft. high, is thoroughly 
modern. Forming of the same building, but 
separated by a division wall, is the anglesmiths’ 
shop, where also isa gas-fired furnace and a powerful 
hydraulic press for stamping out doors, &c. 





traversed by 10-ton cranes. The mechanical equip- | traversing the main fitting-out wharf, and will be 


ment of the department is very comprehensive, | placed on railway trucks or laid on the wharf under 
and includes several tools of special design, but we a gantry forming an extension of the overhead crane- 
prefer to postpone a detailed description until we track in the saw-mill, so that the logs can be moved 
can illustrate them. The next building is given up to any of the saws or placed on trucks to be 
to stores, there being not only general stores, but delivered where required. 
special Admiralty stores, electricians’ workshop,| At present the plumbers, coppersmiths, and 
yard electric stores, ship electric stores, cable and | sheet-iron workers are temporarily housed, because 
rope stores, all embraced in a building 300 ft.| the site which the shops will ultimately occupy is 
long, 120 ft. wide, and 23 ft. 6 in. high, and equip required in connection with the ferro-concrete work 
with cranes for the quick movement of supplies|in the yard. This site is between the 1000-ft. 
required in the ships during the process of fitting | ship-berth and the river. The main building, in 
out. which they will be accommodated, will be 431 ft. 
The wood - working departments occupy the | long by 62 ft. 6 in. wide, while adjoining them is 
remainder of the buildings in the range behind pe eg ee tree and other departments. 
the wharf. The joiners’ shop is, like the other e buildings generally are of a very substantial 
buildi 300 ft. long, and its width of 100 ft. | character, and the roofs of the smaller shops are on 
is divided into three bays, with a ery round |the saw-tooth principle, with abundance of light. 
four sides of the interior of the building. One of | The platers’ shed, which is exceptional, is built u 
the ground-floor bays is devoted to machinery, | of columns at 80-ft. centres longitudinally, wi 
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four lines of box-shaped lattice girders extending 
the full length of the building, and carrying the 
superstructure and tracks for the travelling gantry 
cranes. These also carry the roof eae ge and 
the roof itself is entirely of Mellowe’s patent 
glazing, as is also the greater part of the side-walls, 
with a slight portion of corrugated steel. 

As regards the power, this is taken from the 
mains of the Newcastle Electric Supply Company 
at 6000 volts and 40 cycles per second, and trans- 
formed to 440 volts for distribution to the various 
shops. Primary consideration was given to the 
problem of obviating a complete breakdown through 
stoppage of the supply, and at the same time tothe 
desirability of reducing the length of low-tension 
cable. It was therefore decided that there should 
be three sub-stations situated at the most con- 
venient points in the works for the distribution of 
power to the various departments. Thus, the 
north sub-station supplies buildings grouped in its 
neighbourhood, behind the fitting-out quay; the 
central sub-station supplies the machines in the 
power stations, such as hydraulic pumps, air- 
compressors, &c.; and the third sub-station is for 
the machines in the platers’ shed and other general 
purposes in the neighbourhood. As already stated, 
there are subsidiary transformer stations at the 
building-berths. In addition to these, trans- 
formers have been placed at convenient positions 
throughout the oath to reduce the current to 
110 volts for lighting purposes. The main supply 
is brought into both the north and south sub- 
stations in duplicate, and each of these is connected 
to the power-house, which also constitutes a sub- 
station. By this arrangement the whole yard can 
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Fic. 1. Generat View or Testing DEPARTMENT. 


south sub-station, and thus the ibility of acci- 
dent involving the complete failure of supply is 
reduced to an absolute minimum. The whole of the 
pipes carrying the electric cables, pressure water, 
supply water, air for pneumatic purposes, &c., 
throughout the yard, ve been arranged in a 
common trench, and where these pass under rail 
way tracks concrete walls have been built to support 
the railway track over the pipes. 

There are about 4} miles of drains and sewers 
throughout the works, while the drains on the 
slopes between the high-level ground behind the 
works and the level of the yard itself extend 
collectively to about 94 miles. Throughout the 
works there are about 10 miles of railway track, 
laid with 90-Ib. flat-bottomed rails, and with nearly 
170 points and crossings. There are a large number 
of locomotives throughout the works, in addition 
to 10-ton travelling cranes with 45-ft. jibs. We 
hope, however, when the works are completed, 
to return to the subject and give full details and 
illustrations. 





THE TESTING OF TURBO-DYNAMOS. 


Tue success of the Parsons turbine-driven electric 
machinery is largely a consequence of the experi- 
mental work done at the Heaton Works, and the 
care continuously exercised to ensure that the 
specified or guaranteed conditions are fulfilled 
before the manufactures leave the establishment. 
From time to time experimental appliances have 
been evolved, and now the department, which has 
been rearranged, is not only comprehensive, but 





admits of extensive and accurate testing work bein 


be completely supplied through either the north or|done. Provision is made for testing at full | 





TESTING TURBO-DYNAMOS AT THE HEATON WORKS OF MESSRS. PARSONS & CO., LTD. 


for several hours continuously turbo -dynamos 
having an output of over 3000 kw. The views of 
the plant which we publish on the present page and 
page 16 will therefore be studied with some interest. 

The boiler plant consists of three large water- 
tube boilers and one Lancashire boiler, from which 
steam at any desired pressure is supplied to the 
steam range. Practically the whole of one side 
of the test-house, as shown in Fig. 1, is occupied 
with a network of pipes arranged with suitable 
connecting-valves and flanges, so as to supply 
steam to any of the numerous test-beds ; a sepa- 
rately-fired superheater is used, so that almost an 
desired degree of superheat can be obtained, 
while at the same time the degree of superheat 
is well under control. Below the steam-pipes and 
running the whole length of the test-house is a 
large-diameter exhaust-main communicating with 
two independent condensing plants. This con- 
densing-main can be separated into two portions in 
order to allow separate trials on two independent 
plants to be carried out simultaneously, or, in the 
case of large-sized machines, both condensing 
plants can be used together to deal with the 
exhaust steam. The water from the circulating- 
pump is taken into large and carefully-calibrated 
tanks arranged in pairs, so that continuous measure- 
ments of the steam consumption of any plant can 
be made. Means are provided for checking the 
calibration of these tanks should inspecting engi- 
neers desire to do so. 

Particular attention has been given to the prob 
lem of obtaining accurate measurements of the 
ee developed. Standard instruments are used 
or this purpose, and these instruments are kept 
and used in a specially-constructed instrument- 
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cabin, all the power being led through this cabin 
and measured there. By this means the standard 
instruments are kept free from vibration, and since 
they are not moved about for coupling up to 
different machines and are frequently calibrated, 
their accuracy may be absolutely relied on. 

In the case of alternating-current machines, the 
wave-form of every plant is observed and photo- 
graphed under different conditions of loading, so 
that engineers can readily satisfy themselves before 
taking delivery of a plant that their requirements 
in this direction are being fully met. 

Fig. 1, page 3, shows a turbo-alternator having a 
normal rated output of 6000 kw., erected and 
undergoing tests up to half load. In the back- 
ground is the instrument-cabin referred to above, 
with the telegraph-board used for indicating the 
load on the adiins undergoing test. 

In testing turbo air-compressing plants, pumps, 
&c., the greatest possible care is taken to obtain 
accurate measurements of the quantity of air used. 
Fig. 3, on page 16, shows a double-ended turbo- 
blower on the test-bed. In this case the air is drawn 
from the test-house, and after being throttled to the 
required pressure, is discharged through a pipe toa 
large measuring-drum outside of the building. The 
measuring -drum is fitted with baffles, to steady 
up the flow of air and enable a reliable water- 
gauge reading to be taken immediately in front 
of the measuring - orifice. In most cases, how- 
ever, the air is measured on the inlet side of the 
blower, as this largely reduces the number of 
corrections which have to be used in working out 
the results. 

The turbo-geared plant, in which the gears are 
all cut on the special creeping-table patented b 
Messrs. Parsons, has recently attracted muc 
notice, and particular attention has been devoted 
by the firm to the problem of obtaining thoroughly 
reliable tests on such machines. e methods 
already described for ‘‘ testing turbo-dynamos ” are 
used when they are applicable, but during the last 
few years the use of geared turbines for the direct 
driving of mills has called for the adoption of other 
methods. 

The old mill-engine of the reciprocating type 
could be tested for its steam consumption per 
indicated horse-power after it had been erected 
on the site, and, provided it then realised the 
guaranteed figures and gave the requisite amount 
of power, the purchaser was expected to be content. 
It is needless to say, however, that this method 

ave no proof that the engine was economical as 
ar as the power actually delivered to the shafting 
was concerned, although the method was probably 
the best that could be economically adopted in the 
case of reciprocating engines. Within recent years, 
however, when nearly all power extensions for 
mill-driving are taking the form of geared turbines, 
the matter has again had to be considered, and in 
view of the fact that the indicated horse-power of a 
turbine cannot be arrived at, Messrs. Parsons 
decided some time ago to instal such plant as would 
enable them to measure accurately the actual power 
delivered to the shafting. 

Two powerful Heenan and Froude water-brakes 
have been installed, with which geared turbines 
can be tested up to loads of 2000 to 3000 brake 
horse-power, and one such red turbine, com 
plete with its rope-pulley, is shown in Fig. 2, 
page 16. The water-brake for testing can be seen 
at the right-hand side of the illustration. 

The above description of the testing facilities 
afforded at Messrs. Parsons works will be of special 
interest to engineers of plant for delivery abroad. 
Every effort is made at Heaton to discover any 
weak points, whether in the design or manufacture, 
of the machines manufactured, and, as a result, 
and as a reward of the necessarily high cost of 
carrying out these elaborate tests, they have been 
able to secure a very large proportion of the orders 
for British colonies and dependencies, and for 
other distant parts of the oat. 





WALLSENDSLIPWAY AND ENGINEER- 
ING WORKS. 

Few, if any, of the engineering factories in the 
North-East t district have made more rapid 
progress in recent years, alike in regard to the 
area of the shops and the importance of the work 
done, than those of the W: Slipway and 
Engineering Company. The naval architects and 
engineers who attend the joint meeting next week 
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Fig. 2. THE WALLSEND SLIPWAY & ENG.C° L’® 
<9 GENERAL PLAN OF WORKS. 
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British warship was despatched from the Wallsend 
Works within eleven months from the placing of the 
contract. In referring to the equipment, we pro 
to devote special attention to the extensions which 
have just been completed. In Figs. 1 and 2, on 
pese 4, there are shown, drawn to the same scale, two 
ey plans of the works, the former showing the size 
and arrangement of the works in 1896, and the latter 
at the present time. It will be seen thatthe slip- 
ways have been os ee with. The Willington 
Gut is confined largely to ships prmon. am repair, 
and a new jetty along the entire river —— has 
been built for new ships. Instead of the old 80-ton 
sheerlegs there has been erected on the river 
side jetty a hammer-head electric crane which 
lifts 180 tons. The old engine-fitting shop was 
279 ft. 6 in. long and 71 ft. 6 in. span, but along- 
side, occupying the site of the old brass foundry, 
coppersmiths’ shop, and blacksmiths’ shop, there 
has been erected a very fine and well-lighted shop 
by Sir W. Arrol and Co. This has from time 
to time been lengthened; the last extension, 
only recently carried out, being 90 ft., so that 
the shop now is 570 ft. long. In continuation 
of the old fitting-shop there has been erected 
a new machine-shop, which is only now completed, 
having a length of 390 ft. and a span of 69 ft. 9 in. 
No doubt the old fitting-shop will ultimately be 
reconstructed, so that the new machine-shop will 
then be 669 ft.in length. Alongside is nowa shop 
for small machines ; it is 450 ft. long. These new 
shops are seen in the distance to the right of 
the general view of the works taken from the river, 
Fig. 4, e 5, and the boiler works are imme- 
diately behind the hammer-head crane. 

Interior views of the new engine-shops are given 
in Figs. 5 to 8, on Plates I.and II. In these shops 
is a collection of machines of various types for 
dealing with the largest turbines that are ever 
likely to be designed. Among the new tools in 
the machine-shop is a Barrow’s patent turbine- 
boring machine, by Messrs. Shanks, of John- 
stone. It has a traverse of 6 ft., including boring- 
stays, and the base-plate is 36 ft. long by 13 ft. 
wide. This is in addition toa machine fitted earlier 
for boring the casings and forming the grooves in 
them. This was a circular planing-machine by 
Messrs. Armstrong, Whitworth and Co., having a 
table 20 ft. in diameter, with an available height 
for work of 13 ft. For rotor-turning work there is 
a new Armstrong- Whitworth 60-in. lathe, having a 
bed 66 ft. 3 e- ng, in addition to the large lathe 
which was installed by the same firm in 1904, and 
was then illustrated in Enotngzerinc. The older 
tool takes work 18 ft. in diameter and 50 ft. long. 
Messrs. Armstrong, Whitworth and Co. have also 
delivered quite recently a 6 ft. planing-machine 
driven by a 30-horse-power motor, and another 

laning-machine to take work 4 ft. 6in. by 4 ft. 6 in. 
high and 13 ft. long. Messrs. G. and A. Harvey 
have fitted a facing-lathe for turning, boring, and 
surfacing, the face-plate being suited for work 8 ft. 
in diameter, and a 4-ft. horizontal boring and facing 
machine. Another notable recent addition is a 
Shanks vertical and horizontal planing-machine, 
with a revolving table 7 ft. by 5ft. For the erection 
and testing of turbines there has been fitted in the 
new shops a very well laid bed, to supersede the 
old wooden blocks formerly used. The new bed 
consists of twenty-three cast-iron girders, of a 
collective weight of 55 tons, and ensures an abso- 
lutely true surface. 

The latest addition to the machine-shop is illus- 
trated in Fig. 5, Plate I. This shop is ft. long 
and 69ft. 9 in. span. Tothe right in the view there 
will be seen one of the large turbine-lathes, while 
beyond there is a turbine-rotor on the balancing- 
bed, and still further in the distance the first of 
the Diesel engines made by the firm. The small 
machine-shop is situated parallel with and to the left 
of this view, and of this bay a view is given in oo 
It is 451 ft. long and of 30 fs. 9 in. span. e 
character of the work done is indicated by the 
collection of parts shown in the view. The new 
erecting-shop is illustrated by Figs. 7 and 8, Plate IT. 
This shop is 570 ft. long and of 55 ft. span. To 
the left of Fig. 7 there is seen part of one of the 
large turbine-lathes—that with 6-ft. centres and 
66-ft. 3-in. bed. Beyond is a series of horizontal 
and radial boring-machines, while to the right, in 
the foreground, is a vertical and horizontal planer 
working on a sole-plate,and beyond it three turbine- 
casing spe In the distance will be seen 
turbines in various stages of construction. These 
are better seen in Fig. 8. The turbine on the left 





of this view is being water-tested, and on the right 
there will be seen a portion of a turbine gear-case in 
the boring-mill. The overhead cranes in these new 
shops are all of 75-ton lifting power, the newer ones 
being by Messrs. Armstrong, Whitworth and Co. 

The boiler-shop has also been extended. Twenty 
years ago the average number of boilers made was 
30 per annum; now the number is 77. The 
boiler-shop is in two sections, one 328 ft. long 
and 70 ft. span, for the erection work, and the 
other, 257 ft. 6 in. long, in three spans, respec- 
tively 31 ft. 6 in., 47 ft. 9 in., and 28 ft. 3 in., for 
machine work. Parallel with the latter is the 
light plate-work shed ; uptakes, funnels, &c., are 
assembled in the yard a this shed. As 
to the equipment, it may be said that the plate- 
edge planer takes plates 35 ft. long, the vertical 
plate - bending rolls deal with plates 12 ft. 6 in. 
wide, and the hydraulic riveting-machine has a gap 
of 12 ft. Over this latter there has just been 
erected a Royce electric-crane of 60 tons lifting 
power ; another addition is a 6-in. spindle high- 
speed drilling-machine, by Buckton, for nickel- 
steel plates. In connection with the hydraulic 
machine-tools there have been laid down recently 
by Arrol two sets of three-throw electrically- 
driven hydraulic pumps, each set being capable 
of delivering 60 gallons per minute at a work- 
ing pressure of 1500 lb. per sq. in. There is 
also a new accumulator, with a ram 14 in. in 
diameter, adapted for a 16-ft. stroke. There has 
also been added a two-stage, two-crank air-com- 

ressor by Belliss and Morcom. At the end of the 

iler-shop there has been built an annexe to 
accommodate the plant for electro-zincing boiler- 
tubes, including a three-phase motor and special 
dynamo by Messrs. Clarke, Chapman and Co. 

The iron foundry is 198 ft. 6 in. long, and deals 
with castings up to 30 tons, while in the brass 
foundry and coppersmithy the two bays have been 
extended ft., and additional machine-tools 
fitted. Another recent improvement is the new 
general store—a two-storey building, 93 ft. long, 
77 ft. 6 in. wide, and 28 ft. 10} in. high. It is 
specially heated, and the racks are commanded by 
a Royce electric jib-crane. A new electric fire- 
pump has been added. 

An interesting feature is that, although the 
works are entirely run by electric current from 
the —_ supply works, the recently-built shops 
are lighted by high-pressure gas ; the old burner- 
bracket, it is held, confers advantages in the illumina- 
tion temporarily of the dark recesses of machines or 
jobs, while the general lighting is said to be steadier 
than with the electric arc-lamps. 

The jetties built along the river front on each side 
of the graving-dock take ships 700 ft. or 800 ft. 
long, while the 180-ton hammer-head crane, built 
by Arrol, has sufficient outreach to command two 
ships of fairly wide beam. To facilitate the berth- 
ing of ships there are three sets of mooring buoys 
in the river, as shown in the plan. The <ailway 
lines to the jetties pass through all the shops, so 
that the transport of material to the ships is a 
simple matter. With its graving-dock to take ships 
540 ft. long, and the berthage in the Willington 
Gut, the works are well supplied with accommoda- 
tion for ships fitting out or being repaired, while 
the improvements in the plan of the works arid in 
their equipment, to which we have referred, show 
that a progresive policy is being pursued as 
vigorously now as during the past fifteen yes.rs. 





THE NEW JOINT DOCK AT HULL. 
(Concluded from page 867, vol. xcvit.) 

ConTINUING our description of the equipment of 
the new dock, we may now say something of the 
pumping machinery for the graving-docks, which 
was supplied by Messrs. W. H. Allen, Son and Co., 
Limited, of Bedford. It will be remembered that 
the installation is electrically driven from a 440-volt 
direct-current dock system. It consists of two 
main centrifugal pumps and motors with switch- 
gear, a i -pump and charging-pump, with 
motors and switch-gear, and, of course, the neces- 
sary pipe-work and valves. Messrs. Allen supplied 
the whole equipment. It is contained in a chamber 
formed in the wall between the two graving-docks, 
and is well shown in Fig. 76, on 8, which is 
a view inside the chamber. The lay-out is shown 
in greater detail in Figs. 72 to 74, on page 7. The 
main pumps are of the ‘‘Conqueror”’ centrifugal 
type and have suction and discharge branches, 
42 in. in diameter. Each pump discharges a mean 





quantity of 36,000 gallons of water per minute 
against a head of 40 ft. The pumps run ata speed 
of 375 to 416 revolutions per minute, and each 
absorbs a maximum horse-power of 390. The 
casings and discs are of cast iron, and the spindles 
are of steel. The spindles run in ring-lubricated 
bearings, arranged entirely outside the casings. One 
of the pumps is illustrated separately in Fig. 75. 

Each pump is driven by a 420-brake-horse-power 
open- motor, fitted with shields to prevent 
water dripping on the windings. This is well 
shown in the foreground of Fig. 76. The starting- 
gear for each motor consists of an ironclad pillar 
containing a multiple-lever starter, formed of a 
series of edgewise-type switches. Step-by-step 
operation by means of a slow-motion ratchet- 
handle is fitted. This handle actuates a double-pole 
magnetic blow-out circuit-breaker which interlocks 
with the starter, so that the breaker can only be 
oe on when the starter is off, and so that the 

reaker is tripped and cannot be put on again 
until the starter is returned to the off position in 
the event of the attendant failing to complete the 
operation of starting. One of the pillars can be 
seen to the right-hand side of Fig. 76. 

The lay-out of the pipe-work is clearly shown in 
Figs. 72 to 74. The suction and discharge-pipes 
of each pump are of cast iron, and are 42 in. in 
diameter. They merge into a main discharge 
60 in. in diameter. Hydraulically-operated sluice- 
valves are fitted on the suction and discharge sides 
of the pumps, and so arranged that each pump 
may draw water from either dock as required. 
This will be quite clear from the figures. The 
sluice-valves are 42 in. in diameter, and are arranged 
to work from the 750 lb. per sq. in. pressure 
mains which feed the dock-gate operating machi- 
nery. They are provided with controlling-valves. 
A retaining-valve of the multi-flap type with cast- 
iron casing is fitted on the discharge side of each 
main pump. The drainage pump has suction and 
discharge-pipes, 14 in. in diameter, and delivers 
3000 gallons of water per minute against a total 
suction and delivery head of 54 ft. The discharge 
is carried to one of the 42-in. discharges of the 
main pumps, as is shown in Fig. 74. The pump- 
casing is of cast iron, the disc of gun-metal, and 
the spindle of manganese bronze. The speed of 
the pump is 1100 revolutions per minute, and it is 
driven by a semi-enclosed motor of 75 brake horse- 
power. The charging-pump, which can be seen in 
the lower right-hand corner of Fig. 74, is of the 
two-throw single-acting types with barrels 8 in. in 
diameter by 5 in. stroke. It is capable of charging 
the main and drainage pumps a pipe-work in a 
few minutes. Itisdriven bya semi-enclosed motor 
at 750 revolutions per minute. Air-vent pipes 
have been — to free the suction culvert 
from air, and water-level indicators are titted show- 
ing the level of water in the graving docks and 
outside. One of them can be seen in Vig. 76. 

The only features of the equipment of the dock 
with which we have still to deal are the coal- 
handling arrangements and the warehouse and 
quay cranes. e have already referred briefly to 
the coal-handling plant. It is fixed on the north 
sides of the main basin and of the north-east arm, 
and consists of two electrically-driven belt-con- 
veyors and two hydraulic coal-tips. The number 
of conveyors will ultimately be extended to five. 
Each has a capacity of 800 tons an hour. The 
arrangement in each case consists of a tipping-bin 
situated under a railway siding lying on a gradient. 
Above the bin there is a tipping-door, and on each 
side of it a tipping-table lying in the line of the 
track. Two loaded wagons will be dealt with 
at a time, and will be run down the gradient 
under the control of their hand-brakes. On 
arriving over the bin their contents will be tipped 
through their bottom doors, if these are fitted, 
through a hatch into the bin. If end-tipping 
wagons are in use, they will be up-ended by the 
tipping-tables, and will discharge through the same 
hatch. The wagons will then pass on down the 
gradient, and a second pair will come into posi- 
tion. At the bottom of the bin there is a steel- 
belt conveyor, which will carry the coal to the 
quay side, and discharge it through a chute to 

e ship. The conveyor is carried in a lattice- 
work girder framework on steel towers, and 
“| y lifte the coal from the level of the 

in below the sidings to a height convenient for 
as © a ship's hold. The quay-side tower 

the last section of girder framework 
is fitted with operating gear for altering the level 
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of discharge and controlling the position of the 
chute. The maximum height of delivery from high 
water of ordinary spring tides is 66 tt. at 28 ft. 
out. The adjustment in the length of the chute is 
13 ft., and it is capable of a lateral movement over 
20 deg. The conveyors were supplied by Messrs. 
Head, Wrightson and Co., Limited, of Thornaby- 
on-Tees. 

The other part of the coal-handling plant consists 
of two hydraulic coal-hoists, built by Messrs. Sir 
W. G. Armstrong, Whitworth and Co., Ltd., of 
Newcastle-on-Tyne. One of them is fixed and the 
other is movable along the quay side, so that the 
hoists can be used for loading either one or two 
ships. Hach hoist has a capacity of 500 tons an 
hour. A view of the hoista during erection is given 
in Fig. 82, on page 9, while general arrangement 
drawings of the movable type are given in Figs. 77 
to 80, on Plate ITI., and a drawing of the upper 
ae of the fixed coal-hoist is given in Fig. 81. The 

oists are each double-powered and are arranged 
to deal with wagons of a gross weight of either 25 or 
35 tons. The maximum lift from quay-level for 
the fixed hoist is 72 ft., and the maximum height of 
delivery from high water of ordinary spring tides 
55 ft. The maximum lift from quay-level ie the 
movable hoist is 57 ft. In each case the maximum 
distance of delivery out from the quay is 28 ft., the 
adjustment in the length of the chute 13 ft., and 
the lateral movement of the chute 20 deg. 

The constructional features of the moving hoist 
will be followed from the figures on Plate III. The 
fixed hoist is generally the same both in lay-out 
and details, except that it is rather higher, and 





that holding-down bolts embedded in the concrete 
take the place of the travelling bogies. We will 
refer for the remainder of our description to the 
travelling-hoist shown in the figures. As will be | 


seen, the framework is of steel plates and sections. 
It is constructed with a free central space, in which 
the cradle travels in guides. The cradle itself is in 
essence a platform built up of joists, and having an 
inverted VY frame at each side. These frames ca 

a cross-bar at their outer end, to which the lifting- 
ropes are attached. The cradle carries a pair of rails 
for the wagon being lifted, the rails being turned up 
at their outer end to form a stop when the cradle is 
tilted for tipping. The wagon being dealt with is 
secured to the cradle by chains. Underneath the 
cradle there is a hopper for dealing with hopper- 
wagons, an automatic tumbling-apron being fitted 
to bridge over the s between the lower 
—- of the hopper and the heel end of the main 
chute. 

The cradle is lifted by three hydraulic rams fixed 
vertically on one side of the framework. They can 
best be seen at the left-hand side of Fig. 78. The 
object in fitting three rams is to save water when 
less than the maximum load is being dealt with, as 
in this case all the cylinders n not be used 
The main lifting ropes are 7} in. in circumference. 
As is well shown im the figures, they are taken 
over a pair of largesheaves carried at the top of 
the framework, and are secured to the centre of 
the top cross-beam of the cage. Multiplying 
sheaves are fitted for the lifting ropes, the ratio 
being 2 to 1. One of the lifting cylinders is 
arranged to be in constant communication with the 
accumulator. This cylinder balances the weight, the 
other cylinders supplying the extra power neces- 
sary for lifting. The speed of lifting is 180 ft. a 
minute. The hydraulic cylinder, for tipping the 
cradle, is placed over the lifting cylinders. It is 


| fitted with 2 to 1 multiplying gear, and operates 
| through a steel rope 4} in. in circumference. 


The 
arrangement of the lifting and tipping ropes allows 


. | coal-wagons to and from the hoist. 


the cradle to be tipped at any part of its vertical 
travel. 

The chute is of steel plate and angles, and is 
fitted with anti-breaking doors at its front end, 
by which the flow of coal can be regulated. The 
chute is raised or lowered by temporarily attach- 
ing it to the cradle by hinged pawls. Its outer 
end is raised or lowered, to suit the conditions of 
working, by means of a wire-rope, 34 in. in cir- 
cumference, which is connected to an hydraulic 
cylinder fixed on the back of the hoist framework. 
The arrangement is clearly indicated in Fig. 77. 
Multiplying gear, having a ratio 8 to 1, is fitted to 
the ram. A lengthening piece, 6 ft. long, is fitted 
to the chute, its position being controlled by 
hand-gear. Pressure-water supply to the hoist is 
obtained through stand-pipes, which are shown in 
Fig. 78. Connection can be made at various points 
on the ayn 

A very complete arrangement of gantries and 
sidings has been laid down for the handling of the 
The loaded 
wagons come along the quay-side and mount a 
traverser which lifts them the few inches necessary 
to the level of the cradle platform when in its 
bottom position. The traverser has to be set only 
once to suit the position of the hoist, and is not 
moved as each wagon comes on to it. The traverser 
has a turntable at its far end, opposite the hoist, 
and wagons run along it to this table, are turned 
through 90 deg., and run on tothe cradle. They 
are lifted and tipped, and then lowered to the level 
of a gantry carrying a second traverser with s 
turntable. This is partly shown in Fig. 77. The 
wagons run off on to the turntable, are turned 
through 90 deg., and move along the gantry toa 





dead end. Here they reverse their direction, and 


‘coming back run on to a branch gantry, which 
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DRAULIC TIPPING-HOISTS ON COALING-QUAY. 
TWoRTH AND CO, LTD., ENGINEERS, NEWCASTLE-ON-TYNE. 
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carries them away to.the marshalling sidings. A | plied by Messrs. Royce, Limited, of Trafford Park, 
somewhat similar arrangement is used for the fixed chester, and fifteen by Messra. Craven Brothers, 
hoist, but the gantry carries no turntable, and the |of Vauxhall Works, Reddish, Stockport. The 


wagons run straight away from the hoist and the /| electric cranes are distributed over four quays and | 


siding. The whole lay-out is very ingenious, and on the roofs of the warehouses which line two sides 
should prove very convenient and speedy in practice. of the north-west arm. All are of the travellin 
Concluding our description of the dock with | t and the arrangement allows of one 10-ton an 
some reference to the crane equipment, we may | p Ld 3-ton cranes working cargo to or from the 
say that present plans allow for the fitting of nine same ship. The roof-cranes handle cargo from the 
10-ton, four 7-ton, thirty 3-ton, and nine 14-ton | wharf-cranes, and lift it over the warehouses on 
electric cranes, and one 80-ton floating-crane. The) the far side, or from the warehouses themselves 
floating-crane, which is intended for general service through the hatches in the flat roof. An idea of 
in the dock, is being: built by Messrs. Werf Gusto|the crane distribution is given 
(A. F. Smulders, of Schiedam, Holland). Of the 
electric cranes, twenty-five are at present being sup- 





nexed, which shows the south quay of the north- 
west arm, It should be understood, however, that 


‘the crane equipment shown in this figure is not 
complete, and that the wharf-cranes will be distri- 
buted along the whole length of the quay. 

The general design of the twenty-five 3-ton 
cranes, supplied by Messrs. Royce, is illustrated 
in Fig. 84, on e 10. They are fitted with 
Musker- Davidson luffing-gear. The maximum radius 
of the jib is 50 ft, and the minimum 20 ft.; the 
eres ag ft. per minute ; the oe een 
with 3 tons is 150 ft. per minute, and with — 
250 ft. per minute. The slewing is 400 ft. per 
minute, and the travelling speed 30 ft. per minute. 


by Fig. 82, an-| The height from the crane-rails to the point of the 


| jib at maximum radius is 80 ft. The travelling- 
rails are at 15 ft. centres, and the wheel base of each 
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crane is 19 ft. The motors, which are of the totally- 
enclosed type with 6-hour rating, operate from the 
440-volt direct-current supply. The hoisting motor 
is 45 horse- power, the slewing 5 brake horse- 
power, and the luffing and travelling each 8 brake 
horse-power. Tramway-type controllers are fitted. 
.Current is conveyed to the cranes through armoured 
cable from plug-bozes fixed at intervals along the 
quay, and each crane is provided for this purpose 
with a revolving cable drum on one of the bottom 
carriages. 

Each crane is supported on four cast-steel 
travelling-wheels with single flanges on the inside. 
The travelling motion is fitted with hand-gear. 
Automatic electrical safeguards against overrunning 
in either direction are mmr for the hoisting 
and luffing motions. All the toothed gear on the 
cranes are of machine-cut cast steel, except the 
motor pinions, which are of raw hide. Each 
motion is fitted with an electric brake, and in the 
case of the hoisting motion a foot-brake is also 
provided on the barrel shaft, for quick lowering 
without current. In such circumstances the electric 
brake is held off by a hand release attachment. 
The gear for hoisting, slewing, and luffing is 
carried on a central revolving mast which is 

ivoted and supported at the foot in a cast-steel 
ring, and at about the centre of its length by 
a roller-path. The jib is carried at the top end of 
the mast by a heavy fixed shaft, and is balanced 
by cast-iron weights fixed at the tail end of the 
jib structure. The special advantage of the luffing 
arrangements is that the load during luffing is not 
lifted, as in the ordinary jib-crane, but moves in 
a horizontal line. As a consequence there is con- 
siderable saving in power, and a small luffing motor 
only is — . Inaddition quick luffing is per- 
missible. We have described the Musker-Davidson 
gear in detail inthe past. The cranes were tested 
for stability by hanging a load of 6 tons on the 
hook at the extreme ius in any position of the 
jib. No jacks or rail-clips were used, and there 
was no indication of the slightest lift in the struc- 
ture or the wheels. 

Of the cranes supplied by Messrs. Craven 
Brothers, nine are of 10 tons capacity, and were, 
in general, of somewhat the same type as those of 
Messrs. Royce, just described. Five are situated 
on the south quay and four on the north = of 
the north-west arm. They are fitted with er 
Davidson luffing-gear. Two of the cranes on the 
north quay and all the five on the south are fitted 
with telescopic grain-elevators, which are carried 
by supplementary jibs at the back of the centre 
vertical post. When not in use the elevator-jibs 
are derricked to the ‘‘in” ition, raising the 
elevators and stowing them alongside the central 
mast. The cranes are then ready for the ordinary 
work of cargo-handling. Similarly, when the 
elevators are put into action the main jib is der- 
ricked up to the ‘‘in” position. The elevators were 
manufactured by Messrs. Henry Simon, Limited, of 
Manchester, and are each capable of discharging 
120 tons of bulk grain perhour. They are driven 
by separate motors and discharge grain down chutes 
alongside the gantry into the grain subways that 
we dealt with in our previous article. The speeds 
of movement of the 10-ton cranes are as follow :— 
Hoisting 10 tons, 50 ft. per minute; hoisting 
3 tons, 150 ft. per minute ; luffing speed with full 
load, 100 ft. per minute ; slewing speed with hook 
at maximum radius at full load, 300 ft. per minute ; 
travelling speed without load, 30 ft. per minute. 

Of the 1}-ton roof cranes, three are placed on 
the roof of the two-storey warehouses of the 
south quay, and three on the roof of the single- 
storied warehouse on the north quay. The former 
cranes have a maximum radius of 47 ft. 10} in., 
and the latter a radius of 57 ft. 10 in. Some 
of the cranes in ition on the south quay can 
be seen in Fig. is. The cranes are carried on 
tracks along the outer edge of the warehouses, the 
rail centres being 20 ft. 74 in. The cranes have 
hoisting, slewing, luffing and travelling motions of 
the following maximum speeds :—Hoisting with 
full load, 250 ft. per minute; luffing with full load, 
200 ft. per minute ; slewing with hook at maximum 
radius at full load, 450 ft. per minute ; travelling 
without load, 50 ft. per minute. The cranes luff 
in to a minimum radius of 20 ft. and 26 ft. re- 
spectively, and the luffing motion is worked on 

essrs. Craven’s patent system, by means of 
which the load: is traversed in or out in a 
horizontal line while luffing. This feature is ob- 
tained solely by a beam pivoted at the jib-head, 
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and carrying the jib-sheave at its lower end. A 
radius rope attached to its upper end is anchored 
to an A-frame fixed on the revolving super- 
structure. The sheave is constrained to move in a 
parabolic path, having a certain relationship to the 
ition of the barrel, which makes the sum of the 
istances from the barrel to the sheave and from 
the sheave to the snatch-block, constant through- 
out the range of derricking. The cranes are of the 
—— gantry ported type mounted on four travel- 
ing wheels, the revolving superstructure being 
carried on a pivoted centre-post resting at the 
bottom on a compensating foot-step bearing and 
guided by back and front rollers inside a vertical 
roller-path at the top of the gantry. The roller- 
path also forms a pin-rack for the slewing motion. 





THE ENGINEERING DEPARTMENTS 
AT ARMSTRONG COLLEGE, NEW- 
CASTLE-ON-TYNE. 

AN important addition has been made to the 

already highly satisfactory equipment of Armstrong 

College in the University of Durham, in the form 

of an hydraulic laboratory, which has been built 

parallel to the existing mechanical laboratory. This 
addition makes more interesting the fact that the 
inaugural meeting of next week’s conference of 
naval architects will be held in the King’s Hall at 
the College, and that the laboratories will be open 
for ieapection throughout the meetings. Armstrong 

College is one of the most successful and serviceable 

of the colleges of science which have grown up in 





recent years in the provinces, because it brings 
conveniences for pursuing a study of theoretical 
work within the reach of those trained on the 
ractical side in the various factories on the North- 
t Coast. Time was when if, say, a draughte- 
man was wanted for any of the shipbuilding or 
marine engineering establishments on the Tyne 
and Wear, employers had to look to the Clyde and 
older districts. But, largely as a consequence of 
the work done at Armstrong College, it is now 
possible to find in the district men thoroughly 
capable not only of continuing the traditions of the 
North-East Coast establishments, but of assisting 
the advance in recent years towards the improve- 
ment in the class of work done. 

Armstrong College is, perhaps, wider in its scope 
than some of the other corresponding institutions 
in the provinces, as it embraces in its purview 
every department of the arts and sciences, and 
fulfils also the function of a normal college for 
the training of teachers for primary and secon- 
dary schools. Degrees are given in practically 
every department of mental activity. In connection 
with the agricultural department, much useful 
advisory work is done in agricultural chemistry, 
agricultural botany, zoology and forestry, and a 
live-stock officer gives practical advice throughout 
the four northern counties. Last year, too, a most 
promising faculty of commerce was organised, so 
that it will be seen that Principal W. H. Hadow 
fully realises the possibilities of the College in its 
relation to the industries of the district. We are 
here, however, concerned primarily with the applied 
science work, and especially the engineering and 
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naval architecture departments ; but one or two 
facts ing the = progress of the Coll 
may be indicated. It should be understood at the 
outset that the College is almost entirely for day 
students, the view taken being that the evening 
classes in the secondary schools, not only in New- 
castle, but in other towns in the district, afford 
sufficient facility for those who are able only 
to attend evening classes. Special arrangements 
were made in 1909 whereby the Rutherford 
Technical College took over the greater part of 
the evening work carried on up to that time 
at Armstrong College, but special courses are 
arranged, consisting of a series of lectures in the 
sung in the engineering and other de ents. 
Thus there has been given a course on the applica- 
tion of the steam-turbine for marine propulsion ; 
another on the results obtained from trials in 
connection with the experimental machinery in the 
mechanical laboratory of the College ; yet another 
dealt with hydraulics for civil engineers or others. 
In other sections there are similar lectures, as, for 
instance, on applied chemistry, carbonisation of 
coal, metall phy, the utilisation of fuel, and 
some applications of the electrical furnace. 

These series of lectures, which are arranged 
independently of the ordinary curriculum, have 
proved most satisfactory, being open to anyone on 

yment of a pay nominal fee. Another 
chon of the College is the number of prizes 
and scholarships which the munificence of those 
resident in the district has made available for 
students in the College ; while, either as governors 
or in some other capacity, the employers of labour 
in the district have shown a keen and helpful 
interest in advancing the institution. That this 
help and interest are welcomed is evidenced by the 
fact that in ten years the number of day students 
has increased from 503 to 722, while the number 
of the staff has been augmented from 55 to 90. 

The College was founded in 1871 by the com- 
bined efforts of the University of Durham and 
the North of England Institute of Mining and 
Mechanical Engineers. It was originally intended, 
as its name—the Durham University College of 
Physical Science—implies, as a purely scientific 
institution, but ultimately increasing recognition 
was afforded by it to the literary side. In 1904 a 
new wing was opened, in memory of the late Lord 
Armstrong, and, in his honour, the College then 
received the title it has since borne. In 1909 the 
new University of Durham Aot, in reconstituting 
the University, materially altered the status of the 
College, to which it gave full representation on the 
. new Senate and admission to university degrees in 
arts as well as in science; admission to degrees in 
science has been given to the College since its 
foundation. A view of the College as it is: to-day 
is given in Fig. 1, on Plate IV. 

Applied Science embraces the following sec- 
tions :—Mechanical Engineering (this is the basis 
of all branches of Applied Science) ; Marine Engi- 
neering, including ship propulsion ; Civil Engi- 
neering ; Electrical Engineering ; Naval Architec- 
ture ; Mining (coal and metal) ; and york 4 
In any one of these sections the Degree of B.Sc. 
is obtainable after a three years’ course of study in 
certain specified subjects, the list and scope of 
which in each section has been drawn up by the 
advice and aid of experts in the several professions 
concerned. The above refers to the ordinary Pass 

An Honours Degree is available in the 
case of those who can spend a minimum of an 
additional year at — in the study of more 
specialised and advanced branches of the subject of 
the D The M.Sc. and the D.Sc. are both 
obtainable in the usual way after the lapse of some 
years of practice and on the ee of a 
thesis of sufficiently high standard. 

In each section embraced in the Applied Science 
Section laboratory work is a feature of the course 
of instruction, and in the laboratories research 
work is continually being prosecuted. For example, 
in the Mechanical Engineering Laboratory many 
series of elaborate and exhaustive experiments 
have been carried out on machinery of commercial 
dimensions, on the following previously undeter- 
mined points in the economical use of steam in 
the production of power :—Influence on economy 
of variation in the cylinder ratios of stage-expan- 
sion engines ; influence of variation in the — 
of ex ion in each individual cylinder, and of 
variation in the total degree of expansion from the 
first to the last cylinder ; influence of degree of 
vacuum in itself, and the determination of the maxi- 





mum-economy vacuum in given conditions ; surface 
condensation a, and the design of surface- 
condensers and air-pumps from the point of view of 
maximum economic effect; reciprocating versus 
rotary air-pumps; effect ae economy of di 

of boiler pressure ; effects of superheating the work- 
ing steam ; re-heating of the steam as it passes 
through the receivers of stage-expansion engines ; 
relative effects of throttling versus automatic-expan- 
sion governors ; economic effect of different crank- 
an gles in four-cylinder quadruple-expansion engines; 
and effects due to variation in piston speeds carried 
to extreme limits. The above is a summary of the 
principal experiments which have so far been made 
upon the experimental engines and boiler. Many 
minor tests of diverse kinds have, in addition, been 
carried out. There have also been tests on the 
economy of internal-combustion engines and gas- 
producing plants. 

All research work is, when possible, carried to 
the point where definite and useful results are 
arrived at, and in many cases these results have 
been embodied in papers, which have been read 
before technical institutions. In the Electrical 
Engineering Laboratory also a great deal of research 
work has been undertaken, and in both laboratories 
this work is still actively prosecuted. As far as is 
consistent with due attention to their other work 
in college, third and fourth-year students are 
required to take part in research work, both in 
respect of the making of the actual experiments and 
in reducing, arranging, and analysing and co-ordi- 
nating the figures obtained by observation. 

A special feature in the applied science training 
is the close touch maintained between the engi- 
neering departments of the college and the industrial 
workshops of the district. The Professor of Engi- 
neering a standing demand from the industrial 
establishments of the North of England for students 
who have done themselves credit in their college 


course, and who have either earned distinction or | - 


taken honours in their final year. Such young 
men are keenly competed for and are engaged at 
once to complete their training on the practical side 
in the best establishments, and are, moreover, 
generally accorded a ‘‘ living wage” from the very 
commencement of their pupilage, which is often 
a very material consideration. It is an encourag- 
ing feature of the present day in this country that 
young men who have been trained at college in 
technical theory, judiciously combined with a 
certain. amount of such practice as a laboratory can 
afford, are undoubtedly in growing demand. The 
professor finds that all those who have been pains- 
taking in their college career ultimately find posts 
in the industrial world which suit them, many 
speedily attaining to positions of trust and respon- 
sibility. 

Turning now specially to the engineering section, 
it may be premised that the department of engineer- 
ing and naval architecture was instituted in 1891, 
both being then combined. The employers in the 
district at that time subscribed the funds to estab- 
lish a Chair, and nominated as professor Mr. (now 
Dr.) R. L. Weighton, who had ten years previ- 
ously come from the Clyde to be chief draughte- 
man with Messrs. Hawthorn, Leslie and Co. 
From that time forward continuous success has 
characterised the work of the department, and 
there has from the engineering department 
a steady flow of men capable of taking an active 
part in the practical work of the district. This is 
evidenced by the number of entries in the depart- 
ment of engineering each year since the beginning 
of the department, as given in Table I. Up to 
1906 there is included in the list students in naval 
architecture, as up to that time Professor Weighton 
was himself responsible for naval architecture. In 
that year it was considered that the number of 
students coming forward for naval architecture justi- 
fied the institution of a Chair, which is now occupied 
by Professor J. J. Welch, formerly of the Royal Corps 
of Naval Constructors at the Admiralty. The falling 
oif in evening students is accounted for by the dis- 
continuance of the ordinary evening classes and 
the arrangements made with Rutherford Technical 
College to take over this work. The eveni 
students from that date attended the i 
series of lectures arran from time to time 
within the university. e growth of the depart- 
ment must therefore be judged by the steadily 
increasing number of entries for the day classes. 
It sh be made clear that each student 
entered for day-work attends on an average 
two-and-a-half c¢ ; 80 that if the total of 





Tasie I.—Zntries wn the 
the Beginning of the Department. 


pan | Day. | Evening. | oii | 
——i 








1901-2 87 | 198 | 235 

1902-3 | 43 | 188 | 226 

1893-4 59 190 249 

1894-5 112 191 308 

1895-6 | 182 | 194 326 

1896-7 | 142 | 284 426 

1897-8 (118 | 266 | 378 | 

1808-9 144 | 286 430 | 

1899-0 155 | 283 | 438 | 

1900-1 | 156 | 806 | 462 

1901-2 206 281 =| «+4865 

1902-3 | 195 || 300 | 495 

1903-4 214 269 483 

1904-5 342 | 258 595 

1905-6 | 312 | 272 584 

1906-7 | 279 | 258 587 (Naval architects  ~ in- 
| cluded; separate depart- 

| ment instituted. 

1907-8 270 | 196 466 

1908-9 | 323 | 209 682 

1909-10 | 878 | 87 465 a made with 

1910-11 | 408 | 42 450 Rutherford Technical Col- 

1911-12 | 428 | 49 477 lege by which most evening 

1912-13 | 454 | 65 619 work was transferred to it. 

1918-14 | 498 | 80 | 688 





entries in column 1 of the table is divided by 
this, the number of students may be ascertained 
with a fair degree of accuracy. Thus, at the present 
time, there are 201 students in engineering alone. 
This, again, is exclusive of large classes held 
on Saturday afternoons for colliery engineers and 
foremen miners, and these classes, again, are 
attended by about 100 students. It is further 
interesting to note the classification of the 
students. Table IT. Pw a list of the numbers 
attending the various dayschools, This, of course, 
does not include evening students nor Saturday 
students. It may be mentioned that during the 
past year the total number of day students was 
Tasie II.—List of Students in the various Day 
Classes in Engineering. 
Day Classes. 








1911-12 | 1912-18 | 1913-14 
Advanced Engineering .. 16 | @ 83 
Senior Engineering 41 62 | OT 
Junior Engineering 57 | 66 | 88 
a Mechanics. . ae a | @ | © | 7% 
Civil Engineering (Senior) .. ..| 7 1% | il 
Civil Engineering (Junior) --| 16 9 12 
Agricultural Engineering o | © | 2 | Ss 
Drawing (Advanced) ‘ vs am | ae oY eS 
Drawing (Senior) .. e is | @ 7 | «& 
Drawing (Junior) .. ‘ ‘ 64 68 62 
Laboratory (Senior) 26 40 50 
Laboratory (Junior) | 60 54 57 
Totals for day classes | 428 454 498 

201, whereas in the first year of the department 


the corresponding number was twelve. In addi- 
tion to the classes indicated in Table II., the 
students, of course, are required to attend classes 
in mathematics, pron. chemistry, and so on. 

Fig. 2, on Plate IV., illustrates the power- 
station and the various prime movers, &c., in it, 
arranged specially for instructional and research 
work. There are in this station electric trans- 
formers reducing the potential of the current from 
the public supply mains; a high-speed enclosed 
compound steam-engine, driving a dynamo, with its 
surface condenser and pumps ; a horizontal Robey 
engine and dynamo for electric lighting and experi- 
mental purposes ; an experimentai vacuum chamber, 
and other apparatus. 

Figs. 3 and 4, on Plate IV., are views from 
opposite ends of the new hydraulic laboratory, 
which covers a floor space of about 2600 sq. ft., 
and is equipped with recent examples of hydraulic 


machines. e@ apparatus includes a multi-stage 


electrically-driven turbine pump, having a maxi- 
mum speed of 2300 revolutions per minute and 
capable of deliv i 10,000 ms of water 


per eee t oa _; of 210 Find a single- 
stage high-lift centri mp, electricall 
Seton, Ectivasten 15,000 olen per hour pore | 
a head of 100 ft.; a steam-driven direct-coupled 
centrif pump, having inlet and outlet mains, 
6 in. in diameter, and delivering 36,000 gallons per 
hour; and a small pulsometer pump, as well as 
other machines. 

Water raised by the above pumps may be used 
for operating various water-turbines, of which the 
following are at present installed :—a Thomson 
inward-flow turbine; an impulse turbine of the 
Gerard type ; a Pelton wheel, with interchangeable 
cups and nozzles, arranged for a maximum head of 
260 ft.; a mixed-flow turbine, with vertical 
shaft, suitable for callings ‘anion low of from 
7 ft. to 12 ft. Of the same capacity as the mixed- 
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flow turbine is a water-wheel for approximately 
similar heads, capable of being o as a high- 
breast, a low-breast, or an overshot wheel. 

All the above turbines are specially arranged for 
experimental work under varying conditions, suit- 
able measuring-tanks, gauges, brakes, &c., being pro- 
vided. The centrifugal pumps, for example, are 
supplied with alternative impellers and vortex pas- 
sages, and the multi-stage pump can be operated with 
one, two, or three stages in series. Each turbine or 
motor has its own separate tail-race and measuring- 
tank, so that the machines are entirely independent 
of one another. Tanks for ‘‘ gauging” experiments, 
for the flow over weirs and through orifices, on a 
larger scale, are installed ; and also apparatus for 
investigating stream-line flow, reaction of jets, 
friction in pipes, loss of head in pipes and bends, 
&c. Amongst the apparatus for measuring 
quantities of flowing water are a precision-meter, 
with mechanical integrator, a Venturi meter, a 
Kennedy meter, and various arrangements of 
tanks, with notches and floats or point-gauges. 
Three large mains—two 6 in. in diameter and one 
5 in.—extend the length of the laboratory, and com- 
municate with a tank of 1000 cub. ft. capacity on 
the roof of the building. Three feet below the 
ground-level is a lower tank 3 ft. wide, which also 
extends the full length of the main laboratory. 
In addition there are such accessories as cement- 
testing machines, and, as seen in Fig. 3, tables 
and benches for carrying out various operations. 
In addition, there is a smaller research laboratory 
on x —" floor, reached by the spiral stair seen 
in Fig. 4. 

The research work in the Hydraulics Laboratory 
has included investigations into the efficiency of 
centrifugal pumps, investigations of the effects of 
‘* whirlpool chambers,” guide-blades, and varyin 
blade angles on the efficiency of high-lift single an 
multi-s centrifugal pumps ; comparative effi- 
ciency of various types of hydraulic motors ; 
further investigations into the circumstances which 
determine whether the flow of water in pipes shall 
be stream-line or turbulent. Experiments have 
also been made on air-pumps for the purpose of 
investigating the influence of water on the effective 
capacity of air-pumps of various kinds, and of the 
weight of air discharged with ing speeds and 
effective capacity of pump. Data have been accu- 
mulated as to the hydraulic resistances in surface- 
condensers, including a practical determination of 
the losses due to friction in condenser-tubes and 
headers, losses at entry to and discharge from 
tubes, and in the transverse flow between tube- 
plates and condenser-ends. Experiments to deter- 
mine the coefficient of discharge for air flowing 
— sharp-edged orifices have also been con- 

ucted. 

The Mechanical Laboratory is illustrated by 
Figs. 5 and 6, on Plate V. e central feature of 
the former view is the experimental engine, which 
was designed by Professor Weighton, and, when 
erected, was the largest and most complete engine 
for this work, and is believed to-day to hold a 
position no less significant. Apart altogether from 
the great variation in the working conditions pro- 
vided for in the design, credit is due tothe makers, 
as forty-six firms were employed to supply the 
units for the construction of the engine, and all 
these were worked into place without any trouble. 
Primarily the engine is of the quadruple-expansion 
type, but is so arranged that it can be worked 
as a simple, compound, or quadruple-expansion 
engine ; spare liners, too, are provided, in order 
that the engine can work at different ratios of 
cylinder diameter and expansion. It can be ada 
for the solution of almost every conceivable problem, 
as has already been suggested by the variety of 
tests carried out and enumerated. It is fitted with 
an hydraulic y tag wr se of the Froude type, but 
designed by the Professor and made at Tyneside 
many years ago; one-half the = is by gravity 
weight, and the other half by spiral spring. There 
is a recording apparatus associated with the dynamo- 
meter. The first kinetic air-pump ever made is 
in use, and is driven by a De Laval turbine. There 
is also, in connection with the experimental engine, 
a ‘*Contraflo” condenser, in addition to the usual 
the eaghen ke supealaiauth engine tan oss on 

e % e men’ e an 
pre ee cere to show au : ically 

y the air passing through the condenser and 
An interesting feature in Fig. 5 is a 
‘arsons 





small experimental steam air-compressing engines, 
such as are used for charging torpedoes. Behind 
them are two sets of internal-combustion engines 
worked by producer-gas and by oil. On the left 
side of the view are seen work-benches, a vacuum- 
gauge tester, and a part of the 100-ton Buckton- 
testing-machine. This latter is better seen on the 
— side of Fig. 6, which is a view of the same 
laboratory from the opposite end. In front of it, 
however, is a 10-ton testing-machine, and beside 
it a crank-shaft for a Diesel engine recently 
erected. On the left of the view is a small 
gas-producing plant, associated with the internal- 
combustion engines seen beyond it, and already 
referred to. the distance, in the centre of 
the view, is the steam air-compressing plant, 
together with the Parsons turbine with the flat 
condenser, and beyond the kinetic air-pump and 
the experimental engine just described. The 
latest addition to the labora is a one-cylinder 


vertical Diesel oil-engine, capable of working on | tim 


the four-stroke cycle or the two-stroke cycle, the 
wer under the former condition being 50 brake 
orse-power, and under the latter condition 100 
brake horse-power. This engine has been supplied, 
on | favourable financial terms, by Messrs. 
Carels Fréres, of Ghent, and is of a type which has 
recently been fully illustrated in ENcrneerine. 
This latest addition gives promise of very interest- 
ing work being carried out, as many variations in 
operation are possible, even although there is only 
one cylinder. It will be seen from the equipment 
that marine engineering occupies a large part of the 
curriculum of the laboratory, and it may be added 
that this subject has always been a special feature 
of Armstrong College. 

As regards the Naval Architecture Department, 
which is under Professor J. J. Welch, formerly of 
the Admiralty, the funds are largely provided by 
subscriptions of the shipbuilders ae | engineers of 
the district, and are administered by a Committee 
of the subscribers acting in conjunction with the 
Council of the college. Day courses of study are 
arranged to suit the requirements of the University 
for degrees in applied science. Fora ‘‘ "di 
three years of study are required, of which the 
first year is spent on training in general science, 
and the two later years chiefly on professional and 
allied subjects. To obtain a d with honours, 
an additional year of professional study is required. 
There are also post-graduate and research courses. 
Diplomas are granted to students who do not enter 
for the university degrees, but who qualify in 
modified courses of professional studies. It is 
found that the most successful students are those 
who have had some practical experience of ship- 

rd or office work before coming to the college. 

n some cases students take their first year of 

college on leaving school, but go into works for a 

year or more before taking up the professional part 

of their studies, and this arrangement also gives 
results. 

British Graduates in Honours in Naval Archi- 
tecture are now eligible as candidates for posts 
as Probationary Assistant Constructors —— 
the Admiralty courses of study at the Roya 
Naval College, Greenwich. Many of the ship- 
building firms of the North-East Coast district are 
willing to give students practical experience in 
works or drawing-office during the ‘‘long vaca- 
tion” (July, August, September), and on leaving 
college most of the British students find places in 
— Se eae tenon of them have risen 
after a few years of ical experience to posts of 
responsibility in the technical and scientific depart- 
ments ; others have secured appointments as sur- 
veyors with the registration societies. A number 
of foreign students have been sent to Armstrong 
Coll their respective Governments, and these, 
after leaving, ultimately pass into the constructors’ 
— of their respective countries. 

he scientific investigations of the ‘‘ Bulkhead 
Committee,” appointed after the Titanic disaster, 
are being carried out by a staff working under the 
direction of Professor Welch in the premises of the 
College ; and the staff engaged upon this work 
includes several former students of this tera 
ment, most of them being uates. One of the 
present holders of the Institution of Naval Archi- 
tects Post-Graduate Scholarships (2001. a year) is 
Mr. P. Y. Brimblecombe, whose paper, on ‘‘ The 
Stability of Ships in Damaged Conditions,” WAS 
read at the recent spring meetings of the Institu- 
tion. Mr. Brimblecombe is continuing his research 
work for another year. There are also courses of 





study arranged for evening students. These are 
largely attended by Gusher in the shipyards and 
drawing-offices, and in the case of some in the 
district, promotion in ition and pay is made to 
depend to a considerable extent on attendance at 
such evening classes, and upon the results of the 
college examinations. The complete courses 
extend over a period of five years, and the classes 
are held from the beginning of October to the 
middle of the following May. Students are pre- 

for the Board of Education’s examinations 
in naval architecture, and the college also holds its 
own examinations at the end of each session. The 
Shipwrights Company awards 251. each year in 
prizes to these students. There is no doubt about 
the excellent results which have come from the 
encouragement given by local employers to this 
class of student. From among them have risen some 
of the best young men to take the more complete 
training given by the university courses in the day 

e 


There is also a mining laboratory, in which there 
are rock - drills, air-compressors, and apparatus 
on a large scale for testing the explosive nature of 
coal-dust. The professor of mining and surveyin 
is Professor Henry Louis, D.Sc. The electri 
department is under Professor Wm. M. Thornton, 
D.Sc., and there is included a fair-sized laboratory 
with all the ordinary electrical machinery required 
for a liberal course of training. Thus while the 
mechanical side and naval architecture necessarily 
preponderate, all departments of industrial activity 
are embraced in the very comprehensive scheme of 
this progressive and successful institution. 





THE PANAMA CANAL.—No. XI. 
Gatun Hypro-Exectrric Station. 


In the course of this series of articles we have 
frequently made mention of the electric control 
and operation of the various machines, the electric 
supply for the towing-locomotives, for lighting, 
repair-shops, and other purposes. The required 
power is to be obtained from two sources—mainly, 
as a matter of fact, from a hydro-electric plant 
situated at the Gatun spillway, while a stand-by 
steam-station will be maintained at Miraflores. A 
description of the spillway was given in No. 4 of 
this series of articles,* at which time we also gave 
a brief account of the power plants, more particu- 
larly that at Gatun. We now propose to give a 
rather more detailed account b this plant, and 
illustrate it with Figs. 195 to 202, Plates VI. and 
VII., and page 13. 


The Gatun power-station is at present built for 


a capacity of 6000 kw., with provision for increasing 
this up to 12,000 kw. if it be decided later to 
operate the Panama Railroad electrically. It is 
situated below the spillway of the Gatun Dam, 
and will utilise an effective head of about .75 ft., 
though this will be increased in times of high flood, 
and diminished slightly during a dry season. Water 
is drawn off from the Gatun Lake through a 
forebay, the position of which is shown in Figs. 
95 and 110,+ and to which water is admitted 
through 12 ft. wide, fitted with wrought- 
iron grids 29 ft. 7 in. high. At present three pipe- 
lines only are being installed, though provision is 
made for six. They were shown under construction 
in Fig. 111,{ and ina more complete state are illus- 
trated in Fig. 195, Plate VI., herewith, the head 
ends of the other three showing in the distance 
at a point just below the forebay. Cast-iron head- 
gates 10 ft. 6 in. in diameter, with bronze seatings, 
control the admission of water to the pipe-lines. 
These gates have two screwed steel stems, on 
which work bronze nuts fitted with steel bevels, 
the latter being driven by a 15-horse-power 220- 
volt alternating-current motor with a speed of 
750 revolutions per minute. The motor is placed 
between the stems, its shaft being extended to 
them on either side. Hand-operating gear is also 
provided. The control arrangements are such that 
when the gate-motor switch is closed at the power- 
house, the gate being closed and the pipe empty, 
the motor will commence to open the gate until the 
admission is sufficient to fill the pipe in about five 
minutes. On this rate of admission being reached 
a limit-switch opens and stops the motor. The gate 
remains in this position until the pipe is full and 
the water has risen in the 36-in. air-vent pipes 





* See ENGINEERING, vol. xcv., page 836, 
+ Ibid., 830 and Plate LIV, 

page 
t Ibid., page 833, 
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(shown in Fig. 111, already referred to) below the 
gates. A float-switch then comes into action, 
closes the motor circuit, and the gate is fully 
opened, the limit-switch preventing over-travel. 
The gate is closed by reversing the main switch at 
the power-house. The pipe-lines have been pre- 
viously described. They are 10 ft. 6 in. in diameter, 
and have an average length of 420 ft., and after 
being riveted up at the site have been covered on 
the outside with concrete. They are taken to the 
power-house on the side of the spillway channel, 
with 90-deg. bends of a radius of 70 ft., as may be 
seen in Fig. 195. Provision is made on each pipe-line 
for testing the flow with a Pitot tube while it is in 
service. A pair of portable tubes for taking readings 
in the pipe at 90 deg. to each other have been 
furnished. Each pipe has two 6-in. saddle nozzle 
connections, arranged at 45 deg. to the vertical, 
and from these two Pitot-tube supports extend 
across the pipe. These supports form guides for 
the Pitot tubes. They are fixed in the pipe, but 


are easily removable. The 6-in. outlets are fitted 





current motors at a speed of 375 revolutions per 
minute. Each pump is capable of supplying the 
governors of all three units. The governors, 
driven by bevel-gears off the main shaft, are 
furnished with small electric motors for varying the 
_ of the main units for synchronising purposes. 

ey are also arranged so that the permanent drop 
in speed from no load to full load may be varied, 
between a range of 5 per cent. drop to constant 
speed from friction load to the maximum. Hand 
control is also provided. The wicket-gates are 
steel castings finished all over. The gates are all 
connected with a ring controlled by the governor. 
The water-passages on either side of the movable 
gates are fitted with renewable steel plates. The 
discharge from the turbines is through steel- 
lined concrete tubes, 71 in. in diameter at the tur- 
bine, but increasing to an elliptical section of 9 ft. 
by 17 ft. at the outlets. The discharge-tubes 
road 90-deg. bends. The linings are }-in. steel 


Directly above the turbines are three-phase 
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Fic. 201. Reactance. 


with gate-valves, and have tongued and grooved 
flanges, matching the base of the Pitot-tube appa- 
ratus. The latter may be bolted to the outlet, the 
gate opened, and then the tube pushed into the 
pipe. The tubes are arranged to measure both the 
static and velocity heads, the readings being 
obtained by means of U-tubes. 

The generating units consist of three 2000-kw. 
machines, driven direct by Francis turbines with 
50-in. runners. Under the 75-ft. head, and running 
at a speed of 250 revolutions per minute, the tur- 
bines develop each 3600 horse-power. The centre 
of the runner is 25 ft. above the tail-water. The 
turbine-casings will be seen in place in Fig. 195, while 
in Fig. 197, Plate VII., we give a larger illustration 
of one of these turbines, and in Fig. 198 a drawing 
showing a generator unit complete. The turbines 
are of the spiral-casing type, and above them are 
distance-rings carrying the electrical machines. The 
revolving parts of the turbine and generator are all 
mounted on a shaft made in one piece, and are 
suspended from a roller-bearing in the top of the 
casing. 

The suspended weight is about 32 (short) 
tons, but the runner is designed to exert an 
upward thrust of about 22,000 lb. when working at 
full capacity, and the bearing is therefore relieved 
to this extent. Oil for this ing is supplied by 
a lubricating pump geared to the main turbine- 
shaft, the surplus flowing into a tank, from which 
the pump takes its supplies. The turbine wheels 
are of bronze, and weigh about 7000 Ib. each. 
They are finished all over. The governor ¥ 
shown to the left hand in Figs. 197 and 198, is of 
the Pelton oil-pressure ‘ype. The oil pressure for 
the governors is supplied by two Pelten rotary 
pumps driven by 10-horse- power alternating- 


Fig. 202. Soren o1p-Operatep 2500-Voir Swircu. 





25-cycle generators of the revolving field type, of a 
guaranteed continuous capacity of 2000 kw. at 0.8 
power factor, 2200 volts, and 250 revolutions per 
minute, and an overload rating of 2500 kw. at 0.8 
power factor for two hours. e stationary arma- 
tures are bolted to heavy cast-iron distance-rings 
some height above the turbine. The weight of 
32 short tons given above for the load taken by the 
thrust-bearing includes the weight of the generator 
field and exciter armature. The exciter is arranged 
just below the generator. It is a 50-kw. machine 
at 125 volte. Each exciter is capable of furnishing 
exciting current for two generators under maximum 
guaranteed load. The exciter-magnet frame is 
attached to a casting bolted to the distance-rings. 
By means of clamp-screws the exciter-magnet 
frame may be attached to the revolving field of the 
generator, and the whole removed together for 
repairs. 

e generators under oflicial test showed an efli- 
ciency of 95.1 per cent. at 2000 kw., 0.8 power 
factor ; of 94.3 per cent. at 1500 kw., 0.8 power 
factor ; and 92.5 per cent. at 1000 kw., 0.8 power 
factor. The guaranteed temperature rises of 40 
deg. Cent. above room temperature, 25 deg. Cent, 
under continuous operation at full lead, and 55 deg. 
Cent. after two hours at 25 per cent. overtent, 
were easily met. 

The generator sets are accommodated in a station 
building on the side of the oe channel, as shown 
in Fig. 196, Plate VI. The building is unpretentious 
in style, the walls being of poured concrete 30 in. 
thick. It measures 61 ft. by 137 ft., being capable 
of extension, and has an extreme height of 74- ft. 
The roof is of reinforced-concrete slab construc- 
tion, covered with Spanish red tiles, and projects 
beyond the walls for 13 ft. 2in. A section of the 


building is shown in Fig. 199, from which it will 
be seen that the interior is clear to the roof, except 
for galleries. The floor area is divided into a pit 
for the three generator sets, a main floor, and two 
galleries devoted to switch-gear, &c. The turbine- 
pit is 6 ft. below the main floor. Below the main 
floor is a basement, containing air-compressing and 
oil-pumping plant. The main floor is laid with 
rails, so that 30-ton cars can be brought into the 
building under the overhead crane, for handling 
heavy ene The switch-gear galleries extend the 
entire length of the building on one side, and at one 
end are two galleries, used respectively for offices 
and a machine-room. The switch-gear eries 
are shown in section in Fig. 200, Plate VII. 

In addition to the direct-connected exciters, two 
others, motor-driven, are provided. These each 
consist of a 100-kw., 125-volt generator, running at 
500 revolutions per minute, direct connected with 
a 150-horse-power, 2200-volt, 25-cycle pe ay npn 
induction motor. These exciters can be used 
for ing the control batteries. The main gene- 
rator windings are rigid enough to stand a short- 
circuit under full load, but reactances have been 
provided to reduce the shock. These will also serve 
to make synchronising easier and safe. One of 
these current-limiting reactances is shown in 
Fig. 201, annexed. They are provided with concrete 
cores. 

The current is actually transmitted across the 
Isthmus at 44,000 volts, step-up transformers being 
provided at Gatun and in connection with the 
stand-by station at Miraflores, and the necessary 
step-down plants at these places and at Cristobal 
and at Balboa. The power plants generate and 
distribute only 2200-volt current. The system of 
connection throughout is the double-bus double- 
switch method, any oil-switch being capable of 
disconnection for repairs and cleaning without 
interrupting the circuit. 

The main switchboard is of the bench type, 
with a vertical rear board for relays and instru- 
ments and control-battery equipment. The space 
between the front and rear boards is enclosed with 
metal grill-work, with doors at both ends. Above 
the switchboard is a second storey, accessible by 
ladder and accommodating the electrically-con- 
trolled generator and exciter rheostats. Of the 
eight bench panels, one controls the exciters, 
the next three the generators, and the remaining 
four the feeder-circuits. A generator voltage- 
regulator, transferable to either of the two sets 
of busses, is installed on a separate pedestal, 
which also carries the synchronism indicators 
and clock. The exciters are controlled from 
the bench, but the electrically - operated exciter 
and field switches are mounted on a separate 

located so as to keep the connections as short 
as possible. This eliminates the exciter busses and 
the main connections from the control-board, but 
leaves the control of the whole equipment in the 
hands of the operator. On the upper of the two 
galleries, shown in section in Fig. , Plate VII., 
near the end of the building arranged for possible 
extension in the future, are the control-board, gene- 
rator reactances, compartment for generator cur- 
rent and potential transformers, and the generator 
oil-switches. From the latter connections 
through the floor to the busses on the ery 
below. On this gallery are also the feeder oil- 
switches, the com mt for the instrument 
transformers and the cable bells. Below. on the 
main floor is the cable vault, to be seen in Fig. 199. 

The 2200-volt oil-switches are solenoid operated 
and fitted with disconnecting gear to facilitate 
cleaning and repairs, all live parte being completely 
covered. One of these switches is shown with the 
disconnecting device open in Fig. 202, annexed. 
These and the hand-operatedswitches were described 
in a previous article.* Briefly, it may be said that by 
a lever and toggle gear, mounted on vertical guides, 
the oil-switch is raised or lowered. Above the oil- 
switch is a stationary base fitted with disconnecting 
studs, which are coupled to the high-tension leads. 
The studs carry underneath contact- fingers, which 
engage with contact-blades fitted on the top of the 
oil-switch, when the latter is raised by the lever. 
When the oil-switch is lowered it is completely 
isolated from the circuit ; when raised it is latched 
in position. An interlock prevents an oil-switch 
being raised or lowered unless its contacts are 

- In the case of the solenoid - operated 
switches, the solenoid is stationary, and the con- 








* See Encinzxnine, No. X., page 241 ante. 
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necting mechanism includes a vertical slotted link, 
allowing the switch to be raised or lowered with- 
out disconnecting the solenoid gear. 

Of the plant at the Gatun station, the turbines, 
as already noted, were built by the Pelton Water- 


Wheel Company, New York, who, in fact, supplied — 


the whole hydraulic equipment, including gates, 
pipe-lines, Pitot tubes, governors, &c. The electrical 
portion of the installation, including the generators, 
switch-boards, transformers, vom gate motors, 
switches, and accessories, were designed and 
manufactured by the General Electric Company, 
Schenectady, to whom, through the British Thom- 
son-Houston Company, Limited, we are indebted 
for the foregoing particulars. 

We have on several previous occasions referred 
to the arrangements made for transmission across 
the isthmus and for transforming at the locks, &c., 
and need not enter again into this work. Recent 
advices from Panama stated that the hydro-electric 
station at Gatun was ex to be in service by 
the end of May. The transformer sub-stations at 
Gatun, Miraflores, Cristobal, and Balboa are fairly 
well advanced, except that at Balboa. Eighty per 
cent. of the electrical equipment had been received 
in May, and installation has commenced at Gatun. 
By the beginning of May, 903 out of 917 track 
span-bridges for the transmission lines had been 
erected and work on the conductors was in 
progress. 





INDUSTRIAL NOTES. 

THe annual meeting of the Wolverhampton Chamber 
of Commerce was held on Wednesday, the 24th ult., 
when the president, Mr. W. Johnson, in moving the 
adoption of the annual report, called attention to the 
disastrous effects which labour troubles had upon 
the trade of the country. Among the more clear- 
sighted labour leaders there were some, he said, who 
reougnised that strikes had a most injurious effect 
on the workers themselves. He then dealt with the 

uestion of inland waterways, and said that the 
Chamber had always taken an immense interest in 
the matter of water carriage in this country, especially 
as it applied to the immediate district. He was pied 
they had enlisted the interest of some members of the 
Wolverhampton Corporation, and added that there 
was @ growing opinion that something ought to be 
done to improve the waterways. In regard to these, 
Colonel A. McBean expressed the hope that the 
Wolverhampton Corporation would look upon the 
subject of inland waterways from a national and not 
from a local or parochial standpoint. If this question 
had taken shape some years ago, the extension of the 
waterways in the district might have saved the 
removal of large industries to the coast. To-day 
the Staffordshire district was being fed by more 
foreign iron and steel than those interested in iron and 
steel cared to think about. Foreign competitors were 
beginning to look upon Staffordshire as their natural 
market ; in fact, as a market to which they had more 
right than we had ourselves. Foreign competition, he 

ded, was becoming an immense monster, and it must 
be faced without political sentiment. 





A number of points were dealt with at the congress 
of the International Federation of Postal and Telegraph 
Servants, held at Caxton Hall, Westminster, on 
Thursday, the 25th ult. The delegates present repre- 
sented a very large proportion of postal, telegraph, 
and telephone employees of Great Britain and Conti. 
nental countries. The British postal workers’ societ 
demanded that all Governments should establish and 
maintain the eight-hour day principle as an example to 
other cuteness of labour, and the concession of full 
civil and political freedom for employees of the State. 
They also expressed the opinion that the nationalisation 
of publio services, such as the Post Office, was not 
necessarily advantageous to the employees and the 
working class, unless accompanied by steadily- 
increasing democratic control, both by the employees 
and the representatives of the working classes in 
Parliament. 

The question of a universal language was also raised 
by Mr. Koch, a Swiss delegate, wao urged the point 
very strongly, stating that a universal lan would 
better enable the workers to fraternise, thus increas- 
ing their solidarity and strength. Some delegates 
> whilst one stated that if they adopted either 

to or Ido they would simply be adding to the 
existing Babel. It was only in the interests of the 
**ignorant Englishman who lived on an island,” added 
the delegate, that the universal language pro’ 
were brought forward. Their immediate effort Id 
be to push forward for economic and political emanci- 
pation, When oe | had done that they should be free 
to educate themselves, and then they would have no 
need fora ‘‘ bastard lang ” A resolution in favour 
of the fusion of Esperanto and Ido was eventually 





carried. This resolution has no weight, and will 
satiefy nobody, least of all the advocates of either of 
the two universal languages. 

A French delegate moved that a thorough inquiry be 
made regarding the occupational illnesses to which 
tal servants were subject. The matter, he said, 
should be regarded in an international spirit, as it 
affected all postal workers. If they had post-offices in 
France like those in London, they were inclined to 
think long and severe illnesses would disappear. 

Mr. W. B. Cheeseman, on this point, said he ho 
and believed that by the work of the society they 
were on the way to the elimination of consumption, 
but other diseases affecting the nerves of the workers 
were still prevalent. He mentioned the noise and 
vibration of machines, and more particularly speeding- 
up methods of work, as probable causes. ‘‘ We 
have,” he added, ‘‘a comparatively large number of 
men who have been obliged to go to lunatic asylums 
because their minds have become unhinged in conse- 
quence of the strain of their work.” It was necessary, 
he stated, that an inquiry, should be made at once. 
Medical officers, he alleged, were unwilling to state 
deliberately what the men were suffering from, and 
common diseases were often put down as being the 
cause of illness, when, as a matter of fact, they were 
due to nervous complaints which had developed. The 
motion was agreed to. 


Mr. T. W. Caeey, the general secretary of the York- 
shire Winding Enginemen’s Society, had interviews 
last week with the Home Office respecting a new code 
of shaft signals; a compromise has been arrived at in 
the matter, which does not appear generally to give 
satisfaction. The men were determined that some 
alteration should be made in the new code issued by the 
Home Office, otherwise they would not work it. The 
main point at issue had reference to the signals for 
winding-men. Under the new code the winders 
dec it was impossible to wind men against men 
without serious danger, the reason being that whilst 
on the one hand the signal 3 to the engineman meant 
that he could draw the cage away from the bottom, 
another similar signal from the pit bottom meant that 
he must keep the cage stationary until he received the 
signal 1. is was very confusing, and the result of 
the ballot of the Winders’ Society clearly showed that 
the men would not work to this signal. 

Conferences have been held in London with Sir 
Richard Redmayne (Chief Inspector of Mines), the 
Right Hon. Mr. McKenna (Home Secretary), and other 
Home Office officials. The winders asked that in regard 
to the signal of 3, when men were ascending or descend- 
ing, this signal should be a warning that men were 
going to “‘ ride” the shaft, but that before the cage 
was allowed to move there should be a separate signal 
of 1 given after the 3. The Home Secretary decided 
in the men’s favour, and granted the additional 
signal 1. We may add here that the men have 
throughout received the united support of the colliery- 
owners in their desire to remedy their grievance. 

Mr. Casey, while expressing regret that they could 
not retaiu the old signal of 3 and 2—which he still 
considered to be by far the best and safest—agreed to 
recommend the winders to accept the 3 and 1 — in 
each case of winding men, whether ascending or 
descending the shaft. He had received an intimation 
that the hecsetney of State was agreeable to the 
additions to the code on the lines suggested, and 
would have the alterations incorporated in the code in 
the proper way. 


The coalmen on the Great Northern Railway have 
been agitating for some considerable time with a view to 
obtain a revision of their conditions of service. The con- 





Y | ditions under which they work include, it is stated, a 


72 hours week when on day duty, and 74 hours when on 
night duty, with no deduction for meal-times. They are 
paid at the rate of 2}d. per ton, and at some depots as 
much as 2300 tons a week are dealt with. This has to 
be handled by the coalmen, who have to transfer the 
coal from the staithes to the engines. The men 
demand a 48 hours week, and the piece-work rate to 
be advanced by Id. an hour, also one week’s holiday, 
with pay and a free " 

The company declined to agree, and the matter was 
placed before Judge Parry, who has now given his 
award as follows:—A 554 hours week, exclusive of 
1? hours a day for mealtimes, an advance of 3d. per 
ton all round, three days’ holiday with pay each 
year after a man has been five years in the company’s 
service. The award applies to all the coalmen 
throughout the Great Northern Ruilway system. The 
new — will remain in operation for twelve 
mont 


A dispute ing non-unionists, which had arisen 
between the Warehouse Workers’ Union and Messrs. 
Wilson Brothers, Garston, has been settled by Sir 
David Harrel, the Board of Trade arbitrator. In his 
award Sir David Harrel states that Messrs. Wilson’s 
claim to the effect that they should continue to main- 
tain their attitude of neutrality and impartiality as 








between unionists and non-unionists was admitted by 
the work-people. The workers’ request that notices 
should be placed in the works that the company did 
not view with disfavour the employment of trade 
unionists was agreed to by the employers. All parties 
were agreed as to the procedure necessary in the case 
of persons who were undesirable, ‘‘in so far as 
aliabedie meant persons of immoral character, of 
objectionable personal habits, or users of obscene or 
improper language.” The claim of the work-people 
that the firm should be forced to take any steps 
which might be interpreted as an inducement to 
persons to join the union appeared, in the arbitrator’s 
opinion, to be inconsistent with the employers’ attitude 
of neutrality and impartiality as between unionists 
and non-unionists. 





We are informed that the concessions which were 
offered some weeks ago to ’busmen by the London 
General Omnibus Company, and were accepted by the 
Licensed Union of Vehicle Workers on behalf of its 
15,000 members, will cost the company about 200,0000. 
per annum. 





A meeting of delegates of the members of the Rail- 
way Clerks’ Association from all parts of the North- 
Eastern Railway system was held at York on Saturday, 
the 27th ult., to consider further their demand for im- 

roved conditions and increased salaries. Mr. A. J. 

«st, Darlington, presided. 

The association some time ago promulgated a demand 
for a salary scale rising to 150/. at 37 years of age; in 
reply to this, the company introduced a new scale, 
which, while it accelerated the progress of the younger 
men, had no effect upon the majority of the senior 
men. 

After discussion, a resolution was unani- 
mously expressing (w) indignation at the failure of the 
company to introduce a standard scale on the lines 
indicated, and condemning the existing system ; 
reiterating (b) the demand “that the debased scale 
in operation in the telegraph department shall be 
withdrawn, and these clerks shall have salary con- 
ditions identical in all respects with those of their 
colleagues in the other departments ;” (c) the resolu- 
tion further expressed surprise and regret that the 
m ement still adheres to the decision to exclude 
the shop clerks from the provisions of the scales for 
salaried staff; (d) the meeting, the resolution con- 
tinued, ‘‘ again asserts the claim for recognition of the 
Railway Clerks’ Association, urges the executive com- 
mittee of our organisation to lose no opportunity of 
pressing for this right, which has been Sesenbell to 
those engaged upon the manipulative and operative 
side of the business, and —_— to them the united 
support of the clerical staff in any action they may see 
fit to take ;” (e) the meeting authorised and instructed 
the Salaries Movement Committee to seek at once 
another interview with the Board of Directors, ‘‘ with 
a view to pes the whole position before them once 
more, in the light of the evidence as to actual North- 
Eastern salary conditions which has recently been 
obtained, and the further evidence as to salaries in the 
Civil Service, the Postal Service, and other first-class 
businesses, which has become available since the inter- 
view on July 24, 1913.’ 





We are informed that the strike of trawler engineers 
at Fleetwood, to which we referred in our last issue, 
has been satisfactorily settled. Last week representa- 
tives of the Fishing-Vessel Owners’ Association and 
the Amalgamated Engineers’ and Firemen’s Union 
held a conference, the result of which was the re- 
instatement of the discharged engineer. 


On Friday last, the 26th ult., evidence was given 
before the Select Committee on behalf of the Federa- 
tion of Laundry Associations, who are opposing the 
Bill for the confirmation of the Provisional Order to 
include calenderers and machine-ironers in Jaundries 
within the Trade Boards Act. Sir J. Compton 
Rickett occupied the chair. 

Mr. J. Stark, secretary of the Federation, com- 
plained of the competition of small laundries which 
were not under Home Office inspection. He pointed 
out the risks that were run owing to the conditions 
under which clothes were dealt with in such places. 
He instanced a case in which chicken-pox had been 
contracted, and another case where wanking was done 
in a house from which children suffering from scarlet 
fever had been removed. He explained that variations 
in wages in the factories were due to the capacity or 
lack of capacity on the of the workers. e 
trade, he added, was quite willing to pay higher 
wages if a better class of worker could be obtained. 





INTERNATIONAL FEDERATION OF CONSULTING ENGI- 
NEERS.—The second international congress of consulting 
engineers will take place at Berne, Switzerland, from 
the 15th to the 22nd inst. A @ of the pro- 


ceedings has been issued. All information concerning 
the be obtained from Mr. de Herbais de 


congress can 
Thun, 18, Rue Marie-Thértse, Brussels. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-lron Market.—Last Thursday morning the 

ig-iron market was again dead idle. In the morning 

leveland warrants were a @ easier, with sellers at 
5ls. 3d. cash, 51s. 5d. one month, and 51s. 64d. three 
months, while in the afternoon these quotations were 
barely maintained, and sellers named 51s. 24d. casb, 
51s. 4d. one month, and 51s. 6d. three months. There 
was no improvement in the market on Friday morning ; 

rices of Cleveland warrants were stationary, and no 
lealings were recorded. At the close sellers quoted 
5ls. 2$d. cash, 51s. 4d. one month, and 5is. 54d. three 
months. The afternoon session was dull, and business 
amounting to 2500 tons of Cleveland warrants was done at 
51s. 1d. cash and 5is. 4d. three months, and closing quota- 
tions were called 51s. 14d. cash, 51s. 34d. one month, and 
51s. 5d. three months. On Monday morning the market 
was in quiet, and business was limited to 1000 tons of 
Cleveland warrants at 51s. 1d. and 51s. 04d. cash. aonng 
sellers quoted 51s. 1d. cash, 51s. 3d. one month, an 
5ls. 4d. three months. In the afternoon the tone 
was a shade easier, and the minimum of dealings took 
place—namely, one Cleveland warrant at 51s. cash, 
the session closing with sellers quoting 51s. 04d. cash, 
51s. 24d. one month, and 5le. Sha. three months. On 
Tuesday morning the market was quite idle, and 
sellers of Cleveland warrants quoted 51s. 1d. cash, 51s. 3d. 
one and three months. The tone was steady in the after- 
noon, when 1000 tons of Uleveland warrants chan 
hands at 51s. id. twenty-one days. At the close sellers 

uoted 51s. 1d. cash, 51s. 3d. one month, and 51s. 34¢. 
eee I When the ag 9 rg xs (Wed- 
nesday) the tone was stronger, but no dealings were 
porn and sellers’ quotations for Cleveland warrants 
were 5ls. 14d. cash, 51s. 3d. one month, and 51s. 5d. three 
months. The afternoon session was another blank as 
regards business, and although buyers’ quotations were a 
shade easier, sellers of Cleveland warrants made no change 
in their prices. 

Sulphate of Ammonia.—An improving demand has been 
noticeable in the sulphate of ammonia market —— the 
past week, and buyers seem more inclined to book a little 
ahead. The price is firmer, and for prompt delivery the 
current quotation is now from 10/. 12s. 6d. to 107. 15s. per 
ton, Glasgow or Leith, and for forward lots prices are 
also the turn better. 


Scotch Steel Bars.—The quietness in the Scotch steel 
trade continues, and there is not the slightest sign of any 
improvement. With such a scarcity of orders as has pre- 
vailed for some time, it is wonderful how some of the 
establishments have managed to keep going so long. The 
heavy importation of general material from the Continent 
has been very severely felt, and instead of the usual stir and 
bustle at this period of the year, on the eve of the holi- 


days, there is an absence of pressure for deliveries, and the | i 


day for closing down will not be unwelcome. Specifications 
are only for small lots, and inquiries are limited and also 
of small volume. Plates, sheets, and sectional material 
are all alike in this category, and the outlook is not pro- 
mising. The —- trade is keeping up fairly well, and 
although some of the markets are a little unsettled, one 
or two others are consuming aus respectable quantities 
of material. Australia and New Zealand are each taki: 
upa considerable tonnage, while India, South Africa, an 
Japan are moderate buyers. Prices all round are steady, 
but Continental quotations are about as low as ever. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers report no improvement, and are still 
suffering from the heavy shipments of material from the 
Continent, the prices qu for which they cannot look 
at. They are picking up moderate orders here and there, 
and are managing to kee ——. on a reduced number 
of shifts on these hand-to-mouth lots. The price of 
“‘crown ” bars is unc 5 


Scotch Pig-Iron Trade.—Although there has been no 
notable increase in the demand for Scotch pig-iron, orders 
have been coming in exceedingly well, and stocks show 
little foneeee, Cenmmaans in the South continue to 

urchase fair quantities, and there is almost certain to 
be an i request during the next two weeks, before 
the annual holidays commence. Export departments 
are also fairly well employed shipping the noted local 
brands, and inquiries, though only moderate, are en- 
couraging. The re are the market quotations for 
makers’ fo. 1) iron :—Clyde, 67s.; Calder, Gartsherrie, 
Summerlee, and Langloan, 67s. 6d. (all shipped at Glas- 
gow); Glengarnock (at Ardrossan), 70s.; Shotts (at Leith), 
68s. 6d.; and Carron (at Grangemouth), 68s. 


Scotch Shipbuilding. — The figures dealing with the 
Scotch shipbuilding output for the past month are both 
interesting and ~empey the total being 25 vessels of 
77,490 tons, made up as follow :— 

Vessels. Tons. 


The Olyde .. 20 78,680 
The Forth .. 1 8,100 
The Tay 1 100 
The Dee 3 610 

26 77,490 


The Clyde output is a good bit ahead of the return for 
the correspond month of last , which was 22 
v ° 64,478 tons, but ib has actually only been 
bettered on one other accasion—namely, June, 1906, 
when the total was 124,544 tons. This latter total was 
swelled by the launch of the Lusitania and the battleship 

mnon. ing with the work of the half-year 
we find that the output—129 vessels, of 267,677 tons— 
is rather more than 80,000 tons down from the corre- 
sponding period of last year, and which included the 


Aquitania, but is the sixth highest output on record 
for the first half of any year. six occasions are :— 


Year. Tone. Year. Tons. 
1906 .. -. 836,258 1912 .. .. 289,586 
1907 .. .. 802,847 1918 .. .. 848,476 
1911 .. -. 810,460 1914... .. 267,677 


The booking of new work during the past month was 
more satisfactory than during one or two of the pre- 
ceding months, and several important contracts are 
reported. One of these has been secured by Messrs. 
Barclay, Curle and Co., Scotstoun, and is jor a twin- 
screw oil-engined vessel of 8000 toms gross and 6000 
horse-power, for the Russian East Asiatic Steamship 
eg Most of the shipyards are still well em- 
ployed, but one or two labour troubles are at present 
cast a shadow over the industry, and something more 
is likely to be heard of them in the near future. ages, 
non-union labour, and an eight-hour day are the prin- 
cipal items which will be under discussion very soon. 





OnE HunpRED AND Twenty-Five Pounp CoNnoRETE 
Cotragz Competition. — The result of the concrete 
cottage competition, organised by Concrete and Construc- 
tional ineering, will be e known in the Jul: 
number of that journal, which will be issued on July 4. 
The exhibition of the 249 designs sent in will be held at 
the Surveyors’ Institution (lecture hall), 12, Great 
George-street, Westminster, S.W., from July 6 toJuly 11, 
between the hours of 1la.m. and 6p.m. The assessors, 
it will be remembered, were Mr. Max Clarke, F.R.1.B.A., 
Professsor Beresford Pite, F.R.I.B.A., and Mr. Edwin O. 
Sachs, F.R.S. Ed. 





THe Brirish Fire-Prevention Commitrer. — The 
British Fire-Prevention Committee’s annual report for 
1913, which has been issued this week, shows the exten- 
sion of its work. Originally the committee devoted itself 
mainly to testing, but, apart from the conduct of its 
testing-station, it is doing a considerable amount of 
advisory work for the public authorities, and latterly also 
work of a popular character. The first part of the annual 
report re what been done as to such questions as 
celluloid dangers, flannelette dangers, safety from fire on 

ship, portable chemical fire-extinguishers, and the 
formation of the committee’s new technical inquiry-office. 
Another part is devoted to its — work in issuing 
“Christmas warnings,” and to the popular warning, 
issued through the Board of ucation, as to school 
entertainments. Then follow a number of official da 
such as recommendations or regulations officially issu 
by the Home Office in the matter of fire precautions. 





SUBTERRANEAN RESERVOIRS IN QUEENSLAND,-—In the 
rolling downs country of Western Queensland the artesian 
supply of water has rendered it —_ to carry on 
industries dependent on water supply. Pastoralists, the 
western pioneers of Queensland, made fortunes forty 
years ago in wool, but that was because they had a series 
of good years. Droughts afterwards decimated these 
regions. Suen was kind to these early pastoralists, who 
depended on her to supply water and Pou. and only 
assisted her by the construction of dams and tanks. 
There is now obtained from subterranean reservoirs an 
unfailing flow of water, both for drinking and irrigation. 
At the end of 1912 there were 1879 artesian wells in 
Queensland. The deepest bore is situated at Bimerah, in 
the central west. This has a depth of 5045ft. The 
shallowest bore is at the Manfred Downs, also in the 
central west, which yields a supply of 2000 ions per 
day. The Charleville bore has a th of 1371 ft., and 
the t flow in the State—viz., 3,000,000 gallons per 
day. e estimated aggregated daily flow from all bores 
in Queensland is 529,817,860 gallons. This supply necessi- 
tated 384.68 miles in depth of boring. In some instances 
the water has a high temperature, and requires to be 
cooled before using for domestic purposes. 





Aut-Sreet Car Firrines.—We have had the oppor- 
tunity, in the course of the last few days, of inspec at 
the Moorgate Works of Messrs. G. D. Peters and Co., 
Limited, Moorfields, E.C., a number of samples of interior 
fittings for all-steel cars, such as are being adopted now 
on many railways in the United States. The material 
included a number of steel doors, windows, sashes and 
frames, portions of sides, sample mouldings, &c., and we 
were much interested in the sharp and clean finish of the 
work we saw. The mouldings were particularly good, the 
rounding commonly mt in -steel work bein 
almost completely a t, 80 + when finished they 
have the appearance of clean-cut wood mouldings. The 
samples m mouldings included several of very compli- 
cated profile, while the advantage of steel-work of this 
class was noticeable in the ease with which deep mouldings 
may be built up out of narrow sections ae | spot- 
welding. Spot-welding can, in fact, used with 
advantage in a good deal of this work. The doors and 
windows are equally well finished, and when fitted in 


tested by the touch. The samples are the work of the 


U.S.A., whose business in this and pow | ay 2 countries 
is conducted by Messrs. G. D. Peters and ‘ 

is well known, there has been a considerable movement in 
the United States with a view to substituting steel stock 
for the wooden passenger-cars, and the question of 
interior finish has thus received a great deal of attention 
over there. The time and thought expended has resulted 
uct, and the samples which Mesers. 


G. D. Peters and Co. have to show can hardly fail to 





prove of interest to » large number of railway men in this 
country. 


a@ car would deceive any but the most expert, unless | the mach 
Hale and Kilburn Company, of Philadelphia, Pa., | and Co., Li 
, Limited. As | V: 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade. — Except for the t 
qualities, for which there is a ag demand, the house- 
coal trade is ee quiet. usiness at the local 
Si tomahs fos ance antees tis eetioeenionm ton 
as a few more orders for s' i urposes, but 
has not materially improved the position. ita that rely 
exclusively on this of trade are only working four 
days ~ week, and some of them shorter time than this. 
The demand from London merchants is nothing like 
what it was at this time last year. The steam-coal 
market occupies very much the same position as it did a 
week ago. pig tonnages are going into consumption in 
the heavy ustries, though the export trade is not 
noticeably larger. Contracting is just a little further 
ad - Im some cases users have succeeded in ob- 
taining 1s. reduction on last year’s figures. Forced 
selling is reported, though on the whole values are 
steady. Slacks move unevenly, but a firmer tone prevai!s 
in cheaper qualities where weakness has been most pro- 
nounced. ke is on the down grade. Quotations :— 
Best branch hand-picked 15s. 6d. to 16s. 6d.; Barnsley 
best Silkstone, 13s. to 14s.; Derbyshire best brights, 12s. 
to 13s.; Derbyshire house, 10s. 6d. to 11s. 6d.; b | 
nuts, 10s. 6d, to 11s. 6d.; small nuts, 98, to 10s.; York- 
shire hards, lls. to 12s.; Derbyshire hards, 10s. 6d. to 
lls. 6d.; best slacks, 7s. 6d. to 8s. 6d.; seconds, 5s. 6d.; 
smalls, 4s. to 5s. 


Iron and Steel.—There is no difficulty in obtaining 
supplies of raw material. The difficulty is rather in 
getting sufficient orders to keep the furnaces working, 

espite the fact that a considerable proportion of them 
have been damped down. Users are coming forward 
very slowly with contract renewals. There is still 
@ great deal of uncertainty as to whether the worst 
has been experienced in the ing of values, and, 
in the absence of any definite feeling, the arrangement 
of forward bookings is being serious P aes. Spot 
business in Lincolnshire products has been expedited by 
the reduction of official quotations to 52s. 6d. for found 
iron, and 50s. for forge iron. So far the change, whic 
has long been expected, has not adversely affected 
the sale of Derbyshire products. A good tonnage of 
hematite is going into consumption. West Coast quota- 
tions are firmly held, but a slight reduction is shown in 
East t figures. Steel-makers have taken full advan- 
tage of the reduction. There is very little movement in 
basic iron. The slight improvement in bar iron, conse- 

uent upon wagon-building activity, is maintained. 
ile slackness at the steel works is the rule rather than 
the exception, it is attributable not so much to declining 
trade as to such quarter-end influencesas stock-taking. The 
output is much smaller, but the shrinkage has not 

n 60 severe as to g.ve cause for es alarm. Cases of 
undiminished activity are still to be found. Heavy engi- 
neers have not only as many orders on their books as to 
oe fully employed, but in a number of cases are 
unable to secure the requisite amount of skilled labour. 
The armament firms are quite as busy. Not only are 
there heavy orders on hand for the British Government, 
but the requirements of foreign Powers, notably Spain 
and Russia, in connection with naval re equipment, ae 
exceptionally . On the other hand, railway material 
departments could comfortably handle a bigger volume 
he — Bae engpet —— is ei i 

y. ere is a fair inquiry from corporations 
for tramway materials. Ave: aseivity is maintained 
in special steel-making, but steel billet makers report a 
dearth of new business. — inery for overseas mining 
ek gar is a busy medium, particularly for export to 

ath Africa. Makers of files, engineers’ tools, twist- 
d and wire rope have satisfactory prospects. The 
lighter steel trades are regularly engaged. 





PrrsonaL.—Mr. William O. Mountain, Sun Buildings, 
Newcas ae states that in — © ae the re- 

uirements of his increasing practice he ned 
ae in London at 66, Victerie-atreet, Westanintien. ss 





AcERIAN Raitwars.—The receipts of the Algerian 
and Tunisian networks of railways last year amounted 
to 1,178,170., as compared with 1,017,338/. in 1912. The 
net revenue last year was 139,770/., as compared with 
127,160/. An official decree of June 9, 1914, provides 
that the Governor-General of Algeria is authorised to 
purchase the conceseions of the Bona and Guelma Rail- 


g | way Company. The line purchased will be incorporated 


in the Algerian State network. 

Contracts.—A contract has just been ded by ti 
Chinese Government to the iles-Bement-Pond bane 
pany for the complete equipment of a small-arms arsenal 
at Hanyang, near Hankow, China. The contract calls 
for the delivery of the complete r+ in about two 
_ This will include all of machine-tools, ji 

xtures, cutters, and three complete sets of ga Ali 

I ines and tools will be built at the Pratt and 
Whitney Works, Hartford, Conn.—Mesers. J. Dampney 
mited, Cardiff, have recently received an order 
for 300 gallons of their ‘‘ ApeXioR” compound from the 
ictoria Falls -_ cuavens ‘ower Company, aeneee, 
uirements for one year. This com 
adopted "A eXioR” for use in their entire ant of Bab. 
cock and Wilcox boilers.— Preston Town Council 
motor fire-engines, fitted with reciprocating pumps, f 
nes capable of pumping 450 to 500 gallons 
minute, and will each carry a 60-ft. fire-escape cal 0 





chemical cylinder for throwing a “first-aid ” jet. 
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TESTING OF TURBINES AND TURBO-BLOWERS HEATON WORKS. 
(For Description, see Page 3.) 
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and Shipbuilders in Scotland :—({1) ‘*Influence of Varying Tem- 
ratures on the Strength and other rare of wT 
un-Metal,” by Professor A. Campion and Professor John G. 
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Process,” by Professor A. Campion and Mr. William C. Gray; 
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urns. In the afternoon there will be a en party at Jesmond 
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to Friday, July 10, the summer will be held in Paris, 
&c. The following papers will he and discussed at the 
meetings if time permite, but not necessarily in the order now 
ven :—‘* Recent Development of Express Locomotives in 
ce,” by Professor Ed. Sauvage ; “Qompound Articulated 
Locomotives,” by Mr. Anatole et ; ‘Signalling on Trains in 
Motion upon French Railways,” by Messrs. Solacroup, A. Sar- 
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THE SUPERHEATER ELEMENT. 
ConsIDERING the extent to which superheating 
has already been applied, and the decided success 
which has attended its employment, it is somewhat 
remarkable that on the one hand the theoretical 
efficiencies of various types of superheaters have 
not been more thoroughly discussed, while, on the 
other, there is n6t a more extended knowledge of 
the experimental work — has been carried am 
bearing on the economy of superheating generally. 
Thus we were rather surprised, at the time of Mr. 
Henry Fowler’s valuable paper on ‘‘ Superheating 
Steam in Locomotives,” being read recently before 
the Institution of Civil Engineers, to find that it con- 
tained a statement to the effect that the author was 
not aware of any experiments made to show the 
relative economy of different degrees of superheat. 
pr mee agen = made in other parts of the 
per tothe results of testing-plant investigations, 

. Fowler appears by won Eye wo to have 
overlooked the work done in this connection at 
Purdue, and several times referred to in our 
columns, and at the Institation of Mechanical 
Engineers. The Purdue series of tests was made 





with superheat of Odeg., 130 deg., 145 deg., 
160 deg. an deg. ‘Fobr., aa a far as they 
went they were fairly satisfactory. They un- 
doubtedly showed an increase in economy with an 
increase of superheat, and though not as compre- 
hensive as might be wished, owing to the limita- 
tions of the Purdue Laboratory, they are quite 
worthy of record and consideration. 

In tests of this character a difficulty at once pre- 


»| sents iteelf. The ultimate economy of a loco- 


motive has to be taken over both the generator 
and machinery portions combined. Although the 
pe ae ae is improved with the Wee 
of superheating, in the most popular method o 
producing superheated steam there is some reduc- 
tion in the efficiency of generation. The over-all 
result is to the good, unless the superheat is low. 
This disturbance of the efficiency of genération 
with different degrees of superheat was discussed 
at some length in ENcInFERING, vol xcii., page 276, 
and the points then brought out seem generally to 
have been confirmed by more recent information. 
Under the circumstances, in any trials with pro- 
gressive degrees of superheat, the ideal would be to 
keep the efficiency of generation as nearly uniform 
as possible and as close as practicable to that of the 
saturated-steam boiler. or this to be done, 
only just so much water-heating surface should 
be removed as is necessary to give place to 
the superheating surface requisite for The par- 
ticular superheat aimed at. Unfortunately, this 
gradual transition is impossible with the com- 
monly - ado smoke - tube type of superheater. 
The necessity of having large smoke-tubes, to 
accommodate the heater elements, sacrifices a 
certain amount of water-heating surface, whether 
the elements be designed for high-degree results or 
low. According to the superheat adopted, therefore, 
the work taken out of the gases in these e tubes 
may vary greatly ; the waste heat would in some 
cases be considerable, and there must perforce be 
an appreciable difference in the proportion of the 
heat available to the heat utilised under these 
several conditions. 

In the most efficient smoke-tube superheater 
the element would be so designed that of the heat 
carried by the entering the large tubes the 
maximum possible amount would be taken up 
by the steam and water-heating surfaces. At the 
other limiting extreme we may suppose a super- 
heater formed of such short elements that they 
hardly enter the smoke-tubes at the smoke-box 
end. If for water-heating surface the 2-in. or 
2}-in. tube is of rtions for some 

ical boiler, a 5-in. water-heating tube would 
evidently be less efficient, and a larger amount of 
heat would be conveyed to the smoke-box through 
these than through the 2-in. tube. This extra heat 
would be delivered in our limiting case to a small 
amount of superheating surface ; very little would 
be taken up, and the heat lost would be large, 
while the superheat would be low. 

We therefore conclude that trials conducted with 
different degrees of superheat, obtained by merely 
varying the surface of the smoke-tube type of 
superheater, are far from the ideal, and generally 
should be regarded more in the nature of an investi- 
gation of the possibilities of this particular type of 
appliance than as conclusive on the ap ay of super- 
heating, since in other ——_ is disadvan- 
tage might be overcome. Nevertheless, such trials 
are valuable as bringing out some very interesting 
points of which notice might be taken in design. 

In 1911 we directed attention in these columns 
to the fact that the double return-bend element, 
used in the superheaters of the present day, was a 
comparatively inefficient appliance. We stated that 
** for a very e part of the superheater surface 
the transmission is exceedingly low.” This we 
explained in the following terms, which will bear 
repetition in view of some recent tests carried out 
on the Pennsylvania Railroad. The words we used 
were as follows :—‘‘In only two limbs of each 
element does the steam flow in a direction favour- 
able to absorption—i.e., in a direction contrary to 
that of the gas; while, again, in only two limbs is 
the temperature head considerable for any part of 
the area exposed. The transmission at the ends of 
the contra-flow limbs must be considerable, espe- 
cially in the case of the first. It would also be high 
at the commencement of the second limb, but there 
the direction of flow is unfavourable, and the rate 
of transmission must fall rapidly.” 

To consider what occurs in an element in 
detail, we may follow the course of the steam in the 
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variouslimbs. Starting at the smeke-box end, in the 
case of the first limb the gas and steam are flowing 
in con directions. e temperature difference, 
though not very large to begin with, rapidly in- 
creases as the steam flows towards the fire-box. 
Transmission throughout this limb is good, and at 
the fire-box endis high. On turning the corner and 
flowing back, at first transmission is good owing 
to the temperature head, but this drops quickly, 
and the steam is now flowing with the gas; 
the transfer of heat falls rapidly with an increase 
of distance from the fire-box. If it does not 
become negligible after passing out of the hot 
zone, it certainly is not very material. On again 
reversing its direction, and flowing towards the 
fire-box in the third limb of the element, the con- 
trary flow of the hot gas and increasing temperature 
h are in favourable ; but by now the actual 
difference between the temperature of the steam 
and gas has been much reduced. Transmission is 
therefore much smaller than in the first limb, but 
towards the fire-box end it increases, and is fairly 
good for some distance in this neighbourhood. On 
turning the last corner, the steam, now being raised 
considerably in temperature, receives a little addi- 
tional heat, but soon passes out of the zone where 
the temperature head is of useful magnitude, both 
steam and gas flowing in the same direction. There 
have been cases, of course, in which the steam in 
this fourth limb, instead of absorbing additional 
heat, has, for a good part of the length, actually 
been supplying heat to the flue gases. 

A simple analysis of this kind suffices to show 

that the useful work is done on the steam in the 
first limb, part of the second and third, and a very 
small part of the fourth; the remaining surface 
would be as well cut out, when a reduction in pipe 
friction would be secured. In the type of super- 
heater now so popular it is not ible to cut out 
the last limb, as the steam must be returned to the 
front end; but there is no sound reason for keeping 
to the long return bend, of which a considerable por- 
tion is valueless. If a little thought and some experi- 
mental work had been expended on the subject at 
first, we think it questionable whether the present 
form would ever have been adopted. It would not 
have been very difficult to have fitted up experimen- 
tally a tube and element, so as to obtain a record of 
temperatures at various points of the steam path, 
but we do not know of anything of this kind having 
been attempted. Had it been done, the points we 
have made above would, we believe, have early 
become apparent. As it is we have had to wait for 
the substantiation of our views for the conclusion 
of a lengthy series of teste carried out on the 
Pennsylvania Railroad testing plant at Altoona, 
Pa., U.S.A., the results of which have recentl 
been embodied in a Peper read by Mr. 
D. Young, Engineer of Tests, P.R.R., before 
the Franklin Institute, Philadelphia, Pa. While 
these tests omitted to vary the water surface in pro- 
portion to the superheating surface introduced, any 
other arrangement, as above pointed out, being 
difficult to make with the smoke-tube system, the 
point we are now interested in is made abundantly 
clear. We will consider the results from the point 
of view of the variation of superheat with the heat- 
ing surface, for some particular output. Several 
facts are brought out. In the first place, we find, 
as might be expected, that a double return bend of 
the standard pattern, but extending only half-way 
down the smoke-tube towards the fire-box, pro- 
duces a lower degree of superheat than a single 
return bend of equal surface, but extending down 
the smoke-tube for the full standard length. The 
advantage of heating surface in the hot zone is thus 
made evident. The most interesting point, how- 
ever, is that an element having a surface of only 
75 per cent. that of the stan produced a degree 
of superheat ter in the proportion of 10:9 
than that of the complete standard double-return 
bend. 

This 75 per cent. element was of the usual 
doubled hair-pin type, but with the doubling only 
extending half way back from the fire-box end 
towards the smoke-box. The inefficient portion 
towards the smoke-box end was abolished with the 
benefit cited. The factors entering into the ques- 
tion are the two temperatures, the speed of the 
steam and gas, and pipe friction. By cutting out 
unnecessary length friction is reduced, and the 
velocity of the steam increased, both tending to 
better results. Even an element which possessed 
only 624 per cent. of the standard element surface, 
with the doubling extending but a quarter of the 
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usual distance back, gave a degree of superheat 
which was practically eight-ninths of that given by 
the standard element. Compared with a single- 
bend element, an addition of 25 per cent. of surface 
in the form of a short doubling at the fire-box end 
increases the superheat 41.6 percent. An addition 
of 50 cent. in the surface, in the form of a 
cages ben, increases the superheat 78.1 cent. 
If the return bend is further prolonged to the 
standard length, the superheat is less than in the 
last case. 

We must confess that there appears to be a 
little inconsistency in the results recorded for some 
of the other elements tested, but the point which 
we think is made quite clear is the high value 
of the surface at the fire-box end, and the little 
use of that towards the smoke-box end in three 
out of the four limbs if high temperatures are aimed 
at. The endeavour should be to concentrate the 
heating surface in the most effective zone, so as to 
keep the total length, and consequently pipe 
friction and pressure drop, as small as possible. 
Even with the degrees at present worked to it 
would appear advantageous to abolish the unne- 
cessary material, weight, and pipe friction; while 
if, as Mr. Stenning recently suggested, the future 
will see much hoher temperatures aimed at, it 
would seem that greater attention must be given to 
these points. 

It is impossible in the present smoke-tube system 
to get rid of the last limb leading the steam back 
to the smoke-box, but the present useful, or even 
additional, heating surface might be concentrated 
in the hot zone in the form of an open cork-screw 
spiral at the fire-box end of the t limb, the 
single return member running back from the end 
nearest the fire-box through its centre. If such 
an arrangement gave a higher resistance to the 
flow of the gases, it might necessitate some 
alteration in drafting at the front end, but 
this could be easily tested. It might prove 
feasible to develop some form of sheathing to 
protect the return limb, to prevent it giving 
up heat to the There would only be one 
abrupt change of direction for the steam in such an 
element instead of the present three. 

The tests generally pomt to the desirability of 
evolving, if ible, something different from the 
present smoke-tube element. It may ultimately 
prove possible to break away from this with advan- 
tage. The ideal would be to superheat wholly in a 
hot zone, as is done in some systems nowadays in 
marine and stationary practice, and to lead the 
steam off from this to the cylinders, protecting it on 
the way. It would reflect greater credit on the 
present generation if more attention were devoted 
to this _—— It is rather disappointing that 

y all the superheater designs adopted on 
any scale have slavishly followed the return-bend 
and smoke-tube principle, the distinctive features 
being some special pattern of headers, pipe-joints, 
and other matters of application, rather than of 
principle. It does not say much for the logic of rules 
which, in proportioning water to steam heating- 
surface, provide about 25 per cent. too much of 
the latter, and that of no value. What can be 
said, too, for those methods which interpret super- 
heater surface as ‘‘ equivalent’ water-heating sur- 
face? If part of the surface does no work, it 
cannot be equivalent to the worst-placed water- 
heating surface, which even at the tube ends is of 
some value, owing to the temperature difference 
between the and water still being appreciable. 
Empirical rules of this kind can only be allowable 
if it is recognised that they are limited to one type 
of application, and not to superheating in general, 
& proviso commonly overlooked. 





FURTHER HYDRO-ELECTRIC POWER 
UNDERTAKINGS IN NORWAY. 

Tue list of large industrial ventures based upon 
a continued exploitation of Norway’s water-power 
is steadily increasing. Thus a large power-station 
with a capacity of some 50,000 horse-power is 
being laid out at the Folla River, an auxiliary 
to the Surna, in the Surendale. It will be neces- 
sary to construct a tunnel 3km. long through 
the Sande mountain, whereby a satisfactory fall will 
be obtained. In its present state the Folla is of no 
special moment, but for of damming, tunnel- 
ling, &c., a capacity of 50,000 horse-power for the 


absence of a natural reservoir it will be necessary 
to construct a dam acrossa fiat valley, between the 
steep mountains of the Troldheimen, and the wall 
across the Folla Valley is to be 20 metres high. 
This large undertaking is controlled by the owner 
of the water-power of the Heane River, in the 
Southern Drontheim district, which, duly ex- 
ploited, will represent some 15,000 horse-power, 
and this, it is understood, will be applied to 
electric ore-smelting. At Folla there are large 
deposits of limestone, which have been secured. 

The building of another hydro-electric power- 
station has just been decided upon, the cost of 
exploitation and transmission amounting to about 
195,000). The power will be derived from the 
Hogfos Falls, and will amount to some 25,000 horse- 

wer, which is to be transmitted to the town of 

isér, a distance of some thirty miles. The fact 
that the power can be utilised in an existing town, 
instead of works and dwellings having to be built 
in an entirely desolate country, as is the case with 
so many large power-stations, means a very 
material saving. The Akershus district has just 
purchased the Raanaasfos Fall; the price for the 
waterfall is 55,000/. 

The Arendal Water-Power Company, which is 
= operation, is to be greatly extended, at 
an outlay of some 240,000/., and the Bjélvo water- 
fall is to be exploited. 

A Norwegian journal of some standing has 
recently given expression to some apprehension as 
regards an over-production of hydro-electric power- 
stations, more especially as far as the electro- 
chemical industry is concerned. Only a few years 
ago it was difficult to find uses for capacities of 5000 
to 10,000 horse-power in this industry, but such 
capacities no longer count for anything. Now the 
installations and projected schemes comprise capa- 
cities of 50,000, 100,000, or even several hundred 
thousand horse-power, in Norway, Italy, Spain, 
Savoy, Canada, and even in Iceland. As far as 
Norway goes, not only are the installations already 
in operation at Rjukan, Tysse, Arendal, &c., being 
extended, and that on a large scale, but schemes 
are being advanced at Sande, Matre, Tyin, Aura, 
Take, Lysefjord, Bélve, Héjangen, Osa, Glomfjord, 
&c. If, say, only half of the projects just enumerated 
are completed within the first few years, the ques- 
tion presents itself as to what shall all this power be 
— 

t is a well-known fact that the old, or original, 
electro-chemical products, aluminium, carbide, 
ferro-alloys, all have very limited areas of con- 
sumption, which no doubt grow every year, but 
even a small over-production leads immediately to 
a decline of prices and to crises. Such have already 
arisen twice during the comparatively short span 
of fifteen to twenty years which has passed since 
these manufactures commenced, and experts are 
already prophesying a third crisis, with ruinous 
prices below the cost of production, as being near 
at hand. It will be remembered that during the 
former crisis at least two Norwegian carbide manu- 
factories had to stop; the losses were heavy, as 
the factories had to be sold for a song. 

On the other hand, the opinion is often expressed 
that the new electro-technical nitrogen industries 
—artificial manures—have an unlimited scope for 
the sale of their products. But this view must 
assuredly be accepted with considerable reserve. 
On the market for artificial manures the conse- 
quences of over-production are already felt. The 
quotation for Chili saltpetre has dropped from 
10.50 marks in the beginning of March to 9.55 
marks in the beginning of May, the market having 
been unable to receive the offered quantities of 
Chili saltpetre and artificial manures. Nor does 
the position of sulphate of ammonia offer any 
encouragement, as German reports show. Also the 
demand for cyanide shows signs of falling off. 

In addition to all this, new methods have been 
discovered by which nitrogenic manures can be 
manufact chemically, without the aid of elec- 
tricity (as, for instance, the Haber system), so 
there seems every reason not to embark too light- 
heartedly on wholesale exploitation of water- 


power. 





THE ROYAL AGRICULTURAL - 
SOCIETY’S SHOW. 
Tue Royal Agricultural Society’s Show, which 
this year is a oe at Shrewsbury, opened on 





will be located at a place with good harbour aceom- 
modation and sites for new industries. In the 


Tuesday last. is the third time in the history 


| Of the Society that the Show has been held at this 
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centre. The weather, which means so much for| number of motors fitted up as portable engines, or | seat working a pinion-and-rack mounting for the 
the success of an exhibition of this character, has | actually applied to farm implements. trailing wheel. A dial near the driver's seat indi- 
been propitious, and in many respects the Show| There are, for instance, several new motor-| cates the depth to which the shares are set. This 
has proved an immense success. Only on one| ploughs. Among them is a large six-furrow plough | operation can be performed by hand or by power. 
occasion has the prize fund been larger than it is| manufactured by the Stock Motor-Plough Company, e drive is by gear throughout, the engine running 
this year, while the entries in the live-stock classes | of Berlin, whose business in this country is con- | at 720 revolutions per minute on benzol. There are 
are 500 in excess of those of Bristol, last year, and, | ducted by Messrs. F. W. Moellenkamp and Co., | four forward s s and two reverse, the speeds 
of course, far ahead of those of the previous| 85, Farringdon-street, EC. This plough we illus-| ranging from 2} to 4 miles per hour, according to 
Shrewsbury Shows of 1845 and 1884. The imple-|trate in Fig. 1 herewith. This machine has two | the land being ploughed. e machine has a fuel- 
ment classes, with which we are more concerned, | wheels 7 ft. 3 in. in diameter, with a trailing | tank of 25 gallons capacity, with a smaller tank 


for a lighter petrol spirit for starting up. Bosch 
ignition is fitted, and to facilitate starting there is 
a compression release lever. The oiling is by the 
forced lubrication on the Bosch system. 

f é& Another motor-plough with several distinctive 
features is one exhibited by Messrs. Bumsted and 
Chandler, Limited, Hednesford, Staffordshire. 
This machine is also a one-man appliance. It is 
styled the ‘‘ Ideal,” and, in addition to ploughing, 
can be made to work as a self-contained cultivator, 
as a tractor, or as a portable plant for driving 
purposes. Asa tractor it has taken a load of 6 tons 
at 6 miles per hour upa slope of lin 10. In this 
machine the motor is mounted as a four-wheeled 
tractor, with the plough fitted as an extension- 
frame at the rear. The model shown had four 
shares. The engine, of 35 horse-power, is of the 
four-cylinder type. The fuel-tank capacity is 35 
gallons. The machine is provided practically with 
motor-car control, there being two forward speeds 
of 3 and 6 miles and one reverse of 3 miles per 
hour. From the second-motion shaft power can 
be transmitted from the driver’s seat through the 
free differential gear, or through the locked differ- 
ential so that the road-wheels cannot rotate in- 
dependently, or to one or the other road-wheel 
alone. Foot-brakes are fitted on the differential 
shafts, and hand-brakes on to the inside of the 
rims of the back wheels. There isa winding-drum 
capable of taking 30 yards of steel cable ; this can 
be operated in either direction when the tractor is 
either moving or stationary. The large wheels are 
5 ft. 6in. in diameter by 10 in. wide. They are 
fitted with an interesting arrangement of spuds, 
cam-operated and self-cleaning. These spuds are 
of C section, except where they pass through the 
wheel rim, where they are given extra width 
by being turned into spuds of F-shaped section. 
They are pushed out by a steel ring mounted on a 
large roller-frame bearing encircling the axle, and 
mounted so that each spud is pushed out as it 
approaches the ground, and is free to be drawn in 
by a stiff spring on leaving the soil, thus cleanin; 

itself, and not projecting in the upper. portion of 
the path of the periphery. The projection given 
to these spuds can be varied from 0 in. to 4 in. by 
a screw and spanner from the driver's platform. 
The front axle is of the swivelling pattern, with 
centre springing, the front springs being 3 ft. long. 
The back springs are 3 ft. 6in. long. 

The plough consists of C-section frame, more or 
less of the shape of a parallelogram, with several 
cross-bars. The shares are mounted on these 
cross-bars, and can be easily adjusted on them to 
give any icular width of furrow from 9 in. to 
12 in. wide. The plough frame can be adjusted 
vertically so as to cut furrows 4 in. to 8 in. deep, 
the draught being through oblique rods attached 
low down to the motor, and brought up to the 
plough-frame at the back of the first share, in such 
& manner as to pull the back three down into the 
ground. The plough at the end of the furrow is 
lifted by a crane arrangement consisting of a 
double-crank axle with two chains attached to 
the cranks, one being led to the front end of the 
plough-frame and one to the back. The two cranke 
are about 100 deg. apart, so that a certain lag is 
allowed to the back end. The front share is 
; a aor . therefore lifted first, and the back end is not 

raised until the last share has reached the same 

/ int. 

*] Fic. 2. Tae Iver-Bavcne Motor-Hoes ; Tae Iver AcricutturaL Motors, Lrp , BicoLeswave. Of the smaller class of motor appliances we may 

aia a a motorhoes. These are 
do not cover the same extent of ground as they did steering-wheel. The large wheels can be widen sing shown by the Ivel Agricultur otors, 
last nates at Bristol, nor is the ilies of Pav. 8 as for working on very wet land, and various types of | Limited; of Biggleswade, Bedfordshire. They 
great, but the exhibits themselves show no sign of grips are fitted to the rims according to the land|are actually French machines, and are of two 
becoming less interesting, and quite a number of | worked. The weight of the machine is 5} tons. | sizes, of 27 and 4 horse-power respectively, and 






































3 for the Society’s Sil It has proved very successful on wet soil in the| both of these we illustrate in Fig. 2, annexed. 
— ee eee rid | mote hme ver! of Boston, Lincs. A single framing} The machines are extremely handy in movement, 
Trenamat-Cosrsversos: Rweres | runs from back to front of the machine, the motor | and they are suitable for hoeing orchards, vine- 


|—a four-cylinder water-cooled petrol-engine of 50-| yards, and plantations. The models“are much 

A noticeable feature in this part of the Show |55 horse-power—being carried at the front end.|the same except for the size of engine, the 
is the large number of petrol and semi-Diesel | Although the machine is large, it is arranged for | smaller type having an engine 90 mm. by 100 mm., 
engines of comparatively small capacity, suitable | one-man control from the driver's seat. The shares | and the er one 100 mm. by 100 mm. The 
for driving farm machines, &c., and also the | are raised or lowered by a crank-handle near the| engine is air-cooled by a little belt-driven fan, 
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forcing air into a casing which fits round the 
cylinder after the manner of a water-jacket, but 
with a large outlet at the back to admit of the 
pany apes A 4 In this way the air is ht 
into close contact with the cylinder, instead of being 
to a large extent wasted. Th 

be regulated by a trailing wheel. The hoes are 
mounted on two transverse rocking-shafts worked 
by a toggle-geer drive from the main shaft, so that 
a rapid-hoeing motion is given to each blade while 
the machine itself travels forward. The hoeing 
motion and the forward travel have independent 
controls, so that the machine can be moved from 
place to place with the hoes outof gear. The small 
pate (S) will travel between plants set not 
ess than 25 in. apart, and the large (L) between 
rows 494in. apart. This machine has met with 
considerable success in France. The Ivel Company 
are also exhibiting, it may be added, two of their 
regular agricultural motors which are now so well 
known. 

Among the exhibitors of agricultural motors are 
also included Messrs. Saunderson and Mills, Ltd., 
of Elstow Works, Bedford. This firm has reduced its 
types to four standard patterns, and the success of 
their work may be gauged by the fact that they 
have increased the output of their works 400 per 
cent. in three years. The s‘zes of tractors now built 
by them are of about 10, 20, 30 and 45 brake horse- 
power. The latest model of the 10-horse-power 
size, known as the ‘Little Universal,” is illus- 
trated herewith in Fig. 3. The feature of this 
machine is that, with some little alteration to the 
pole, ordinary horse ploughs, &c., can be employed 
with it. The engine is a single-cylinder, 54-in. b 
8-in. paraffin motor, starting on petrol, wit 
control for the carburettor and vaporiser suited 
for working with different oils in different coun- 
tries. The heat taken from the exhaust to the 
vaporiser can be easily varied, so that good results 
can be obtained under a wide range of conditions. 
The change over from one fuel to the other, with 
the necessary carburettor and vaporiser adjust- 
ments, are effected instantaneously. The engine 
base and the base of the transmission gear- 
box are a single casting. Three forward speeds of 
2, 3, and 5 miles per hour are provided, and one 
reverse. The machine weighs about 30 cwt., and 
is only 4 ft. l}in. wide. The controls are all 
near the driver's seat. In this pattern of motor, 
when fitted with a plough or other implement 
behind, the whole implement, &c., wheels and all, 
is lifted bodily off the ground at the end of the 
furrow, instead of the shares being raised on the 
wheels. The machine has a draw-bar pull of 
15001b. It has belt-pulley and a winding-drum on 
the rear axle ; the differential gear has a movable 

in-lock. Ignition is by magneto, and lubrication 

y a geared pump. The firm are also showing 
their standard patterns in the larger sizes, but only 
the small machine is entered for the Silver Medal. 

The Daimler Company are showing four machines 
altogether, two of them being lorries, one of the 
** Colonial” 5-ton type, and the other a light 2-ton 
machine. The chief feature of interest in the 
former, which has a 50-horse-power engine, is the 
new winding-gear with which it is fitted. The gear 
is powerful enough to lift the machine, and should 
therefore pruve a valuable addition for colonial 
work. The smaller lorry is of the Daimler Com- 
pany’s well-known standard design. The other 
two exhibite of this firm are two tractors, one of 
50 horse-power and one of 106 horse-power. The 
former has a four-cylinder water-cooled sleeve-valve 
engine of 120 mm. bore and 160 mm. stroke. The 
driving-wheels are 6 ft. in diameter and of 12-in. to 
18-in. face. The usual cone clutch and enclosed 
gear-box are fitted, giving two forward speeds and 
one reverse, of 5 and 24 and 24 miles per hour 


oo py The draw-bar pull amounts to 
4000 Ib. e cooler is arran in a rect- 
angular tank. It is composec of a series of 


thin sheet-metal sections or boxes, with about 
}-in. water space between the iwo large sides, 
the edges gg oy tight with ordinary tinsmith- 
type joints. e large side sheets have bosses 
pressed on them at regular intervals, so as to keep 
the various com ents § apart. Some of 
the bosses have holes, matching holes in the neigh- 
bouring section, the joints between the two 
made by rubber rings, and the whole lot of sections 
being drawn up tight. No fan is provided, the 
current of air through the cooler being induced by 
the engine exhaust, which is carried intow chimney 
placed above the cooler. 


e depth of hoeing can | Th 





The larger tractor exhibited by the same firm is 

imarily intended for work abroad. It has wheels 

ft. in diameter by 2 ft. 9 in. face, and a six- 
cylinder engine. It has, in addition, a small 
donkey engine for starting up the main engine. 
is machine, which has a draw-bar pull of 
12,000 Ib., is, of course, of large size, weighing 
12 tons, and is only intended for work on an 
extensive scale. The smaller machine is intended 
for more general use, such as would serve ordinary 
purposes in this country. Indeed, it is a notice- 
able feature of the Show that the smaller farmer is 





horse-power engine. Another exhibit of this firm 
is a motor fire-engine fitted with a Rees-Roturbo 
pump. This machine has speeds up to 50 miles 
= hour, the engine being one of 60 horse-power. 

essrs. Leylands recently received orders for 
twenty-four motor eoeanene for London, which, 
with eight already working there, makes the 
largest order yet given for this type of machine. 
Although Messrs. Leylands have taken up motor- 
lorry work, they are turning out to-day more 
steam-lorries than they did Gules they started 
building the later type of machine. In Fig. 4 we 
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Fie. 4. Vacuum Gutty-Exuauster ; Tae Leytanp Morors, Limirep, 
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receiving more attention than formerly, several 
makers catering for this class of farmers, who, if 
they could replace their horse implements by motor 
machines at a reasonable cost, would not hesitate 
to do so, but do not like to expend much money on 
an expensive machine which must stand idle for a 
large part of its time. 

There are a large number of firms showing 
lorries and motor vehicles of one t and 
another. Among these the Leyland Motors, 
Limited, Leyland, Preston, have a heavy petrol 
brewer’s lorry and a motor char-a-banc for 
twenty-seven passengers. This vehicle secured 
ak ar Office we) ~ char-a-banc bodies 

ing interchangeable with a platform for aero- 
plane work. It weighs 2} tons, and has a 30- 





illustrate one of the uses te which their standard 
steam chassis has been put. This machine is a 
vacuum tank for cesspits or gul'ies. The tank is 
of 1000 gallons capacity. The chassis is fitted 
with the tipping gear-drive, which, however, is 
adapted to work a screw conveyor open in the 
bottom of the tank, and used to force any. solid 
matter towards the back end, where it is sent 
out through a 12-in. manhole. A vacuum is pro- 
duced in the machine by a steam-ejector. en 
this is formed the suction-pipe is let down into the 

it or gully by means of a crane on the side 
of the tank. The cock is then opened, and the 
tank will fill in 4 minutes. A top man-hole, 15 in. 
in diameter, is fitted. The whole weighs about 
12 tons gross (with the tank full). The machine is 
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fitted with rubber tyres, and has a speed of 8 miles 
per hour. The one on exhibition is one of two on 
order for a others having been supplied 
to Kensington, Chelsea, Bombay, Calcutta, &. 
Among the smaller oil-engines Messrs. Martin’s 
Cultivator Company, Stamford, are showing a new 
design of crude-oil engine, which we hope to refer 
to. at greater length on a subsequent occasion. 
These engines are of the semi-Diesel type, two 
sizes, the 8-10 and the 25-horse-power engines 
being single cylinders, and the third a twin-cylinder 
engine developing 20 horse-power. They are two- 
cycle engines embodying several features, a des- 
cription of which we shall defer for the present. 
essrs. Blackstone and Co., Limited, are ex- 
hibiting a large number of oil-engines, making a 
special show of their small vertical type. These 
engines are four-stroke cycle and of very neat 
appearance, being also very compact. The 
engine is also mounted as a portable type, of which 
form we give an illustration in Fig. 5 herewith. 
In this pattern the engine is mounted on a girder 





portables. The engines are of the valveless type, 
and govern on the supply oil ; they are started with 
a lamp. They are very neat in outward appearance. 

Among the exhibits of Messrs. Marshall, Sons 
and Co., Limited, Gainsborough, are two crude-oil 
engines. These we illustrate in Figs. 7 and 8, 
page 22, the first showing a 6-brake-horse-power 
fixed semi-Diesel engine, and the other a portable 
16-brake-horse-power engine on the same principle. 
The former runs at 400 revolutions per minute. 
It is of the two-cycle type, the rating being the 
maximum for crude oils and residuals, or the work- 
ing output for refined oils. There are no air or 
exhaust-valves in the cylinder-head, and the engine 
is in consequence very simple. The compression 
regres is about 175 lb. per sq. in., which is not 

igh enough to make starting difficult. With good 
crude oil a consumption of 0.5 pint per brake- 





horse-power hour is obtained. e governor of 
the high-speed spring-loaded type regulates the} 
stroke of the fuel-pump. Ample arrangements are | 
made facilitating cleaning of the water-jacketed 
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carriage borne by four wheels, A novel feature 
is the circulating arrangement, which is shown in 
the diagram, Fig. 6. The circulating pump is 
dispensed with, and its place taken by a device 
utilising the impulses of the exhaust. Water 
flows by gravity from the tank to the chamber A 
through the non-return valve C. The ex- 
haust pressure also has access to this chamber 
by way of the pipe B, and the water is driven 
out past the valve E into the air-chamber D. 
From thence it passes to the cylinder along the 
pipe H. The valve E is provided with spring 
adjustment, so as to regulate the pressure at which 
it will open. From the cylinder the water passes 
to the top of a tall cooler, made of a cone of per- 
forated metal, down which it flows into the tank, 
being brought on the way, of course, into contact 





spaces round the vaporiser head and cylinder. Air 
for the cylinder is ——— in the crank-case, 
In Fig. 8 the 16-brake-horse- power portable 
engine is shown. It is similar in principle to the 
preceding, but modified, so as to be mounted on 
a mild-steel girder-frame carried by four wheels. 
This engine runs at 330 revolutions per minute. 
The cylinder in this pattern is cooled by water 
circulated by a centrifugal pump drawing water 
from a tank under the frame. The pump is always 
flooded. From the cylinder-jacket the water passes 
toa cooler, where it falls down over a series of wooden 
frames, a current of air being induced up through 
the cooler by the exhaust, which is admitted to 
a stack above the cooler. The exhaust which is 
led to this stack previously passes through a 
silencer in front of the frame, another being 


with a large quantity of air. The other exhibits of | arranged at the top of the water-cooler. The fuel- 
this firm include a 75-brake-horse-power crude-oil | tank is bolted to the silencer on the frame, and. in 


engine working with a compression pressure of 
150 lb., and fuel-injection air at a pressure of 400 Ib. 

Messrs. Robey and Co., Limited, Lincoln, are 
also exhibitin 


Diesel type. ese engines are of the two-cycle 


type, compressing in thecrank-chamber. The sizes 
own are of 6 and 8 brake horse-power, and two 


of a larger pattern—one being of 25 horse-power, 


and the other of 12 horse-power—are mounted as 


| cold weather the fuel is thus kept at a sufficiently 
|high temperature. This engine is fitted with a 
| compressed-air bottle for starting. This bottle is 
several oil-engines of the semi-| in connection with the cylindér, and can be charged 
| with a preesure of about 150 Ib. per sq. in. while 


the engine is running. The arrangement serves its 
purpose admirably. 
The National Gas-Engine Company, Limited, 





Ashton-under-Lyne, are exhibiting several engines 


using heavy crude oils. There are four-cycle engines, 
with mechanical pulverisers for breaking up the 
fuel. This pulveriser consists of a valve loaded by 
a powerful spring, lifted at the end of each stroke 
of the fuel-pump. The oil passes through a spiral 
and is broken up into a fine mist, and then passes 
into hot compressed air, causin ial vaporisa- 
tion, this process being completed in the vaporiser. 
The temperature of compression is sufficient to keep 
the engine going after starting witha lamp. The 
oil-pump is driven by a quick-acting cam off a cam- 
shaft. A separate nd enables it to be worked 
by hand or thrown out of gear. The governor is 
gear-driven, and controls the supply of fuel to the 
cylinder. 

On their gas-engines, some of which are also 
exhibited, the National Gas Engine Company 
are introducing a new type of variable admission 
governing gear. This we illustrate in Fig. 9, on 

22. The inlet-valve is worked by cam-gear 
two levers. The motion of one lever is trans- 
mitted to the other by means of a movable plate, 
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the level of which is controlled by the governor. 
As the speed rises this plate is raised, and the 
valve-opening is diminished. If the plate falls, the 
valve-opening diminishes. The inlet-valve is con- 
tained in a casting fixed to the back of the 
cylinder by bolts, and is easily removed with- 
out disturbing the valve-gear. 

This firm have also a new pattern of bituminous 
we plants, of capacity suitable for 120- 

rake-horse-power engine t. In this plant the 
merator has a water-sealed bottom and a conical 
-grate. The water-seal hermetically seals the 
plant, and provides an easy means of removing 
clinker. Clinker adhering to the sides of the 
brickwork can also be removed through poke-holes, 
&c. From the generator the is taken through 
a large pipe to a scrubber, in which is fitted a feed- 
water heater. The wet scrubber is fitted with 
wooden grids, and after passing throtigh these the 
gas —_ through a rotary tar-extractor to a dry 
scrubber filled with coke and wood-wool. The 
scrubbers are of thick steel plates, the wet one 
having a cast-iron base. 

The Campbell Gas Engine Company, Limited, 
Halifax, have several of their standard enyines on 
exhibition. Among them is a two-cylinder ver- 
tical marine oil-engine, of 30 brake horse-power, of 
the hot-bulb crude-oil type, but fitted with an in- 
teresting type of Saker y gear. With this gear 
the engine is first slowed down until a pre-ignition 
may be given. This is arranged for by a block 
working in a groove and altering the timing of the 
pump for the fuel injection. Whey one pre- 

ition has taken e% a friction arrangement 
y anna the block back to the normal end of the 
slot and the pump is then actuated as usual, the 
engine continuing to run in the reversed direction. 
In addition to a suction-gas plant, horizontal gas- 
engine and other types, the Campbell Company have 
working an eee wenger horizontal crude- 
oil engine of the semi-Diesel type, but of sufficiently 
high compression (250 lb.) to start up from the cold 
without using a lamp. This ine has variable 
governing, regulated by a vertical wedge-block, the 


ition of which is by the governor. 
hi Wak & Tetcepesel Gehwene tae cline en 
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the pump-plunger, the stroke of which is altered | > 
| standard types of engines. A standard suction- 
Messrs. Petters, Limited, of Yeovil, are also one | 


by the thickness of the wedge in line. 


of the firms adopting this principle of a wedge 
directly operated by the governor on their semi- 
Diesel crude-oil engines. The firm is showing a 
50-horse-power slaglo-agtinder engine of this type, 
as well as others of this class, and, in addition, 
several examples of a small horizontal engine fitted 


Limited, Openshaw, includes several of their 


was illustra’ 


of gas-engine with variable governing was described 
in ENGINEERING, vol. xciv., pages 15 and 726. 

It is impossible, of course, to mention the par- 
ticular features of all the internal-combustion 




















6-Horsze-Power Semi-Dieset Enotne ; Messrs. Marsuatt, Sons anp Co., 


Limitep, GAINSBOROUGH. 
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16-Horse-Power Portaste Semi-Dieset Enocine ; Messrs. MarsHatt, Sons 


AND Co., Limrrep, GarNsporoucH. 


with magneto ignition. This engine is started on 
petrol, and then chan over to fin. The 
governing adopted in the case of Messrs. Clayton 
and Shuttleworth’s horizontal oil-engines of 
the semi-Diesel valveless type consists in raising 
or lowering, by means of a lever worked by 


the governor, a rod driving the pump so that) 
it comes into contact with a striking-lever at | 
different distances from the latter’s pivot. The) 


striking-lever is moved to and fro by a push-rod 
worked by a cam on the main shaft. This firm have 
several engines of this type at work, ranging from 
74 brake horse-power — 

The exhibit of Messrs. Crossley Brothers, 


engine exhibits. The number of small and cheap 
engines working is quite astonishing. Judging 
from the stands, there must be an enormous 
demand for little engines on movable stands or 
trucks, but competition does not appear to have 
a very good influence on the quality of article 
roduced. This is more or less inevitable, 
ut the contrast between the finish of some of 
| these small engines and others is very marked. 
| If the price be low and the engine will work 
reliably, it will, of course, prove attractive to 
many, and there are innumerable uses to which 
| quite small units can be put about a farm. A 
fairly common feature of these engines is the 





| 


hopper cooling, doing away with the ordinary 


\circulation and tank, and by simplifying the 
plant wit A ge grate is at work ; chis | 

by us in EnGingertne, vol. xcvi., | 

pages 19 and 776. Messrs. Crossley’s latest type | 


engine, permitting a reduction in price. 
SreaM-ENGINEs. 


Numerous firms, as usual, exhibited steam- 
tractors and agricultural engines. Among these 
were to be found Messrs. Marshall, Sons and Co., 
Limited, of Gainsborough, whose oil-engine exhibits 
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Fic. 9. Gas-Enoine Governor-Gear; THE 
NationaL Gas-Eneine Company, Limitep, 
ASHTON-UNDER- LYNE. 


are noticed above. Messrs. John Fowler and Co. 
(Leeds), Limited, also show numerous engines of 
this type, including a 14-horse-power ploughing- 
engine, a 6-horse-power traction-engine, a 7-horse- 

ower road locomotive, and other machines. 
Sem. Fowler also show an example of the 
Fowler-Wyles double-furrow motor-plough. This 
we described when it was exhibited at the Show of 
last year. One of the most interesting of Messrs. 
Fowler's exhibits was a 10-ton steam road-roller 
fitted with a tar-sprayer and road-sweeping brush. 
The tar is contained in a tank under the boiler- 
barrel, and of a capacity of 160 gallons. Above the 
tank, on the left-hand side of the machine, is a 
rotary pump. This pump is fitted with piping 
arranged so that, with a tumbler cock turned one 


way, tar will be drawn up through a suction-pipe . 


and delivered to the tan With the same cock 
thrown over another way, the pump will draw from 
and deliver into the same tank in order to mix the 
tar, when this should be advisable. The tank is 
provided with about 60 ft. of pipe surface, through 
which either live steam or exhaust steam from 
the cylinders may be led, for the purpose of 
warming up the tar before it is passed to the 
sprayer. he tar is delivered at a pressure of 
300 lb. per sq. in. to six jets pointing down- 
wards on a transverse pipe at the back of the 
engine. A flexikle pipe and attachment is fur- 
nished, so that the footpaths may be tarred at 
the same time. In use, a road is first swept clean 
and then tarred, or the system may be used for 
grouting new metal. The engine will do in five 
minutes a length of 300 yards, which is said 
to be as much as a day’s work for an ordinary 
spraying-machine. The engine itself is a com- 
pound, fitted with two speeds and the usual 
appliances. We —> illustrate this arrangement 
in a future issue. e other engines exhibited by 
Messrs. Fowler were practically their standard 
types, in which practice has shown very little 
teration to be possible in the direction of adapt- 
ing them better to their work. 
essrs. Robey and Co., Limited, of Lincoln, are 
exhibiting a 100-horse-power uniflow engine with a 
locomotive boiler. This engine is on the Stumpf 
system, on which Messrs. Robey have now built 
engines for some years. This large engine has 





the regular Stumpf valve-gear, but a cylinder is 
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also exhibited in which the uniflow system is 
adopted in combination with a special form of 
Messrs. Robey’s gear. The boiler is fitted with a 
superheater in the smoke-box. 

veral firms are showing superheaters ay 
to locomotive-type boilers. For instance, Messrs. 
Davey, Paxman and Co., Limited, Colchester, who 
are showing a 32-brake-horse-power -engine 
and suction-gas plant, have also 6 and 7-horse- 
power traction - engines and a 10 - horse - power 
compound portable engine, of which we give illus- 
trations in Figs. 10, 11, and 12, herewith. This 
engine has cylinders 6$in. and 104 in. in dia- 





superheater at A, and leaves, superheated, at B. 
Baffle - plates C and D ensure the gases passing 
over the tube surface. A three-flow tubular feed- 
water heater is also fitted on this engine, which will 
develop four times its nominal horse-power at a 
consumption, we are informed, of less than 2 lb. 
of coal per brake horse-power. Messrs. Davey, 
Paxman’s other engine exhibits are also powerful 
machines. The nominal brake horse-power traction 
engine has a cylinder 8 in. by 12 in. and working 

ressure of 160 lb., the horse-power developed 

ing 30. This engine has two road speeds, com- 
pensating motion, slip-winding drum, and 50 yards 
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PortasLe ENGINE WITH SuPERHEATER ; Messrs. Davey, PaxmMAN 


ano Co., Limirep, CoLCHESTER. 


meter, with 12 in. stroke, running at 180 revolu- 
tions per minute. The boiler pressure carried is 
160 lb. The superheater is arranged in the smoke- 
box and gives about 100 deg. to 120 deg. of super- 
heat. The superheater consists of a series of bent 
tubes, arranged at a level above the flue tubes, 
so that it does not interfere with the cleaning or 
repair of the latter. The smoke-box is provided with 
a double-damper arrangement. These dampers 
are shown at E and F in Fig. 11, and they are 
worked simultaneously. When E is in the vertical 
position and F horizontal, the gases from the flue- 
tubes pass over the superheater surface. When E 


is horizontal and F vertical they are by-passed | 
vantage | 


straight to the chimnéy. This is an 


when raising steam. The steam enters the 


of steel cable. The ob heme gees engine has a 
cylinder 8}in. in diameter by 12-in.stroke. In other 
features it is similar to the preceding, but develops 
35 brake horse-power. 

Messrs. J. and H. McLaren, of Leeds, exhibit 
various agricultural engines and tractors, but mostly 
to their standards. The one exception is, perhaps, an 
8-horse-power compound agricultural locomotive ; 
but this is properly a revision of a standard type, and 
not essentially a new design. A 5-ton steam-tractor 
exhibited by this firm is fitted with their super- 
heater and feed-heater. The superheater is accom- 
modated in the smoke-box above the level of the 
boiler flue-tubes ; it consists of four coils of pipe, 
round which the waste circulate. The coils are 
placed horizontally and longitudinally, two on either 





side of the centre line, superposed ; steam is brought 
from the boiler to a header, and distributed between 
the two pairs of coils, each stream passing through 
two coils and thence to a header connected with 
the throttle. Superheat of about 100 deg. Fahr. 
is obtained with this arrangement in normal 
working, with higher ey or yarn when the engine 
is working hard. The feed-water heater consists 
of a single coil of pipe in a barrel or cylinder placed 
horizontally across the boiler-barrel. It is on the 

ure side of the pump, is fed by part of the 
exhaust steam from the cylinders, and heats the 
feed to about 200 deg. Fahr. 

A steam-tractor with an interesting new feature 
was to be seen at the stand of Messrs. W. Tasker 
and Sons, Limited, Andover. This is fitted with 
Hoare’s system of spring mounting for the rear 
wheels, which are chain-driven. ‘The engine is a 
compound, with 5-in. and 7}-in. cylinders and 8-in. 
stroke. It has three speeds and a balanced crank. 
On each side of the engine is a strong girder, 
underneath which is the spring mounted direct on 
the axle. The springs are long and allow of a 3-in. 
deflection, which is much more than is obtain- 
able with the ordinary rear springing. The 
movement is taken care of by radius-rods fixed 
to the axle and frame. These are adjustable 
to allow for alteration in the chain-length. The 
first drive is, as usual, by spur-gears; but the 
second drive, as already stated, is by chain. The 
arrangement is one which makes the various parts 
very accessible. 

Messrs. Aveling and Porter, Limited, of 
Rochester, exhibit several of their well - known 
types, including traction-engines, road-rollers, &c. 
One of their 10-ton rollers is fitted with Morri- 
son’s patent scarifier, a device which is housed 
in a feos attached to one side of the engine 
at the rear. The housing is tied by stiff bars to 
the back axle outside the wheel and accommodates 
an adjustable frame, which can be raised and 
lowered. This frame carries digger pointe, three 
facing in one direction and three the other, their 
inclination to the road surface being also adjustable 
by a lever and quadrant. 

At the stall of Messrs. Mann’s Patent Steam 
Cart and Wagon Company, Limited, Hunslet, there 
is to be seen a steam-roller primarily intended 
for road-patching work. This machine has a 
ripping body for —— the patching material. 
This body is replaceable by an ordinary body or a 
water-tank. In addition to two other standard 
machines, this firm shows a steam-tractor having 
a horizontal compound engine mounted on a loco- 
motive type boiler working at 200 lb. pressure. 
The total weight of the machine all included is 
4} tons, and the wheels have a total width of 
4 ft. 8 in., so that the weight works out at less than 
1 ton per foot. The tread of the front wheels is 
inside that of the back, and the land is, therefore, 
not compressed by the machine. At the back end 
is a large tank, sufficient for half a day’s work, the 
top of this tank being flat, and capable of carrying 
a load of 2 tons, in addition to which 6 tons ma 
be hauled behind on a trailer. The machine wi 
pull a four-furrow plough, working 8 in. deep, or two 
self-binders, and can be used to drive thrashers, &c. 

At the stand of Messrs. Ruston, Proctor and 
Co., Limited, Lincoln, the most interesting ex- 
hibit is, perhaps, a new type of side - tipping 
trailer. In this vehicle, of which we intend to give 
illustrations next week, the body is supported by 
twelve small wheels, of which four are carried in 
bearings fixed to the chassis, while eight are attached 
to the tipping-body. Above the former and fixed to 
the underneath of the body are two [1-section rails, 
rails of a similar section but inverted being fitted 
on the chassis top, below the wheels attached to 
the body. The body is first traversed and then 
tipped. The traversing motion is derived from two 
square-threaded screws placed transversely across 
the chassis frame and both driven simultaneously 
by a hand-crank, bevels and a longitudinal shaft. 
On each screw is a le, normally flattened out, 
and two unite, of which one is threaded and 
works on the screw, while the other is without 
a thread, and merely slides along the screwed 

indle. The sliding-nut is nearest the centre of 
the machine to start with, with the screwed nut 
nearest the side from which the screw is being 
worked. Beyond the sliding-nut is an upright lug, 
which pushes the body over on the rails. As soon 
as the traverse is completed the sliding-nut can 
move no further, and the toggle closes up. This 
causes the body totip. One continuous screwing 
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motion is all that is required of the operator, from 
start to the end of tipping. The body tips about a 
centre formed in the kink of twostirrup-irons which 
span the chassis, the axles of a pair of the wheels 
engaging in these at the end of the traverse, pre- 
venting further movement of that type and con- 
verting the traverse into tipping. To draw back 
the body the toggle first flattens out, the toggle-pin 
engaging with two Z-bars under the body, pulling 
the latter down. This toggle-pin, when the toggle 
has flattened out, comes up against stops on the 
Z-bars, and as the threaded nut is screwed back 


the body is pulled into the central position | ; 
hassis. 


again on the c The body tips to an 
angle of 40 deg. The tipping-gear is in dupli- 
cate, and can be worked from either side to tip 
on the opposite side, the only preliminary being 
to turn down two stops on one side or the 
other. At each end of the body is a rail under 
which the hooked ends of — side-door a 
engaged during traversing and tipping. e door 
runs the iene of ooh ae. and on ithe body being 
tipped the doors are opened automatically by the 
levers being held while the body tips. The doors 
are fitted with several wedges, which engage with 
and disengage themselves from sockets on the 
body. The wagon can be tip by one man, the 
load falling nen clear of the wheels, empty- 
ing being completed in 14 minutes from starting 
the traverse. 

Messrs. Ruston Proctor’s other exhibits include 
steam-tractors, a wood-refuse suction-gas producer 
and 33-brake-horse-power engine, and also several 
oil-engines, working with petroleum or crude oils. 
In the cooler applied to one of these engines, fitted 
up as a portable engine, the water is taken to the 
top of a water tower, and from there trickles down 
vertical fibre-ropes to the tank below the frame. 


(To be continued.) 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 24. 

Tue only branch of the iron and steel indus 
normally active is the tin-plate industry, which is 
running at maximum yr It is now threatened 
with a strike in sixteen of the larger mills, which, if 
it occurs, will occasion serious inconvenience. The 
steel-makers are confident that better times are in 
sight, and there is no unusual struggle to get business. 
The next branch is steel plate. The week’s business 
shows further ex ion, because of the enlarging 
individual dem for minor requirements. Durin 
the past month Australian rail orders foot up 56, 
tons. The Queensland Railway has ordered 16,000 tons 
from the Maryland Steel Company, and the New South 
Wales Governinent has ordered 5000 tons from the 
Lorain Steel Company. So far the Pennsylvania has 
ordered 25,000 tons under improved specifications. 
The freight-rate decision is awaited daily, and much 
business’ awaits its rendering. (eneral structural 
business for the week amounts to 35,145 tons, 
against 22,725 tons for the previous week. Improv- 
ing tendencies are manifest. Platemakers ieee 
out they can fill orders for the early summer on 
60 per cent. of capacity. Orders offered at less than 
current rates have been rejected, notwithstanding 
mills could increase their output 40 per cent. Billets 
are inactive at 20 dols. Urgent summer requirements 
have been covered. The probable course of the steel 
market can be safely outlined by remembering capacity 
has not been very greatly expanded for some time, 
while the country’s needs have been galloping ahead. 
The sheet mills are gaining in orders. Bar mills get 
barely enough business to keep going. Pipe foundries 
are crowded. Demand for t is stronger. Nails 
are active. Spike output is low, because of restricted 
railroad building. e larger foundries and engi- 
neering plants are slow and cautious buyers. 





Tae Bartriesuip ‘‘ Espana.”—Sir W. G. Armstrong, 
Whitworth and Oo., Limited, and Vickers Limited, have 
i from La Sociedad Espanola de Con- 
Cabein Ravmn sopitn obebstah end tounay 4h. 
ip Espana, carrying eight 12 in. twenty 4-in. 
guns, has passed through her gun trials at sea with 
Spanish authorities of whom the followin 
panish authorities, of w e wing were present: 
—Oaptain-General Barriere, Rvar- Admiral Moreno Eliza, 
General Gallardo, General Gonzalez, Colonel Marabotto, 
and Colonel Fernandiz Re cite ene charge of 
Captain Carranza. Rounds were fired from each gun in 
succession, and a final broadside with guns fully elevated. 
The Espana stood this severe test without the slightest 
deformation to structure, i 
builders, who are La Sociedad 
Naval. The vessel was built at the Go 


vernment Arsenal, 
Ferrol, and ee apes “es half by Sir W. G. Arm- 
sree. vans and Co., Limited, and half by Vickers 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is 
weak and lifeless. Values show a downward tendency, 
and but for the very excellent statistical situation prices 
would doubtless be much lower t! they are. As it is 
current rates are considerably below cost of uction, 
and makers talk of putting furnaces out of operation. 
Sellers of pig-iron are prepared to make concessions to 
secure business, but buyers are very slow to take advan- 

of the lower rates named, Fears are now enter- 
tained that the dry summer on the Continent may check 
deliveries abroad, as the canals eo used to a 
im up country promise to ow unnavigable. 
Political affairs continue to have a disturbing influence on 
the market, and, in addition to all other detrimental 
contributions, the present is what is usually the quietest 
time of the year. Under conditions traders look 
for little business between now and about the middle of 
August, by which time buying should commence to meet 
autumn and winter requirements of customers abroad. 
No. 3g.m.b. Cleveland pig is on sale at 51s. 3d. f.0.., and 
that is ed as the general market quotation, though 
e leadi suleee Gt © sete igher figure ; 
whilst No. 1 is 523. 9d. ; No. 4 foundry, 5ls. ; No. 4 a 
50s. 6d.; and mottled and white iron each 51s.—all for 
either early or forward delivery. Very es ge 
accounts are given of the East Coast hematite branc 
the staple industry. Second hands offer Nos. 1, 2, and 
3 fresly at 59s. for practically any delivery, and some 
makers will also accept that figure, but several leading 
producars declare that they will not sell at anything like 
the price named. Consumers of hematite point out that 
scrap steel is plentiful and cheap, and that to a consider- 
able extent they are taking it in place of hematite pig. 
Foreign ore shows signs of movement. Sellers are under- 
pea} plead sen to make contracts on the basis of 
17s. 3d. ex-ship Tees for Rubio of 50 per cent. grok. 
Durham coke maintains its value, notwithstanding York- 
shire competition. For average quality of Durham blast- 
furnace coke delivered at Tees-side works, 17s. 6d. is 
generally named. 

Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 78,289 tons 
all of which is No. 3 quality. During the month of June 
stocks of Cleveland pig-iron were reduced by 4947 tons. 
Shipments of pig-iron from the Tees during the month 
of June were on a moderate scale, averaging 3476 tons 
pay working day, the total —s being returned at 

.907 tons, 76,207 tons of which went from Middles- 
brough and 10,700 tons from Skinningrove. In May the 
loadings reached 94,174 tons, or a daily average of 3767 
tons ; and for June, a year ago, the clearances were given 
at 95,403 tons, or an average of 3677 tons per working 
day. Of the iron shipped from Skinni ve, 10,224 
tons went to Scotland and 476 tons to H . OF the 
iron cleared at Middlesbrough, 53.955 tons went foreign 


fand 22,252 tons coastwise. Scotland was again the 
tons, 


largest buyer, receiving 13,914 whilst Sweden 
imported 7089 tons; Italy, 6721 tons; France, 6617 
tons ; y, 4928 tons ; Japan, 4615 tons; and Hol- 
land, 4403 tons. Of the 8227 tons of manufactured iron 
loaded on the Tees 3912 tons went abroad, and 4315 
tons coastwise, and of the 46,796 tonsof steel shipped, 
41,334 tons went f and 4962 tons to home customers. 
The Argentine took 2011 tons and India 1167 tons of 
manufactured iron, whilst Indis was the largest buyer of 
steel, with an import of 14,206 tons. Other principal 
buyers of steel were:—West Australia, 9830 tons ; the 
Argentine, 4200 tons; New South Wales, 3082 tons; New 
a 2574 tons; Victoria, 1955 tons; and Russia, 
tons. 


Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of the manufac- 
tured iron and steel trades. Business is quiet, and 
mpernetees for shipbuilding material are coming in very 

wly. Constructional steel, however, is sho more 
activity, and fiew orders are coming forward more y- 
Principal market quotations stand :—Common iron bars, 
71.; best bars, 77. 7s. 6d.; best best bars, 7/. 15s.; packing 
true ship-civete, Te Gus ince girder: platen Wo. fas shesl 
iron p-rivets, 3 iron . s 
bars (basic), 62. 5s.; steel bars (Siemen’s), 6/. 5s.; steel 
ship-plates, 6/.; steel shi ; i 
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“NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has continued quiet, 
owing to the uncertainties attending the strike of marine 
saeinee. Tonnage arrivals over the week-end were 

heavier, notwithstanding the strike influence, and 
loading operations appear to have proceeded without 
interruption. At the same time, several large collieries 
are idle in consequence of excessive stocks. The pre- 
vailing opinion among sellers is that the market is more 
likely to stiffen than to relax. The best Admiralty large 
steam has made 20s. ; best secondary 


to 11s. ; and cargo smalls, 8s. 6d. to 8s. 9d. per ton. The 
best household coal has been quoted at 19s. to 20s. ; good 
households have made 17s. to 183. ; No. 3 Rhondda —_— 
has ht 17s. 6d. to 17s. 9d.; and smalls have mi 
12s. to 6d. per ton. No. 2 Rhondda large has realised 
12s. 6d. to 13s., and No. 2 smalls have made 8s. 9d. to 
93. 6d. per ton. Special foundry coke has been quoted 
at 25s. to 27s.; good foundry coke at 20s. to 23s.; and 
furnace coke at 17s. to 19s. perton. As regards iron 
ore, Rubio has made 16s. to 17s. per ton upon a basis 
of 50 per cent. of iron and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Bristol W Company.—The directors of the Bristol 
Wagon and i Works Company, Limited, re 
that the balance available for distribution is 12,3791. The 
directors recommend a dividend upon the ordinary share 
capital for the past half-year at the rate of 5 per cent. 
per annum, carrying forward 68791. 


.—Lord Aberconway presided at the forty- 
first annual meeting of the Tredegar Iron and Coal 
Company, Limited, held in London, on Friday. In 
moving the —— of the annual report, the chairman 
said the price of coal, except in the case of small coal, 
was well maintained during the past year. The shippi 

ineers’ strike was a serious factor in South Wales. It 
aan disorganised trade, and if it continued, it was 

highly probable that there would be considerable s 
pages of collieries. Sir Arthur Markham seconded 
adoption of the report, This was carried, and a dividend 
of 10 per cent., with 24 per cent. bonus, was declared. 

Finances of iff. om income from the sale 
of electricity for lighting other showed a 
ee ee ee Sree 13, oy chm 
being 58,7517. From the sale of current there has been a 
continually eer | income, the figures for the past 
four ~ being :—1910-11, 34,9597. ; 1911-12, 37,8002. ; 
1912-13, 42,5741. ; 1913-14, 47,5037. The capital expendi- 
ture on new services, cables, &c., during the past F so 
amounted to 72441. From water and meter rentals there 
was an income, after deducting voids, irrecoverables, &c., 
of 76,453/., as against 73,2447. in 1912-13, and 71,940/. in 
1911-12. The water works were rate-ai during the 

ear to the extent of 10,033/., and the total amount 

vied in that way since 1890 has been 210,764/, A rate- 
in-aid is unavoidable at present. The capital expendi- 
ture during the year on water works was 72,784l., most of 
it being in connection with a new reservoir. 

Dowlais.—The Dowlais works have been actively em- 
ployed, the Bessemer and Siemens furnaces going at high 
pressure. The Goat Mill has turned out a large quantity 
of heavy rails, sleepers, billets, &c., and these have been 
sent away to several South Wales ports for shipment. 
The Big Miil has produced und und arches and 
canmveniie ; ® heavy tonnage of fish-plates has also been 
despatched. 


Bristol Docks.—In the seven weeks ending with June 20 
there was a traffic increase of tons foreign, a traffic 
decrease of 650 tons coastwise, and an increasé of 216/. in 
dues, as compared with the corresponding period of 1913. 





Tue Russian Navy.—The Budget Commission of the 


- | Russian Duma has voted a credit of 12,000,000/. for the 
" lade wi : 


construction of three with a displacement of 
two cruisers of 7500 tons, eight 
six submarines destined for 
are to be built at Nicolaieff, 


connection, and they 
the latest by the spring of 1917. 
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NORTH-EASTERN MARINE ENGINEER. 
ING CO.’S WORKS, WALLSEND. 


WHEN one remembers the large preponderance of 
cargo-carrying ships in the world’s fleet and the 
immense importance to industry and general 
economy of living of low freight rates and the 
highest propulsive efficiency of the general trading 
ship, it is appropriate that the naval architects 
during their forthcoming meeting at Newcastle-on- 
Tyne should visit several of the works producing 
the machinery of such vessels. As typical of such 
factories, we illustrate the Wallsend establishment 
of the North-Eastern Marine Engineering Com- 
pany, which is to be visited on Wednesday, since 
these works, under the management of Mr. 
Summers Hunter, have not only a very large output, 
but aim, both in experimental work and design, to 
assist towards the higher efficiency of the pro- 





pelling machinery of general carrying ships. The 
company had its origin in 1865, beginning with 
their establishment at Sunderland, where 12U0 men 
are now employed, and the Northumberland Works 
at Wallsend were commenced in 1882, and here the 
number of workmen is 2000. Both establishments 
carry out the same operations, and are assisted by 
the company’s Northumberland forge, which is 
situated at Wallsend-on-Tyne, and produces per 
annum about 2500 tons of forgings of all classes. 
The general equipment of the two engineering 
works is somewhat similar, except that at Wallsend 
the works are on a larger scale, and capable of 
dealing with larger engines and larger vessels; at 
the same time the facilities at the two works 
enable the principal management, which is con- 
centrated at Wallsend, to apportion the work be- 
tween the two establishments, with a view to the 
best delivery and the most economical results. As 
to the capacity of the works, the largest output of 
the combined concern was in 1912, when the col- 
lective power of the marine engines built was 
129,126 horse- power, but the average is about 


95,000 horse-power, and this is fairly evenly dis- 
tributed in proportion to their capacity between 
the two factories. The power of the. machinery, 
asa rule, ranges up to about 6000 horse-power. The 
naval architects, when they visit the works, will 
find a fairly representative volume of work in 
course of execution, there being now in p 
engines ranging between 2000 and 6000 indicated 
horse-power. 

As regards the design of machinery, every effort 
is made to work to standards, varying only in the 
power to be developed, and it is satisfactory to note 
that in the great majority of instances the economy 
attainable by these means appeals to the engineer- 
ing officers of clients ; however, when dealing with 
vessels for special trades, modifications have to be 
made to suit varying conditions or ideas. Generally 
speaking, standard patterns for the merchant 








fitted for the shrinking on of the crank-pins and 
end — Another important feature of the 
North-Eastern Company’s work is the extent to 
which superheating 1s applied. They were first in 
England to take out a license for the Schmidt 
superheater, and during the last three years have 
installed them in nineteen vessels, having a col- 
lective power of 42,000 indicated horse-power. 
At the present time they have orders in hand 
to inatal the system in thirty more vessels. 
The combination of such superheaters with the 
latest design of quadruple-expansion engines results 
in very high economy in steam consumption, and 
the firm are developing the system in connection 
with Parsons marine geared turbines, so that still 
better results will be realised. In this connection 
it may be said that the firm have in use an experi- 





mental boiler of 700 horse-power, with which a 


engine are used time and again, particularly for | continuous series of experiments is carried out on 
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main castings, such as bed-plates, cylinders, 
columns, and slide-valves. Nothing very definite 
can be said as to the preference for triple or 
quadruple-expansion engines, but many well-known 
ship-owning firms are now adopting the latter, 
which have proved very economical, more especially 
on long-distance voyages. For standard engines the 
company have adopted 180 lb. pressure per sq. in. 
for triple-expansion engines, and 220 lb. per sq. in. 
for quadruple engines. On inquiry at the works in 
reference to the use of cast-iron or wrought-iron 
circular columns in the front of the engine, we were 
told that most owners preferred wrought-iron, but 
in other cases the view taken was that cast-iron box 
columns of the A-frame type, although they did not 
give the same degree of accessibility to the working 
parte, made a stiffer job, but were heavier. 

Again, as to crank-shafts, some years ago the in- 
troduction of hydraulic forged ingot steel led to 
the built-up type of crank-shaft, and this is now 
the genera ice in the merchant engine, the 
advantages of this type being well understood. 





the machine-shop a Bunsen -burner furnace is 





this and similar problems. Another point illus- 
trative of the p ive character of the com- 
pany’s work has reference to the practice regard. 
ing the Diesel engine. Having considered the 
question of adopting the oil-engine for the pro- 
pulsion of general carrying ships, they entered 
into an agreement a few years with the 
Nederlandsche Fabriek Werkspoor, of Auteailen, 
for the building of the type of engine constructed 
by this celebrated Dutch firm. Since then they 
have done a considerable amount of work for the 
Netherlands firm, although they have not com- 
ame an entire set of Diese] engines. Their work 

mostly been in the direction of making castings 
in their iron foundry, but when increased demand 
for this of as engine justifies it, the 
firm inten fee entirely new shops 7S the 
production of the Werkspoor type of engine. is, 
it may be said, is of the legnstoche-apdle direct- 
acting type, with crosshead guides and open front 
and drip-feed lubricators, the company being in- 


In| clined to the view that the four-stroke-cycle type 
y 


of engine can be constructed for power sufficien’ 
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high for the class of ship with which they deal, and 
that it is therefore desirable to ensure the measure 
of simplicity and reliability that the four-stroke- 
cycle engine gives. 

A direct ogee of the work done in making 
castings for the Werkspoor Diesel engine has been 
the establishment and equipment of a metallur- 
gical laboratory. At the same time a considerable 
amount of research work is being done in con- 
nection with the castings for ordinary steam work. 

The laboratory, which was started about three 
years ago, —- a staff of six chemists, and is 
equipped with the most modern apparatus. The 
most noticeable are a 50-ton Buckton tensile- 
machine, a Krupp bending-test machine, a metallo- 

— outfit, and a very recent type of Foster 
ouble-purpose radiation pyrometer. Here, too, 
are collated the records of every casting in the iron 
foundry, embracing a whole system of foundry 
control, from the pig-irons entering the cupolas 
to the castings leaving the machine-shops. It is 
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claimed that all castings of the same class are 
produced alike in analytical composition and in 
physical qualities, and that thus their reliability and 
constancy are greatly enhanced. Since the intro- 
duction of this system, the quality of the metal has 
much improved, as is shown not only in the com- 
plete records kept by the departments, but also 
by the experience of those who have to work the 
metal in the various workshops. The testing of 
fuel and lubricating oils, gun-metal, and bearing 
metal, forms another important branch of the 
work. There is an experimental casting-room, and 
research work is constantly in progress. It may 
be mentioned that for some time past, Dr. J. E. 
Stead has been working in collaboration with the 
chief chemist at the works, and has helped him 
to make the department of real practical value to 
the works, as well as a place of investigation into 
the many problems constantly arising in the prac- 
tice of modern marine engineering. 

As regards the manufacturing shops, an admir- 
able adaptation has been made of the conformation 
of the ground on which they were erected. There 
is a fairly steep slope to the river here as elsewhere 
along Tyneside, and the main buildings are con- 
structed on this slope, stretching from the railway 
sidings and offices down to near the river jetty. 
The roof of the buildings has been made foveal, and | 
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the floor of the shops terraced in three great steps. 
Thus the upper — of the bays of the main build- 
ing are utilised for the small machine-shop, brass- 
foundry, brass-finishing shop, smithy, tool-making 
and fettling department, &c., the roof being 47 ft. 
from the ground-level. On the second terrace 
there are the larger oop yt and the erecting- 
shops, the height here being 54 ft., while nearer the 
river again there is, at a level 5 ft. to 8 ft. lower, 
a shafting-shop, boiler machine and erecting-shops, 
&c. The foundry occupies two more of the bays 
at the lower levels. n all cases, however, the 
overhead cranes in the bays travel the whole length 
of the shops, and therefore command also the 
smaller machine-shops. These cranes, in the most 
important bays—namely, the engine-erecting shop— 
are respectively of 100, 60, 20, and 10 tons capacity. 
In the boiler machine-shop there is a 60-ton, a 
40-ton, a 25-ton, and two 10-ton cranes. In the 
fitting-out portion of the boiler-shop the cranes are 
so arranged that weights up to 150 tons can be con- 
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veniently dealt with, the heaviest boiler built so 
far being over 120 tons. The machinery is dealt 
with alongside the ships by a 150-ton cantilever 
crane, built by Messrs. Sir William Arrol and Co., 
Limited, G w; the lifting gear by Messrs. 
Stothert and Pitt, Limited, Bath. The practice at 
the works is to transfer from the erecting-shop to the 
ship complete triple-expansion engines up to 2000 
horse-power, including the cylinders, columns and 
bed-plates, the condenser and the pumps worked 
from the cross-heads being alone separated. In 
the case of larger engines, the bed-plate, the 
crank-shaft, connecting-rods, eccentric rods, links 
and columns are lowered into position first. All 
the cylinders, even in the case of quadruple-expan- 
sion engines, are placed on their columns in one 
lift. 
In dealing with the manufacturing shops, we 
may begin with the pattern-shop, which is a 
separate building in close proximity to the iron 
foundry, and is fitted with the usual wood-working 
machinery, including circular saws, band-saws, 
planing and spindle machines, sand - papering 
machines and lathes. The iron foundry, Fig. 1, 
Plate VIII., occupies two of the bays of the main 
shops, to which reference has aloendy been made. 
The largest casting within recent times was a bed- 
plate weighing 45 tons. The influence of the labora- 








tory on the iron foundry is most marked. Previously 
it was thought that rule-of-thumb methods were 
sufficient, but gradually it became evident that 
cast iron was as sensitive to treatment as any other 
complicated alloy, as, for instance, propeller bronze. 
Since many vital parte of a marine engine consist 
of cast iron, it became clear to the company that 
the efficiency of the engine was largely dependent 
upon a metal which not only was not understood, 
but which was not even under control. This is 
now all changed ; the pig-irons are analysed upon 
arrival, and each mixture is altered accordingly. 
By continual study of this and of cupola conditions, 
it is now found possible to produce castings of any 
required composition. Thus has this company 
solved a problem which too long has remained 
a difficulty with many British firms, and which 
Continental makers have tackled to their own 
advantage. As already mentioned, an inspection 
of the records shows a marked improvement in the 
quality of the metal. Moreover, the fact that the 





metal of every casting is now like that of every 
other casting of its class should, in itself, be 
logical proof of the incalculable value of the system 
to users of marine engines. 

There are three cupolas, built in an annexe to the 
foundry, the melting capacity being respectively 
8, 6 and 4 tons perhour. Baker blowers are used. 
The chargin Eetform is at the top of the furnace, 
the mabasial fetes raised by cranes. There are 
seventeen casting-pits, the largest being 23 ft. by 
13 ft. 6in. and 16 ft. by 19 ft. These are used 
principally for making bed-plates. There are six 
core-drying stoves with a total area of 16 ft. by 
30 ft. 

The large machine-shop, Fig. 2, Plate VIII., is 
350 ft. long and of 60 ft. span, with a 40-ton crane, 
having an auxiliary lift of 10 tons, and a 10-ton 
crane. The principal machines in the department 
are a boring-mill, Fig. 6, above, to take cylinders 
up to 108 in. in diameter, table pleners taking 
jobs 16 ft. by 8 ft. by 8 ft., and a 10-ft. chuck- 

the for boring small cylinders. A new lathe with 
66-in. centres is in course of installation. There is 
a large horizontal and vertical planer, Fig. 7, above, 
to deal with surfaces 20 ft. horizontally and 17 ft. 
—— also shafting-lathes with 30-in. centres 
and 36-ft. bed. The marking-off table is placed 
at the end contiguous to the foundry, so that 
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the castings, after being cleaned, pass direct to| up, is not exposed so much to the action of the|men. The piece-work system is ly in opera- 
the tables and thence to the machines, and| flames. tion, and com eta is e 4 pened 
thus traverse the minimum distance. Many of 


the machines are driven by separate motors and 
others by belting from overhead shafts, which 
are operated by electric motors. 

The small machine-shop occupies the upper part 
of one of the bays, and can be entered from the 
erecting-shop or from the blacksmith’s shop which 
adjoins. [t is fitted with the usual lathes and 
planing, milling, drilling, and_slotting-machines. 
Around it, again, there is a gallery equipped with 
special grinding, high-speed drilling and other 
machines, and here all the suniier detalle of the 
engines are fitted together and lowered straight 
to the erecting-shop. Some of the later machines 
will be examined with interest, notably new 
high-spsed drilling-machines by Messrs. A. A. 
Jones, Pollard and Shipman, a ‘‘New Century” 
drill by the same makers, and gap-lathes by 
Messrs. Pollock and MacNab. The blacksmith’s 
oy ee supplies many of the smaller forgings 
to machined in these two departments, has 
fifteen fires, with forging-hammers which are 
worked with air superheated by the waste heat 
from the blacksmiths’ fires. There are also in this 
department bolt and rivet-making plants. It will 
be understood, of course, thit the heavier forgings 
come from the company’s Northumberland Forge, 
to which reference has already been made. The 
brass-foundry and finishing-shop is also contiguous 
to this small machine-shop, a here all the fittin; 
and machining of valves, cocks, superheaters, an 
other small work is undertaken, there being a 
satisfactory installation of lathes and drilling- 
machines. Two new lathes of the “all-gear” type 
have been fitted recently, and enable a large range 
of speeds to be obtained; as many as fifteen 
different speeds are possible. Another tool which 
will interest visitors is a new Lang turret lathe for 
bar work. The tool-making and fettling-shop, as 
already mentioned, is also in this part of the main 
building, and its equipment includes annealing and 
tool-hardening furnaces. — note may be 
made of the tool-grinding machinery. 

The location of these various shops greatly sim- 
plifies the convergence of the various units, when 
completed, towards the engine-erecting shop. This 
shop, Fig. 3, Plate IX., is laid with a concrete 
base for the building-up of the engines, and the 
cranes in use, as we have said, range up to 
100 tons. Close by it is the shafting-shop, Fig. 5, 
page 25. In this shop are several very heavy 
lathes, but perhaps more notable still is. a large 
horizontal drilling-machine with two 6-in. spindles, 
and a large planer fitted with Lancashire drive, to 
work surfaces 8 ft. 6in. by 8 ft. 6in. by 18 ft. 
These machines plane and drill bed-plates, cylin- 
ders, columns, &c. 

A new coppersmith’s shop has recently been 
built near to the jetty at which the vessels are 
fitted out. This department is 65 ft. by 60 ft., and 
its equipment includes pipe-screwing, cutting, and 
hydraulic bending- machines capable of dealing 
with copper and steel pipes of the largest size. 
There are the usual fires, blasts, &c. 

The boiler-shop, Fig. 4, Plate IX., is in three 
of the bays in the main building, and each is 
450 ft. long, the large fitting-out bay being at 
the end of the engine-erecting shop, where cranes 
capable of dealing with lifts up to 150 tons are 
available. As to practice in connection with the 
design of boilers, the management state that 
the double-ended boiler has advantage in respect 
that it is cheaper to build, lighter in weight, and 
takes up less space than single-ended boilers for 
the same power ; there is a distinct tendency in its 
favour for general carrying ships. At the present 
time there are being constructed boilers each 
equal to 2500 horse-power. The largest double- 
ended boiler constructed at the works has a dia- 
meter of 17 ft. 14 in., and a length of 21 ft., the 
heating surface being 6450 sq. ft. It was built to 
work under Howden’s forced draught, which is very 
extensively in use in the merchant service, and the 
total weight, with fittings, is about 121 tons. The 
largest single-ended boilers were of 17 ft. diameter 
and 11 ft. 6 in. length, weighing 64 tons, and 
16 ft. 3 in. in diameter and 12 ft. long, weighing 
70 tons. A feature of the North-Eastern Com- 
pany’s boiler is the system of combustion-chamber 
wrapper-plate. The plate is rolled in one piece, 
and the joint is made near the top; there is thus 
only one joint, instead of two, as in other combus- 
tion-chambers, and the joint, being placed high 





The shell-plates are rolled by a set of rolls 
capable of dealing with plates up to 13 ft. 6 in. 
wide and 2 in. in thickness. The largest flanging- 
machine has a ram capable of exerting a pressure of 
110 tons, and a smaller machine of 80 tons. The 
riveting and shell-plating is done either on a 13-ft. 
6-in or 11-ft. 6-in. gap-riveter, while a smaller 
tool is used for combustion-chambers, and in addi- 
tion a number of portable hydraulic riveters are 
available. There is an interesting tube-hole cut- 
ting-machine and a boiler-bick drilling-machine. 
There is also a set of bending rolls for bending angle- 
irons into rings. There are of course, the usual 
punching, shearing, and other boiler-making tools. 

For some time back the company has been 
giving special attention to pneumatic ee. 
their installation consisting of electrically-driven 
air-compressors of 600 cub. ft. capacity, working 
up to a pressure of 100 lb. per sq. in. Experiments 
have been conducted with a view to improving the 
pneumatic hand-tools for special operations, par- 
ticular attention being given to simplicity of con- 
struction and reliability in working. In our columas 
we have frequently referred to the increasing use 
of pneumatic hammers for riveting, caulking, chip- 
ping, &c., and it is interesting to see this being 
taken up so actively ina modern engineering estab- 
lishment. The hydraulic power for the tools in the 
department is maintained by two large hydraulic 
pumps (duplicate sets). Close to the jetty is a 
light iron-work shop for uptakes, funnels, &c. 


The electricity for lighting and for driving the 
various shops is taken from the mains of the New- 
castle-on-Tyne Electric Supply Company. It is 


used at a pressure of 250 volts on the three-wire 
system. Electric arc-lamps are used for illuminating 
the shops. 

The river frontage extends over 1250 ft., and 
along it; is a timber jetty, so that two vessels may 
lie in the same fore and aft line. There is a travel- 
ling-crane of 20 tons capacity, with a radius of 
42 ft., traversing the whole length of the jetty. 
The heavier loads are taken by a 150-ton electric 
cantilever crane. The leading dimensions of this 
crane may here be tabulated as follow :— 


Reach of auxiliary hook above jetty ... 


Ft. In. 
Height from jetty to rail-level... 153 6 
Height from jetty to top of tower 124 0 
| pene th of cantilever = 4 

mgth of long arm 1 
Length of short arm __.... sie 90 0 
Reach of main hook above jetty 143 0 
Reach of main hook below jetty 30 0 
Total range of main hook 173 : 
Reach of auxiliary hook below jetty ... 30 0 
‘Total range of auxiliary hook ... js 173 0 
Depth of main girders at centre 25 10 
Centres of main girders... _ 14 0 
Centres of main columns 40 ft. at bottom ; 
35 ft. at top 

Tensile stress in members 64 tons maximum 
Factor of safety in struts . 5 minimum 


Test load, main and auxiliary = ... 25 per cent. 
over full load 


Nature of foundations ... 4 steel cylinders 


Depth of * deg .. Two73ft. deepand 
two 56 ft. deep 
To lift 150 tons at radius of me 85 ft. 
” 1 ” ” 100 ” 
” = ” ” ( iii ore = ” 
” 88 auxiliary) ... ” 
Edge of jetty to 150-ton load ... aes an 
To lift 150 tons at speed of ... 5 ft. per min. 
— o 7 fo. 6 in. per min. 
oi “ we: 9 ft. min. 
ned 30 os (auxiliary) 12 ft. 6 in. per min. 
es 7 se oe be 50 ft. per min. 
To traverse 150 tons at ... i  - « 
a 30 tons at... obs 100 
To revolve 150 tons at ... 1 rev. in 10 min. 
9 30 tons at ... ce 1 a o 
Distance, centre of crane to edge of 
jerry si a ree ds ss 32 ft. 
Weight of pee pone | sa 82 tons 
Weight of steel work ... 657 ,, 
Ballast 2 


Total weight of crane, exclusive of : 
foundations ...... sn ee °° 

This crane, it will be seen, can easily lift loads 
into two ships lying side by side along the berth, 
so that there can be great expedition in the fitting 
of the machinery on , 

The management have ised the great im- 
portance of adequate commercial and office staffs, 
and the suite of offices is notably spacious and well 
arranged for an establishment of this size. It may 
be further that. the management have 
adopted a liberal policy in respect to their work- 


suitable habitations for the men adjoining the 
works. We were much interested in the company’s 
schemes for the better education and training of 
apprentices, and we notice they give every en- 


couragement to youths attending the evening tech- 
nical classes. 





THE NATIONAL PHYSICAL LABORA- 
TORY IN 1913-14 
(Continued from page 882, vol. xovii.) 

Vibratims of St. Paul’s and the Olock Tower 
(Messrs. Stanton and Batson).—Karly in 1913 
experiments on the vibrations caused by traffic 
on St. Paul’s Cathedral were made by request 
of the Home Secretary with the aid of two 
seismographs. The one for measuring the hori- 
zontal component was of the boom type, a boom 
being pivoted at the inner end, and being held by 
a wire stretched obliquely from the top of the 
standard of the instrument to a point near the 
outer end, which was weighted. ‘The late John 
Milne used such booms, but his were as light as 
possible, and not loaded. The instrument used for 
measuring the vertical component consisted of a 
steel bar suspended near the one end by a strong 
spiral spring, and weighted at the other by a weight 
of 6 lb.; very heavy instruments of this type are 
used by Wiechert at Gottingen. Kinematograph 
records were taken with both the instruments. 
Observations were made in the crypt of St. Paul's, 
when the traffic was normal and when it was 
stopped at night near the cathedral. The traffic 
marked itself by short undulations superposed 
on the long-period oscillations of the instru- 
ments ; three motor-omnibuses passing made little 
impression when running at 6 miles per hour, 
but at double that speed the oscillations were dis- 
tinct ; yet they were only of the order of about 
0.0001 in. Similar results were obtained in the 
library and in the whispering-gallery, and also in 
other experiments made in the Clock Tower at 
Westminster, where the instruments were mounted 
on the stone floor, 70 ft. above the street level ; in 
the latter case the horizontal movements were more 
marked. 

Dr. Stanton showed, on the inspection day, an 
interesting experiment due to Reynolds. When 
two jets of water meet one another in the same ver- 
tical plane , the one jet coming from above, the other 
from below, a circular disc of water is formed, from 
the edge of which drops are thrown off. When 
the lower jet is more powerful than the other 
the disc is slightly cup-shaped. When the two 
jets are not exactly aligned, the circular disc 
assumes a lens shape in a more or less inclined plane, 
not at right angles to the jets as before. Mr. Relf 
showed the beautiful eddies formed when a vertical 
cylinder of brass is placed in a slowly-flowing 
current of water ; we have described there experi- 
ments when they were in charge of Mr. Eden, who 
has left the Laboratory. 

Tests of Brake Linings (Mr. C. Jakeman, Mr. 
A. W. Judge).—An extensive research has been 
carried out for one of the makers of brake linings 
on some thirty different substances to determine 
the coefficients of friction under different loads, 
speeds and temperatures ; the materials tried com- 
prised nearly all the cotton fibre and woven 
asbestos linings in use; further, wood, leather 
and vulcani » some experimental 
materials. All these substances being bad con- 
ductors of heat, block-temperature measurements 
were out of question, and a very fine hole was 
drilled in the side of the rim of the friction- 
wheel, very near the rubbing surface and reaching 
well under the part of the rim with which the 
friction-block was in contact. A thermo-couple of 
iron-eureka wire was placed in this hole, and the 
leads were taken along the side of the wheel and 
through the hollow shaft to two insulated co 
discs on the shaft running in mercury troughs, 
from which the other connections were made. A 
second hole was drilled close to the former to check 
the measurements, and at the end of a test a 
thermo-couple was inserted in this hole, the co 
discs being cut out ; the two series of observations 
were in very good agreement, but the temperature 
measurements, made to 0.5 deg. Cent., were pos- 
sibly a little too low. 

e machine illustrated in Figs. 1 to 7, overleaf, 
comprised a cast-iron wheel A, 30 in. in diameter, 





3 in. wide, mounted in bearings and having a 
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cast-iron friction-block holder B to hold two strips, 
24 in. long and @ in. wide, of the material under 
test, pressed on by the lever C and the load W, 
while the friction-lever F and the load w served to 
determine the tangential pull due to the friction of 
the blocks. Fig. 1 is an end view of the machine ; 
Fig. 2 is an elevation with one lever support 
removed ; Fig. 3 isa plan; Figs. 4 and 5, elevation 
and section through shaft and friction-wheels, show 
details of the two holes M and M, and of the copper 
discs N, and N,, the mercury trough O, and the 
thermo-couple ; Figs. 6 and 7 explain the coupling 
of the friction-blocks with the links D and the screws 
E more fully, Fig. 6 being an end view with the end 
plate removed, and Fig. 7 a section through X X 
of Fig. 6; G is a dash-pot, J the belt, K the 
driving-pulley, and S the tachometer. 

The wheel was driven by a belt from a 50-horse- 
power shunt motor, armature current being sup- 
plied at 480 or 110 volts, and further speed variation 
was obtained with the aid of different belt-pulleys 
Tests were made at rubbing speeds of G0 ft., 
2900 ft., and 5900 ft. per minute, and pressures 
from 5 lb. to 180 lb. per sq. in. were applied to the 
dry materials, while with lubricated materials the 

ressure was raised to 290 lb. per inch maximum. 
The lubrication was effected by two small pipes 
dropping oil in front of the blocks (not indicated 
in the diagrams). The materials tested behaved 
very differently. Some broke away at the edges, 
some were destroyed by the heat developed ; speed 
as such, did not appear to impose any limits, 
but the impregnating substance set a limit to pres- 
sure and temperature in many cases. This sub- 
stance was sometimes driven out at low pressures 
as the temperature rose. The results are sum- 
marised for the five chief materials (tried in diverse 
products) :— 


Variation with Increase of 





| 

Material. § 7 Sin we : 

Speed. | Pressure. | Temperature. 

Cotton-fibre Nil Increase Increase 
Woven asbestos | o Nil a 
Wood (teak) a * Nil 
Leather .. aa * Decrease Great decrease 
Vulcanised fibre 3 — Increase (but burns 


s800n) 


The values of the friction coefficients may be 
taken as :—cotton fibre, 0.55 to 0.65; asbestos, 
0.30 to 0.35; wood, 0.256; leather, 0.2 to 0.8; 
vulcanised fibre, 0.5. 

Thus cotton fibre and woven asbestos gave by far 
the most uniform and best results ; wood rapidly 
charred and broke away ; leather blocks would give 
almost any coefficient, and were rapidly destroyed 
a little above 100 deg. Cent. ; vulcanised fibre gave 
a high coeflicient, but was useless as brake material, 
because heat rapidly destroyed it. The low 
coefficient of asbestos (com with that of 
cotton fibre) was at first ascribed to the asbestos 
being woven with brass wire ; but some impregnated 
asbestos, free from wire, gave similar results, and 
the impregnation, which serves as lubricant, seems 
to be the decisive feature, because in asbestos the 
impregnating substance remains between the fibres 
(without entering them as in cotton). Lubrication 
reduced the friction both at high and low tempera- 
tures ; but the pressure could be raised to such an 
extent that the same amount of energy was 
absorbed per unit area as without lubrication with- 
out increasing the wear. Starting from rest, the 
friction coefficient was found to be from 60 to 120 

r cent. of the friction when running; a large 
increase in the friction, as in the case of metal 
surfaces in contact, was not observed in any case. 
The growing use of cotton-fibre and woven-asbestos 
brake-blocks seems hence to be quite justified ; it 
was noteworthy that they answered best when 

lished by some wear, new surfaces giving lower 
friction coefficients than worn surfaces. 

The Froude National Tank (Mossrs. G. S. Baker, 
late R.C.N.C., M. Inst. N.A., G. A. Millar, B.A., 
J. L. Kent).—The vacancies on the Advisory Com- 
mittee caused by the death of the chairman, 
Sir William White, and of Dr. Thearle, have been 
filled by electing, as members of the Committee, 
Sir W. E. Smith, C.B., chairman, and Professor 
J. J. Welch, of Armstrong College, Newcastle, and 
also Mr. J. Foster King, Chief; Surveyor to the 
British Corporation for the Survey and Registry of 
Shipping, Glasgow. 

The papers which Mr. Baker presented to the 
8 a and autumn meetings of the Institution of 
Nava Architects have brought him the Gold Medal 


of the Institution, and the work done in the Froude 
National Tank is highly appreciated everywhere. 
The tank tests made have involved — rangi 

from 21 ft. down to 0.6 ft. per second, and reliable 
results have been obtained over this range. The 
carriage track was tested for level, and was found 
to be very good over the central 300ft. The amount 








Fig. 1. Fig.2. 
























































































of water lost in the main tank was 15,000 gallons 
per quarter, against 18,000 gallons per quarter 
in the preceding year. The number of models 
or variations of models tested for various bodies 
has risen to 101 during the fifteen months ended 
March, 1914. Of these, 75 were models for ship- 
builders (against nine in the previous year); they 
varied in from very full vessels having a 
ag ee coefficient of 0.8, and speed of 10 knots, 

destroyers to be tested at 45 knots, and from 
broad and shallow river vessels to long and deep 





ocean nger ships. In many cases considerable 
reduction in power—in one instance amounting to 


ng | 25 per cent.—has been realised by the firms acting 


on suggestions made by the Tank Department that 
aatiadiies of the model should be tried ; quite 
a number of vessels are now being built whose lines 
were settled in connection with the tank tests, 
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and two such vessels have made highly satisfactory 
maiden trips. 

The busy work in the large tank has delayed 
work in the small tank on screw-testing apparatus. 
But the electrical details for the model screw drive 
are ready, and experiments on wake and_ hull 
efficiency with twin and single screws are being 
started. The screw models, 4 in. to 10 in. in 
diameter, are now cast in the tank building from 
a type metal, lead containing some bismuth ; the 


moulds consist of plaster of Paris mixed with some 
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lime. The addition of bismuth to the lead prevents 
the metal from expanding and destroying the 
delicate moulds. 

Hydro- Aeroplane Floats.—The original apparatus 
for testing hydro-aeroplane floats could only be 
used for lift and resistance tests. In order to deter- 
mine the tipping moment of the water forces on 
the float, to reduce the air resistance and to 
improve the balance, the apparatus, of which Fig. 8 
is a diagram, has been devised. e float is sus- 
pended on ball-bearings B by a light aluminium 
carrier, itself a from the rear swinging 
arm A of a parallel motion erected at the centre of 
the towing carriage; A rests on knife-edges K, 
which in their turn are suspended by fine wires 
which are taken over the pulleys P and are loaded 
at W. The arm A is therefore free to move verti- 
cally in the guides T by an amount measured 
on 8, and the load on the float can be varied. At 
the fore end of the carrier is a rigid graduated arc 
having its centre at B, in which a stop can beclamped 
in any position ; this stop engages with adjustable 
jaws attached to the horizontal frame C, thus allow- 
ing a small angular movement (of a quarter of a 
degree each way usually) from the mean position. 
The small inclination of C to the horizontal is 
found by trial and error for any particular speed 
and angle, and in this way the float can be main- 
tained at any angle to the horizontal. The couple 





required to move at an angle greater than 15.6 deg. 
to the line of motion of the ship, and the fullness 
of the stern should not be increased to an extent to 
make the prismatic coefficient of the after body 
exceed 0.75, except in cases of ships of small beam ; 
but even in these cases great care is advisable. 
The work proposed comprises investigation of the 
manceuvring power of rudders of various shapes, 
and the measurement of the torques upon the 
rudder-heads, and further, the effect of passing 
ships upon each other. The wave-formation 
round models is to be studied in the small tank. 

Metallurgy and Metallurgical Chemistry (Super- 
intendent, Dr. W. Rosenhain, F.R.S.; Messrs. J 
Murdock, A. L. Archbutt, Guy Barr, W. H. 
Withey, A. Marks, L. L. Bircumshaw, J. D. 
Grogan, T. E. Rooney, A. J. Turner, D. Ewen, 
J. L. Houghton, N. P. Tucker, P. G. Ward, and D. 
Hanson). 

Machines, Apparatus, Ventilation.—The equip- 
ment of the Wernher building has been facilitated 
by a donation of 10001. from the Goldsmiths’ 
Company. Among the new machinery installed 
is a 30-ton tensile, compression, and bending 
testing-machine by Messrs. Amsler Brothers, of 
Schaffhausen, worked by a belt -driven  three- 
throw oil-pump delivering oil to the ram of the 
machine, which has an extra long stroke. The pres- 
sure of the oil behind the ram, and thus the stress 
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on the float is measured by means of movable 
weights on the float-frame, which are adjusted 
during the run until thc stop is just midway between 
the jaws. The towing force is applied at the fore 
end through a loose connecting-rod over to the 
dynamometer D, which records on the drum R; 
G is a guide-frame, H are hinges, and W is a sliding 
weight on the float. All the swinging parts being 
balanced in the air, a slight correction of the force 
is needed when the float is in water and A slightly 
out of the upright. A correction has also to be 
made for the air resistance, which is very small, 
however, owing to the shape of the struts and the 
effect of the balance-arm. 

Research Work.--The completed research on the 
resistance of ships and the relation of the position 
of the humps on the resistance curves to the form 
of the model was brought before the Institution of 
Naval Architects by Mr. G. S. Baker last summer, 
and his remarkable paper was published in our 
issue of July 25, 1913. The second investigation 
concerns the question of the longitudinal distribu- 
tion of displacement in a vessel of the ordinary 
mercantile type. The twenty models tested had 
all the same ratios of beam to draught and length to 
beam, and the same form of mid-ship section ; the 
prismatic coefficients ranged from 0.59 to 0.83, and 
the parallel body made up 10, 30, 50 per cent. of 
the ship. In the recent experiments the models 
have been made without any llel body at all. 
The experiments demonstrate clearly to what extent 
the bow or stern may be filled out not to pay a 
heavy penalty in high resistance. A cular 
point studied is the eddy formation at the stern, 
which affects both the resistance and the efficient 
working of the eee Perfect stream-lines at 
the stern, it would appear, are only possible if the 
stream-lines in closing round the ship are only 





applied, is measured by a dead-weight pendulum 
manometer, to which the oil pressure is transmitted 
by a small piston. For rotating this piston the 
makers had supplied a handle and belt ; but as the 
turning of the handle is jerky and distracts the 
attention of the observer, Dr. Rosenhain has 
replaced the handle and belt by an electric motor 
and worm-gear. The new Martens ball-machine 
for Brinell-testing was made by the well-known 
firm of Louis Schopper, of Leipzig ; the ball is only 
of 5 mm. diameter, and intended for loads of 
1000 kg. As the water pressure of the Laboratory 
is not high enough for working this machine direct, 
the water pressure in a steel vessel is raised by the 
compressed-air supply of the Laboratory. The 
machine is also for shearing tests and perfora- 
tions of thin sheet metal, the pressure required for 
punching a hole being determined. The ventila- 
tion plant of the chemical laboratories had to be 
modified when the laboratories were extended, 
because the cast-iron blades of the high-speed fan, 
which was rather noisy, were corroded by the acid 
fumes, and the fan became much less efficient. The 
new fan has larger blades, about 6 ft. in diameter, but 
is run by the same motor (24 horse-power) at lower 
speed, 200 or more revolutions ; the fumes are, 
moreover, filtered before entering the fan, being 
passed through a chamber lined with glazed bricks, 
in which fragments of limestone are placed on a 
succession of glass shelves, a spray of water playing 
over the shelves. 

The Leitz metallograph, mentioned last year, has 
proved convenient for rapid work at moderate mag- 
nifications, whilst for the highest class work at 
very low powers (up to 10 diameters) and at high 
powers, a Zeiss vertical camera and the old Zeiss 
metallurgical microscope are used, illuminated by 
a hand-fed enelosed arc of the Westminster Engi- 





neering Company; a set of Zeiss apochromatic 
objectives has been purchased. The Linged sup- 
ports for microscopes, which disappear into recep- 
tacles beneath the table when not wanted, were 
noticed last year. 

Cooling-Curves.—The arrangement for taking 
heating and cooling-curves in vertical furnaces has 
proved successful. The specimen is lowered into 
and raised from the furnace, and when the upper 
end of the furnace is made the heated end, convec- 
tion currents do not cause trouble in furnaces of 
5-in. diameter. The raising and lowering was first 
attempted by an electric motor ; but no motor was 


-|regular enough in its pitch circle, and an oil 


piston-pump, ——s a large and a small tube, 
a steel piston and a steel needle-valve, ir now used 
for moving an electromagnet up and down ; this 
a pulls the counter-weight of the 
suspended specimen, which is thus itself moved. 
Further to increase the accuracy of the records, an 
engine-divided glass scale is substituted for the 

per scale, and a Campbell bifilar galvanometer 
or large deflection is used. This need only be 
brought back at intervals of 2000 microvolts, once 
every forty, instead of, as formerly, once every four 
observations. With the now almost automatic 
method of recording adopted, the observer of the 
galvanometer has only to tap the key at every 
transit, instead of plotting the curves from the 
readings on a chronograph tape ; the depression of 
the key causes a pen, which moves outward at a 
regular rate from a zero position, to mark the 
paper and then instantly to return to zero, The 
new curves are remarkably fine, certainly, and Dr. 
Rosenhain finds, in agreement with the Bureau of 
Standards, that the much-disputed point Ar is not 
a double point. 

Alloys Research (Messrs. Rosenhain and Arch- 
butt).—The tests of light aluminium alloye, so much 
wanted in aeronautics, are continued with all care 
on a very extensive scale. In order to ascertain 
whether these alloys really incline to disintegration, 
as is often alleged, a very large number of castings, 
both pure and intentionally impure, and of rolled 
bars, have been prepared in the Laboratory itself 
and in the foundries and mills of the Atlas Alumi- 
nium Works, of Birmingham, and the Melton 
Works, of the British Aluminium Company. Some 
1500 test-pieces, rings of 3 in. diameter, bars of 6 in. 
length, and also complex castings (motor-cyclo 
crank-cases) have been prepared and carefully 
machined, numbered and marked, without being 
engraved or stamped, simple test-pieces being 
likewise taken for measurement lest any changes 
should be overlooked in the complex specimens. 
The test-pieces are measured at intervals of three 
months for dimensions and electric conductivity 
by the aid of simple devices, optical levers, ¢.y., 
made in the Metrology Department, which measure 
to ,996 in. with a magnification of 80, the ends of 
the bars being especially finished for this purpose. 
So far no changes in dimensions have been dis- 
covered, and no evidence of warping has been 
obtained, although the specimens are kept in dif- 
ferent conditions in ovens at 100 deg. or 40 deg. 
Cent., wet and dry, for instance, in order to imitate 
damp hot climates, &. As it was undesirable 
to insert contact-plugs of other metals into 
the test-pieces lest the contact-surfaces be 
damaged by corrosion, these faces are wrapped 
with rubber tape, or, better still, with wick 
or cloth impregnated with a thick lubricating 
oil; both these wrappings stand 100 deg. Cent., 
and are easily removed for taking measurements. 
The electric conductivity measurements are made 
on a Kelvin double bridge, designed by Mr. Melsom, 
of the Laboratory, and made by Mr. R. Paul. 

Experimental Kolling-Mill —As the rolling and 
forging of these various aluminium and other alloys 
cannot, at ordinary mills, be adapted to the special 
varied objects of the Laboratory, the Laboratory 
has decided on erecting an experimental mill of its 
own, and this erection has nearly been completed 
under the superintendence of Mr. Jakeman. A 
steam-engine being undesirable, electric power was 
adopted, and, since the Teddington supply is by 
three-phase current, and the local power-station 
declined to have an occasional peak load of 150 
horse-power on its mains, a Tudor battery of 
120 cells has been installed, which allows of varia- 
tion between 10 and 240 volts, and thus of speed 
variations in the motor and mill which would be 
out of question in works. The motor can also be 
run on the 100-volt light circuit. The two-high 
mill, which has been supplied by Messrs, W. H. A. 
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Robertson and Co., of Bedford, is driven by the 
electric motor through a belt; two sets of rolls 
have been installed for roughing and finishing. 

The mill will also be very useful in the study of 
the ternary alloys of aluminium, co » zinc, to 
which, in some cases, from 0.25 to 0. ~ cent. of 
magnesium is added ; many of these alloys break 
up in the rolls, and the ordinary mills are unsuited 
for dealing with both these hard and soft alloys. 

Strain at High Temperatures. Oohesion of 
Metuls. Melting- Point of Iron. Cathode - Ray 
Furnace (Messrs. Rosenhain, Ewen, Hanson).— 
Owing to Mr. Humfrey’s leaving the Laboratory, 
the work on the effect of strain at high tempera- 
ture, resumed by Mr. Ewen, has been delayed. 
The important results of the investigation on the 
intercrystalline cohesion of metals have been dis- 
cussed at the Ghent meeting of the Institute of 
Metals, September, 1913, and elsewhere. The 
—— of iron is to be determined in a 
vacuum furnace, encased in a glazed earthenware 
vessel supplied by Messrs. Doulton, which has, 
with diffisulty, been made air-tight by painting it 
completely with sealing-wax ; the vacuum is pro- 
duced by a high-speed piston-pump of Gaede. The 
furnace is double, on the cascade principle ; the 
inner alundum tube, ? in. in diameter, is wound 
with molybdenum wire (British Thomson-Houston 
Company) the outer tube, 2 in. in diameter, is 
wound with nichrome or tungsten (Durain Com- 
pany); temperatures of 1000 and 2000 deg. Cent. 
are to be reached in the outer and inner ‘one 
Outside the furnace is a shield of silica, and then 
the water-jacket, through which water is sucked 
under reduced pressure. As it is very difficult to 
produce and maintain a vacuum in a furnace con- 
taining porous materials, cathode-ray bombardment 
is to be tried in a large-size apparatus (silica tubes) 
for melting-point determinations, as has been done 
by E. Tiede; a sparking-coil for 3 kw., giving 
16-in. sparks, has been supplied by the Sanax 
Intensity Company, London, ee this purpose. 

Etching Steel. Brittle Platinum Dental Wires 
(Messrs. Rosenhain and Haughton).—The new 
reagent for etching steel—ferric chloride contain- 
ing a little copper and tin chlorides—was described 
on page 783 of our issue of June 5. At the request 
of the Royal Dental Hospital the brittleness, occa- 
sionally shown by the pins of platinum and its 
iridium alloys used for fixing teeth, is being 
investigated with the aid of Messrs. Johnson, 
Matthey and Co. Platinum turns brittle in smoky 
gas flames, chemists know, and it is thought that 
some gas effect might take place when the pins are 
embedded in pasty porcelain ; the solder used might 
also cause the brittleness. 

Road Board Laboratory. Textiles. Aeronantics. 
(Messrs. Rosenhain, Bircumshaw, Withey, Barr, 
Turner).—At the suggestion of Colonel Crompton 
the chemical and physical properties of pitch and 
bituminous substances, alone or bound with 
sand, &c , are being studied by the penetrometer 
and other methods; this work was begun by Mr. 
Bircumshaw in Mr. Crompton’s laboratory, and the 
penetration is determined at a constant rate of 
speed. Micro-sections are also examined. Glass 
and textiles further claim much attention. 
The strength of linen can now be tested at any 
degree of humidity, disputes previously arising 
between contractors and purchasers having been 
traced to atmospheric humidity. Balloon fabrics 
seem best to be oo against atmospheric 
influences by metallisation, which is effected in the 
Laboratory by the Schoop process. The study of 
metallic crystals by Réntgen rays on the lines 
awe whic be : cen u " e work in the 
aboratories for metallurgical chemistry is in charge 
of Messrs. Murdock, Grogan, ae. Ward and 
Tucker. 

Electricity. 
Smith). 
absolute measurements of resistance have been 
made on resistances nominally cf 0.001, 0.002, and 
0.01 ohm. The results, attained under conditions 
of unprecedented care, are in excellent accord, and 
the international ohm would accordingly have a 
resistance of 100052 ohm (10°cm./sec.), with a 
probable error of 4 parts in 100,000. The derived 
value for the length of a mercury column, represent- 
ing 1 ohm at rig C., would be 106.245 + 0.004 cm. 
This length is slightly smaller than the mean of 
previous determinations made by different scientists 
since 1882. According to an investigation, carried 
on ia the Laboratory in 1908, of the secular 
of the old B.A resistance coils, there were changes 
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Lorenz Apparatus.—A large number of | 5000 d 





in those coils in the period 1882 to 1888. Correcting 
for those changes, the agreement with the previous 
ohm values becomes better; yet all the previous 
values exceeded the value 106.25 (except those of 
ae and Sidgwick, 1883, and of Dorn, 1889), 
and some (Rowland and Kimball, Mascart, 
Kohlrausch, Duncan and Wilkes, V. Jones) even 
exceeded 106.30. According to the new measure- 
ments, the length of a mercury column having the 
resistance of one international ohm is 106.30 cm. The 
mass of this mercury column is 14.4446 grammes. 
The diameters and axial lengths of the coils of the 
Lorenz apparatus were re-measured in 1913 and 
found to agree with the measurements of 1912 
within 1 in 100,000. A very slight periodic varia- 
tion in the pitch of the coils was, however, dis- 
covered, due to the leading screw of the lathe; 
this has to be allowed for by calculations. The 
coils increase in diameter when under current, and 
the discs, which rotate in the coil gaps, also increase 
in diameter. The former increase had previously 
been determined. To measure the latter, contact 
points were fixed on the stationary brushes which 
rest against the rim of the disc ; the brushes, it 
will be remembered, resemble fiddle bows fitted 
with wire strings; a micrometer was turned until 
it just touched the contact, when a telephone 
sounded. 

Ourrent-Weigher. Resistance Standards.—In the 
absolute measurements by means of the current- 
weigher, the current is either kept constant and 
its value is calculated from the weight wanted to 
maintain equilibrium, or the current is varied and 
its mean value is calculated from the change in the 
period of the balance. The apparatus is less well 
suited for the latter method than for the former, 
but some determinations have been made, correct 
probably within 1 in 10,000. A disturbing feature in 
such apparatus is sometimes that the paraffin insula- 
tion does not always keep constant, owing to a slight 
acidity; it has in this case gone down from 1000 to 50 
megohms. Two mercury standard resistances have 
been erected, each being filled three times. Most 
of the manganin resistances behave excellently, 
but a few have proved decidedly inconstant, the 
material being apparently faulty. The exchange of 
eight sealed manganin coils of 1 ohm with the National 
Institutions at Paris, Berlin, St. Petersburg and 
Washington has resulted in a very gratifying 
international agreement; the Teddington coils 
changed their resistance by 2 in 100,000 during 
their absence from the Laboratory, but the changes 
seem to have been gradual. 

Magnetometer. Magnetographs.—The intended 
electrification of the South-Western Railway passing 
through Teddington has put the Laboratory on its 
guard, and a clause has, with the assistance of 
the Treasury, been inserted in the Act, in accord- 
ance with which the company undertake that 
the magnetic disturbances produced thereby at the 
Laboratory shall not exceed their present value — 
there are electric trams near the Laboratory—by 
more than 20 per cent. Any such disturbances 
would seriously affect precise electric measurements, 
and a non-magnetic hut has been constructed in the 

dens of the Laboratory grounds, as far away 

rom the buildings as possible, for keeping observa- 
tions and also for conducting experiments, testing 
compasses (formerly done at Kew), &c. The hut 
was designed by Mr. Jakeman, and is built entirely 
in wood and Keen’s cement, which is a kind of 
plaster, but has to be lined with asphalt to keep 
the moisture out ; all concretes and cements proved 
hopeless, as they contain iron silicates. The hut is 
30 ft. by 16 ft., and has a clear height of 9 ft.; a 
movable partition divides it into two parts. The 
new a of Mr. Smith are suspended 
by one quartz thread ; the sensitiveness depends 
upon the torsion, and may be made very high 
by making the angle of twist, usually about 
eg., very large, up to 100,000 deg.; the 
weight of the magnet system, together with 
the aluminium vanes and the mirror, to which 
the magnets are attached, can be varied from 
0.6 to 50 grammes. The apparatus, which have 
been constructed in the workshop, are inexpen- 
sive, and have, by overdamping, been made to 
trace the general trend of the horizontal intensity 
curve, without being affected by sudden fluctua- 
tions due to the disturbance from the tram-lines, 
which do not exceed 5 y, as a rule (1 y = 0.00001 
cg.s. unit), We referred to these remarkable 
curves in our notice of the Royal Society soirée of 
last May. The new magnetometer, also made in 
the workshop, was suggested by Dr. A. Schuster, 





who has made a donation of 1001. for this purpose ; 
the instrument allows of taking absolute measure- 
ments within four minutes ; the principle is that 
the horizontal component of the terrestrial field is 
com with the field produced by a current 
flowing through a coil. 

Standard Cdls.—The equilibrium in the Weston 
cells and the hydrolysis of mercurous sulphate in 
particular are stil] under investigation. Mr. Smith 

ints out that when hydrolysed and non-hydro- 

sed salts are in contact with solvent and mercury, 
the mercury actsasacatalyst. He studies the solu- 
bility of mercurous sulphate in water by electrolytic 
titration—that is to say, by measuring the electro- 
motive force of a cell as the titration proceeds, 
and noticing the sudden change accompanying the 
disappearance of the mercury ions. 

General Electric Measwrements (Messrs. A. Camp- 
bell, D. W. Dye, H. C. Booth). Power Factors of 
Condensers. Wave-Meters. Inductance.—-The experi- 
ments on power factors of condensers have man 
continued up to frequencies of two million periods 
per second, thus covering the — radiotelegraphic 
range, and castor-oil, first trusted as di-electric, 
comes out badly. At 800 periods its power factor 
is but 0.0005, but at one million periods it is enor- 
mously larger—0.038, so that, convenient as castor- 
oil is for small condensers in general, it cannot be 
recommended for radiotelegraphic work. Petro- 
leum behaves much better, and mica also, though 
Mr. Campbell found that its temperature co- 
efficient was very small between 5 and 30 deg. 
Cent., but not constant. Castor-oil is undesirable 
likewise for the large temperature co-efficient of its 
capacity. He demonstrated this by a simple ex- 
periment; he d currents through two wires, 
cooled the one in air, the other in castor-oil ; the 
two currents were first of the same order; but as 
more cells were thrown in, the current through 
the air-cooled wire became a hundred times the 
stronger. Characteristic phenomena were also ob- 
served when a current gap was produced between 
two wires immersed in oil ; the oil boiled finally, and 
when the current was slowly raised, the oil column 
looked like the striated gas column of a discharge 
tube. Three mutual inductometers have been 
constructed ; the first reads up to 2 millihenrys, and 
is intended for ballistic F atpmssnee iron tests at 
25 amperes maximum. The second is of 1 micro- 
henry, and toserve for testing nominally non-induc- 
tive coils. The third instrument has a range of 4 
henrys, and has in bridge measurement of secondary 
X-ray coils been used to measure up to 2000 henrys. 
In the wavemeter-room more than 350 coils have 
had their constants determined, some for wave- 
lengths of 6000 metres. By the aid of a Duddell 
singing arc and tuning-forks commercial frequency 
meters are calibrated from 300 up to 800 periods. 

High-Frequency Shunts and Resistances.—At high 
frequencies the self -inductance of a shunt turns 
out, as was to be expected, to be much more impor- 
tant than its resistance. The time constants of 
the instrument shunted and of the shunt should 
be the same for proper working. In the resistance 
decrement measurements the power spent by a 

iven current in the coil is measured ; a thermo- 
junction is placed on the coil, and the temperature 
rise, as well as the cooling curve, after switching 
off are determined. This method confirmed the 
interesting discovery of Lindemann that a solid 
conductor behaves at certain frequencies better 
than a stranded conductor. 

Magnetic Tests.—The experiments on the bad 
effect of temporary, though moderate, strain on 
magnetic permeability were mentioned last year ; 
the same amount of distortion, when made per- 
manent by passing the limits of elasticity, does 
not lower the permeability so much. In applying 
the isthmus method it has been found practical to 
reverse the magnetising current instead of reversing 
the test-piece suspended in the gap. The permea- 
bility of iron wire and strip, used for lapping tele- 
phone cables, in order to increase their inductance, 
is tested both with rings of the material (by 
ballistic or other method), and with the lapping in 
position on the cable, by measuring the inductance ; 
the two methods should agree ; stalloid (silicon-iron) 
is recommended for the lapping: A small iron-core 
transformer of Mr. Campbell’s, containing several 
flat rings of silicon iron, proved trustworthy at the 
highest frequencies (two millions), which is very 
astonishing. The research on the insulation resist- 
ance of silica and glass at high temperatures was 
brought before the Physical Society last August. 

Aerials.—Several aerials have been put up ; on 
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one of these the time signals from Paris and 
Norddeich are regularly received by the Horo- 
logical Department (Metrology). The aerial is 
stretched over the ground in a length of 250 m. at 
a height of 7 m. to 12 m. 

Electrotechnics (Messrs. C. C. Paterson, E. H. 
Rayner, M.A., A. Kinnes, B.Sc., B. P. Dudding, 
J. W. T. Walsh, B.Sc.).— Routine testing has 
absorbed 45 per cent. of the time of the staff. Most 
of the work done is confidential until the publi- 
cation of the reports. 

Photometry. Unit of Light.—The past winter 
was too mild again to secure very low values of 
atmospheric humidity for the realisation of the 
pentane unit (and its humidity coeftisient) in terms 
of the values of electric sub-standard lamps. The 
intercomparison of the high efficiency standards of 
the principal national institutions has been con- 
cluded, with gratifying results. The final ratios are: 
Reichsanstalt/ 0.9 x N.P.L. = 1.000; Bureau of 
Standards / N.P.L. = 0.997 ; Laboratoire Central / 
N.P.L. = 0.998. The comparisons entailed a colour 
ditilerence corresponding to that between a carbon 
lamp at low efficiency and a 1.5 watt tungsten lamp 
(per mean horizontal candle). These latter photo- 
metric standards prove very reliable. Observations 
on 5.5-watt and 1.5-watt lamps are made with the 
aid of a flicker photometer. That a high accuracy 
can be obtained in colour-matching has also been 
demonstrated by the experiments in which electric 
sub-standards are measured against black-body 
radiations from fusing metals. The carbon filament 
and the tungsten filament have the same black-body 
temperature for the same colour match, but the 
specific consumption is, of course, much lower in 

e latter case. 

Navigution and Motor Head - Lights. Factory- 
Lighting. Illumination Commission.—The research 
on navigation lights for the Navy, tests of burners, 
lenses and coloured screens, has been completed, 
and modified instructions are to be issued by the 
Board of Trade. The research on dazzling motor 
head-lights has several times been referred to in 
our columns. The driver wants the light to be 
thrown on the road, but the glare on the driver's 
right-hand side should not rise more than 3 ft. above 
the road-level, if the public are not to be inconveni- 
enced. These objects can more easily be attained 
with head-lights of the mirror and lens types than 
with those of the parabolic type. The introduction 
of louvred glass fronts, built up of horizontally- 
arranged slats of glass, which throw the beam down, 
is to be welcomed. We also described last year 
the experimental room, 20 ft. by 12 ft., for studying 
factory-lighting at illuminations from the lowest 
values up to 20 ft.-candle. Dr. Glazebrook is 
chairman of the Home Office Committee on Factory- 
Lighting. Trials have been made with practical 
workers sitting at different tables, and Mr. Walsh, 
of the Laboratory, has taken measurements in 
works. The International Illumination Commission 
held its first meeting at Berlin in September ; Mr. 
Paterson is secretary, and the bureau is at the 
National Physical Laboratory. 

Special investigations have been conducted con- 
cerning the matt white cards serving as reflectors 
in photometry, and concerning the half-watt lamps 
containing tungsten filaments in nitrogen under 
high pressure. 

Electrotechnics. Power Measwrements.—The very 
important testing of alternating-current meters and 
watt-hour meters, on which Messrs. Paterson, 
Rayner, and Kinnes reported to the Institution 
of Electrical Engineers in May, 1913, is further 
being improved and facilitated in various ways. 
Resistance-boxes of higher values, self-calibrating 
(basing balanced against one another), are used. In 
order to test three-phase wattmeters with their 
current and potential transformers under the con- 
ditions as they are used in practice, a switch has 
been constructed to earth the two mains in succes- 
sion on 20,000-volt circuits, so that the wattmeter 
may be changed over from one measuring phase 
to the other, which is required for the two-watt- 
meter method; the switch is manipulated by 
wires from the stand at which the Kelvin static 
voltmeter readings, &c., are taken. A bifilar sus- 
pension has been given to this voltmeter to stop 
the ‘‘creep,” which is hardly appreciable under 
ordinary circumstances, but troublesome with the 
fifty-fold magnification adopted ; at the same time 
the moving system has been made of a light alumi- 
nium alloy, containing 265 per cent. of copper and 
5 per cent. of zinc. The standard water-tube 
resistances, which answer very well, have been 





supplemented by 14-in. tubes for 500 and 2000 
amperes. The new motor alternator of Messrs. 
Crompton is very convenient for expeditious test- 
ing. It consists of a 25-horse-power continuous- 
current motor and a rotating field alternator ; on 
to the shaft of the set is coupled one of the —— 
Siemens alternators (5 kw.) feeding the voltage 
circuits, while the new alternator feeds the current 
circuits through step-down transformers. The 
field of the voltage machine can be shifted in rela- 
tion to the current machine in the usual way; a 
heavy fly-wheel and copper discs running in the 
mercury pools for leading in the currents steady 
the currents. 

Kbonite. Heating Tests of Field-Cuils. Radio- 
telegraphy.—The pernicious effect of light on ebonite 
has been studied for the Admiralty. Mr. Rayuer’s 


CATALOGUES. 

Winding-Engines.—We have received from Messrs. 
Andrew Barclay, Sons and Co., Limited, Caledonia Works, 
Kilmarnock, Scotland, a cata section illustrating some 
of the principal types of ing-engines they have been 
building during recent years. The illustrations show 
engines of the coupled-cylinder type, fitted with drop, 
Corliss, Cornish, or elide-valves, and having either cylin- 
drical or conical drums. The firm’s auxiliary foot-brake 
for winding-engines is also illustrated and ibed in 
the catalogue, which forms a section of a new complete 
catalogue now in course of preparation. 

Bearings. — The Berlin - Anbaltische Maschinenbau 
A.-G., of Dessau, Germany, have sent us a copy of their 
catalogue of ‘‘ Bamag” economic bearings for machinery 
and line-shafting. ‘hese bearings are of the ring-oilin 
type, with either plain cast-iron or white-metal-li 
bushes. Full Fe goa = with prices in marks, are given 
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of open and with fixed or swivelling 
work on the heating of field-coils has a - beacings, poterale wan Cater cated inge, tals 
sumed with coils especially wound by the British | with sleeves for loose eys, ae ings, open 
Thomson - Houston Company and by Messrs. and closed hangers, wall- ets, and pillar-brackets. 


Mr. OC. A. Matthews, of 22, Bridge-street, Deansga 
Manchester, is the re savive of the firm for the 
North of England and Scotland. 


Fittings for Half-Watt Lamps.—The General Electric 
Company, Limited, of 67, Queen Victoria-street, EO 
have issued a —— giving a mg of fitti 
specially designed for use with f-watt lam 
intense brilliancy of these lamps, and the fact that they 
get much hotter than ordinary lamps, renders special 
ventilating and distributing arrangements necessary, and 
the long neck of the lamp has also to be concealed if 
artistic effects are aimed at. All these points have been 
taken into consideration in designing the fittings dealt 
with. Most of the fittings are equi with the firm’s 
special ‘‘Superlux” or *‘Equiluxo” glassware, experi- 
ments having shown that these glasses give the most 
efficient results, com with very pleasing effects ; 
other glasses can, however, be supplied, if desired. The 
pamphlet, which is fully illustrated, states prices and 
gives full particulars of a large selection of fittings for 
interior and exterior lighting. 


Mercury Vapour Lamps, &c.—We have recoived from 
the Westinghouse Cooper-Hewitt Company, Limited, 
of 80, York-road, King’s Crosse, N., a number of pam- 
phlets giving particulars of v gmy ba lamps and 
other apparatus manufactured by this firm. Among 
them are continuous blue-printing machines, water 
sterilisers, the ‘‘ Rectigraph” photographic apparatus for 
copying drawings and documents, and a special type of 
silica p for laboratory use. These silica lamps 
are intended to form an efficient, reliable, and econo- 
mical source of ultra-violet rays for use in scientific or 
industrial research work, also to produce mono- 
chromatic visible light for spectroscopic work and polari- 
metry. The lamps are made in two distinct types. In one 
of these the tubes are very similar to those used for ordi- 
= illuminating pur and are supplied with 
sothat they can be fitted up on an ordinary laboratory 
stand. — of the me sy U-shaped tubes, 
so as to get the necessary arc in a small space. 
The tube is mounted on a marble Lase, which it over- 
hangs insuch a manner that the rays are not obstructed 
in any way. Each type is made in two sizes, rated for 

i according to their luminous intensity, which 
ranges from 1200 to 8000 candle-power ; they are suitable 
for working at all usual voltages. 


Turret Lathes.--We have received from the Judson- 
Jackson Company, Limited, 50, Marsham- - 
minster, 8.W., a pamphlet illustrating and describing 
the Schaerer Fay high-speed full-swing combination 
turret lathes for chuck work of all descriptions. These 
lathes can swing 31-in. work in the and 22}-in. work 
over the bed. ey have eligueel | 

twenty different spi 8 

gears, all of which are hob 
of which are case-hardened. 


Siemens Brothers; the results show that it is 
advantageous to impregnate coils of cotton-covered 
wire after winding, whilst the use of a protective 
covering of tape may increase the internal tempera- 
ture by 15 deg. Cent. As secretary of the Ad- 
visory Committee of the Postmaster-General on 
Wireless Telegraphy, Mr. Rayner has visited the 
stations at Cullercuats, Clifden, Berlin-Nauen, 
ore and Hanover, and the erection of a 
research laboratory for radiotelegraphy in connec- 
tion with the National Physical Laboratory is 
planned. 

Direct-Ourrent and Resistance Measurements 
(Messrs. S. W. Melsom, and H. C. Booth).—The 
test-work has much increased. The question of the 
unreliability of ebonite exposed to light has come 
before this department in connection with the 
ebonite tops of the boxes for resistancecoils. The 
coils are now placed in brass boxes filled with oil, 
and are connected with the terminals and the 
mercury cups, both nickel-plated and varnished to 
withstand the creeping of mercury, on the top ; the 
insulation between the cups and the top of the box 
is amberite ; inside the box ebonite washers may 
safely be used. 

Conductor Rails. Electric Cables.—The conduc- 
tivity of conductor rails is generally stated in terms 
of standard copper or of Matthiessen’s copper value, 
and misunderstandings arise as to whether copper 
and steel are com as tothe same length and 
weight, or as to the same length and sectional area. 
Since steel rails are bought by the number of 
pounds per yard, the comparison should be made 
accordingly, and the resistance be expressed in 
ohms. e question is occupying the Engineering 
Standards Committee. So far as the work at the 
Laboratory goes at present, the resistance of steel 
rails seems to vary directly, and the temperature co- 
eflicient inversely, with the total contents of impuri- 
ties; the observed resistances in microhms per 
100 lb.-yard varied from 13.9 (electrolytic iron) to 
20.5 for conductor rails ; an ordinary rail gave 26.3 
microhms. The work for the Wiring Rules of the 
Institution of Electrical Engineers made good 
Pp and the research on the heating of buried 
cables is now well in hand. Inquiries have 
been sent to fifty electricity-supply authorities ; 
Mr. Melsom has visited various stations, and auto- 
matic temperature records of feeder-cables will 
preliminarily be taken. 

(To be continued.) 
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Meratiic PeRMANENT-Way.—The ex 
chairs and rs from the United Kingdom for the 
five months ed May 31 were 48,313 tons, as com 


with 53,961 tons in the correspondi: — of 1913, and | j 
46,549 tons in the corresponding mo - of 1912. British 


of metallic 


India takes the largest share of our exports of metallic | runs on two ides, as high as ible in order 
permanent-way, having absorbed 39,382 tons in the first | to make the turret rigid. Ib is fitted witha power-driven 
five months of this year, as compared with 40,202 tons | quick-traverse motion, which works in directions, 
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_ | which gives a general specification for the 
German Ratts.—The deliveries of German rails in| illustrates its more important details ; 
the first five months of this compared as follow | stated. 


year 
with the corresponding deliveries in 1913 :— 





=, al = Tue Iratian Navy.—The Italian ironclad Christoforo 
Ne 229, or ee —- ion, will pave © Gis 
February .. .. ..  .. 214,667 229, placemen tons, eight guns 

—_ ee Vp nae” a sonas —_ the heaviest descrip in four double turrets, and 
ies kezdn. ike: o'ene cok 287,101 nave been 


The aggregate deliveries for the first five months of this 
year were accordingly 1,062,493 tons, as com with 
1,163,467 tons in the ing, period of 1913. It 
will be observed that the May deliveries showed more 
steadiness and approximated closely to the corresponding 
movement in May, 1913. 
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FOREIGN ENGINEERING PROJECTS. 


Ws give below a few data on several foreign engineer- 
ing projects taken from the Board of Trade Journal. 
Further information concerning these 
obtained from the Commercial Intelli 
of Trade, 73, Basinghall-street, 

in: The Gaceta de Madrid announces that tenders 
will be received, up to July 13, at the Ni iado Corre- 
spondiente del Ministerio de Fomento, id, for the 
construction of new moles at the Port of Alicante. The 
time allowed for the work is two years, and the upset 
price is put at 832,219 pesetas (about 30,800/.). The notice 
contains a clause to the effect that at the first competition 
materials to be used will be confined, with certain excep- 
tions, to products of Spanish manufacture, but that in the 


Branch, 
Cc. 


event of no decision being arrived at a competi- 
tion, in which — nets may be Ayame, wee will then 
take place. In the latter event Spanish products will have 


a 10 per cent. margin of erence over foreign. _ 

Morocco; H.M. Chargé d’Affaires at Tangier has 
forwarded an extract from the Bulletin Officiel of 
May 22 containing a “‘ Dahir” granting a conces- 
sion to the Compagnie Marocaine de Fedalah for 
the construction and working of a public port at that 
place. Special provision has apparently been made for 
the work of construction being put up to tender. Ac- 
cording to the cahier des charges annexed to the Con- 
vention for the concession, the works will include the 
construction of a jetty 200 metres (218 yards) long from 
the outer of the two islands in the bay, and the construc- 
tion of wharves, “‘ terre-pleins,” a in of 4 hectares 
9.8 acres) area, and sheds and warehouses, the latter to 

equipped with cranes, &c. The works must be finished 
within 15 months. 

United States of America: H.M. Consul-General at 
Chicago reports that the State of Illinois intends to make 
strong efforts to improve the condition of its roads, and 
proposes to spend some 65,800/. this year on the construc- 
tion of about 600 miles of hard roads throughout the 
State. In this connection an order for 1,600,000 sacks of 
cement has already been placed. 

Mexico: The Diario Oficial, Mexico City, contains the 
text of a contract entered into between the Department 
of Agriculture and Colonisation and Sefior Miguel Lanz 
Duret, representative of Messrs. Mengel Brothers. 
authorising the construction and working of four railway 
lines from the boundaries of the firm’s concession in the 
Quintana Roo Territory as far as the River Hondo and 
Chetumal Bay, between the towns of Ram 
Ubero. The concession is for a period of ten years, and 
the lines may be acquired by the State at the expiration 
of that period if desired. The Diario also contains the 
text of a contract entered into between the Secretary of 
the Treasury and Public Credit and Sejfior Enrique 
Fernandez ‘Castelld, for the partition and development 
of land reclaimed from the sea at Vera Cruz. The works 
specified include the construction of conduits, sewers, 
and mains for the drainage of superfiueus and rain- 
water, and for the supply of drinking water, the con- 
struction of necessary <aiinheenta, and the paving of 
roads and footpaths. 





Frencu Rouiine-Stock.—In the course of last year 
121 locomotives, 96 tenders, and 4072 miscellaneous car- 
riages and vehicles were delivered to the Northern of 
France Railway Company. The 121 locomotives comprised 
25 compound six - wheeled - coupled engines. one com- 
pound locomotive, with five-coupled axles of the decapod 
type, 94 compound engines, with four-coupled axles of 
the consolidation type, and one compound locomotive, 
with three-coupled axles Since January 1, 1914, forther 
orders have been given for 43 locomotives and 1183 mis- 
cellaneous vehicles. 





NortTHern Coat, Iron AnD Stee, Companigs.—We 
have received from the Business Statistics Company, 
Limited, of 20. Victoria-street, Westminster, S.W., a 
copy of a booklet they publish at the price of Is. 
net, giving financial statistics of the various coal, iron 
and steel companies in the North of England. Two 
pages of the book are devoted to each company. On the 
first page are given a list of directors, the name of the 
secretary, the amount of capital and debentures, annual 
output, highest and lowest prices of shares during the 
past few years, and other useful information, while the 
second page is devoted to a summary of the more recent 
halance-sheet and profit-and-loss acoount; the profits 
made, dividends paid, sums placed to reserve, &-., 
during the past few vears are also mentioned. The book. 
which it is proposed to issue annually in future, should 
thus prove very useful to investors. 





OCxantan Ratways.—The Chilian Parliament voted last 
year a sum of 30,000 dols., to be given as prizes for the 
best designs of general railway wo:'ks for dealing with the 
repair of 500 to 600 locomotives, 500 p wsenger carriages, 
and 6000 goods wagons. The first prize was to be 20.000 
dols. and the second 10.000 dole Messrs. the Niles- 
Bemenxt-Pond Company, New York, took the matter up, 


and sent complete drawings showing the ground plan | the large 


and elevation of every building; « plan of the yard, 
with tracks, yard cranes, paving, &c., complete ; plans 
vf the wiring, power distribution, central power-station 
and its equipment, the machine and erecting-shop, 
the machine-tools being in groups, one group for each 
item of the engine. The awards, we are informed, were 
made in the first week of June, and the firm named 
were awarded the first prize, the second prizs going to a 
Belgian and English combine. It is expected that the 
shops will cost 3,000,000 dols, 


projects can be Frees 


and | red 


THE PHYSICAL SOCIETY OF LONDON. 


AT the meeting held on June 12, at the Imperi 

College of Science, Professor T. Mather, F.R.S., Vice- 

t, in the chair, a paper entitled ‘‘ Note on the 

ction bet the Method of Least Squares and the 

Fourier Method of Calculating the Coefficients of a Trigo- 

nometrical Series to Represent a Given Function or Series 

of Observations,” by Professor C. H. Lees, F.R.S., was 
taken as read in the absence of the author. 

In view of the number of alternative methods which 
have been eupuested for calculating the coefficients of the 
terms of a Fourier series to represent a number of obser- 
vations of « variable quantity, the author points out that 
the Fourier method gives the most probable values of the 
coefficients, since it makes the sum of the squares of the 
errors at the points of observation a minimum. 

Dr. C. Chree mentioned that the method was dealt 
with in Tait’s ‘“‘ Natural Wee bat no ya was 
given. Professor had supplied the proof, and the 
1 was of interest on that account. 

r. W. Wilson (communicated remarks) said : Professor 
Lees deals with a function f (x) of period /, whose values 
are given in the whole mterval from 0 to/. In this case 
the validity and uniqueness of the Fourier expansion 
aay Ff (x) is subject to certain restrictions) have 

demonstrated with complete rigour (Dirichlet, 
** Collected Works,” vol. i., pages 133 to 160; and G. 
Cantor, Journal fiir Mathematik, LX XII.). It seems to 
me, therefore, that there is no question of the reliability 
of the Fourier coefficients, and the fact that the method 
of least squares leads to the usual Fourier expressions for 





that of the Fourier coefficients themselves. 

A paper entitled “4 M for Measuring 
Variations in the Horizontal Intensity of the Earth’s 
Magnetic Field” was read by Mr. F. E. Smith. 

Tn the case of unifilar instruments for recording varia- 
tions in H, if 0 is the angle which the magnetic system 
makes with the magnetic meridian, M the moment of thi 
magnet, and H the horizontal intensity of the earth's 
field, equilibrium results when MH sin 0 = T ¢, where ¢ 
is the torsion of the fibre and T is a constant. In the 
instrument described ¢ may be made great or small, but 
high sensitiveness is secured by making ¢ great. The 
magnet system is supported by a quartz fibre, and critic- 
ally aperiodic damping is obtained by means of an alumi- 
nium vane and two parallel damping plates. To diminish 
the sensitiveness the effective length of the fibre may be 
reduced. The general usefulness of the instrument is 
illustrated by photographic records, which show the 
instrumental peculiarities to be very small, and indicate 
that unless the — is aperiodic increased difficulty 
must result in the interpretation of the records. An 
over-damped system responds but slightly to rapid 
pulsations in H, but follows the slow changes which are 
common all over the world. The general sensitiveness of 
the records is about 3 mm. for a change in H of 0.00001 
C.G.S. unit, but one record shows a displacement of 


8 mm. for such a —-. 

Dr. Chree thought the instrument ingenious and likely 
to be very useful for the purpose for which he understood 
it was primarily intended—viz., the observation of the 
disturbances produced at the National Physical Labora- 
tory by existing and prospective electrical tramways and 
railways. There were various features in the existing 
disturbances whose investigation seemed likely to be of 
interest and to the public advantage. There were 
certain natural phenomena, for example, ‘‘ pulsations,” or 
small oscillations of magnetic force, for whose investiga- 
tion the instrument from its great sensitiveness seemed 
well adapted, only for such purposes it would have 
to be set up at some station, such as Eskdalemuir, 
remote from London or any other large centre of elec- 
trical industry, There were, however, two features— 
viz., the somewhat rapid variation of scale value across 
the sheet, and the fact that the instrument responded 
sensibly to changes of declination as well as horizontal 
force, — 7! —— wap hn in the way of 
its employment for ordinary o vatory purposes. 

Mr. R. S. Whipple asked whether the author had 
considered the advisability of flashing a spot of light 
across the sheet to give the time scale, as was done at 
Potsdam. 

Mr. C. W. S. Crawley considered the tramways were 
& great nuisance to magnetic observers. He had gone a 
good deal further in sensitiveness than the author, and 
even when situated 16 miles from the nearest tramways 
he had found them very troublesome. The little kick in 
the middle of the disturbance which Mr. Smith thought 
might be an instrumental error had often been noticed 
by him, and was a definite phenomenon in no way due to 
tbe instrument. 

Professor T. Mather asked if the author had tried 
using the finest quartz fibre which he could handle. It 
appeared that the instrument took two or three 
to attain its final position. Ifa finer fibre were used, a 
lighter and quicker magnetic system could be employed. 

author, in reply, with the remarks of Dr. 
Chree. He thought it would be interesting to set 
up an pee to — very small Tile cabs — 
as might occur during solar eclipses, while 
i r ordinary disturbances. He admitted that. the 
variation of sensitiveness across the sheet would be a 
disadvantage to an ordinary observatory assistant, but it 
gave him no trouble whatever. In replv to Mr. Whipple, 
he had already started to employ the flash of t 
method for the time scale. In reply to Professor 
Mather, was no doubt that the system could be 
mvde a good deal lighter if it were desired to measure 
very sudden disturbances lasting only a few seconds. 
A entitled ‘‘ The Atomic Weight of Copper by Elec- 





paper ; 
trolysis” was read by Mr. Albert G. Shrimpton, 


the coefficients confirms the reliability of this method | th 
rather than 





Four copper cells separating two silver cells were run 
in series. e areas of the four copper cathodes in- 
creased from 10 to 50 s. cs. By plotting the weights of 
the copper deposits against the co: 
cathodes, and extrapolating to zero area, the t of 
the deposit is corrected for under experimental conditions. 
The atomic weight of copper 


_. corrected weight of Cu x 107.88 x 2. 


mean weight of Ag 


The mean atomic weight for ten determinations = 63.563, 
joe a a error of —. y — a uniform coherent 

leposit pure metal t ollowing points were con- 
sidered — 


1, Cylindrical cells with stationary and rotating 
cathodes were used. . 

2. The cathode current density must be kept below a 
certain limiting value to prevent the formation of non- 
coherent deposits, due to ition. i 
was found to depend upon the geometry of the cell, the 
concentration of the electrolyte, the presence of acid and 
other impurities, the addition of a porous pot, and the 
rate of revolution of the cathode. Formulz are given by 
which the limiting cathode current density can be found 
for all conditions of the cell for Cu, Ag, Au, and Zn. 

3. To prevent the formation of loose crystalline clusters 
the current density must also be kept below a certain 
value depending u the weight to be deposited. 
(Formule are given. 

Mr. F. E. Smith congratulated the author on the results 
of his work. . He appeared to have triumphed over many 
difficulties, and for his particular purpose had converted 

© copper voltameter from an instrument of error into 
an instrument of precision. In future work he hoped 
that Mr. Shrim would avoid the use of common 
porous pots. ey might produce trouble, and were 
not necessary, as all voltameter work could now be 
carried out without the introduction of any medium 
between anode and cathode. He should be pleased 
to give Mr. Shrimpton full particulars. The state- 
ment respecting deposition of hydrogen was, he thought, 
ineorrect. It was not logical to assume that hydrogen 
ions were first deposited because of the lack of 
copper in the neighbourhood of the cathode, and then 
to state that as soon as they were deposited they went 
into solution again, and in doing so displaced cepper 
from the solution. With regard to crystalline growths 
at the bottom of the cathode, he believed these were due 
to the high current density at the base due to the 
of the current through the liquid descending from the 
anode. There was a possibility that the electrolyte 
was not quite pure. In the silver voltameter he had 
obtained striated deposits with impure electrolytes, but 
not with pure solutions. Mr. Shrimpton also stated 
that silver deposits from acidified solutions were normal ; 
this was not his experience, nor that of other investi- 
gators. He believed the deposit to be less in mass 
when the electrolyte was acid. A rather important 
question arose with regard to any Cu,So,4, which might 
be formed in the cathode space. Ric who also 
extrapolated to zero area, as Mr. Shrimpton had done) 
remarked in his Paper: ‘‘ A value obtained in this way 
must correspond to a deposit of copper slightly too 
great; for the mode of correction—i.¢., extrapolation to 
zero area—doeés not take account of the growing, although 
slight, presence of cuprous salts.” . Shrimpton said 
the extrapolation to zero area covered this case. The 
speaker thought the point was one that should be settled. 

course, W: one reduced the area, the current density 
at the cathode was increased, and so also was the fall of 
potential near the cathode; this might have some influence, 

Dr. J. H. Vincent mentioned that after working out 
the conditions n for satisfactory results, the 
author had performed the ten determinations quoted in 
the paper straight away, no results being rejected. As 
they all came within 1 part in 6000 of the mean, there 
appeared to be no doubt that the correct conditions for 
satisfactory working had been obtained. 

Dr. 8. W. J. Smith thought the author’s views on 
secondary deposition could not be correct as they stood, 
although it was conceivable that sudden variations in the 
surface concentration of the copper sulphate, due to 
irregularities of convection, might make it ible for 
hydrogen to be deposited at one moment and to go into 
solution again at the next. Non-coherent deposits could 
be explained without invoking the aid of hydrogen. He 
thought the author’s empirical conclusion that the limit- 
ing current density depends upon the concentration of 
non-ionised mo les had some theoretical support. 





A paper entitled ‘“‘ Note on an Improvement in the 
Einth String Gal eter,” by Mr. W. H. Apthorpe, 
was taken as read. ; 





Britisu Coat Exrorts.—The exports of coal from the 
United Kingdom in the first five months of this year 
Susie hosumunmnalh period of 1913 The cman 
tons in t' ing period o . ex pression 
** coal” includes also coke and briquettes. The principal 
exports to May 31 compared as follows with the corre- 
sponding exports in the first five months of 1913 :— 


Country. 1914. 1913. 
Tons. Tons. 
Russia. . 1,304,074 1,442,564 
Sweden 1,408,560 1,744,500 
Germany 3,378,673 3,512,982 
France. . ‘ = és 5,852,799 5,356,675 
“OSES ae 1,620,152 
Italy .. .. «+ 8,900,684 3,930,725 
~<a a 1,425,024 1,308,316 
Argentina .. .. «+ 1,615,571 1,509,586 
Upon the whole the exports have barely held their own 
thus far this year, the progress usually observable having 
sustained a check. 
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THE ALEXANDRA DOCK EXTENSION 
AT NEWPORT. 


Next Tuesday will mark the culmination of a 
work which should do much to help forward the 
prosperity of Newport. On that day the latest dock 
extension and the new river entrance to the dock 
system will be opened by Prince Arthur of Con- 
naught. Much of the work to be formally inaugu- 
rated has been in use for some time, the procedure 
adopted on the dock extension having 
the earlier part of the work being put into service 
before the completion of the later ; but the bring- 
ing into service of the new lock forms a fitting 
occasion for a formal opening. This lock will 
greatly add to the utility of the extended dock, 
and will enable full advantage to be taken of its 
great area and depth, both by allowing a much 
larger type of ship to frequent the port than has 


owed of | thi 


Railway Company. Those furthest up the river— 
the Alexandra, Ronan and South Wales Town 
Docks—were constructed by an earlier company in 
1842, and were purchased by the present owners 
some time after the construction of the Alexandra 
North Dock. The Town Docks are of 114 acres, 
and are used for coal shipping and general trade. 
The entrance-lock is 200 ft. long and 61 ft. wide. 
The Alexandra North Dock, situated further down 
the river, as shown on the map given in Fig. 1, on 
is page, was opened in 1875. It has a river lock 
350 ft. long by 60 ft. 9 in. wide, and is equipped 
with hydraulic coal-tips on one side and cranes 
and sheds for general trade on the other. The 
dock is 2500 ft. long by 500 ft. wide, and is con- 
nected to the South Dock by a channel 60 ft. wide, 
over which there is a road and rail swing bridge. 
The South Dock was opened in 1893. It is 1600 ft. 
long and 640 ft. wide, and has an entrance-lock 








now on order and will be situated two on the north 
quay and one on the west, in positions indicated by 
the railway connections shown by broken lines in 
Fig.1. The south quay will be = through- 
out with cranes, sidings and sheds for handling 
general merchandise, the whole of these arrange- 
ments at the east end being already in service. The 
lock entrance is 1000 ft. long by 100 ft. wide and 
has a depth over the outer sill of 45 ft. at high 
water of spring tides, and 35 ft. at neap tides. A new 
electric power and pumping station has been 
built close to the new lock. Other new work 
carried out in connection with the estate has been 
the provision of a rolling road and railway bridge 
at the river end of the old South Lock, and the 
building of a ferro-concrete river jetty equipped 
with cranes between the north pier of the North 
Lock and the river cosling-jetties at Pillgwenlly. 
The whole of these works have been carried out to 
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been possible hitherto, and by increasing the 
facilities for ships of a more moderate size. 

The trade of Newport is of a general character, 
and is by no means confined to coal, although, in 
view of the favourable position of the town in 
relation to the South Wales and Monmouthshire 
coal-fields, this latter commodity naturally occupies 
a prominent place in its yng We believe that 
in coal exports Newport holds a position second 
only to one of the South Wales ports, and that in 
general cargo shipment it occupies the first place. 
Situated in Monmouthshire, New is geographi- 
cally more favourably placed for dling trade to 
or from the Midlands than any of its immediate 
rivals, while it is in an equally good position as far 
as much of the South Wales coal-field is concerned. 
It is further situated on a river having an average 
width of about 1000 ft. and with one of the largest 
tidal ranges in the world, amounting to over 38 ft. 
= spring tides. This enables it Bega e 
ships of large size and capaci’ he new work 
that has been undertaken will pb even greater 
use to be made of these advantages than has been 
possible in the past, and should further establish 
the importance of the port. 

The docks at Newport are the property of the 
Alexandra (Newport and South Wales) Docks and 


from the river 503} ft. long and 72 ft. wide. The 
dock is laid out with hydraulic coaling-tips on one 
side, and for general cargo on the other, on the 
lines of its neighbour, the North Dock. As will be 
seen from Fig. 1, ample railway accommodation is 
provided on the quays of both docks. 

The extension of the South Dock, with which 
this article is more particularly concerned, lies at 
right angles to the old South Dock, as will be seen 
from the map, and with it forms virtually a single 
basin. The construction has resulted in a single 
dock with an area of 96 acres. Work on the ex- 
tension was commenced in 1905, and, as has been 
mentioned, was so carried out that part of the 
new accommodation could be brought into opera- 
tion before the completion of the remainder. The 
east end and some of the coaling-berths on the 
north side were first constructed and have been in 
service for some years. The west end, much of the 
south wall and the new southern entrance from the 
river, have only just been finished. The extension 
is 4000 ft. long by 1000 ft. wide, and has an area of 
about 76 acres. The average depth of water is 
33ft. The north side and west end of the dock are 
laid out for coal-handling, and four hydraulic hoists 
situated on the quay have been in use for some 
years. Three new hoists for high bunkering are 








the designs and under the supervision of Messrs. Sir 
John Wolfe Barry, Lyster and Partners, with whom 
up to the time of his death the late Mr. ©. A. 
Brereton was associated. The resident engineer 
was Mr. J. D. C. Couper, M. Inst. C.E., to whom 
we are much indebted for the assistance he has 
rendered in the preparation of this description. 

In describing the works, we will first deal with 
the general methods of construction of the dock 
and lock ; then passing to the entrance jetties 
and to the lock-gates, and concluding with some 
account of the general machinery equipment. The 
construction of the dock, having been carried 
out in various stages, has been the subject of 
numerous contracts ; but the whole of the work 
has been done by Messrs. Easton. Gibb and Son, 
of 9, Victoria-street, London, 8.W. The site, as 
will be seen from Fig. 1, is bounded on two sides 
by the River Usk, and on one other by the Ebbw, 
a tributary of the Usk. The general level of the 
oe before work was commenced was some 7 ft. 

low present quay-level. The site was covered for a 
depth varying up to 40 ft. or so with a soft 
muddy clay, known in South Wales as ‘‘ bungum.” 
Below this there was a layer of gravel, overlyin 
marl. The gravel was, in » very hard and 
of good quality, but proved treacherous in places, 
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where beds of nearly pure sand were encountered. 
It was, in places, 20 ft. thick. The marl was of 
good quality, and gave a firm foundation wherever 
it was reached. 
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At the commencement of the construction of the 
dock, the River Ebbw meandered across the western 
end of the site, in the course indicated by broken 
lines in Fig. 1, and among the first work to be 
undertaken was the construction of the diversion 
channel well to the west of the position of the 
future dock. This channel was taken out in the 
dry mainly with a Lubecker land-dredger. The 
top lift only was removed in this way, and, in 
the first instance, banks were left at each end of 
the diversion, and no water was admitted. While 


this work was in ee, excavation, chiefly by 
means of Ruston-Proctor diggers, was started at 
the eastern end of the dock. A bank of earth, 
the position of which is indicated in Fig. 1, was left 
between this excavation and the south wall of the 
dock, and was not removed until water had been 
admitted to the extension. A bank was also left on 
the left bank of the River Ebbw, shutting out its 
waters from the excavation. Concurrently with 
these two pieces of work a floating dredger was | 
excavating in the old channel of the River Ebbw, | 
removing material up to the line of a diagonal | 
bank across the south-west corner of the dock, | 





dock was carried on in the dry. At the same time 
the eastern portion of the south wall was built. 
Water was then admitted to the extension, and - 
the bank separating it from the South Dock was 
removed by means of a bucket -dredger. The 
dredged material was pumped ashore by means of 
a floating suction-dredger, taking the material 
from the barges, which were filled by the bucket- 
dredger. The material was dumped to the north- 
west of the dock extension, on the land to be 
covered by the railway connections to the new 
coaling-hoists. 
As the extension has a depth of water of 33 ft., 


which is indicated by dotted lines in the plan. This | and the South Dock one of only 30 ft., there is a 


bank formed a boundary of the dock, as it was con- | step between the two. 


structed before the lock works were 
By the time this dredging in the 


ut in hand. 


Its position is indicated by 
the double broken lines running across the South 


bbw Channel | Dock from the north wall of the extension in Fig. 1. 


was completed the excavation of the upper lift of | The work we have so far described completed the 
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the diversion had been finished, and the floating 
was put to work to cut through the two 

ends of the diversion, and to take it out to its full 
depth. As soon as the two ends had been cut 
through, and while the deepening was p' i 
the old channel of the Ebbw was cut off by tipping- 
dams at the ends, as shown in Fig. 1. hen 
dams Nos. 2 and 3 had been completed the 
rtion of the old channel between them, cross- 
ing the site of the dock extension, was pumped 
out, and the remainder of the excavation of the 
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dock as it was first put into service. The area of 
| water available for use was roughly half that of the 
present dock, since, although the area indicated in 
the plan is rather more than this, the tapering 
west end was not ali available for shipping, as the 
depth was insufficient beyond the fourth coal-hoist. 
This end was dredged out later. 
| Before proceeding to a description of the con- 
‘struction of the lock and south-east corner, which 
formed the subject of a separate contract, we may say 
\a little more in detail of the dock as it was com- 
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pleted up to the time we have now reached. The 
whole of the work put into the original extension | 
was of a permanent character, and now forms part 
of the completed dock, except, of course, that the 
diagonal bank has been removed. The main work 
of excavation, as we have said, was done in the 
dry, and the banks were completed before the 
admission of water. The level of the bottom of 
the dock lay in general about 10 ft. above the 
gravel. The banks on the north side and the east 
end are slopes pitched with stone, obtained by the 
contractors from a quarry specially opened a few 
iniles up the river iio. On the north side there 
21¢e four hydraulic coal-hoists, and three more are on | 
order. The hoists are carried on conorete piers, in 
connection with which some interesting work was 
done, but it will be better to defer detail refer- 
ence to them until we deal with the coal-handling 





Fig. 24. 






Fig.27. 
SECTION 8.8. 

























































































ported by 14-in. by 20-in. ferro-concrete struts, 
and 12-in. by 18-in. ferro-concrete ties s 10 ft. 
apart. The struts sit on one of the k ste 


of the wall. The whole arrangement was built in | ends 


the air, and the stone-filling afterwards ked 
round it. A view during building is given in Fig. 31, 
on Plate XI. The construction is very neat, and 
while economical in material, gives an entirely 
satisfactory foundation for the cranes. This quay 
is equipped with a shed and railway-sidings ati ts 
east end for handling general traffic. We will, 
however, refer more in detail to these features when 
dealing with the dock equipment. 

Turning now to the construction of. the lock and 
the south - east corner of the dock, it will be 
remembered that the old channel of the Ebbw 
River, which crossed the lock site, had already been 
isolated by the tipping of dams Nos. 3and 4. This 
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Fig.28. 


SECTION C.C. 


projected into the river a distance nearly half- 
way down the length of the future jetties. It 
joined up with the river embankments at ite inner 


This second temporary dam was formed of rubble 
stone backed up with sand and clay, and when it 
was completed the construction of the outer end of 
the lock was taken in hand behind it. When the 
walls at the outer end of the lock had been com- 
pleted, a third temporary dam was tipped inside 
the second tem dam, cutting across the 
lock site about the middle of the length of the outer 
pen. The first temporary dam was then cut 
through, and the lock-walls in the neighbourhood 
of the middle gates were completed. A view 
of the inner compartment of the lock at this 
showing the invert trenches being excavated 





Fig. 29. 
SECTION D.O. 
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ar the first temporary dam in the background is 
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plant as a whole. 
surface tipping had to be resorted to to raise the 
land to quay-level, and that spoil taken from 
excavation was used on this work. 

The only wall proper in the extension in its 
original form was that forming the south quay. It 
is of mass concrete resting on the gravel formation. 


We should say that, in general, 


The foundations were taken out in timbered 
trenches. A characteristic cross-section of the wall 
is given in Fig. 2, on 34, from which it will be 
seen that a hard-stone filling was put in behind the 
wall, and the ye behind this made up with soft 
filling. A culvert for hydraulic pipes, electric 
cables, &c., runs through the upper part of the 
wall. Cast-iron surface drain-pipes are carried 
through the wall at 100 ft. intervals, while lower 
down the wall is backed with a rubble drain con- 
nected to the dock by weep-pipes. One of the 
most interesting features of the wall has reference 
to the carrying of the crane-road for the 6-ton 
hydraulic cranes which serve the quay. The 
arrangement is well shown in Fig. 2. The front 
crane-rail lies directly on the concrete mass of the 
wall, but the back one is carried by a 12-in. by 
24-in. Hennebique ferro-concrete beam, which lies 
parallel with the quay-front. This beam is sup- 








channel was pumped out, and the excavation of 
the south-east corner of the dock proceeded in 
the dry, a bank being left to separate it from the 
earlier part of the extension which was in use. 
In the meantime a clay bank was oP across 
the front of the site from Pilot’s Pill to the 
left bank of the new mouth of the Ebbw River. 
This bank lay almost exactly over the high-water 
mark, which is indicated in Fig. 1, and formed 
the first or inner dam, under the protection of 
which the inner end of the lock and the western 
rt of the South Quay wall were constructed. 
e east and west river banks were then tipped. 
These are the banks which form the present river 
boundaries and sweep north-east and north-west 
from the land end of the entrance jetties, as 
shown in Fig. 1. Some trouble was experienced 
with these river embankments owing to the 
action of the tides and the greasy nature of 
the foreshore mud, but satisfactory banks were 
finally obtained. The outer faces were pitched 
with rough stone. Before the river embankments 
were completed the tipping of a second tem- 
dam was taken in hand. This was formed 

round the outer end of the future lock. It 





formed approximately a half-circle in plan, and 











given in Fig. 32, on Plate XI. In the meantime 
a concrete monolith dam was sunk between the 
lock-walls outside the outer gate compartments, and 
when this was completed the portion of the third 
temporary dam between the lock-walls was re- 
moved. The dumpling of the outer ion of the 
lock was then excavated, and the invert put in. 
The inner and outer gate- chambers had in the 
meantime been completed. While the gates were 
being erected, the outer portion of the second 
ws gome dam was removed by dredging, and the 
East and West river walls were completed up to 
the backs of the lock-walls. The building of the 
timber jetties was then commenced. When the 
gates were completed, water was admitted to the 
new corner of the dock extension and to the lock, 
and the removal of the monolith dam was com- 
menced. The earth bank which had been left 
between the old and new parts of the dock exten- 
sion was then removed by dredging. 

In this brief sketch of the general method of 
procedure, we have, for the sake of clearness, 
omitted any reference to the details of the lock or of 
the method of building the walls. Referring to 
construction, in the first instance, we should say 
that all the wall foundations were taken out in 
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timbered trenches. The trenches for the South 
Quay wall, and parts of the side walls of the lock, 
were timbered with 2-in. vertical poling-boards. 
Where, however, the bungum was too soft for the 
use —— ing- the trenches were surrounded 
by f-timber or whole-timber sheet piling. 
Owing to the hardness of the gravel, the sheet- 
piling could only be driven into it to a depth of 3 ft. 
or 4ft., and consequently poling-boards were used 
when excavating through the gravel below the 
sheet piles. In the case of the wider trenches, 
king-piles were driven at intervals of about 
20 ft. on the centre line of the trench, and the 
trench was timbered with struts extending from 
walings fixed against the sheet piling to horizontal 
timbers running between the king-piles. As, 
however, the king-piles could only be driven 
a few feet into the gravel, they had to be lengthened 
when the excavation reached their points. The 
method adopted was to cut off the points of the 





a view of the inner gate-chamber at a later date, 
shows the intakes very well. Fig. 35, on Plate XII., 
shows the multiple intake to one of the low-level 
culverts during construction, while Fig. 36, sub- 
joined, is a view inside the levelling culvert of the 
new lock entrance. This view shows the grooves 
for the hand and hydraulic sluices, which we will 
refer to more in detail later. 

A view of the inner gate-chamber, showing the 
gate-sills, roller-path foundations for the gates, 
and the forebay under construction, is given in 
Fig. 37, on Plate XII., while a view of the same 
chamber ready for the erection of the gates is 
given in Fig. 38. The sill-stones for the emer- 
gency caisson can be seen in the foreground. The 
aying of these sill-stones is shown in Fig. 34, 
Plate XI., already referred to. A view of the 
completed lock showing the culvert intakes on 
both sides is given in Fig. 39, Plate XII. A tem- 
porary footbridge, used during the completion of 
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king-piles with their shoes, and to insert short 
vertical timbers below them, secured by vertical 
flitches, thus lengthening them downwards as the 
excavation proceeded. The face of the gravel 
below the sheet-piling was timbered with 2-in. 
vertical poling-boards, as described above. This 
method of working proved — successful, 
although the job was marred by one bad accident, 
in which the trench for the south-west wing wall 
of the lock fell in where some treacherous ground 
was encountered. This trench was subsequently 
surrounded by steel-sheet pling and successfully 
re-excavated. 

Details of the lock will be seen in Figs. 3 to 10, 
on Plate X. It is one of the largest in the world, 
being 1000 ft. long and 100 ft. wide. The two 

ns are 600 ft. and 400 ft. long respectively. The 
Hepth of water on the outer sill at spring tides is 
45 ft., and at neap tides 35 ft. Double levelling 
culverts have been constructed throughout, an 
upper and lower one in each wall. These can be 
seen in the cross-sections on Plate X., while their 
intakes are shown in several of the general views. 
Among these we may mention Fig. 33, on Plate XI., 
which shows the former in position for the 
upper culvert in the east wall of the inner gate- 
chamber. The view is taken looking north. Fig. 34, 














the lock, can be seen in this view. Two general 
views of the locks are given in Figs. 40 and 41, 
Plate XIV. Both these views are looking north. 
The former shows the invert of the outer compart- 
ment under construction, while the latter, which 
was taken from the top of the power-station chim- 
ney, shows the lock nearly completed. A feature of 
this work to which we have not yet referred is that 
the level of the water in the dock system is main- 
tained at a higher level than the general high-water 
mark of the river. To enable this to be done make- 
up water must be supplied. Inthe old dock system 
the water was obtained from the Ebbw River at 
Bassaleg, a pipe-line being taken from it at this 
point to the north end of the North Dock. For 
many years, however, this supply has proved in- 
sufficient, and a pump was erected on the North 
lock pier in 1895. With the completion of the 
extension this supply in turn has become in- 
sufficient, and a new pumping station has been 
built and equipped as part of the new work. It 
is situated on the east side of the lock entrance 
and is indicated in Fig.1. The plant of the station 


dock. This culvert, which is of cast iron for 
the greater part of the length, is embedded in 
the east wallof the lock. In can be seen in various 
— of the construction of the lock in Figs. 40 
and 41, Plate XIII. Fig. 40 is a view looking 
south-west, and shows the culvert dipping down 
to disc: e its water near the bottom of the dock, 
Fig. 41 shows the culvert partly erected, while 
Fig. 42 is the trench for the east side wall of the 
middle gate-chamber. 
Before dealing with the entrance-jetties, we should 
like to say something of an interesting concreting 
lant which was constructed and patented by Messrs. 
ton Gibb and Son in connection with the 
building of thelock. This plant is shown in Fig. 46, 
on Plate XTV., and Fig. 47, subjoined. It consisted 
of a Smith mixer mounted on a travelling carriage 
which also carried the boiler and steam-engine for 
driving the mixer. At the top of the carriage 
there was a hopper divided into two com- 
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partments, each of which carried one charge for 
the mixer. At the back of the mixer there were 
two elevator skips worked in guides in such a 
manner that when one skip was discharging its 
contents into one of the divisions of the hopper at 
the top of the mixer, the other was at the bottom 
of the guides ready to receive another charge of 
material. These skips are clearly to be seen in 
Fig. 47. Behind the mixer-carriage, and running 
on a parallel line of rails with it, were two belt- 
conveyors driven by chains from the engine of the 
mixer. Over the belt -conveyors were fixed 
measuring-boxes for measuring sand and stone, and 
the conveyors, which were running continuously, 
discharged the stone and sand into whichever skip 
was in the lower position. One of the conveyors 
is clearly shown in Fig. 47. The sand, crushed 
stone, and cement were brought up on trucks on 
a third line of rails parallel with the conveyors. 
The wagons containing the cement, which was 
gauged into bags before being loaded, were 
placed immediately behind the mixer, so that 
the requisite number of bags could be di 

directly from the wagon into the skip. The sand 
and stone were unloaded by hand from the wagon 
into the measuring-boxes above the conveyors, 
and as each skip came into position to receive a 
fresh charge, the contents of the requisite number 
of measuring-boxes were allowed to drop through the 
bottom-opening doors of the boxes on to the con- 
veyors, and the measured charge was thus conveyed 
to the skip. Meantime the requisite quantity of 
cement was emptied from the cement wagon directly 
into the skip. The positions of the ons in 





we will refer to later, but in connection with the 
construction of the lock we now draw attention to 
the 12-ft. diameter delivery culvert through which 
the power-station pumps supply water to the 


relation to the conveyors when the plant was in 
operation is shown in ig. 46. 

The skips were raised from their loading position 
to the top of the carriage, and vice versd, by a friction 
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THE ALEXANDRA DOCK EXTENSION AT NEWPORT. 
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Fie. 44. New Lock Entrance; Invert or Outer CoMPARTMENT Fig 45 New Lock Entrance; View rrom Top or Power-StTaTIon 
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Fie, 46. Concrete-Mixer, sHowrnc Two Be tt-Conveyors 1n Use. 
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winch worked by the mixer-engine. The full skip 
on reaching the top of its travel discharged its 
contents into one or other of the compartments 
of the storage hopper, one compartment of which 
thus always contained a charge for the mixer. The 
charge from the a descended through the 
door in the bottom of the hopper into the mixer, 
and the requisite quantity of water was added. The 
mixing was then completed, and the mixer tilted 
so that it discharged its contents into a chute 
which conveyed the concrete into its place in a 
trench. The chute can be seen in Figs. 46 and 47. 
For depositing concrete in the upper part of the 
wall above the level of the mixer the chute was 
raised to a sufficient height to allow the concrete to 
flow by gravity into position in the wall, and the 
mixed concrete was discharged from the mixer into 
a skip hanging on the front of the mixer-carriage. 
The skip was then elevated by means of a friction 
winch, and discharged its contents down the chute. 
Traversing gear was provided by which the mixer- 
engine could be utilised to travel the mixer from 
one position to another alongside a trench, and the 
belt-conveyors were secured to the mixer, so that 
they travelled with it. A great deal of work was 
done with this plant, which proved very convenient. 
It can be seen in several of the views of the lock 
under construction, as, for instance, Fig. 32, which 
shows the concrete being conveyed from the chute 
down the side wall of the lock ina distributing-pipe. 

The river jetties, which are shown in the re- 
mainder of our present illustrations, do not require 
a great deal of comment, as their general lines and 
details will be seen from the figures, Figs. 11 to 23, 
on Plate X. and page 34. Fig. 11 is a general plan 
of the lock entrance showing the form of the jetties, 
while Figs. 12 to 17, Plate X., give details of the 
round-heads at their outer ends. Characteristic 
cross-sections of the jetties themselves are given in 
Figs. 18 to 20, on page 34, while Figs. 21 to 23, on the 
same page, show sections and details to a larger scale. 
The jetties are constructed of pitch pine through- 
out, and the piles consist of two 13-in. by 13-in. 
pitch-pine timbers bolted together and shod with 
a heavy cast-iron shoe, 10 in. square at the base, 
the points of the timbers being protected by steel 
plates, } in. thick. This type of pile was adopted 
after numerous experiments, and it was found that 
by dredging away the superincumbent clay before 
the piles were pitched, it was possible to drive them 
down well into the gravel. They were driven by 
means of a 50-cwt. steam-monkey on an overhang- 
ing pile-frame which travelled upon the piles already 
driven. On the back side of the west jetty there is 
a landing-pier for passenger steamers. Each jetty 
carries twin harbour lights on light steel towers on 
the round-head. A new channel has been dredged 
from the lock entrance to the buoy which marks 
the mouth of the River Usk in the Bristol Channel. 
The narrowest bottom width of this channel is 
650 ft., and it widens to 900 ft. opposite the 
lock. The depth is 42 ft. below high water of 
spring tides. A channel will also be on 
the west side of the west jetty to give depth for 
steamers using the passenger-pier. This channel 
will not be deep enough for the conditions of the 
lowest tides, and when a steamer arrives at such 
time it will use the east side of the jetty, at which 
landings have been erected. This arrangement 
will not interfere with the use of the lock, as no 
steamer of large size will be entering or leaving it 
at the state of low tide at which passenger-steamers 
could not use the pier on the west side. 

The land to the west side of the lock entrance 
has been reserved for a graving-dock, and a tem- 
porary wall has been put in in the wing-wall at the 
south-west corner of the dock. This wing-wall is 
illustrated in detail in Figs. 24 to 30, on page 35. 
The position of the temporary wall is clearly shown 
in Figs. 24 and 25. In addition to this wing-wall, 

rovision has been made for the future graving- 
Sock by the putting in of the necessary culverts 
connecting it to the power-station pumps and the 
main dock. The same pumps will handle the 
graving-dock water which handle the water from 
the river. A view of the front of the lock from the 
dock end is given in Fig. 43, Plate XIII. This 
shows the wing wall at the right-hand side with 
the intake culverts to the graving-dock. On the 
right-hand side can be seen the openings of the 
discharge culverts from the power-station. These 
culverts are carried down close to the bottom of 
the dock, as has already been mentioned. The idea 
is to prevent disturbance of vessels in the dock. 
(To be continued.) 





THE ROYAL AGRICULTURAL 
SOCIETY’S SHOW. 
(Concluded from page 24.) 

Tue Eagle Engineering Company, Limited, of 
Warwick, exhibited several oil and petrol-engines, 
their latest type being illustrated herewith in 
Fig. 13. This is a petrol-engine, which has been 





designed principally for the New Zealand market, 











The inlet-valve is of the suction type, but it is also 
controlled by the governor, which also controls the 
exhaust ; that is to say, the exhaust is opened, and 
the inlet positively held closed when an explosion 
has to be cut out, the governing being on the hit- 
and-miss principle. The governor is of the centri- 
fugal type, arranged on the main shaft inside the 
flywheel. On this shaft is a cone, worked out and 
If the cone is 


in by the action of the governor. 








Fie. 13. 


5}-Brake-Horse-Power Warwick Perro.-Encoine. 
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Fic. 14. Governine-Gear or 54-Brake-Horse-Power Fietpinc Suction-Gas Enoine. 


in which it has met with great success. It has a 
horizontal cylinder, with the inlet-valve above | 
and the exhaust beneath at the back end. The 
petrol is led by gravity from the fuel-tank over the 
crank to a carburettor, near the back end close to 
the induction-pipe, which is fitted both with a 
valve for varying the air-supply and also with a 
needle-valve for the petrol. The mixture then 
passes into a short mixing-chamber, and thence is 





admitted to the cylinder through the inlet-valve. 


forced out by the action of the governor weights, a 
short lever connected with the hit-and-miss gear 
is pushed away from the shaft, the lip and striker 
engage, and a long lever running back to the engine- 
valves is held down. This holds the exhaust open 
and the inlet closed. This lever is movable side- 
— on its pivot, roughly midway in ite length, 
and for half-compression for starting can be pulled 
out on its pivot, so that it works on a -com- 
pression cam alongside the normal cam. The 
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cylinder is fitted with a large box-sha hopper- 
cooler sufficient for two to three hours’ working at 
full load, provision being made for drawing off and 
changing the water if necessary. The cylinder- 
head is also jacketed, and a lead disc is fitted, so 
that in case of frost this should fail instead of the 
casting. The magneto is gear-driven. 

A novelty was to be seen at the stand of Messrs. 
Thould and Hutchinson, of Upton-on-Avon. This 
was an engine constructed by Messrs. Hardy and 
Padmore, Limited, Worcester. It was an oscillat- 
ing petrol-engine of about 5 brake horse-power. 
This engine, built to the Southall patents, was 
mounted on a diagonal frame, and was fitted with 
two fly-wheels and small driving-pulley. The 
— had a bore of 5 in. in diameter, the stroke 
also being of 5 in. It works on the two-cycle 
principle, the air being compressed at the gland 
end of the cylinder, and then forced through a 

e and port to the back end, on the port 
ome uncovered by the piston. The compression 
is then completed at the back end. The cylinder 
is fitted with two trunnions, ry and fitti 
into ground bearings. Through the bearing an 
trunnion on one side the charge is admitted, a 
non-return valve being placed just outside the 
bearing. The exhaust is through the other trun- 
nion. Magneto ignition is furnished, governing 
being accomplished on the throttle. Water from 
an overhead tank is led —— an iron pipe to the 
frame, and thence to the cylinder by a piece of 
flexible pipe. The return to the tank is by a length 
of flexible hose. The engine has a of about 
450 revolutions per minute. The two fly-wheels 
are 36 in. in diameter, and the whole plant weighs 
about 10 cwt. 

We described the 45-brake-horse-power horizontal 
semi-Diesel crude-oil engine exhibited at the stand 
of Messrs. Fielding and Platt, Limited, Gloucester, 
in our issue of the 26th ult., page 872. This pattern 
of engine the firm is making in sizes ranging from 
45 to 160 brake horse-power. The engine works on 
the ordinary four cycle, with great steadiness. This 
class of engine will use any liquid fuel suitable for 


the Diesel type of engine. Another new departure 
for Messrs. Fielding and Platt is a small pattern of 
and of 


vertical petrol motor, with two fly-whee 
4 brake hesse-power capacity. This little engine 
runs at 700 revolutions per minute, using 0.650 
trol. The engine is governed on the throttle. 
igh-tension ignition is provided, and pump feed 
for the carburettor. The engine is substantially 
built and well finished, as would be expected in 
work by this firm. The firm also showed working 
one of their suction-gas plants, capable of being 
started up in 10 minutes, and to which we have 
referred on previous occasions in ENGINEERING. 
A 54-brake-horse-power Fielding suction-gas ee 
was working off this plant. This engine 
graduated governing, with an explosion for every 
cycle, a feature which, it may be mentioned, ensures 
steady running and much better conditions for the 
suction-gas 8 than the hit-and-miss system. A 
view of the back = = _ ge aye = is ee 
in Fig. 14, page 37. In these engines the gas an 
air supplies are both fitted with regulating-valves. 
These are shown below the horizontal cylindrical 
casing in Fig. 14, the gas-valve being that to the 
left, and the air that to the right hand. After these 
valves the gas and air into two separate com- 
partments in the back head communicating with 
either end of the cylindrical casing. Inside, this 
casing is divided into three a by two 
vertical partitions. The left-hand partition a 
hole in it, and forms the seat for a valve. The 
right-hand partition also has a circular hole in it. 
Through the casing runs a horizontal spindle, on 
which is fixed a valve closing the outlet from 
the gas compartment to the central of the three 
chambers. On this spindle is also a circular 
disc or baffle, which, however, does not completely 
close the hole in the other partition between the 
air and the central chambers. A movement of the 
valve-spindle to the left allows gas and air in proper 
me portn to enter the central or mixing-chamber. 
he amplitude of the ae ie movement, and, 
therefore, the quantity of the charge, is governed 
by the position of a distance-piece or sliding ful- 
crum between two levers. he first lever is 
operated by the cam-shaft, its motion being trans- 
mitted to the second through this sliding fulcrum, 
the level of which is controlled by an arm which is 
raised or lowered by the governor. If it is lowered, 
the movement is large; if it is raised, it is re- 
duced, and a smaller charge is taken in. This 





engine and plant were ing daily during the 
Show for val oma ina oer which left nothing 
to be desired. 

On the small four-cycle horizontal oy of 
Messrs. Petters, Limited, of Yeovil, to which we 
referred last week, which start on petrol and 
ran on paraffin, governing is accomplished off 
the exhaust-valve with a hit-and-miss gear which 
cuts a charge out. In this gear there is a special 
exhaust lever, of which we give an illustration in 
Fig. 15. A cam-operated lever forming part of 
the exhaust lever has pivoted to it, at its out- 
ward end, a governing lever weighted at its 
upper end. e up-and-down movement pro- 
duced the cam tends to make the weight 
kick. is tendency is controlled by an adjust- 
able spring, so that the governing action may be 
set for a certain range of speed. If the ampli- 
tude of the movement of the weighted end of the 
lever rises above the normal, owing to increase of 
speed, a striker and lip do not engage, and the 
exhaust remains closed, the products of combustion 
remaining in the cylinder. The half-compression 

is thrown in by shooting and locking a simple 
Bolt, which can be equally quickly released, and is 
then returned to the normal position by a small 
spring. Magneto ignition is adopted. This is also 
employed on the firm’s well - known — of 
small two-cycle engines working on parafiin. 





Fie. 15. Governine-Geae ror Petrer OiL- 
ENGINE. 


An interesting design of motor-plough was 
shown at the stand of the Wyles Motor-Ploughs, 
Limited, 2, Collingwood-street, Newcastle-on- 
Tyne. Two of these implements were on view, one 
fitted up as a plough and one with a cultivator 
attachment. e machine created a good deal of 
interest, being of such a size as to replace ordinary 
horse ploughing, and therefore coming within the 
reach of a fairly large number of farmers. We illus- 
trate the plough, shown in Figs. 16 to 18, page 39, 
of which Figs. 16 and 17 show views of the machine 
but without the shares. The plough has a 4}-in. 
by 6}-in. single-cylinder, four-cycle internal- 
combustion engine of 84 brake horse-power, using 
petrol, benzol, paraffin, or alcohol. The engine 
and gear-box are arranged to form one unit placed 
at the front, and are carried upon frames of channel 
steel which extend the whole length of the machine. 
The main-drive clutch, of the cone type, is fitted 
within a pulley arranged to drive by belt all forms 
of farm machinery, e.g., chaff - cutters, sheep- 
shearers, pumps, hay-elevators, root-pulpers, &c. 
By arranging the clutch within the pulley in this 
way, and carrying the pulley itself, by means of a 
sleeve, on ball-bearings, all stress set up by the 
belt pull is entirely removed from the engine bear- 
ing, ~ the belt-drive is operated through the 

utch. 

The drive to the road-wheels is by Renold 
roller-chain to the first-motion shaft, and then by 
cut-steel spur-wheels to the main driving shaft. Two 
speeds are — by sliding pinions on the first- 
motion shaft. The whole of the gearing, ineludin 
the chain, is entirely enclosed in an oil-tight =a 
dust-proof gear-box provided with inspection doors. 
There are two one-way hardened-steel clutches 
on the main driving-shaft, so arranged that while 
both wheels are positively driven, either wheel is 
free to overrun the other for steering purposes, or 
either wheel may be driven alone. The controls 
for this are in the form of hand-gri 
under the left plough-handle. The control for the 
friction-clutch is a similar hand-grip under the 
right handle. The engine is governed to run at 
a constant speed of 1000 revolutions per minute 





under all conditions, and the operator is free to give 
all his attention to the clutches. 

In order to run with one wheel in the furrow and 
the other on the top of the land when ploughing, 
each wheel is mounted upon a radial arm capable of 
movement around the pinion, thus giving vertical 
movement while retaining the correct gear centres. 
The right-hand wheel is held in any desired posi- 
tion by means of the hand-wheel and screw adjust- 
ment shown. At the end of each furrow, in order 
to lift the ploughs to the surface of the ground, and 
to obviateany tilt of the machine while traversing the 
headland, it is necessary to bring the left-hand wheel 
into the same vertical position, relative to the frame, 
as that occupied by the right-hand wheel. This 
involves lifting the whole frame of the machineon the 
left-hand side, and to effect this easily and rapidly 
the following novel power arrangement has been 
introduced. It will be seen in Fig. 16 that a double 
set of ratchet teeth are provided on an extension 
of the radial arm carrying the left-hand road-wheel. 
With these ratchets two pawls, mounted upon 
the frame, or rather upon the gear-box, engage. 
These pawls are operated by a single lever, shown 
upon the handles of the plough, in such a manner 
that each pawl comes into operation as the other 
is removed. The action is as follows :--On re- 
leasing the upper pawl the frame falls by gravity 
to the position shown in the drawing. The exact 
depth of ploughing is set by the hand-wheel 
and screw adjustment. On reaching the end of 
the furrow the lever is thrown over, thus disen- 
gaging the upper pawl, and the pressure of the 
teeth of the driving pinion, engaging with the 
gear-ring on the road-wheel, is sufficient to raise 
the frame ; that is to say, that the driving pinion, 
instead of causing the wheel to revolve, climbs up 
round the gear-ring, and so raises the frame. The 
movement of the lever in removing the upper pawl 
permits the lower one to fall into place and retain 
the frame in its elevated position. 

Thus the ploughs are lifted to the surface of the 
ground without stopping the machine, and then 
by driving one wheel only the plough is swung 
round upon the other wheel as a pivot. This 
form of lifting-gear has been evolved after long 
experiment. The simplicity of the arrangement 
now adopted is noteworthy, there being no gearing, 
either hand or power, in connection with the 
scheme, apart, of course, from the main driving 
gear. 

The maximum wheel adjustment allows for a 
10 in. depth when ploughing one furrow. The 
machine is exceedingly well balanced and eas 
to manipulate. Traverse is arranged at the back 
end of the frame and plough-beam by means 
of a roller-frame. The work done is exactly of 
the character of that ‘ormed by horses. Three 
acres per day can accomplished for a fuel 
consumption of about 14 gallons per acre. With 
labour at 4s. per day, and fuel at 1s. 3d. per 
gallon, the cost works out to between 3s. and 4s. 
= acre. The plough is arranged for turning two 

urrows. The shares are not shown in the drawing, 
owing to the variety in use. The plough can be 
removed for replacement by a cultivator merely 
by withdrawing the draw-pin. After the first 
furrow is cut the plough becomes self-steering, and 
has been worked unattended except for turning at 
the ends of the furrows. The length of the machine 
is 12 ft. over all, and its width over the axle-caps 
2ft.4}in. Its weight, with the shares, is 12 cwt. 

One of the most novel ploughing-machines exhi- 
bited was that by the Darby-Maskell Motor-Plough 
Syndicate, 49, North-road, Lancaster. This is a 
machine weighing 5 tons, and supported on three 
travelling wheels, the two leading being provided 
with motor-car steering, and the trailing-wheel 
having two wide treads; the four treads are out 
of track. All wheels are driven. The engine is 
a 40-brake-horse-power four-cylinder Maudslay 
petrol-engine, mounted on the frame at the lead- 
ing end of the machine. The leading wheels are 
spring-mounted, and are both gear-driven from a 
transverse shaft, fitted inside the pinion on each 
side of the machine with universal-motion trans- 
mission. The back wheel is chain-driven, The 
machine carries behind a V-shaped frame, the V 
being horizontal, pointing out behind, with the 
wine, ears some distance up the length of the 

ine. Each wing is a frame carrying two large 
enclosed kets, round which work a long endless 
chain. e sprockets and chain-boxes, the latter 


viding roller-paths for the link-pins, are inclined 
Hlightly to the vertical, inwards at the bottom, 
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Each chain carries six plough-shares ; each share is 
in two parts, attached to separate links, so that 
when on the horizontal they match properly, but 
will also pass round the end sprockets. There is a 
large vertical gear-box at the point of the V at the 
back of the machine. The endless chains are 
driven from this, its drive being from the main 
shaft, transmitted by a heavy Cardan shaft. The 
machine travels forward at from 4 to 1 mile 














|The V-shaped frame can be detached and the 
machine used as a tractor, or the plough-shares 
can quickly be changed for cultivating-tools, either 
‘tines or discs. The controls, steering, &c., are 
brought to the driver’s platform. The machine 
has been constructed for the Darby-Maskell Syn- 
dicate by the Eagle Engineering Company, Limited, 
‘of Warwick. 

| At the stand of Messrs. Richard Garrett and Sons, 
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chain and sprockets. There is levelling gear for 
the near main wheel, the trailing land-wheel also 
being adjustable as re height. The machine, 
when fitted with a three-furrow plough, is very 
nicely balanced. Either of the main wheels can be 
de-clutched for turning, the drive being then only 
to one which will work the machine round. The 
plough is suspended at the front end by links 
under the main frame, and is pivoted at the back 
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Fics. 16 to 18, Wvy.s's 8}-Horse-Power Mortor-Piovex. 


per hour, and three ploughs are at work simul- 
taneously on each side. The machine makes 
V-shaped furrows all down the field, each share 
starting to plough 9 in. in advance of the previous 
one. St Qorcfore loughs six furrows at the 
same time. The ploughing action assists the 
machine forward to some extent. The machine 
ploughs up its own wheel tracks. The whole 
plough-frame is suspended at both ends by chains 
passing over pulleys on a kind of crane rigging, so 
that both ends of the plough-frame are raised or 
lowered at once. The machine turns in little more 
than its own length, and can plough into corners. 


Limited, Leiston, a variety of machines were shown, 
|including a compound semi-portable, a 7-horse- 
— traction — steam motor-wagons, &c. 

e most novel exhibit was, however, the Garrett- 
Crawley agrimotor, for ploughing and other pur- 
poses. This machine has a long frame of rolled 
steel section, mounted on two main carrying- wheels, 
a land wheel trailing at the rear end. A 25 to 30 
brake-horse-power four-cylinder petrol-engine is 
mounted at the leading end, with cone-clutch trans- 
mission to a longitudinal shaft. The drive to the 
main wheels is by worm off the longitudinal shaft 
to a transverse shaft, and thence to the wheels by 





end. The front end oan be raised by levers and 
rods from the end of the machine ; the back end 
can be adjusted for different heights by putting 
the pivot in one or the other of a series of holes 
in the land-wheel frame. The beam of the plough 
can be swung over at the back end on a roller-path 
by a hand-lever for steering. The main wheels can 
be shifted out and in on their axles, so as to obtain 
some variation in gauge, to clear crops. The whole 
machine weighs only 30 cwt. in working order, and 
has a speed of 3 miles per hour. It will plough 
5 acres a day at a cost of 4s. 6d., compared with 
10s. for horse work. The plough is really self- 
steering after the first furrows are cut. It was 
recently sent from end to end of a field unattended, 
except for aman at each end of the furrow, to turn 
it round. All controls, except the levelling gear 
for the near wheel, are brought to the back end of 
the machine. 

At the stand of Messrs. H. R. Marsden, Limited, 
Leeds, a new machine was shown in the form of a 
portable self-propelling stone-breaking plant for 
road-making. This is known as the Blake-Marsden 
macadam plant, being constructed to the Taylor- 
Marsden patents. e plant consists of a four- 
wheeled steel-framed chassis, on which is mounted 
a 16-in. by 9-in. frictionless hammer-action stone- 
breaker with a Marsden elevator, overhead screen, 
loading hoppers, together with a 25-brake-horse- 
power oil-engine, gear-box, &c. The sides of the 
stone-breaker are of mild steel, and the ends of 
cast steel. The moving parts are balanced, and 
friction losses are reduced to a, minimum, the power 
taken being only about 60 per cent. of that taken 
by the original Blake-Ma en eccentric machines. 
From the breaker the stone passes to a short 
revolving screen in two sections, which separate 
out the dust and small chippings, passing the large 
stone on to the elevator, in the buckets of which 
it is raised to the top of the machine. It is here 

into a revolving screen of two sections, one 
of which passes 14-in, and the other 2}-in. stones 
into separate hoppers, } ates: with doors high 
enough above the ground to permit of a cart being 





backed up underneath. The oil-engine is arranged 
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at the front end of the frame, and drives the back 
wheels by chains and sprockets. The gear-box 
will give two speeds—namely, 2 and 5 miles per 
hour, and a reverse. The stone-breaker is belt- 
driven. Steering is done by the front wheels on 
the ordinary traction-engine system. 

Several interesting displays of weighing machi- 
nery were to be seen, the greatest novelty being, 
perhaps, an automatic weigher at the stand of 
Messrs. W. and T. Avery, Limited, Birmingham, 
for weighing liquids, and suitable for water, oils, 
liquid fuel, sugar-cane juice, &c. This machine 
consists essentially of an even-armed beam, 
with a weight-box at one end and a hopper 
at the other, the hopper balancing the empty 
weight - box. In the weight-box are placed 
weights to the load it is required to weigh off, 
which, according to the size of the machine, may be 
anything up to several tons. The weights in the 
box draw down that end of the beam, which action 
opens a gate-valve of the guillotine type over the 
hopper, and the liquid to be meas flows into 
the hopper. As soon as the weight of liquid 
balances that of the weight in the box, the beam 
tends to swing level, the gate-valve is closed, and 
the supply cut off. At the same time the hopper 
is designed so that it overbalances at this stage, 
empties, and then rights itself, the weights pulling 
back the beam to the — ition when the 
valve is again opened for filling the hopper afresh. 
A cam-stop is provided to prevent the hopper tilting 
over if it should be desired to check by pointers the 
correctness of the balance of the load and weighte. 

A complete milling-plant of a capacity of 1 to 1 
sacks per hour was shown running at the stand o 
Messrs. Thomas Robinson and Son, Limited, Roch- 
dale. This plant was entirely automatic, one 
attendant being in charge, but having practically 
nothing to do. It was driven by an oil-engine, 
the complete plant requiring only about 10 horse- 
power. This exhibit included a scourer, a cyclo- 
erage separator, a three-pair high mill for 

ret, second, and third breaking, two double re- 
duction mills, a sextuple plansifter, and a centri- 
fugal bran-dressing machine. The installation was 
fitted throughout with the o elevators, 
trunks, &c., and all the machines were totally 
enclosed. The bearings in most cases were 
of the ball type, self-lubricated throughout, and 
well clear of the interior ts of the machines. 
The whole exhibit, including the platform on 
which the machines were staged, occupied a s 
of 25 ft. by 20 ft. 
double-crank type, supported from the floor on 
legs, with ball and socket joints. At another part 
of their stand Messrs. Robinson had another plan- 
sifter on a similar principle at work, and also one 
suspended from overhead by cranes, the motion being 
obtained from an overhead belt brought down to 
two pulleys at the edge of the plansifter, and from 
thence round a pulley in the centre of the machine, 
which drove an sore bebe weight. The new cyclo- 
pneumatic separator was described and illustrated 
in ENGINEERING of the 26th ult., page 873, and need 
not be again referred to. The firm also showed 
double diagonal roller-mills with a new adjustment 

ear, 80 that both ends of the rolls may be adjusted 

y one movement. A model sack-chute on Messrs. 
Robinson’s system was also an interesting little 
device. This sack-chute is arranged with circular arc 
slides between the floors, but instead of being con- 
tinuous the direction of the arc is reversed at each 
floor. The sack may be said practically to wriggle 
down, and arrives at the bottom with very little 
greater speed than at the intermediate floors. Sacks 
can be run out on any floor, and the whole chute 
can be accommodated in a corner of the building. 

The general finish of the metal and wood-work in 
Messrs. Robinson’s machines must be, we should 
think, unsu in excellence. It is a very 
noticeable feature of the firm’s a. 

We omitted to mention when lealing with Messrs. 
Ruston, Proctor and Co.’s exhibit last week that 
some of their machines are now fitted with ball-bear- 
ings. Our attention was directed to a 4-ft. 6-in. 
thrashing-machine and a clover-huller provided in 
this manner, which, we understand, are the first 
— tions of ball-bearings to be made to machines 
of this character. The bearings are of very simple 
design, the balls running in a ring-cage, the shaft 
being turned and the plummer-block bored to the 
proper fit. An end cap is fastened over the 
block by two studs and nuts. Once filled with 
grease, these bearings will run for a season without 
attention. 


The plansifter was of the 


pace | water from depths of 


Among the smaller things a very interesting, 
and to some extent astonishing, water-raising device 
was to be seen at the stand of Messrs. W. H. 
Willcox and OCo., Limited, 32-38, Southwark- 
street. This appliance, aptly termed the ‘* Mar- 
velo,” is virtually a chain pump with nothing but 
the loop of an endless chain depending into the 
well. ‘lo keep the chain in place a deep-rimmed 
pulley is slung in the loop of the chain lowered 
into the well. At the top end the chain is run 
over a pulley-wheel worked by gearing by a hand- 
crank. The top pulley is enclosed in a casing, 
with a delivery pipe leading away from the lower 
portion. The chain consists of a link-chain sur- 
rounded bya spiral, Fig. 19. For large capacities 
a multiple — chain of the type shown in Fig. 20 
is , e lower part dipping into the well 
catches up the water while the spiral is opened by 
the curvature of the pulley, and retains the bulk 
of it till the highest part is reached, when the 
centrifugal force, while the spiral is bent open 
at the top pulley, throws the water out into the 





SINGLE MULTIPLE 
CHAIN CHAIN 

(s072) 

Fie. 19. Fig. 20. 


Figs. 19 anp 20. Wutcox’s WaTerR-ELEVATOR. 


casing, whence it flows away. The capacity of this 
simple appliance is surprising, and it will handle 
ft. or more. The chain 
is made up in lengths of 3 ft. or 4 ft., which can 
- Pies joined together to obtain the desired 
ength. he a tus uires no permanent 
fixtures in wal at ail, and = tae, 
guides, &c. 

The Society held no trials of implements this 
year, though a number of new appliances were 
entered for the Silver Medal ; many of these have 
been described above and in our previous article. 
In 1915 important trials are to held in four 
classes. The first class will be devoted to direct- 
tractor internal-combustion plant of 20 brake horse- 
sig or less, suitable for sieutine not more than 
our furrows 9 in. wide by 6 in. deep. A gold 
medal and 25/. will be awarded in this class. A 
similar award will be made in a second class for 
a direct internal-combustion plant of over 20 brake 
horse-power, or steam-ploughing outfit capable of 
ploughing not more than six furrows 10 in. wide by 

in. deep. In another class, for which a similar 
award will be made, the self-propelled plough must 
turn not more than four furrows 9 in. wide by 6 in. 
deep ; while in a fourth class a silver medal and 101. 
will be awarded for a plough suitable for direct 
tractor work, and turning not more than six 
furrows. These trials will take place in August or 
September of next year, and final regulations will 
be issued in due course. 





PorTLAND CEMENT.—A large new cement factory is 
about to be constructed in West Sweden, where extensive 
property has been secured for the purpose. share 
1 Aaa less than 300,000/. and not to exceed 


Merszy Docks.—The Mersey Dock and Harbour 
Saat gape to erect, at a cost of 226,500/., a shed 
500 y long by 50 yards wide on the south quay of the 
new Gladstone at SAvergest, with the 

cranes and railway lines for ing cargoes. The 
will occupy a space of 15 acres; it is to be a three storey 
building, and it is to be set back from quay so as to 
allow space for a double set of railway li A final 
= has not yet been arrived at upon the general 
su 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE summer meeting of the Institution of 
Mechanical Engineers commenced at 9.30 a.m. on 
Tuesday last, the 7th inst., when members assem- 
bled in the hall of the Société des Ingénieurs 
Civils, 19, Rue Blanche, Paris. In the unavoidable 
absence of Sir Frederick Donaldson, owing to the 
strike at Woolwich Arsenal, the duties of chairman 
devolved upon Mr. Michael Longridge, Vice-Presi- 
dent. The members of the Institution of Mechani- 
cal Engineers were first welcomed to Paris by 
Mr. Henry Gall, the President of the Société des 
Ingénieurs Civils de France. 

n opening the proceedings, Mr. Henry Gall, 
speaking on behalf of the Société des Ingénieurs 
Civils de France, said that the agreeable duty 
which had devolved upon him of welcoming the 
Institution in Paris, was one which he undertook 
with the greatest pleasure, and added that he was 
glad at being accompanied on that occasion by 
one of their Past-Presidents, Mr. Gustave Eiffel, 
who had been made Honorary Life Member of 
the Institution of Mechanical Engineers. He was 
sorry Sir H. Frederick Donaldson was unable to 
be present at the Paris meetings, and he asked 
Mr. Michael Longridge to kindly convey to him the 
regrets of the Paris Société. He thanked the Insti- 
tution for having selected their building for the 
holding of their meetings, and expressed the hope 
that the visitors’ stay in Paris would be a pleasing 
one ; he felt sure its effect would be to tighten the 
bonds of sympathy which united the two nations. 

Mr. Michael Longridge, who, as we have stated, 
occupied the chair in the absence of Sir H. Frederick 
Donaldson, speaking in French, thanked their 
French colleagues for their most cordial reception, 
and for having put at their disposal their Paris 
building for the reading and discussion of the papers 
which had been prepared for the occasion, six of 
which, out of seven, had been written by French 
engineers. The President of the Institution was 
deeply sorry at having been prevented at the last 
moment from coming ; he had been kept back by 
his duty to his country, and he (the speaker) would 
not fail to transmit to him the regrets which had 
been expressed by their excellent friend, Mr. Gall. 
The Institution had visited Paris the last time 
twenty-five years ago, and the members present 
who had taken part in that visit had retained the 
most pleasant recollections of it ; he felt sure the 
would take away with them better recollections still 
of their present visit. He thanked the French 
Société for the trouble they had taken for providing 
both for their instruction and their enjoyment. 
He also thanked, in this connection, Mr. William 
Hanning, the President of the British Chamber of 
Commerce in Paris, and their own secretary, Mr. 
Worthington ; such meetings involved a vast 
amount of trouble and work, and both these gentle- 
men had been indefatigable in their efforts. Speak- 
ing in English, he added that the absence of Sir 
Frederick Donaldson would prove a great dis- 
appointment, but he was not absent through his 
own fault, but through what their French friends 


would call a case of force majewre. On his motion, 
their French colleagues were accorded a hearty 
vote of thanks for all the kindness which had been 


shown to the Institution. 

The Secretary next read the minutes of the 
former meeting, and then the names of the members 
transferred and newly elected. This terminated 
the ordinary proceedings. 


Frencu Express Locomorives. 


At the conclusion of the formal business the 
Chairman called upon Professor Ed. Sauvage to 
read his paper entitled ‘‘ Recent Developments of 
Express Locomotives in France.” This is repro- 
duced in extenso elsewhere in this issue. Professor 
Sauvage summarised it, after which, before calling 
upon the meeting to pass a vote of thanks to the 
author, Mr. Longridge remarked that he could 
recall the time when the express trains on the 
Northern Railway of France were drawn by 
Crampton locomotives with large single driving- 
wheels at the back of the fire-box. These engines 
had necessarily very little adhesion. Their main 
advantages were supposed to be the low centre of 


vity and the absence of coupling-rods. They 
fad learned since then that coupling-rods were not 


such an evil as was once es while a low 
centre of gravity was not so desirable as it once 
appeared. The main points of the paper related to 
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the advantages of compounding and superheating 
not taken by themselves, but in relation to the 
traffic to be handled, and to the question of the 
boilers of these enormous engines, which he thought 
rather valuable features. He hoped these points 
would be well discussed. 

Mr. Henry Fowler, who was the first speaker, 
remarked that there was little to say, unless he en- 
tered upon the wide field of details. There were no 
passenger locomotives being built now in England 
without superheaters. Although the author had 
not gone into details, there was one matter he 
thought he might mention. It related to the 
tightness of the large smoke-tubes in superheater 
engines. When these tubes were of the ae 
length in English practice they did not have mue 
trouble. When they were long—as, for instance, 
16 ft.—the trouble of keeping them tight became 
serious. Ina particular case he had in mind, the 
trouble, perhaps, arose on account of the exception- 
ally bad water ; but if leakage once started, it was 
very difficult to stop. The author’s remarks about 
dispensing with the smoke-box damper and gear in 
superheater engines were interesting. The same 
thing had been tried in England with success. It 
would be a good thing to get rid of this damper if 
possible. In England not much had been done in 
combining compounding and superheating ; only 
two roads were doing anything of the kind. He 
thought the engine of the future would be the four- 


cylinder superheater compound. With regard to 
the pressure drop of 424 lb. per sq. in., mentioned 
in the paper as occurring on the P.L.M. system, 


such a drop was against his experience. He had 
found that the drop due to the tortuous character 
of the steam ges was usually made up by the 
increased fluidity of the steam in a superheated 
state. On the Pennsylvania Railroad they had 
just produced a very large ‘‘ Atlantic ”-type loco- 
motive, and Mr. A. W. Gibbs, of that system, con- 
sidered that there was stilla large future before 
this class of engine (4-4-2). With reference to Mr. 
Longridge’s remarks on ae, he would 
say that no engine ran so well as a single-wheeler, 
and no engine slipped so readily when called upon 
to haul a load. 

Mr. A. Herdner, Chief Engineer of the Southern 
of France Railway, who followed, said he regretted 
he was not really fluent in English, and asked to 
be allowed to speak in French. In the author’s 
Table IX. there was a misprint. He (the author) 
had mentioned two-cylinder superheater ‘‘ Pacific” 
locomotives ; all the ‘* Pacific” locomotives were now 
four-cylinder engines. The author had mentioned 
the coal consumption as being 14.1 kg. per km. in 
the case of the engines using superheated steam, 
and 14.616 kg. in the case of those using saturated 
steam ; the difference was about 0.5 kg. per km., 
and that on a service of from 9 to 10 months. 
In the commencement the difference had not varied 
much, but it had decreased later. On locomotives 
provided with superheaters, it occurred that the 
cleaning of the superheater was liable to be neg- 
lected occasionally ; the exhaust side was also liable 
to be neglected. The difference in coal consump- 
tion, however, had never exceeded 1 kg. per km., 
a result which he attributed to the too small size 
of the superheater; the latter might, perhaps, 
have a sufliciently large superheating surface, but 
then the section available for the passage of the 
hot gases was too small compared with the total 
passage section. In their present engines only 
38 per cent. of the passed through the super- 
heaters, and when they repaired these engines, they 
would inorease the number of superheater tubes. 
The divergence that might exist between the loco- 
motives of the Southern of France and the other 
French railways was more apparent than real. On 
the Southern of France they had many compound 
engines ; they found that the construction of loco- 
motives having four cylinders, but not compounded, 
was not justified, and he (the speaker) had always 
been of Mr. Sauveur’s opinion in this respect. 
When using compounding and superheat, the 
number of cylinders to be adopted had to be taken 
into consideration, and when comparing together 
engines that were comparable, it was found that 
the steam consumption with two cylinders was 
much less than with four. The gain corresponded 
to a saving of about 1 kg. of coal on, say, 12kg. 
to 13 kg. per km., which could only be traced 
to the difference in the number of cylinders, 
the — being otherwise comparable one with 
the other. In this connection he gave the 
following figures for coal consumption :—13 kg. for 





a four-cylinder ‘‘ Atlantic” engine using saturated 
steam ; 12kg. for a four-cylinder “‘ Atlantic” engine 
using superheated steam ; and for the two-cylinder 
engine about 800 grammes less (12.200 kg.) than 
the first. In these three instances the engines 
could be compared the one with the other. But 
he did not conclude therefrom that the two-cylinder 
engine using superheated steam should displace 
the four-cylinder one completely, for there were far 
too many variables to make it possible to draw a 
final conclusion. But if, for instance, upkeep were 
considered, the cost of upkeep of a four-cylinder 
engine was much higher than that of a two-cylinder 
engine. Further, the repairs to a boiler having a 
registered pressure of 15 kg. to 16 kg. per sq. cm. 
was more costly than those to a boiler for a 
pressure of 12 kg. to 13 kg. with superheat. He 
was now building engines of the ‘‘ Pacific” type, 
having two cylinders, generally similar to the 
four-cylinder ones, with the same grate area and 
the same superheat, and was going to test them in 
comparison with the latter. e believed they 
would prove more economical. 

Mr. G. W. Hutchinson was the next speaker. 
He referred to the experiments made on the 
Northern Railway of France with water-tube fire- 
boxes, drawing attention to the engine shown in 
Fig. 10 of the paper, which he believed was fitted 
with a water-tube fire-box. It would, he thought, 
be interesting to know how this design behaved in 
practice. Did the arrangement make for better 
steaming? Did the tubes require much attention 
to prevent leakage or frequent renewal? One way 
in which to increase the power of the modern loco- 
motive was to raise the pressure. He did not 
kuow whether the ordinary fire-box would stand 
much increase of this kind, but he thought 
the water-tube fire-box offered a good chance of 
accomplishing this. If the water-tube box for 
high pressures were used with the ordinary barrel, 
the latter would have to be made extra strong, 
and would therefore become a good deal heavier. 
That would be objectionable from some points of 
view. He therefore thought a complete water- 
tube boiler should be devised. Possibly early 
attempts would prove failures, but success would 
doubtless come inthe end. At previous meetings 
a@ common fund for experimental work had been 
suggested. He —— the production of a water- 
ro boiler a suitable subject for some such joint 
effort. 

Mr. E. Ronceray said that he had not been 
connected with locomotive work for many years, 
but when he had been in former days he had always 
been under the impression that compounding had 
been adopted because the valve-gear in use was 
unsuited to high pressures. There were other 
gears now available, and he had himself recently 
designed a gear with constant lead, exhaust, and 
compression, the only variable being the cut-off. 
If a gear of that type had been adopted, he thought 
the compound would have made less headway. On 
Mr. Longridge requesting Mr. Ronceray to submit 
a drawing of this gear for inclusion in his remarks, 
he promised to do so. 

In reply to the discussion, Professor Ed. 
Sauvage said that there was little really for him to 
comment on. With regard to Mr. Fowler’s remarks 
on the drop of pressure on the P.L.M., the 
Northern Railway had had similar experience. 
Large ports and straight passages were undoubtedly 
necessary. French engineers would like to be able 
to use the 4-4-2-type engine instead of a six- 
coupled type, and they would do so to a much 

reater extent if the axle-loads permitted on the 
rengivnis Railroad were permissible on their 
systems. With regard to Mr. Herdner’s contribu- 
tion, the two-cylinder engines he spoke of would 
certainly be watched with interest. Of the ‘‘ Baltic” 
engines referred to by Mr. Hutchinson only two 
had been built. They were powerful but expen- 
sive. The Northern Railway was very reserved 
as to their performances, &c. One of the two 
had an ordinary box, and the other a water-tube 
fire-box. The latter was not a success, and was 
in continual need of repairs. Though several com- 

nies in France had tried it, so far this type of 

x had not proved satisfactory. Mr. Ronceray’s 
gear sounded interesting, and he hoped he would 
meet with greater success with to it than had 
some of the others that had n tried. The 
tightness of the large tubes did not present any 

t trouble ; perhaps it would be interesting if 

e added to his paper details of the methods 

adopted to ensure this. 





Compounp ARTICULATED LOCOMOTIVES. 


The next ze r to be taken was one by 
Mr. Anatole allet, and was entitled ‘‘ Compound 
Articulated Locomotives.”” This paper, which we 
reproduce elsewhere in this issue, was summarised 
in French by M. Mallet, who explained the princi- 
pal features of his system by means of a model. 

Mr. Longridge said the subject was one of special 
interest to those who had to do with pioneer rail- 
ways where curves were sharp and grades heavy. 
In his locomotive days, the Fairlie engine used to be 
employed with success ; the Fairlie was practically 
two locomotives coupled together. The joints of 
the steam-pipes used to give trouble then. He had 
once designed an articulated locomotive for heavy 
goods traffic ; he had coupled his wheels by means 
of steel cogs. His attention had first been drawn 
to the matter by the work on the Mont Cenis 
route, where the grades were 1 in 8 and there were 
curves of 40 metres radius. The longest rigid wheel- 
base he believed had been then 8 ft. 6 in.. and 
that had suggested the use of articulation. How- 
ever, it was found that the two-cylinder type of 
locomotive, without any complication, was best after 
all. He would like to hear the later experience 
of others. 

Mr. Edgar Worthington was called upon by the 
Chairman, and remarked that it was the first time 
since he had occupied the position of Secretary 
that he had been asked to contribute remarks 
to a discussion. Engineers owed a great deal to 
Mr. Mallet’s work in the development of the modern 
locomotive, not only with regard to the articulated 
type, but also for his pioneer work in connection 
with double expansion. He (the speaker) had had 
twenty-three years’ experience as a locomotive con- 
structor. In the early days (about 1875-80) every- 
one looked to Mr. Mallet and his work to see if it 
was worth while spending money on developing 
compounding. At Crewe, under Mr. Webb, he had 
fitted the first Mallet arrangement used in England 
to an old Trevithick engine. Webb, Worsdell, and 
von Borries all followed Mr. Mallet in Europe. 
For a long while there was no development of that 
kind in America, but in India Mr. Sandiford took 
the subject up. That, perhaps, was wandering 
slightly from the subject of the paper. Fairlie 
engines had been worked on the Festiniog Railway 
before Mr. Mallet introduced his engine. On the 

revious visit of the Institution to Paris there had 
nm Mallet engines at work on the Decauville rail- 
way. In the early days there had been trouble 
with the steam-pipe joints; that had now been 
overcome, but in the course of time many expe- 
dients had been resorted to with a view to finding a 
substitute for the Mallet engine. Some of them 
were expensive, as, for instance, the type of twin- 
engines adopted for the Kojak Tunnel in India. 
In this case there were two engines with one 
large tender between them, but ultimately more 
tenders were built, and the engines paired off with 
them. Mr. Mallet had come out at the top of all 
these experiments, as was proved by the wide- 
spread oivation of his engine in the United States. 

Dr. H. 8S. Hele-Shaw said that he was not a 
locomotive man, but it might interest the meetin 
to know that there was in course of successfu 
development an articulated system in which oil 
under pressure was conveyed from the locomotive 
to the driving wheels. The oil-transmission system 
was making rapid progress owing to the progress 
of the Diesel system, and by it flexibility, similar 
to that obtainable only with the steam-engine, 
would soon be a characteristic of the Diesel loco- 
motive. The need of that flexibility was recog- 
nised. The articulation system to which he referred 
gave no trouble; the transmission of the oil 
through the joint at high pressure had been quite 
successful. This problem given a good deal of 
trouble in connection with two rail-cars, but it had 
been overcome. He thought the transmission of 
steam through an articulated joint rather more 
difficult probably than that of oil, which acted as a 
lubricant.- 

Mr. F. H. Livens said he was not competent to 
discuss the paper from the locomotive man’s point 
of view, but he would like information with regard 
to firing. With the increase in power and size of 
locomotives the boiler and grate were much en- 
larged. The difficulty of firing wide grates had been 
mentioned in Mr. Sauvage’s paper, and preference 
had been expressed for narrow grates. Mr. Mallet’s 


paper spoke of grates of 70 sq. ft. to 100 sq. ft. 
area If there was difficulty in firing the grates 
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mentioned by Mr. Sauvage, what would it be in 
the case of these large American engines. He 
would like more information on the fire-box ques- 
tion. How many doors were there, and how much 
coal was fired? He thought great difficulties arose 
at the heat-producing end of the locomotive. 

Mr. G. W. Green said he had just returned from 
Chili, where on the Nitrate Railways they used 
Fairlie engines. The lines were full of curves and 
heavy grades of 3 per cent. The best engines on 
that system were the Fairlies, some of which had 
been in use since 1864, the latest having been built 
in the shops in South America in 1911. Ther 
were no Mallet engines. The others were all 
fixed wheel-base engines, six-coupled. Their chief 
trouble was the coal, which had to be used 
either in the form of briquettes, or was so small 
that it had to be carried in sacks. He had not 
heard of trouble with the articulated joints of the 
steam-pipes. Some time ago they had had a Shey 
engine from North America. It pulled its load 
up hill all right, but when it was loaded with about 
om of 30 tons capacity each, and the train was 
run down the line at the usual speed, the gearing 
on the locomotive caused it to skid practically the 
whole way down, and it was not used again. The 
line rose about 3000 ft. in 25 miles. 


SicgNaLLinc on TRArNs In Motion. 


The third paper to be taken on Tuesday morning 
was a composite contribution by the engineers of 
six different French railway systems. It was 
entitled ‘‘ Signalling on Railway Trains in Motion,” 
and described systems in use on the Northern, 
Eastern, Southern, State, P.L.M. and Orleans 
Railways. It will be reproduced in a future issue 
of Enerneerinc. In the meantime it is only pos- 
sible to say that the system adopted on the Northern 
Railway was described by Mr. A. Sartiaux ; that of 
the Eastern Railway by Mr. F. Lancrenon ; that 
of the Southern by Mr. A. Herdner ; that of the 
State Railways by Mr. A. Claveille ; that of the 
P.L.M. by Mr. L. Maréchal ; and that of the 
Orleans Kailway by Mr. E. Solacroup. In many 
cases the authors themselves were unavoidably 
prevented from being present, but in most instances 
a short verbal description of the apparatus was 
given, either in French or English, by some one 
connected with the railway in question. The 
systems referred to embraced audible or visible cab 
signals with rams or ‘‘ crocodiles” in the road, 
usually in between the rails. 

The first speaker on this subject was Mr. J. A. F. 
Aspinall, Past-President, who said that as that 
was the first paper to be read on the subject, it 
might be supposed that the subject had not re- 
received much attention in England. That, how- 
ever, was not the case. They had, on the North- 
Eastern Railway, the system developed by Mr. 
Raven, and on the Great Western Railway there 
was another of a somewhat different type. In 
France the subject had received attention for a long 
time. In 1875 he had come over to see the 
system developed by Mr. Lartigue on the Nord, 
which was still in use in a modified form. He 
also greatly appreciated the courtesy which had 
enabled his colleagues recently to see what was now 
being done in France. In England we had been 
slow to adopt such systems, because we pre- 
ferred to rely on the thoroughly-trained engine- 
men and signalmen. The systems described trans- 
ferred the responsibility for everything being in 
order from these well-trained men, who appreciated 
their responsibility, toa body of electricians who had 
to attend to the condition of the contacts and con- 
nections, not only all over the system, but also on 
all the engines. These electricians, who, after all, 
were of the nature of ordinary wiremen, had not 
nearly the same sense of responsibility as the 
drivers and signalmen. That, perhaps, might be 
answered by reference to the fact that the machine 
itself reported, so to speak, whether it was in order 


or not. That was so in some systems, but not in 
all, especially in the simpler type, which, however, 
offered some advantages. Imagine the thousands of 


men coming into business in our great cities of a 
morning held up because some little contact had 
failed. It was nota question of cost, or of dislike, but 
much more so of the uncertainty with regard to the 
reliability of the present-day systems which pre- 
vented their wider adoption. Referring to another 
matter, it became necessary a few years ago for 
every gang of platelayers to be provided with a 
watcher. The responsibility was withdrawn from 
the men themselves and transferred from, say, six 


‘using a 





pairs to one pair of eyes. Accidents to these men 
had greatly increased as a result, and if the watcher 
was abolished he thought the accidents would cer- 
tainly decrease. If we adopted apparatus of 
this kind, he thought the miniature signal in 
the oab inadvisable. The sounding apparatus 
was better, because it was unwise for the driver 
to take his attention off the road. The audible 
signal was effective in attracting his attention. 
With all these systems a brush contact and a ramp 
or crocodile were used. The most convenient 
places for these were naturally in the centre of the 
engine and track. But now that electrification was 
being adopted, and a fourth rail was employed, it 
was impossible to put the ramp in the centre of 
the track ; also there were water-troughs in the 
centre of the road. If the brush were put low, it 
would clear the water out of the trough ; if high, it 
would not touch the ramp ; while if the ramp were 
placed high, it might foul the water-scoops. It 
therefore became necessary to put the ramp to one 
side. That involved the use of two brushes. They 
were experimenting on the Lancashire and York- 
shire Railway in the directions he had mentioned, 
and sincerely hoped that they would arrive at satis- 
factory results. 

Mr. H. Fowler said that on the Midland Railway 
they had a branch fitted up with the Great Western 
system. He thought the length of the ‘‘croco- 
diles” used on the French railways was too short. 
In England the flat length adopted was about 
20 ft. He thought they had been slow, because 
they had foreseen the difficulties which the system 
introduced. One of the gears described adopted a 
spring in the whistle gear, on which the whistle 
action was dependent. They had tried to keep 
clear of all parts like that which might be liable to 
derangement. He would be glad to hear whether 
any difficulty had arisen from the spring breaking. 
There was nothing to show ‘‘line clear” on the 
French systems, as far as he could see. That, they 
considered a necessary indication in England. He 
would also like to know whether any difficulty 
arose with the tripping lever shown in Fig. 18 of 
the paper, and whether it was liable to damage on 
being struck at high speed. Such levers were not 
regarded with favour generally, and such parts 
were often, he thought, liable to harm from 
almost inexplicable causes, stones lifted from the 
ballast, and so on. 

Mr. W. A. Stanier spoke of the Great Western 
Railway system, known as the audible cab system, 

Tingea ramp placed centrally in the 
4-ft. way. The engine carried a contact and had a 
battery circuit. Im a box in the cab was an 
electric bell and a siren. In the event of a failure 
the siren sounded. Ramps were at present fixed 
at the distant signals, and on two branches the 
line had been converted to this system at the distant 
signals. Wn single lines polarised relays energising 
the ramps prevented the engine getting a wrong 
indication. The recent improvement had been the 
application of the system to the control of the 
brake, and a train could be pulled up even with 
the regulator full on. The driver could not 
blow off without attending to the signal. The 
drivers were getting used to the system, but at 
first they seemed to prefer to see something. On 
the main lines the general opinion was that it was 
all very nice, but they could not see the action of 
the signals ahead, and it seemed to lead to delay. 
In fog, however, it worked otherwise. Men with 
the system on their engine worked to time. As 
a result, the system was likely to be extended. 
Mr. Aspinall’s requirements he considered to be 
filled by the Great Western system. The point 
raised about the wiremen and electrical contacts 
was covered by ensuring a danger signal being 
given in case of failure. No dell maaan was 
used, but an audible signal. The ramp was fitted 
in the centre of the track and was of reasonable 
length. 

Mr. P. M. Baker said that his experience in 
India led him to make a reference to Mr. Aspinall’s 
remarks on first-class men, which, of course, did 
not apply to that country. Twice he had lately 
been stopped in the most important train crossing 
that continent on account of both the station- 
master and signalman being away from their posts. 
Several times drivers waiting by the roadside had 
heard signals go off, and had jumped on their 
engines and started without troubling to see whether 
they were for them or some other train. Anything 
which would prove reliable, and would repeat the 
road-signals and apply the brake, would be an advan- 





tage. As far as he could see, the systems described 
provided no means of detecting broken cireuits, 
except in one case. A danger signal which failed 
was worse than no signal at all. The Great 
Western system gave a danger signal in the 
event of any failure. Then there was the proba- 
bility of failure of the contact. How were the 
brushes made reliable? He would be afraid of 
getting shorts on the wiring to them. The 
Krammer-Kapp system of induction, he thought, 
had advantages over these contact systems. In 
this system two balanced inductive circuits were 
used, and it went to ‘‘danger”’ if anything failed with 
one circuit. Its chief disadvantage was the need 
of a motor-generator or some other means of pro- 
viding power. He would like to know the per- 
centage of failures to movements in France on the 
systems described. 

Mr. Moutier, who had introduced the subject, 
speaking on behalf of his company, the Northern 
of France Railway Company, said, in reply to the 
discussion, that all the remarks which had been 
put forward by Mr. Aspinall were important, and 
would be gone into by them with all due attention. 
The question, however, resolved itself purely and 
simply into a question of principle ; it was purely 
and simply a matter of deciding whether the repeti- 
tion of signals upon the engine foot-plate formed an 
integral factor of safety, or merely an additional 
guarantee. If it were considered as forming part 
and parcel of the railway signalling system, it was 
dangerous, and it would be better not to have resort 
toit. It was useless to add to the usual signalling 
apparatus, which worked satisfactorily, another— 
a new device—which would only act as a kind of 
brake on the former, and complicate matters ; the 
new device would have to be absolutely impec- 
cable. If, on the other hand, the new device 
be simply considered as an additional, an in- 
visible extra guarantee, when it failed, the 
driver would remain, and would act in his full 
capacity, no accident occurring should the addi- 
tional guarantee fail. It was necessary, therefore, 
to consider the device simply in the light of an aid ; 
where this had been done in the correct light no 
inconvenience has resulted. The light in which it 
is considered was probably the only point which 
divided the engineers of the two countries. He 
advocated, therefore, the use of the device simply 
as an addition made to the present existing means 
of safety. In regard to the recording by the device 
both of an open line and a closed line, there were 
two schools of thought. 

Some engineers had stated that the device led 
the engineer to consider solely what occurred on 
the footplate, and he lost the habit of watching the 
signals on the track. From this there was but 
one step to proclaim that the latter signals would 
become useless. But if these were done away with, 
the publicity they afforded would also be done away 
with ; it would be impossible to ascertain where a 
driver had failed. When it was said that the appa- 
ratus led to accidents, all depended upon the point 
of view from which the question was considered. If 
the device were considered as an adjuvant, a kind 
of mentor, all difficulty was brushed away. 

Some speakers found the fixed ramp, or ‘‘croco- 
dile,” too short ; but it could be made longer, and if 
longer, the number of misses would be less. Were 
it never frosted over they would be less still. The 
ramp was a ‘‘ mentor,” and when it did not work, 
the ‘‘ mentor” was simply absent for the time being. 
It could be lengthened and thereby reduce the 
number of times it failed toact. Mr. Briard, for the 
Eastern of France Railway, had explained his device 
in which the ramp contained petroleum, thereby 
obviating the difficulty due to frost and rust. 

In regard to the regulation of the spring for the 
whistle signal, that part of the device entered into 
the whole simply on the lines he had indicated, 
those of an additional guarantee. The life of the 
contact brush had also been mentioned, but this 
was not a costly element; the brush was easily 
supervised and easily replaced when worn. 

ferring again to Mr. Aspinall’s remarks, he 
(Mr. Moutier) said that on the Northern of France 
they had no electric traction. But this was a con- 
sideration for both the Paris-Orléans and the 
Southern of France Railways. Mr. Aspinall 
feared that the brush might be too high and miss 
contact, or too low, when it would be liable to tear 
up the ‘‘crocodile.” The cases in which it would 
be too high were very few, and if too low it could 
not tear up the ‘‘crocodile,” since a wooden 
shield on a slope was in front of the ‘‘ crocodile,” 
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up which the brush travelled before it arrived on 
the latter. He, however, had noted Mr. Aspinall’s 
remarks in regard to the stray currents that might 
occur on electrified lines. He thought he had 
replied to all the remarks, and emphasised the fact 
that the device should simply be viewed in the 
light of a vigilant mentor who, should the driver 
become inattentive, would ‘‘tap him on the shoulder, 
calling him back to his duty.” 

On the motion of the Chairman, the authors were 
awarded a hearty vote of thanks for their contri- 
bution. 

On Tuesday afternoon various alternative visits 
had been arranged, as, for instance to the works 
of Messrs. A. Darracq et Cie., the Ktablissements 
Baudet et Donon, the Compagnie Electro- 
Mecanique, or the Conservatoire des Arts et 
Métiers. In the evening the Institution Dinner 
was held at the Hotel Continental. 


ProceepDIncs OF WEDNESDAY, THE 8TH INst., &c 


On Wednesday, the 8th inst., members reas- 
sembled at 9.30 a.m. for the reading and discussion 
of papers. Four papers were considered—viz. :— 
‘*The New Niclausse High-Duty Marine - Type 
Boiler,” by Mr. J. Niclausse; ‘‘ Development 
of Internal-Combustion Engines for Marine Pur- 
poses,” by Mr. Drosne ; ‘‘ neing of Internal- 
Combustion Engines,” by Mr. H. F. Fullagar ; 
‘*Improvements in Motor-Lorries,” by Mr. E. 
Brillié. These we shall reprint in an early issue, 
and the discussions will be dealt with in our 
next issue. In the afternoon of Wednesday 
visits were paid to the works of Messrs. Niclausse; 
of Messrs. Hotchkiss and Co.; of the Société 
Anonyme des Etablissements Delaunay Belleville; 
of the Société Général de Constructions Mécaniques; 
and to the Fonderies et Atcliers de la Courneuve. 
To the evening a conversazione was held at the 
Société des Ingénieurs Civils, by the invitation of 
Mr. Henry Gall, Mrs. Gall, and Members of Council 
of the Société. On Thursday and to-day other excur- 
sions have been arranged, including, to-day, visits 
to works at Le Havre, Valenciennes, Lille, &c. 


(To be continued.) 





INDUSTRIAL NOTES. 

At a labour conference held on Wednesday at the 
Caxton Hall, Westminster, a scheme for consolidatin 
the whole of the bodies affiliated to the Nationa 
Transport Workers’ Federation and the General 
Labourers’ National Council into one consolidated 
union, with an estimated membership of 400,000, was 
approved. In addition to the thirty societies repre- 
sented at the conference by 150 delegates, several of 
the smaller unions had expressed approval of the 
amalgamation. According to a statement made after 
the conference by Mr. Robert Williams, secretary of 
the Transport Workers’ Federation, twenty-six socie- 
ties expressed entire approval, two were against it as 
drafted, and two remained neutral. 





During the past and present weeks there has been 
@ very serious strike at Woolwich Arsenal. It com- 
menced last Friday, the 3rd inst., in consequence of 
an employee refusing to erect a machine upon a con- 
crete foundation which had been laid down by non- 
union labour during a strike. The man was brought 
before the Chief Superintendent, Sir Frederick Donald- 
son, and, upon persisting in his refusal, was discharged. 
Thereupon there was a general strike in the Royal 
Carriage Department, some 1500 men of the Amalga- 
mated Society of Engineers coming out. On Saturday 
many other men followed their example, until there 
were between 7000 and 8000 out. The Labour Protec- 
tion League announced that all the labour organisations 
had ordered their men to come out solidly and every 
gate at the Arsenal to be picketed. On’ Monday only 
a few hundred men, out of some 11,000, remained at 
their posts in the Royal Laboratory, Royal Carriage 
Department, Royal Gun Factory, Mechanical Engi- 
neering Department, the Building Works Department, 
and in the Army and Navy Ordnance Department. 
There was also a suggestion of calling out all the 
workmen at the Government dockyards at Plymouth, 
Devonport, and Portsmouth. The more important 
unions involved were the Am ated Society of 
Engineers, the Labour Pawel a or the Workers’ 
Union, the Coach-Builders, Steam-Engine Makers, 
Associated Smiths, Wheelwrights, Electrical Workers, 
and Ironfounders. On Tuesday the local Labour 
leaders and Mr. Will Crooks, M.P. for Woolwich, 
had an interview with Mr. Asquith, and later in the 
day the Prime Minister stated in the House of 
Commons that the Government had decided to appoint 
a Court of Inquiry, consisting of five persons, with Sir 
George Askwith as chairman, to inquire into and 
report upon the origin and circumstances of the dis- 





pute. The strike committee met on Tuesday night, 
and after a further discussion with Sir H. F. Donaldson, 
it was announced that the following terms had been 
agreed upon :— 

(1) All men to return to work in their former posi- 
tion. (2) The Court of Inquiry to deal with the prin- 
ciple which has led to the dispute. (3) Whatever the 
result of the inquiry, whether in favour of the men’s 
contention or not, Entwistle, who originated the 
dispute, and any other man similarly placed, not to 
be punished. (4) Where building work has already 
been executed, the men to be recommended to offer 
no objection to working upon it, provided their work 
is followed by no ** black-leg ” labour. 

This is an opportunist settlement which settles 
nothing, and leaves the matter to be fought out at 
some future date. 





The Insurance Commissioners recently issued the 
draft of a Special Order which deals with the insurance 
of casual labourers in the Port of London, and is 
intended to meet two difficulties. Casual men in the 
Port of London are very generally employed by the 
day or half-day. Under fhe ordinary provisions of 
the Insurance Act the first employer was liable for the 
whole contribution, and after Monday there was, 
therefore, a tendency in selecting men to give prefer- 
ence to those whose cards had already been stamped. 
One consequence of this state of matters was that 
men who did not obtain work early in the week were 
induced to stamp their own cards. This, of course, 
meant a heavy burden on the casual men, % consider- 
able proportion of whom could not rely upon more 
than two or three days work in the week. 

It is now songeeel that all casual men employed 
in the Port of London, between Westminster and 
Gravesend, in loading or unloading ships or craft, or in 
warehousing goods, will be required to deposit their 
insurance card at one of the special offices or clearing- 
houses to be established by the Commissioners, and 
they will receive in exchange a numbered tally, which 
will act as a means of identification. 

Every employer will be required to make a return 
once a week of the tally numbers of the men he has 
employed on each day of the week. He will also 
be required to give to each man he employs a voucher 
for each day of employment. 





When giving evidence before the Royal Commission 
on Railways, on Thursday, the 25th ult., Sir Charles 
Owens, director and late general manager of the London 
and South-Western Railway Company, stated that his 
objections to nationalisation related to political pres- 
sure, the enormous character of the endatebinn the 
absence of elasticity in fixing experimental rates, and 
the lack of efficiency under Government departments. 
His experience of Government departments was not 
such as to induce him to expect the same average of 
efficiency as was obtained under the administration 
by commercial men. 

To the remark that under unification the railways 
could be worked by a central administration in the 
district, and divisional officials, as under the present 
system, Sir Charles agreed, but he added that a 
unified system with central administration would be 
an enormous undertaking, and would have to be 
worked more or less on the Post Uffice system, and he 
did not think it would be satisfactory. The tendenoy 
of amalgamation and absorption had been in the first 
instance for the larger companies first to lease and 
work the smaller concerns. But under complete 
unification the idea would be to place all railways 
under one management, and he did not think Parlia- 
ment would be inclined to hand over the railways to 
any such central body. He wasaware that in America 
railway companies controlled very much larger areas 
of distance than in this country. But the class of 
work considerably differed. In America it was a 
wholesale business, but in England the work was of a 
much more general and retail character. For this 
country he could conceive no better system than the 
existing amalgamations and working agreements, and 
he did not think he could recommend much larger units. 

In regard to the grouping of companies in zones or 
divisions, and for the railways operating in those zones 
to be constituted in one company, he said that such an 
end would be desirable, but he thought it would be 
more likely to be attained by removing restrictions 
which were sought to be placed on companies, and by 
removing difficulties in the way of getting further 

wers, than by legislation in the way suggested. If 

e might be allowed to say so without offence, the 
policy of Parliament had been constantly to facilitate 
the inclusion of one railway company in the district of 
another. 

He was in favour of railways being grouped into 
zones and placed under the management of one com- 
a! in the interests of shareholders, traders, and the 
_ ic ' on. The public were already getting 

arge advantages by this system of combination. 


The general manager of the London and North- 
Western Railway has recently announced that impor- 





tant concessions will be made to the members of the 
company’s staff. A regrading affecting 1700 persons 
on the system is to take effect on August 1, the 
details of which will shortly be issued. ere is to be 
a general promotion to ge classes, involving in- 
creases of 10/., 20/., and 30/. yearly, and all receiving 
the 90/. maximum (the lowest class) will now receive 
100’. The rise will affect the superintendents and the 
clerks at the rs and gcods stations; it has 
been brought about by the fact that, with the growth 
of the company’s business, work and responsibilit; 

have increased. The concessions, it has been stated, 
will cost the company thousands of pounds a year, 
and the cost will continue increasing, since the rise in 
salaries is permanent, and affects every class of clerk. 


The Scottish District Minimum W Board have 
issued an award in regard to the application of the 
Scottish miners, referred to on page 875 of our last 
volume, for an increase in the minimum wage from 
5s. 10d. to 7s. 6d. per shift, and by other grades of 
underground workers to a corresponding extent. It 
has been decided to bring the wages of firemen and 
shot-firers, who act as firemen, from 5s. 6d. to 5s. 10d., 
the change to take effect from the first pay-day after 
the date of the award. No change is made in regard 
to the other grades of workmen. 








At the meeting of the Leeds City Council, held on 
the Ist inst., a scheme for establishing a thrift fund 
for the employees of the Leeds Corporation was 
entered into. It is pro that the employees shall 
contribute to the fund at the rate of 9d. in the pound 
on their wages or salary, the Corporation contributing 
a similar amount. Compound interest is to be paid 
at the rate of 3 per cent. per annum, and the accu- 
mulated sums are to be available on retiring at the 
age of sixty-five, which, it is suggested, should be 
fixed as the compulsory retiring age. In the event 
of the death of a member before that age, arrangements 
would be made for payment to relatives, and there 
would also be payment out in the event of an employee 
ceasing to be a member of the fund. 

In introducing the scheme to the Council, Alderman 
C. H. Wilson (Chairman of the Finance Committee) 
said he had been charged from time to time with 
inhuman conduct in having had to do with the scrapping 
of oldmen, and he had said before that they had made 
retiring allowances. They were still making such 
allowances ; but the system seemed to be entirely one- 
sided. They had had to keep men who were abso- 
lutely inefficient, and that was not in the interests of 
ap . 

) to a Wilson further said that the scheme was 
to be voluntary, and with regard to the forfeiture of 
payments for misconduct, an organised strike would 
not be deemed misconduct. He estimated the cost ata 
24d. rate, but he declared that this would be saved b 
stopping the retiring allowances, and by dealing dif- 
ferently with old servants. 

It was decided to adjourn the consideration of the 
scheme until the next meeting of the Council. 





We are informed that the Financial Committee of 
the French Senate have rejected the proposal for the 
Saturday half-holiday for State employees. The half- 
holiday for the latter employees had been promised by 
the Cabinet, and the President of the Republic had 
given the measure his support. The rejection of the 
measure may have far-reaching consequences. 





The quarterly return, sent on the 29th ult., by the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of 
England, to the Consett Iron Company, Limited, and 
Mr. Bradley, operatives’ representative, relating to 
the wages to be paid at the Consett Works in the 
quarter beginning on Wednesday, the lst inst., reads 
as follows :— 

** We have received from Messrs. Price, Waterhouse 
and Co. the result of their ascertainment of the 
average net selling price of steel plates at Consett for 
the months of March, April, and May, 1914, and we 
hereby certify that, in accordance with the agreement 
entered into on March 30, 1898, the wages to be paid 
to the steel-millmen during the months of July, 
August, and September will 24 per cent. below the 
rate prevailing during the current quarter.” 

The men at Consett Works suffered a reduction of 
5 per cent. in the quarter beginning March last. and 
their present wages are 15 per cent. above the standard. 
Their last advance of 2} oe cent. was in September 
last year, the wages then being 224 per cent. beyond 
the standard ; and in the December quarter the wages 
remained stationary. 





The strike at the Copenhagen free harbour, which 
has lasted for more than @ year, has somewhat 
unexpectedly been terminated. Several attempts had 
been made to bring it to a close ; the conciliator had 
done his best, but the men, con to the advice of 
the leaders, were stubborn, and tried to implicate the 
other harbour hands in the conflict. Renewed negotia- 
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tions among all the parties concerned have, however, 
resulted in an agreement, according to which the free 
harbour company consents forthwith to take back 200 
of the men on strike on the same conditions as those in 
force for the other hands. Both parties undertake to 
do their best to enable work in the free harbour 
to progress amicably. The free harbour company 
has secured the right to keep 299 of the men engaged 
during the strike of the permanent hands, and a corre- 
8 ing number of the old men will be without em- 
oe ee On this point the men would have fared 

etter had they accepted, instead of rejecting, the pro- 
posal put to them two months earlier. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 1. 

Tue month of June has shown a general slight im- 
provement in iron and steel. Price concessions are 
still made on attractive orders. We are entering on 
the mid-summer shut down. In many oases it will 
continue through most of this month or until new 
business justifies. Railroad buying has shown improve- 
ment. he Pennsylvania Railroad order has been 
reported as finally placed at 137,000 tons, 56,000 tons 
less than last year. No general improvement is expected 
until general confidence is stronger ; notwithstanding 
the enormous crops about to be harvested, business 
drags. In pig-iron large producers are being offered 
contracts for future delivery at current prices, but in 
several instances these orders have been declined. 
The 70,000.ton pig-iron order for the New York subway 
has been finally placed with Pittsburgh and Buffalo 
foundries. The increased demand for foundry grades is 
affording encouragement. Basic pig, after several 
uiet weeks, is now active in the West. Rail orders 
or the week are 40,000 tons, besides a 10,000-ton order 
for export to Siam. Car-builders are doing better. 
Both — and structural-steel makers are pleased 
with the volume of business made up of small orders. 
Bar iron has been shaded to 1.15 dols. Even at that, 
only necessary material for immediate use is bought. 
Further curtailment of pig-iron production is in 
sight. The New York Central Railroad is negotiati 
for 4000 cars, in addition to the 5300 recently —~e g 
N erry are in progress to-day for 80 locomotives 
and 11,000 cars. The large Persian pipe-line order 
was taken, and work will soon begin. The pipe- 
foundries are all busy, and reports indicate a long 
continuance at maximum capacity. 





Tue Suez Oanau.—The report of the Suez Canal Com- 
pany for 1913 states that ten years ago vessels with a 
displacement of more than 4000 tons each passing through 
the canal represented scarcely 22 per cent. of the total 
shipping dealt with ; last year, however, the proportion 
rose to 44 per cent. Ships of upwards of 6000 tons dis- 
placement, ten years ago, represented only 1 per cent. 
of the aggregate amount; last year the proportion rose 
to 5 per cent. In 1912 the average time occupied by 
vessels in passing through the canal was cut down (by 
35 minutes) to 16 bours 19 minutes, and this was main- 
tained last year. The number of vessels which used the 
canal in 1913 was 5085. Last year, while the total trade 
done was less than in 1912, it showed a marked gain in 
the tonnage of loaded merchant ships, the quantity of 
merchandise carried being 25,775,000 tons, quite a record. 
The heaviest business was done east and south, and in- 
cluded coke from Great Britain, sugar from Adriatic 
ports, petrol from Russia and the United States, and 
phosphates from Algeria and Tunisia. A special feature 
was the size of the consignments to India and farther 
Eastern ports of worked metals, machinery, and railway 
material. Burma, Siam, Indo-China, ont East Africa 
are increasing their trade with Kurope, and the same 
may be said of China and Japan. 





Tue San Francisco Exutsrrion.—The announcement 
is made that the United States Steel Corporation and its 
subsidiary companies propose to have a comprehensive 
exhibit at the Panama-Pacific Exposition in San Fran- 
cisco in the year 1915. It will begin at the ore-fields 
and carry on an educative picture of its operations in ore- 
mining, rail and water transportation, dock operations, 
coal, coke and pig-iron production, steel manufacturing in 
its various lines, and will also illustrate the processes of 
manufacturing of many of its subsidiary companies’ pro- 
ducts; slso how it utilises its by-products, showing man 
of the uses in which its general products are emaipel 
typifying the advancement in the uses of the country’s 
resources. In addition to these material exhibits 
Corporation intends to exhibit in a comprehensive 
manner, by moving pictures, its operations throughout 
all departments, showing the ramificavions of the processes 
of the Corporation. Ib is proposed as well to set forth 
to the world the work which the United States Steel 
Corporation has done towards the social welfare of its 
employees and those depending upon them. Also many 
forms of safety devices that have been devised by the 
ae officials and its employees. In this social 
welfare department will also be shown the methods em- 
ployed by the Corporation fur the aid and care of the 
injured, and the improvement of the employees’ con- 
ditions at work, and the benefits that are aimed to be 
afforded to employees at their work and in their sur- 
roundings. Also the power that is given to the em- 
ployees, about these 


hb their committees, to bri 
improved wor'! conditions and surroundings. 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—A further improvemen’ 
in the | demand has had a strengthening effect 
upon the -steam market, which, in consequence of 
local industrial weakness, was showing a somewhat 
irregular tendency. Since the conclusion of stock-taki 
the manufacturing demand has reverted to a no 
condition. Among colliery-owners, however, there is 
wide complaint that the production is being serious] 
restricted, and working cost unnecessarily in 4 
because of miners absenting themselves from work. 
House coal is dull and weak. Prices continue to decline. 
The bulk of the yearly contracts, which are agen | 
completed a month before the present date, are sti 
outstanding. The Coal-Owners’ Asssociation is as deter- 
mined as ever to maintain last year’s advance, but it is 
evident that weakness exists somewhere, further contracts 
having been arranged at 6d. reduction. Slightly quicker 
ress is being made with renewals of fuel contracts. 
liveries are being expedited so as to clear off arrears on 
expiring contracts. Slacks are not benefiting to the extent 
anticipated by the reduction in the house-coal output. 
Lower grades are very weak. For no class of coke is 
there more than a moderate demand. Quotations :— 
Best branch hand-picked, 15s. 6d. to 163. 6d.; Barnsley 
best Silkstone, 13s. to 143.; Derbyshire best brights, 12s. 
to 133.; Darbyshire house, 10s. 6d. to 11s. 6d.; best la 
nuts, 103. 6d. to 11s. 6d.; small nuts, 9s. to 103.; York- 
shire hards, 11s. to 12s.; Derbyshire hards, 10s. 6d. to 
1ls. 6d.; best slacks, 7s. 6d. to 8s. 6d.; seconds, 5s. 6d.; 
smalls, 4s. to 5s. 


Tron and Steel.— Another almost blank week has been 
experienced by South Yorkshire pig-iron vendors. See- 
ing that prices have touched what everybody appears to 
regard as a rock-bottom level, and t warrant stores 
are phenomenally low, a revival might be expected at 
any moment, but at present there is no indication of such 
a welcome change setting in. Against this is to be sev 
the fact that bar-iron is almost unsaleable, and that there 
is very little necessity, therefore, to cover contracts. 
Present depression is seen at its worst in forge iron, which 
fluctuates greatly. Foundry iron is a more settled 
medium, and what few contracts have this week been 

have chiefly been in this uct. In both, 
however, the tendency is downwards. rbyshire foundry 
is quoted at 9d. reduction on last month’s figures, and 
Derbyshire forge at 1s. reduction. No further reduction 
has been made in the official price of Lincolnshire sorte. 
Though no great amount of business is passing in hema- 
tites, valuesare firm. The current figures are 73s. 6d. for 
West Coast and 68s. 3d. for East Coast hematite. Since 
the cessation of excessively hot weather and the comple- 
tion of stock-taking, the output of steel has greatly 
increased. New business is now being booked in 
fairly satisfactory proportions, though there is a 
deal of complaint at the size of the orders. There is no 
revival on home railway account, but requirements of 
foreign concerns are on a large scale. The activity at 
the big shipbuilding centres is also fairly reflected in the 
state of industry in the local engineering shops. Nothing 
has occurred to mar prosperity in the armament depart- 
ments, which have substantial contracts on hand for 
almost every country in the world. Notably is this the 
case with Messrs. John Brown and Co., who have just 
completed their jubilee year with very satisfactory 
results. Makers of both crucible steel and steel billets 
are not too well placed for new business, but there is little 
to complain of in either the home or the overseas demand 
for edge-tools, mining and agricultural implements, or 
machinery. Steel alloys are a more profitable medium. 
Scrap, on the other hand, is a drug on the market. 





Tue Derwent.—A meeting of a committee who have 
promoted an application to the Board of Agriculture 
for the formation of a drainage board for the Derwent 
Valley was held on Friday at York, to consider a report 
of Mr. R. F. Grantham, the Commissioner who held an 
inquiry into the application. Mr. Grantham has con- 
siderably modified the extent of the area proposed to be 
included under the board, but the area is still a workable 
one. The engineers appointed in connection with the 
scheme (Messrs. W. Fairbank and Co.) presented a report 
on the area suggested by the Commissioner, and a sub- 
committee was appointed to consider the question in 
9 ye with certain proposals as to the lower reaches 
of the river. 





Sream Power Usep ror GENERATION OF ELEcTRIC 
OuRRENT IN Prussia.—According to recent statistics, 
there were employed for the generation of electric current 
in Prussia steam-engines, portable and stationary, with 
a capacity of 1,410,000 horse-power, and steam-turbines 
used for the same purpose of 1,160,000 horse-power. 
As the total istered capacity of steam-turbines 
amounts to 1,240, horse-power, it will appear that 95 
per cent. of the aggregate is used in the generation of 
electric energy. Altogether, 2,570,000 horse-power of 
steam-power are thus employed in the generating of 
electricity, and although it is a very substantial figure, 
it must be looked u as minimum, inasmuch as many 
steam-engines used for this purpose are not included in 
the record. In addition to the above it must be remem- 
bered that a vast number of gas and oil-engines are 
used for the same purpose, in addition to water power ; 
but of these there is no record. The t total capa- 
city of steam power used for tion of electric 
current is in the Arnsberg district with 389,898 horse- 
power, and the Dusseldorf district with an aggregate 
of 419,051 horse-power. Berlin-Potsdam comes next with 
375,889 horse-power. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A marked ch for the 
better is noticeable, at all events so far as Cleveland pig- 
iron is concerned. This season is usually the quietest 
period of the year, but there are indications of revival, 
and several traders now take a much more cheerful view 
of the outlook, and speak hopefully of a brisk autumn 
iness. The removal of the Russian import duty on 
pig-iron has brought more inquiries from that quarter 
than were looked for. Oae or two more sales to Russia 
are reported, and further business may follow, though 
Germany ow | so favourably aphically placed, will 
probably benefit most by the Russian concession. Values 
of Cleveland pig now show an upward movement. One 
or two small lots of No. 3 g.m.b. have realised 51s. 9d. 
f.o.b., and the general market quotation is — 
5is. 74d.; whilst other qualities have also improved, 
No. 1 having become 54s. .; No. 4 foundry, 
rge, 50s. 104d.; mottled, 50s. 44d. ; 
and white, 50s. 14d., all for either early or forward 
delivery. Better accounts are given of the East Coast 
hematite pig trade. Though a few contracts for mixed 
numbers are understood to have been made at rather less, 
it is now not probable that 59s. could be shaded, and that 
is the somes market quotation for practically any 
delivery. ers report a fair amount of business put 
through at the foregoing quotation, and that buyers are 
much less disinclined to pay it than they have been. 
There is practically nothing ing in foreign ore, but 
ee tend downward, notwithstanding continued high 
reights, due largely to labour troubles. There are sellers 
on the is of 17s. 3d. ex-ship Tees for Rubio of 50 per 
cent. quality, and consumers declare that they would 
have no difficulty in buying at the rate of 17s. liers of 
Durham coke show much reluctance to give way at all, 
but the position is a trifle easier, though the local demand 
keeps fairly good. For Durham blast-furnace coke, of 
average quality, 17s. 6d. is still asked for delivery at 
Teesside works, but business might be done at a trifle 
less. A good deal of Yorkshire coke is being taken up at 
comparatively low figures. 


Stocks and Shipments. —The stock of Cleveland pig-iron 
in the a warrant stores here now stands at 78,653 
tons—all of which is No.3 quality. Since the beginning 
of the month the stock has been increased by 364 tons. 
Shipments of + from the Tees are on only a 
moderate scale. To-date this month a Gy ~ 3015 tons 
per working day, the total despatches being returned at 
21,105 tons, 19,458 tons of which have gone from Middles- 
brough and 1647 tons from Skinningrove. To the same 
date last month, the loadings were given at 13,388 tons, 
or a daily average of 1912 tons, and for the corresponding 
part of July a year ago, the clearances reached 25,958 
tons, or an average of 3708 tons per working day. 


Manufactured Iron and Steel.—There are no new 
features of moment in the manufactured iron and steel 
trades. New orders are scarce. There are, however, 
orders on the market for rails, but they have not yet been 
allotted. Principal market quotations stand —~emann 
iron bars, 7/. ; bars, 7/. 7s. 6d.; best best bars, 
71.153.; packing iron, 5/. 5s.; iron ship-plates, 6/. 15s. ; iron 
ship-angles, 7/.; iron ship-rivets, 7/. 5s.; iron girder plates, 
71. 5s.; steel bars (basic), 61. 5s.; steel bars (Siemens), 61. 5s. ; 
steel ship-plates, 6/.; steel ship-angles, 5/. 15s. ; steel boiler- 

lates, 7/.; steel joists, 67. 12s. 6d.; steel strip, 6/. 5s.; steel 
Capa, 61. 10s.—all less the customary 24 per cent. dis- 
count ; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 4/. 5s.; light iron raila, 7/.; heavy steel rails, 
5l. 15s. to 5/. 17s. 6d.; steel railway sleepers, 7/. 5s.—all 
net at works; galvanised corrugated sheets, 24 gauge, 
in bundles, 11/. 5s. f.o.b.—less 4 per cent. 


Blastfurnacemen’s Wages.—The ascertained net selli 
orice of No. 3 Cleveland pig for the months of Apri 

ay, and June, has been certified at 51s. 0.70d. per ton, 
as compared with 51s. 5.13d. in the previous two months. 
This means a reduction in blastfurnacemen’s wages of 
0.50 (one-half) per cent., which brings the wages from 
24.25 per cent. above the standard to 23.75 per cent. 
above the standard, 








French TRANSATLANTIC NavicaTion.—The working 
of the French General Transatlantic ne in 1913, 
after providing for reserve and redemption allocations, 
was attended with a profit of 94.852/., as compared with 
& corresponding profit of 85,600/. in 1912 and 128,686/. in 
1911. e balance available for 1913 admitted of a divi- 
dend of 7s. 2d. per share, 1251/. being carried forward. 





Tue Roap Boarp—Grants TO Highway AUTHORI- 
T1rzs.—During the months of April, May, and June, 
1914, the Road Board indica additional advances 
to highway authorities, ‘wor in the aggre- 
gate to 340,112/., of which 277,357/. was by way of 
grant, and 62,755/. by way of loan. The total advances 
made and indicated up to June 30, 1914, amount to 
5,553, 9247. —4,106,462/. by way of grant, and 1,447, 462/. by 
way of loan. The f advances by way of grant 
made, with the approval of the Treasury, during the 
3 quarter, amounting to 267,436/., were.applied as 

ow :— 


Road crust improvements .. ee ee os 
Road widenings and improvement of curves 


andcorners .. - . 24,016 
Road diversions “p as oa se ¢e 5,125 
Reconstruction and improvement of bridges .. 5,542 
New roads and bridges es oe és De J 


During the same period, ad:ances by way of loan, 
amounting to the sum of 105,266/., hive been arranged. 




















eS 








Juty 10, 1914.] 


ENGINEERING. 


45 








RECENT DEVELOPMENT OF EXPRESS 
LOCOMOTIVES IN FRANCE.* 
By Professor Epovarp Sauvace, Member, of Paris. 


Two papers on French locomotives by the author of the 
present one had the honour of discussion at the meetings 
of the Institution, one, in 1900, on ‘* Recent Locomotive 
Practice in France,”+ and the other, in 1904, on ‘‘ Com- 
pound Locomotives in France.”} This third , deal- 
ing with the further development, during the last decade, 
in the construction of locomotives for express service on 
French railways, has been _ in accordance with 
the Council’s desire. For the data and results of experi- 
ence reported in this paper the author is indebted to the 
following chief engineers :—M. crenon, of the Est; 
M. Maréchal, of the Paris- Lyons-Méditerranée; M. Nadal. 
of the State; M. Asselin, of the Nord; M. Solacroup, 
of the Paris-Orléans ; and M. Herdner, of the Midi, Rail- 
ways, who with the greatest liberality provided him with 
all the necessary information. 

With the exception of some “‘ Atlantics,” which are not 
likely to be reproduced, alt engines built for this service 
since 1904 are six-coupled, either ten-wheelers (4-6) or 
**Pacifics” (4-6-2). Superheated steam is largely used, 
especially in the latest constructions. With a few —- 
tions the Schmidt standard superheater§ has been adopted. 
Owing to the large tubes necessary to receive the super- 
heating pipes, it frequently happens when a superheater 
is fitted in a locomotive boiler that the proper heating or 
vaporising surface is greatly curtailed ; in many engines 
the total of the heating superheating surfaces is less 
than the heating surface which might have been obtained 
without superheating. The figures in Table I. give some 
examples of this reduction. || 

Without superheaters, the heating surface equals 72 
to 77 times the grate area in the four first engines (narrow 
fire-boxes), and 60 to 62 times in the case of the last (wide 
fire-boxes). With superheaters, the ratio of proper heat- 
ing surface to grate area is as low as 50 and does not 
exceed 60 ; and, with the exception of the two last engines 
and of Nos. 3601 to 3605 Paris-Lyons-Méditerranée, the 


Taare I, 








| 
| Grate | Heating an 








per- | 
— | Numbers. eating | - 
Area. Surface. iSasiens, 
sq.m. | sq. m. | sq. m. 
sq. ft. | sq. ft. aq. ft. 
Bet |( 234.91 
pat f 3108-3146 | 3.1607 | | (2528.59 
( ) 3191-3230 | (34.02) |) 158.85 | 37.25 (47.87 sq. m. 
ern (1709.85) (400.97) with ‘ Mes. 
tre” suph. 
(509.90 aq. ft.) 
214.80 
(2306.73) 


| 
{ 2008-2969)» 9¢ 160.90 57.15 With tubes of 
P.L.M.) 3601-3605 1 (9° d7yy |} (1781.89) (626.33) 70mm. dia. 
3691-3700 J (2.76 in.) 
149.75 | 33 63 

(1611-87) (362.0) 

206.71 


230, 571-230, 

Etat 618 2.30 | | (2226.04) 
(State ) 230, 619-230,| (30.14) |) 159.50 | 37.50 
705 | (1716.88) (408.66) 

1. 

bn 4 2641 | 2.76 | (2274.43) 
(North- 2659 © | (29.71) | 164.13 .08 
ern) (1766.7) | (480.89) 

257 26 


3501-3520 
P.O. } 352.3650 


Midi . 
goot-3016 | 4.02 | (2726.45) 

coun. | 3051-3054 | 60.88 
(2328.12) (655.23) 


| 


totalsurface is reduced. Although the results in service 
are good in all cases of euperheating, this reduction 
of heating surface in some boilers cannot entirely 
satisfactory. No difficulty ye aye to arise from the 
use of superheaters ; they are easily kept in order ; valves 
and pistons, properly lubricated with an efficient oil, do 
not give signs of undue wear, even with a high superheat, 
up to 340 deg. Cent. Except on one company, all engines 
for express service have four cylinders, with a large pro- 
portion of compounds ; in a few cases, simple expansion 

* Paper read before the Institution of Mechanical 
Engineers at Paris, July 7, 1914. 

+ Proceedings of the Institution of Mechanical Engi- 
neers, 1900, page 375. 

t sbid., 1904, page 327. 

§ A description of the Schmidt superheater will be 
found in Mr. Flamme’s paper, Mey ters Applied to 

motives on the ian State Railways ” (Proceed- 

ings of the Institution of Mechanical i 19065, 
409, and Plates 15, 16, and 17). See also Mr. Fowler's 
paper, ‘‘Superheating Steam in Locomotives” (Proceed- 
ings of the Institution of Civil Engineers, 1913-1914). 

In France the heating and superheating surfaces are 
generally computed on the side in contact with combus- 
tion gases, including the whole surface of the ribs in the 
case of Serve tubes. An exception on the Est Railway 
will be mentioned. All measures in the paper are 
metric, with the abbreviations ad by the Interna- 
tional Committee of Weights and Measures (Proceedings 
of the Institution of Mechanical Engineers, 1900, page 394). 

I This question has been mentioned in F. H. Tre- 
vithick and P. J. Cowan’s paper on ‘‘ Some Effects of 
Superheating and Feed-Water Heating on Locomotive 

orking ” (Proceedings of the Institution of Mechanical 
Engineers, 1913, Part II., page 345), but treated from a 
different point of view. 





in four oat tinten is a but the ay sys- 
tem appears altogether to erred. © one excep- 
tion z the recent building, by the Midi Railway, of 
simple engines with only two cylinders, using super- 
heated steam, for express service. * hen superheaters 
have been added to the four-cylinder compounds, the 
diameter of the high-pressure cylinders has been in- 

, the low-pressure cylinders _ae left unaltered. 
Piston-valves are generally used on all cylinders, even on 
oer mg but in a few cases—for instance, on 
Paris-Orléans engines—flat valves have been preserved 
on the low-pressure cylinders of superheaters. 

The usual practice is to have four separate valve motions, 
of the Walschaert type, for the different cylinders of the 
compounds ; the reversing-gear can operate at will the 
ph me and the low-pressure motions together, or 
only one of them. The starting device, when admitting 
steam directly to the low-pressure cylinders, opens a 
direct exhaust to the high-pressure. An exception is to 
be found on the Posie gen S6daimnente engines ; the 
low-pressure valve-motion gives always the same admis- 
sion (averaging 63 per 100) backwards and forwards; it 
is opera by the same screw as the high-pressure 
motion, but is only transferred from one position to the 
other when reversing. The high-pressure valve-motion 
being designed to give a very prolonged admission (up to 
88 per 100), the starting device comprises only a cock 
admitting live steam into the low-pressure cylinders, 
without special exhaust for the high-pressure. 

As regards details, it may be mentioned that, in some 
engines, the damper-box and doors that enclose in the 
smoke-box the collectors and ends of superheating pipes 
have been taken off. No inconvenience seems to result 
from this suppression. Trouble would arise from a 
longed use of the blower, which may be avoided. If 
further experience proves that this mechanism can be 
disp with, including the steam-cylinder for the auto- 
matic working of the damper, the saving in first cost and 
expenses for repairs will not be negligible, as well as the 

uction in weight of about 300 kg. (660 lb.).+ The 
driver’s station, that used to be on the right side of the 
engine, has been transferred to the left. Bogie-wheels 
are, as a rule, braked. 


Taste Il.—Principal Dimensions of Recent 
4-6 Locomotives, with Superheaters. 
; f ——< 


Nord. 
Est. P.L.M. 8588- 
8191- 2691- Etat. 3567, Midi. 
3230. | 2700. | $o0ceh| so7e- | $501. 
—_— Four- | Four- Four- | 2597: | mq, 
cylinder cylinder), - ~ | Four- 'o- 
Com- - \ylinder |-ylinder| Qinder 
pounds. pounds. | Simple. | Son | imple. 


pounds. | 


Grate area = _8q. m.| 3.1607 2.98 | 278 | 2.76 2.78 
aq. ft. (84.02) (32.07) | (29.92) | (29.71) | (29.92) 
ys sur- is m. 5 | 1 75 





158.86 149.7 ‘ 164.13 | 160. 
sq. ft. (1709.90) (1611.87) (1464.65) |(1766.77) (1730.27) 
sq.m. 37.25" | 88.63 43.03 40.03 49.32 
eq. ft. | (400.97) (362.0) | (468.18)! (480.89) (580.89) 
mm. '21 of 133 21 of 127/22 of 183/22 of 183 24 of 183 
Tubes, num- ( in. (5.23) | (4.99) | (5.23) | (5.23) (6.28) 
ber and out-/ mm. 28 of 49 19 of 50/139 of 60) 20 of 50 148 of 50 


Superheat- 
ing surface 


side dimen- in.| (1.93) (1.97) | (1.97) | (1.97), (1.97) 
sions mm. 75 of 70+ 64 of 70t _ 60 of 70t _ 
in.| (2.76) (2.76) | (2.76) 
Length  be- { m., 4.400 4.000 4.300 | 4.300 — 
tween ) piates ft.in) (14-5) (18-1) | (14-1) | (14-1) 
Mean b re m. 1.550 1.500 1.600 1.456 1.533 
barrel ft. in) (6-1) | (4-11) | (6-8) (4-9) (5.0) 
Height of axis m.| 2.690 2.600 2.630 
above rail ft.in (8-10) (8-6) | (9-2) | (87) 


> . 16 16 12 16 12 
pres- (lb. per eq. in. (227.6) (227.6) | (170.7) | (227.6) (170.7) 








Volume of \ cub. m.| 5.770 5.420 | 6.150 | 4.960 | 5.440 
— cub. ft. (208.8) (191.4) | (217.2) | (175.16) 
Volume of cub. m. 2.855 2.810 | 2850 | 2.720 | 2.990 
— cub. ft. (100.81) (99.2) | (100.65) | (96.08) 
Diameter of 

m.| 2.090 2000 | 2.040 | 1.750 | 1.7 
coupled) ft. in. (6-10) | (7) | (8) | (9) | (5-9) 

mm.) 390 370 430 3380 590 
Diameter of} in. | (1.3.35) | (1-2.57) | (1-498) | (1-2.96) (1-11.23) 
cylinders mm. £590 &50 | — & 550 — 


-y 


. (1-11.98), (1.9.27) | (1-9.66) 

Stroke of pl- | mm. 680 650 | 640 | 640 | 640 
mnt is| Sem | Se | SB | Sze | Se 
Weight empty | som (70.7) | (66.4) | (64.4) | (63.0) | (68.7) 
Weight, work-f kg. 77.950 73,200 | 71,500 | 69,705 | 76,800 





ing order tons (76.9) (72.0) | (70.4) | (68.6) | (75.1) 
Weight mae. | kg. 58,110 51,000 | 48,900 | 49,680 | 54,000 
sive tons) (52.3) | (60.2) | (48.1) | (49.0) | (68.1) 


* 45.37 8q. m. (488.4 sq. ft.) with Mestre’s superheater. 
t Serve ribbed tubes. 


Two standard types of locomotives are used in France 
for express service, the ten-wheeler (4-6) and the 
‘* Pacific.” Tables II. and III. give the particulars of 
the latest types of these two sorts of engines for the 
different railway systems. 

Details on the practice of each railway system will 
complete this general view. 








* Simple engines on the same principle exist on other 
se but not for fast service. 

+ When the damper is shut, the superheater elements 
lose their heat quickly, and take some time to in it ; 
this practically reduces the advantage of superheating 
for trains frequently s ing. For reason the 
Midland Railway desi an apparatus to k the 
doors o when the regulator is shut, provided the 
blower does not come into operation. 





Est. 

One hundred and thirty six-coupled express locomo- 
tives (4-6), four-cylinder compounds, with wheels of 
2.090 m. (6 ft. 10.3 in.) diameter, are in service on the 
Est system. The two first (Nos. 3101-3102), erected in 
1903, have been described in the 1904 paper on ‘“Com- 

und Locomotives ” ( 362 and Fig. 10, Plate LIII.). 
They have been followed by :— 

Nos. 3103-3128, erected in 1906-7. 


», 3129-3150, ,, 1907-8. 

 $151-3164, °, 1909-10. 

 $165-3190, " 1910. 

», 3191-3230, {) 1912-13 (Fig. 1, page 47). 


Nos. 3147 and following (eighty-four engines) are fitted 
with superheaters. 
For the | flat valves of the two first engines (Nos, 3101- 
3102), piston-valves have been substituted in all others. 
The diameters of the cylinders, 350 mm. (13.78 in.) and 
560 mm. (22.05 in.), with 660 mm. (25.98 in.) stroke in 
these two engines, have been enlarged to 360 mm. 
(14.17 in.) and 590 mm. (23.2 in.). ; further, to 390 mm. 
15.4 in.) for the high-pressure cylinders of the super- 
eating engines (Nos. 3147-3230). Might not the low- 
pressure cylinders be enlarged, too, with advan ? But 
these cylinders, with their diameter of 590 mm. (23.2 in.), 
occupy the whole available space between the frames, and 
an increase of size would involve a radical change in the 
plan of the engine, which was not thought advisable. 

Engines Nos. 3103-3164 have two steam-domes, but 
Nos. fies and following have only one. 

Other systems of superheaters besides the Schmidt 
have been experimented upon. First, for fear of over- 


Pro- | heating the eee eee superheating in two 
1g - 


stages was resorted to ; pressure steam being mode- 
rately superheated, receiver steam a second super- 
heater. This plan has been abandened. A “helical 
superheater,” on the principle of the Field tube, with 
ribs, was fitted to some engines, and was abandoned, too, 
on account of its insufficient surface and of the difficulty 
of cleaning its outside ribs. Another system is the Mestre 
squirrel-cage superheater, Fig. 2, page 47, which is work- 
ing on some engines and gives ample surface. 

t may be mentioned that in engines Nos. 3129-3146 
the receiver comprises a number of 1 i — in the 
smoke-box, with a heating surface of 7.736 sq. m. 
(83.3 sq. ft.), the object being to dry or even to super- 
heat the low-pressure steam. This contrivance does not 
seem to have any well-marked effect. The ends of the 
superheating tubes, which are steel castings in Schmidt’s 
system, come close to the fire-box, the distance being 
reduced to 550 mm. (21.7 in.). It has been found that 
these castings are rapidly covered with a slag deposit that 
protects them from a too intense heat. With exce 
tion of the points mentioned, the several lots of these 
engines show but slight differences. The principal dimen- 
sions are given in Table II. The heating surface is com- 
puted on the side in contact with combustion gases ; in 
the case of Serve tubes it is reckoned as the mean between 
the actual surface ribs included and the surface of a 
plain tube of the same inside diameter. The surface of 
the superheaters is the mean between their inside and 
outside surfaces. 

As usual, the cylinders are provided with air relief- 
valves, which open automatically when steam is shut 
off ; they are quite necessary with piston-valves unless 
Schmidt’s by-pass be used. Some trouble having been 
experienced in the working of these valves, which must 
be large, they have been replaced by groups of six small 
ones (see Fig. 3, page 47). All wheels, Teal included, are 
fitted with hrake-blocks. These engines have six-wheel 
tenders, holding 22 cub. m. (4850 gallons) of water and 
8 tons of coal, weighing empty 20 tons. 

Mr. Lancrenon, Chief Engineer of the Eset Railway, 
declares these six-coupled engines give entire satisfac- 
tion. oo utilised — y for fast — | ee 
negotiate all passenger and even occasionally heavy 8 
trains. They attain easily the limit speed of 120 km. 
(74.6 miles) an hour, and run smoothly without injuring the 
track ; the expenses for ing up, as well as coal and 
water consumption, are moderate. 

In addition to these express engines, the Est Rail- 
way’s stock comprises 212 locomotives of a similar type, 
with wheels of 1.750 metres (5 ft. 8.9 in.), which may 
occasionally haul express trains. These engines have 
been mentioned in the previous papers on locomotives.* 
The “* Atlantic” engines of the same company, described 
in the 1904 paper (Fig. 8, Plate 25), number only two, 
ordered for sake of comparison with the 4-6 engines. 

As regards boiler pressure, the practice of the Hest 
Railway is to reduce the maximum allowed by one unit, 
so as to be certain that this maximum is never exceeded. 
On boilers marked 16 kg. per eq. om. (227.6 Ib. per 7%) 
the safety-valves blow off at 15 kg. per sq. om. (213.365 Ib. 
per sq. in.). 

Paris-Lyons-M&DITERRANEE. 

Since 1904 the Paris-Lyons-Méditerranée Railwa 
ordered :—160 six-coupled bogie engines (4-6) from 1 
to 1909; 20 “‘Atlantics” in 1906; 177 ‘‘ Pacifics” from 
1909 to 1912; all with 2 m. (6 ft. 6.74 in.) driving-wheels, 

‘© these may be added 170 ten-wheelers, with 1.80 m. 
(5 ft. 10.9in.) wheels, ordered in 1910, and utilised on 
certain lines for express trains. 

Of these 527 locomotives, 198 have superheaters ; all 
have four cylinders, and are compounds, with the excep- 
tion of 91 engines using superheated steam in four equal 
cylinders, on simple expansion principle. 

The 4-6 and the ‘‘ Atlantac” locomotives were designed 
in 1904, with the same boilers and cylinders. Owing 

* Proceedings of the Institution of Mechanical Engi- 
neers, 1900, Fig. 12, Plate 46 ; and 1904, Fig. 3, Plate 50, 
and Fig. 9, Plate 52. 
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to the very good results obtained from the six-coupled, 
which have over the *‘ Atlantics” the advantage of a 
greater adhesive weight, the building of engines of this 
latter class has nm discontinued. Of these 160 ten- 
wheelers (Nos. 2601-2760), 10 (Nos. 2691-2700) have been 
built with an ordinary Schmidt superheater ; 5 engines 
Nos. 2601-2605), built in 1905, received later on a special 

hmidt superheater, with small tubes and two collectors ; 
these — having Serve tubes of 70 mm. (2.76 in.) 
outside diameter, the superheating tubes found room in 
tubes of the same diameter without ribs. 

In Nos. 2691-2700 (Fig. 4), built with superheaters, the 
diameter of the high-pressure cylinders has been increased 
from 340 mm. (13.39 im.) to 370 mm. (14.57 in.), the 


low-pressure cylinders remaining the same—540 mm. | Th 


(21.27 in.). Of the five oa. fitted later on with 
superheaters, three only had their high-pressure cylin- 
ders increased, in view of comparative experiments. 
Table II. gives the principal dimensions of these engines. 

A more powerful engine being wanted, a ‘‘ Pacific” 
was designed in 1908, and 177 were put in service, in 
different lots, showing some differences. The main 
question to be resolved was whether, with superheated 
steam, simple expansion and a moderate boiler pressure 


and the net coal consumption (deduction made for light- 
ing up) from 1.35 kg. (2.98 lb.) to 1.59 kg. (3.51b.). In some 
cases as much as 700 kg. (1543 Ib.) of coal were shovelled 
in hour and square metre (10 764 sq. ft.) of grate. 

ompound locomotive 6204 hauled trains of 646 tons at 
an average speed of 80 km. (49.7 miles) to 90 km. (55.9 
miles) an hour from Laroche to Blaisy ; 2425 horse-power 
(2391 British horse-power) was indicated, and 1604 horse- 
power (1582 British horse-power) registered by the dyna- 
mometer on the pull-bar. The water consumed per hour 
and indicated horse-power varied from 6.13 kg. (13.51 Ib.) 
to 6.82 kg. (15.03 lb.). the coal consumption from 
1.03 kg. (2.27 Ib.) to 1.22 kg. (2.69 lb.), and the net cval 
consumption from 0.933 kg. (2.06 Ib.) to 1.08 kg. (2.38 Ib.). 
e rate of combustion never exceeded 537 kg. (1183.9 lb.) 
per hour and square metre (10.764 sq. ft.) of grate. 

Mr. Maréchal, Chief Engineer of the Paris-Lyons- 
Mediterranée Railway concludes: ‘‘The experiments 
show the compound locomotives at the same time more 
powerful and more economical than the simple. In con- 

uence we discontinued the building of simple engines.” 
he 170 4-6 engines (Nos. 2430-2599) have the same 
general lines as the 2601-2760, but with smaller wheels, 
| 1.800 m. (5 ft. 10.87 in.) instead of 2 m. (6 ft. 6.74 in.), 





TABLE III.—Princrpat Dimensions or Recent Paciric ENGINES. 



































P. L. M Etat. Norp PARIS-ORLEANS. Mr. 
ae eee ¢-Oylinder |¢-Cylinder 
4- nde: |4-Cylinder iom- om- | 
‘al - we 4-Oylinder om- Com- pounds | pounds gE 2-Cylinder 
unde. mple. | pounds. | pounds. | without with ote Simple. 
No sop1. Nos. 6172-| Nos. 231-| Nos. 3- | Super- | Super- Po g0s1-(NO8- 3101- 
6285 6191. | 601, 231 1161, 3- | heater. heater. 3054 3104. 
ae 556, 1170. |Nos. 3501-,Nos, 3521- , 
3520. | 3590. 
Grate area .. sq. m 4,25 | 4,27 8.22 4.27 4.02 4 
aq. ft (47.75) | (45.96) (34.67) 96) (43.27) (43.06) 
Heating surface sq.m 202.13 219.31 | 210.97 212.98 257.25 211.07 216.29 201.40 
sq. ft., (2175.3) (2360.6) | (2270.84) | (2292.5) | (2768.99) | (2271.95) | (2328.12) | (2167.9) 
Superheating surface 8q. m. 64.4 70.63 | 63.50 45.00 » 62.60 60.88 71.50 
8q. ft.| (693.98) (760.28) | (683.5) (484.4) (673.9) (655.3) (769.7) 
mm. of 133 24 of 133 | 24 of 133 io 24 of 133 | 240f 133 | 28 of 133 
Tubes, number and outside in. (5.23) | (5.23) (5.28) (5.23) (5.23) (5.28) 
iameter mm. 143 of 55 | 161 of 55 | 90 of 70* | 257 of E5 | 151 0f 55 | 145 0f 57 | 122 of 57 
in. (2.17) (2.17) 2.76) (2.17) (2.17) (2.24) (2.24) 
Length between plates .. ‘ m. 5.500 6.000 | 5.900 4.500 5.900 - _— 
ft. in.| (18-0.53) (19.8) (19-4.3) | (14-9) (19-4.3) 
Mean diameter of barrel .. m. 1.661 | 1.681 | 1.680 1.641 1.680 1. 1.696 
ft. in. (5-5.89) | (5-6) (5-6.13) (5-4.61) (5-6.13) (5-6.13) | (5-6.77) 
Height of axis above rail « th 2. 2.850 2.820 2.850 _ — 
ft. in. (9-9.7) (9-4.2) (9-3) (9-4.2) 
Effective pressure .. ke per sq. cm 16 | 14 16 16 16 16 13 
. per sq. in. (227.57) (199) (227.57) | (227.57) (227.57) (227.57) | (184.90) 
Volume of water in boiler at cub. m. 7.630 8.220 8.500 6.500 | ‘ 8.180 - 
cub. ft. (269.47) | (290.80) | (300.19) (229.56) | (304.43) (290.30) | (288.89) 
Volume of steam .. cub, m 3.360 580 3.600 3.760 3.800 3.800 3 790 — 
cub. ft.| (118.66) | (126.48) | (127.14) | (132.79) | (184.20) | (184.20) | (133.85) 
Diameter of coupled wheels m. 2 1.940 2.040 1.940 | 1.940 1.940 
ft. in. (6-7) (6-4.41) | (6-8.28) (6-4.41) | (6-4.41) | (6-4.41) 
/ ft. in. a $33) | “ on a 4.64) a ry ) a 335) a oe) a a7 >| @ 0.80) 
. in. ~6.83) | - -4, -4.14 -3. -4, -8.75 - 
Diameter of cylinders | mm. and 650 | and 640 | and 600 | and 640 | and 640 | and 620 — 
ft. in.) (2-1.59) (2-1.20) | (1-11.62) | (2-1.20) | (2-1.20) | (2-0.41) 
Stroke of pistons .. mm. 650 | 650 660 650 650 650 
; ft. in. (2-1.59) | (2-1.59) | (2-1.98) (2-1.59) (2-1.59) | (2-1.59) 
Weight, empty kg. 560 | 5 86,000 78,185 81,400 x 82,170 80,000 
tons) (81.3) | (82.14) (84.7) 76.9) (80.1) | (82.9) (80.9) (78.7) 
- in working order kg.| 91,210 | 93,060 95,000 85,670 400 800 91,300 89,000 
tons (89.8) | (91.6) (93.6) (84.2) (88.9) (90.7) (89.9) (87.9) 
” adhesive .. kg. 55, r | 49,170 | 52, 52,950 54,000 | 54, 
tons (54.9) (53.1) (48.4) | (61.7) | (62.1) (58.1) (53.1) 
* Serve tubes. 


were not as advantageous as the compound system with 
a higher pressure. 

The two first ‘‘ Pacifics,” delivered in 1909, were a four- 
cylinder compound (No. 6001), to which a Schmidt super- 
heater was added in 1913, and a four-cylinder simple 
(No. 6101), with superheater and pressure reduced to 
12 kg. per sq. cm. (170.7 lb. per sq. in.); afterwards 
seventy similar simple engines (Nos. 6102-6171) were 
ordered, but it must not be inferred that the question of 
simple expansion versus compound was definitely settled, 
as the orders in 1912 com eighty-five four-cylinder 
compounds (Fig. 5, page 48) with superheaters (Nos. 6201- 
6280), and twenty four-cylinder simple engines (Nos. 
6172-6191). In these last engines the boiler pressure was 
increased from 12 kg. to 14 kg. per sq. om. (170.7 lb, to 
199.1 lb. per sq. in.), as it was noticed that in the first 
engines the drop of pressure from boiler to steam-chest 
amounted frequently to 3 kg. sq. cm, (42.67 lb. per 
sq. in.), owing to the presence of the superheater. 

All ‘** Pacifics ” have plain tubes, without ribs, with an 
outside diameter of 55 mm. (2.17 in.), in relation with 
their great length, 5.50 m. (18 ft. 0.5in.) and 6 m. 
(19 ft, 8.22 in.). The principal dimensions of these 
7 — poe found = Table III., —, ‘ 

tender holding 28 cub. m. (6180 gallons) of water an 
5 tons of coal, carried on wee bani has been designed 
for the ‘‘ Pacifios.” It weighs, empty, 28 tons. 

Comparative trials of No. 6102 (simple) and No. 6204 
(compound) took place between Larocae and Dijon, the 
line rising from Candin to Blaisy (distance 132 km.) 
(82 miles) with long continuous grades of about 5 mm. 
per metre (1 in 200). 

With trains weighing as much as 487 tons, locomotive 
6102 (simple) indicated 2051 horse-power* (2022 British 
horse-power), the utilised power on the draw-bar being 
1364 horse-power (1342 British horse-power). The water 
consumed per hour and indicated horse-power varied, in 
the different experiments, from 8.67 kg. (19.1 Ib.) to 
9.77 kg. (21.5 1b.), the gross coal consumption, including 
lighting up of fires, from 1.55 kg. (3.42 Ib.) to 1.81 kg. (41b.), 





- 


horse-power equals 75 kilogramme-metres 


boilers a little more powerful (grate area, 3.08 sq. m. 
(33.2 sq. ft.) against 2.98 sq. m. (32.1 sq. ft.)), heating 
surface, 239.64 sq. m. (2579.5 sq. ft.) against 214.30 sq. m. 
(2306.7 sq. ft.), cylinders of 370 mm. (14.57 in.) and 590 mm. 
(23.23 in. against $40 mm. (13.39 in.) and 540 mm. (21.27 in.) 
with same stroke of 650 mm. (25.59 m.). The object was 
to have a powerful engine to haul express trains on diffi- 
cult profiles, where the permanent way could not allow 
the running of ‘‘ Pacifics.” It will be noticed that these 
engines have no superheaters. 


Erart. 


The express ines ordered by the State railways 
(formerly Ouest) since 1904, include 10 ‘‘ Atlantics,” built 
in 1905, 273 46 engines, and 108 ‘* Pacifics.” 

The “‘ Atlantics” are four-cylinder compounds, with cy- 
linders of 360 mm. (14.17 in.) and 600 mm. (23.62 in.) by 
640 mm. (25.20 in.), wheels of 2.040 m. (6 ft. 8.31 in.), 
grate area 3.10 4. m. (33.4 sq. ft.), and heating surface 
239.40 sq. m. (2576.9 sq. ft.). ’ 

Of the 4-6 engines, 108 (Nos. 230,511-230,618), built 
from 1904 to 1908, are similar to Nos. 2701-2720, described 
in the 1904 paper on compound locomotives (page 355 and 
Fig. 2, Plate 50), with unimportant differences ; 87 (Nos. 
230,619-230,705), built in 1 and 1912, have a larger 

te area, 2.80 sq. m. (30.14 sq. ft.), and Schmidt super- 
eaters, the diameter of the high-pressure cylinders being 
en to 380 mm. (14.96 in.). The heating surface is 
158.50 sq. m. (1706.1 sq. ft.), and the superheating surface 
37.50 -3 m. (403.7 sq. ft.). 

Another lot —— 58 engines (Nos. 230,801-230,858), 
built from 1908 to 1912, on about the same lines, but wi 
smaller wheels, 1.850 m. (6 ft. 0.83 in.), instead of 
1.940 m. (6 ft. 4.38 in.), a somewhat larger boiler and 
bigger cylinders, 360 mm. (14.17 in.) and 600 mm. 
(23. in} 640 mm. (25.20 in.), without superheat. 

381-280, 800, with superheaters, Fig. 6, page 
48, are simple-expansion engines, with four equal cylin- 
ders, 430 mm. (16.93 in.) by 640 mm. (25.20 in.). The 
principal dimensions are giren in Table I. : 

Of the ‘* Pacifics,” two (Nos. 231,001-231,002), built 





French 
(542.5 ft,-Ib.) per second (32,550 ft.-Ib. per minute). 


in 1 four-cylind: er ithout 
Sam ke 1.940 m. ( ft. 4.38 in.) ’ The | fty 





following ones (Nos. 231,011-231,060). equally four-cylinder 
—- without superheaters (Fig. 7, page 48) have 

ler wheels, 1.850 m. (6 ft. 0.83 in.), and date from 
1910. The ee. Nos, 231,501-231,556, four-cylinder 
compounds with superheat, are not yet in service. The 
wheel diameter of 1.940 m. (6 ft. 438 in.) has been 
reverted to. Piston-valves are used on the high-pressure 
cylinders and fiat valves on the low-pressure. The same 


pe of grate as on the Paris-Orleans (Fig. 13, 50), 
is used, narrow in front, wider in the back part, but with 
a half cvlindrica) outer shell, flush with the barrel, instead 


of the flat Belpaire top. 
given in Table IIT. 

No precise experimental data, referring to the types of 
engines mentioned, are available. As the com- 
parison of simple four-cylinder engines v. compounds, all 
with superheaters, the impression of some officials of the 
State railways seems to in favour of the compound 
principle. roughs for picking up water have been 
established close to Arniéres, 115 km. (71.5 miles) from 
Paris on the Caen line, and 121 tenders are fitted with 
scoops ; 56 more are in preparation. 


principal dimensions are 


Norp. 

The locomotives used for fast trains on the Nord since 
1904, all four-cylinder compounds, are :— 

Thirty-five ‘‘Atlantics,” the last fifteen of which 
(Nos. 2661-2675) have been built in 1904-5; 150 4-6 
engines (Nos. 3513-3662), erected from 1909 to 1912 ; two 
“* Baltic” engines (4-6-4), Nos. 3,1101-3, 1102, built im 1911; 
twenty ‘‘ Pacifics ” (Nos. 3,1151-3, 1170), built in 1912. 


Taste IV. 

** Atlantic” : 
| ** Atlantic” No. 2659 
| pokes emery (Superheated Steam). 


No. and date of train. .| 179, 
| August 22, 1900 
322 





179, April 19, 1913 


Weight of train esl tons 356 tons 
Average speed on level) 107 km. an hour 113 km. an hour 
| (66.5 miles (70.21 miles) 
Average speedon5 mm.| 90 km. an hour 93 km. an hour 
per m. (1 in 200) incline (55.9 miles) (57.8 miles) 
235 1435 h.-p. (1414.9 h.-p.) 


| 1235 h.-p. 
eee wr t (1217.7 h.-p.) | (increase 16, 2p. 100) 
cated | °" ap is | 1295 h.p. «1510 h-p. (1488.9 h.-p.) 
power | (1276.9 h.-p.) 


cline (increase 16, 6 p. 100) 
per km.) | 
0.621. | | 
Water con-} (9: | 91.5 1. (20.18 gals.) 
sumed { raat ee 4 0.957 1. (0.087 gai.) 
km. | 
r% km. ) | 
Coal con-} 2-621 || 16 kg. (35.27 Ib ) 
sumed } R..M | | Not measured { Noes kg. (0.099 Ib.) 


Duration of run, Paris-| 
St. Quentin (153 km.)) 


(95.1 miles) ../Lhr. 35 min. 45 sec. _1Lhr. 35 min. 





Of the ‘‘ Atlantics” twenty were in service before 
1904, and have been described in the Proceedings of the 
Institution of Mechanical Engineers (1900, page 400, and 
Fig. 11, Plate 46 ; 1904, 334, and Fig. 1, Plate 50). 
To the new ones superheaters have been added; the 
heating surface, 211.30 sq. m. (2274.4 sq. ft.) was reduced 
to 164.13 sq. m. (1766.7 sq. ft.), with a superheating sur- 
face of 40.03 > (430.9 sq. ft.); the high-pressure 
cylinders have m en from 340 mm. (13.39 in.) 
to 390 mm. (15.35 in.), the low-pressure remaining at 
560 mm. (22.05 in.); pistons have been substituted for 
flat valves. Steam is admitted in the centre of the 
piston - valves of the high-pressure cylinders, and the 
valve-rods are ata greater distance from the piston-rods 
than with the fiat valves. For these reasons the motion 
derived from the Walschaert is transmitted to the 
valve-rod by a combination of levers (Fig. 8, page 48), 
which may appear somewhat complicated, the motive 
being the desire to change as little as possible the design 
of the old engine. Bya modification of the compensating 
beams, the adhesive weight has been increased from 
33 tons to the new limit of 36. The results in Table IV. 
prove the advantage of superheating. With the normal 
weight of 250 tons for this train, the consumption per 
kilometre was 11.9 kg. (26.24 lb.) of coal and 83 litres 
(18.26 gallons) of water (0.0476 kg. (0.105 1b.) of coal per 
ton-km.), with superheat, against 13.7 kg. (30.20 lb.), and 
109 litres (23.98 gallons) without (0.0548 kg. (0.121 Ib.) 
per ton-km.). us the new engine shows an economy 
of 13.1 per 100 on coal, and 23.85 per 100 on water. 

The 4-6 engines, with 1.750-m.(5-ft. 8.8-in.) wheels(Fig. 9, 

50), have been designed for express trains, weighing 

tons and more, with frequent stoppages. ey have 
the boilers of the “‘Atlantics,” and the frames and motions 
of former 4-6 engines, Nos. 3078 3354.* The small dia- 
meters of wheels resulted from the necessity to keep 
down their weight, as a compensation for the increase 
due to the boiler ; narrow limits per axle and per metre 
of length were not to be exceeded; at that time some 
bridges on the main lines, not yet renewed, could notallow 
heavier engines. Experience has proved that, even with 
that diameter of L.750tm. (5 ft. 8.8 in.), provided the cylin- 
der ports were large enough, speeds of 110 km. (68.4 miles) 
to 115 km. (93.2{miles) an hour were quite easy. These 
engines take frequently the place of ‘ Atlantics,” even 
with the faster trains, the only practical difference being a 
difficulty to attain a of 120 km. (74 6 miles) an hour. 

The 57 first engines have cylinders of 350 mm. (13.78 in.) 
and 550 mm. (21.66 in.) by 640 mm. (25.20 in.) as the 
old Nos. 3078-3354, but the ts are 30 and 24 per 100 


larger, being 35 mm. (1.38 By by 350 mm. (13.78 in.), 


+ Proceedings of the Institution of Mechanical En- 
gineers, 1900, page 404, and Fig. 13, Plate 47, 
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instead of 35mm. (1.38in.) by 270 mm. on the high-| as low as possible, behind the crank-axle, facilitates the | is entirely in front, with a bo’ i 
pressure cylinders, and 40 mm. (1.58 in.) by 520 mm. | visit and lubrication of the inside motion. A door is pro- | 45 deg. On both ides mat maw a ae 
(20.48 in.) instead of 40 mm. (1.58 in.) by 420 mm. vided in front of the cab, on the right-hand side. | briquettes, which are also close at hand.* 
(16.54 in.) on the low-pressure cylinders.* Balanced flat| The 25 first engines use saturated steam; the 125/ Owing to the moderate diameter of the wheels, these 
valves are used. The wheels have no splashers, the | following (Nos. 3538-3662), erected since 1911, have | engines may be used for every kind of service ; they nego- 
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eed SKETCH SHOWING JUNCTIONS INTHE 9 SURROUNDING TUBES. 
Fie, 2. Mestre Squrrret-Cace SuPERHEATER. 
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\\ Fic. 4. Locomotives Nos. 2601-2605 anp Nos. 2691-2700 ; Paris-Lyons-Méprrerrante Rattway. 
ay : 1 | 
' een EP enrol peenen = + Schmidt superheaters ; their high-pressure cylinders have tiate heavy goods as well as fast passenger trains. This 
Fic. 3. Sextupte Arr-Revier Valves; Eastern been enlarged from 350 mm. (13.78 in.) to 380 mm. has proved a great convenience on the Nord, where in 
RaILway OF FRANCE. (14.96 in.), and fitted with piston-valves of 200 mm, | autumn the goods traffic is enormous, whilst in summer and 
Eo in.) diameter, the valve motion being altered as on | on holidays a large number of supplementary ex 
running-board extending above ; a transverse foot-plate, Fig. 8, page 48. |all heavy, have to be run. The figures in Table Ves 


SOF a TE — $$$ The principal dimensions of these engines will be found page 51, give a fair idea of the results obtained. 
* In his paper on ‘“* Compounding and Superbeating in in Table II., 45. ——_—_—_—__— $$ ___________— 
Horwich Locomotives,” Mr. George Hughes advocates The ployee tenders of some of these engines have, * A description of this tender will be found in Revue 
large ports (Proceedings of the Institution of Mechanical | been designed with a view of reducing, as far as possible, | générale des Chemins de fer et des Tramways, August, 

Engineers, 1910, page 423). the firemen’s work. Asseen in Fig. 9, page 49, the coal-tank | 1909, page 99, and Plate XIV. 
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& The two experimental engines, Nos. 3,1101-3,1102,|on their high-pressure cylinders instead of air-relief |The iudicated power in regular working attains 1900 


called ‘* Baltic, 


have been designed (in 1911) to haul | valves. After the results of experiments on the first of | po 2000 horse-power (1972 British horse-power) ; 2120 horse- 


weights of 400 tons at s 8 of 120 km. (74.6 miles) an | these engines, the section of the steam-pipes, the length power (2990.32 B-itish horse-power) has been registered 
hour on the level, and 95 km. (59 miles) on 5 mm. (1 in 200) | of ports of hizh-pressure cylinders, and the travel of once. Withu train of 422 tons the speed has been in- 














Fic. 5. Locomotives Nos, 6201-6285 ; Paris-Lyons-Mépirerrante Raitway. 
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Fie, 6. Four-Cytiyper Simpte-Expeansion Locomotives Nos. 230,781-230,800 ; Stare Rattways or France. 
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Fie. 7. ‘*Pacrric”’-Tyre Locomotives Nos, 231,011-231,060; Srare Rathways or FRANCE. 


grades. These performances require an indicated power 
of 2200 horse-power (2170 British horse-power). The 
engine is carried on two bogies and six-coupled wheels of 
2.040 m. (6 ft. 8.3 in.) diameter, Fig. 10, page 49. The 
lateral play of the front bogie is 50 mm. (1.97 in.), and of 
the rear bogie 120 mm. (472in.). The principal dimen- 
sions are :— 


Grate area = ... 4.28 sq. m. (46.07 sq. ft.) 
Heating surface ... 816.08 sq. m. (340.2 sq. ft.) 
Superheating surface ... 70.00 sq. m. (753.5 sq. ft.) 
Diameter and stroke,\ 450 mm. (17.72 in.) by 
high-pressure cylinders/ 640 mm. (25.20 in. 
Diameter and poche. 620 mm. (24.41 in ) by 
oe een cylinders 730 mm. (28.74 in.) 


Weight empty ... . 103,200 kg. (227,510, Ib.) 
Weight in working 

order... met «+ 118,029 keg. (249,140 Ib.) 
Weight, adhesive ... 55,610 kg. (123,380 Ib.) 


The two low-pressure cylinders inside the frames are, 
owing to their large diameter, one in front of the other, 
the distance between their axes being 385 mm. (15.2 in.) 


only. 

The tender, carried on two bogies similar to the engine 
bogies, weighs empty, 25,210 kg. (55.600 Ib.), and holds 
26 cub. m. (918.2 cub. ft.) of water and 7 tons of coal. 
Table VI., page 51, gives the results obtained. It was not 
thought advisable to build more ‘‘ Baltics” before a longer 
experience ; for this reason 20 ‘‘ Pacifics,” Fig. 11 (page 49), 
began service at the end of 1912 with same diameter of 
wheels that the “‘Atlantics” had, but with a ter power 
and more adhesive weight. The principal dimensions of 
these ‘‘ Pacifics” are given in Table III. 

One peculiarity of these engines is the use of by-passes 
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Fie. 8. Watscnarrt GearR ror Piston-VaLves witH CENTRAL ADMISSION ; NoRTHERN 
Raitway OF France. 


valves have been increased, with a notable gain of power. | creased from 35 km. (21.7 miles) to 92 km. (57.2 miles) 
Two of the best performances, shown in Table VII.,| an hour on the 5 mm. (1 in 200) de from St. Denis to 
page 51, may be compared with the ‘‘ Baltics.” Goussainville. On the 8-mm. (1 in 125) grade from 
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Marquise to Caffiers,* 8 km. (4.97 miles) long, the speed enced. The Nord engineers are of opinion that super- ‘Atlantics’ by the addition of a superheater. Although 

fellfrom 104 km. (64.6 miles) to only 75 km. (46.6 miles) heating and compounding must be combined. taking heavier trains, these engines with superheaters 

an hour, with the same train. The author cannot conclude better than by repr >duci showed an economy of at least 1.5 kg. (3.3 lb.) of coal 
As regards superheating, it has been adopted for all the terms of a letter from M. Asselin, chief engineer of per kilometre (0.62 mile). 
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Fic. 9. Locomotives Nos. 2538—3567, 3578—3597 ; Nortwern Raitway or France. 

















Fic. 19 ‘* Battic”-Tyeg Locomotive; Nortaern Rattway or FRANCE. 
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Fie. 11. Locomotives Nos. 3,1151—3,1170; NorrHern Raitway or FRANCE. 


























Fic. 12 Locomotives Nos. 3501—3590; Paris anp Orteans Rartway. 


recent Nord engines, and will be continued in future | the Nord Railway, in wh‘ch his experience is recorded| ‘ The second step was to build ‘Pacifics’ of al out 
engines ; with steam temperatures of 300 deg. to 340 deg. | in a perfectly clear and definite manner. 5 : 1900 horse-power (1873 British horse powe:). It is re- 
Cent. no undue expenses for repairs have been experi-| ‘‘ Until 1904 our fast engine was an ‘ Atlantic’ without | markable how these ‘ Pacifics’ proved economical. 

—_—_————— | superheater, four cylinder compound, with a power of 1400| With the same weights they consume practically the 
* See Profiles in Proceedings of the Institution of | ay riti-h horse-power). |same quantity of coal as the ‘ Atlantics’ with euper- 
Mechanical Engineers, 1904, Plates 55 and 56. ‘The first step was to increase the power of these | heaters; and with heavier weight than the ‘Atlantics’ 














50 


ENGINEERING. 


[JuLy 10, 1914. 








could manage without superheaters they burn less 
coal. 

**T don’t mention our two ‘ Bultic’ engines, which are 
mere experiments. I cannot as yet consider any exten- 
sion of that type of engine. As regards power they are 
far in advances of the ‘ Pacifics,’ but far less econoznical. 
However, bafore long I shall be obliged to design locom>- 
tives more powerful than the present ‘Pacifics.” The 
weight of our fast trains, which did not exceed 399 tons 
with the ‘Atlantics’ without superhesators, attains to-day 
regularly 40) ton3, and frequently more—up to 450 tons. 
I must very soon examine the possibility of hauling 500- 
ton trains with the actual ~~ a. : 

“Will the new engines ba ‘ Pasifiss’ or ‘ Baltics’? I 
cannot say. But it will be necessary to increase the 
boilers of the present ‘ Pacifics,’ their grate are, and the 
diam ater of ths cylinders. The size of the boiler is limited 
chiefly by the weight allowed to each axle by the per- 
manent-way department. 

“To enlarge the grate area, the length of the grate 
will be increased to 3.50 m. (11 ft. 5.8 in) or 3.70 m. 


** Pacifics” with 1.850 m. (6 ft. 0.8 in.) wheels (Nos. 4501- 
4600), and ninety with 1.940 m. (6 ft. 4.3 in.) wheels (Nos. 
3501-3590). Fig. 12, Piate I[I. All are four-cylinder com- 


ound3; thirty of the first series and seventy of the last | 


ave Schm‘dt suparh2aters with enlarged high-pressure 
cylinders. * 

The shap3 of the fire-box is quite peculiar ; it extends 
over the back trailing wheels, but is contained between 
the last pair of drivers, Fig. 13, the objact bsing to av vid 
a shallow box. R»ports of the working of this style of 
fira-box are quite satisfactory. Owing to the great lengt 
of the tubes, 5.990 m. (19 ft. 4 in.) batween my plain 
ones without ribs have been adopted, with an outside 
diameter of 55 mm. (2.17 in.). The necessity of increasing 
the diameter of very long tubes is ovious ; but the reason 
why they are not of the Serve system is not evident. It 
my be that a sufficient heating surface being obtained 
with plain ones, it is better to avoid the increase in cost 
and weight of the ribbed tubes. 

Piston-valves are used on the high-pressure cylinders, 
and flat valves on the low-pressure, even with super- 








Be 
| 








3.92 kg. (8.64 Ib.) for engines without sup2rh 2aters ; 
3.51 kg. (7.74 lb.) for engines with superheaters ; 
and in summer respectively :— 
3.53 kg. (7.78 lb.) and 3.17 kg. (6.99 Ib.). 
These figures show an economy averaging 10 per 100 in 
favour of the superheat. 
Special experiments on one engine with superheater 
showed a consumptio. of 0.97 kg. (2.14 lb.) to 1.12 kg. 
(2.47 Ib.) of coal per indicated ho:se-power per hour. One 


hh kilogramne of coal evaporated fro n 7.87 kg. (17.4 lb.) to 


6.82 kg. (15 1>.) of water, with rates of combustion of 
299 kg. (659.2 1b.) to 439 keg. (948 Ib.) per sq. m. (10.76 sq ft.) 
of grate an hour. . 
P. Conte (in the paper mentioned in the footnote in 
previous column) gives an interesting record of the coal 
consumption of engines ry the Paris-Bordeaux fast 
trains in successive years (see Table VIII., page 51). 
The 340-ton trains hauled by ‘“‘ Pacifics” are fitted with 
Stone’s lighting system, which increases slightly the 
coal consumption. It is well worthy of remark that ina 
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Fic. 14. Two-Cytisper Simpte Locomotive with SuperRBEATER ; Mipi Rariway. 


(12 ft. 1.7 in.). Contrary to the practice of other French 
railways. I am personally in favour of the narrow fire-box 
contained between the frames. The wide fire-boxes 
were} no} a success with us, the management of the fire 
being too laborious Consequently, te areas of the 
N ord express losomotives are smaller than on locomotives 
of other companies. But as firing is easier, we reckon, 
right or wrong, that this largely compensates the ad- 
vantage of a wide fire-box with a larger grate area.* 

** Oar latest expsriments were p irticalarly interesting 
in proving the fullowing points : To design an express 
locomotive at the same time economical ind powerful, all 
drop of pressure by wire-drawing between the boiler and 
the low-pressure cylinders must be avoided, ports of high- 
pressure and low-pressure cylinders must be as large a3 

»ssible, steam-pipes from boiler to high-pressure cy- 

inders, and from high-pressure to low-pressure cylinders, 
must be of ample section, Lastly, the low-pressure valve 
m »tion must be such as to reduce wire-drawing. 

‘In designing a new locomotive, as must be done 

before long, we will keep in view these desiderata.” 


Parts-ORnLeANs, 
Since 1904 the Paris-Orléans Railway has ordered 100 


* Roference can be mide to Mr. G. J. Churchward’s 
psper on “‘ Large Locomotive Boilers” (Proceedings, In- 
stitution of Mechanical Engineers, M arch, 1906, page 165). 





heated steam, and no trouble is reported. The main 
dimensions of these engines will be found in Table ITI. 
(page 46). They have six-wheeled tenders holding 
20 cub. m. (706.3 cub. ft.) of water and 6 tons of coal. 
Indicator diagrams on the superheating ‘‘ Pacifics” | 
made apparent a too high compression in the 7 ‘ 
sure cylinders, although the c!earance was 13 per 100. This | 
clearance being enlarged to the mean value of 20 per 100 
for both sides, a smoother running was obtained without 
any increase of steam consumptiont. Experiments with | 
fast and heavy trains showed an indicated power up to | 
2180 horse-power (2099.5 British horse-power). and 1266 | 
horse-power (1208 British horse-power) on the pull-bar 
behind the tender. 
An interesting comparison was made in actual running 
of twenty ‘* Pacifics” without and of fifteen with super- 
heaters, taking in turn the same trains. The mean coal | 
consumption per 100 ton-km. was, in winter, including | 
steam heating of the trains : — 





* An account of experiments on the superheaters by 
M. P. Conte has been published in the Revue Générale | 
des Chemins de fer et des Tramways in June, 1912. } 
+t Compare Mr. G. Hughes’s opinion, who advocates 
shorter periods of compression in preference to increased 
clearance volume (Proceedings of the Institution of | 
Mechanical Engineers, March, 1910, page 401). 


Heating surface 


riod of fourteen years, although the weigat of the train 
as been doubled, the coal consumption has remained 
nearly the same. - 
Mint. 


During the last decade the Midi Railway has added to 
its stock the following numbers :— 

In 1905, six ‘* Atlantics,” Nos. 1911-1916, four-cylinder 
compounds, similar to the ten engines mentioned in the 
1904 paper (page 333); four of these engines will receive 
a Schmidt superheater. 

In 1906-1907, fourteen other ‘‘Atlantics,” Nos. 1921-1934, 
with a longer grate, 3.08 sq. m. (33 2 sq. ft.), instead of 
2.78 sq. m. (29.9 sq. ft.). and same cylinders, 340 mm. 
(13.39 in.) and 560 mm. (22.05 in.) by 640 mm. (25.20 in.). 

In 1908-10, sixteen ‘* Pacifies,” Nos. 3001-3016, four-cylin- 
der compounds, with the following dimensions : — 


... 4.02 sq. m. (43.3 sq. ft.) 
.. 253.20 sq. m. (2725.5 sq. ft.) 
..16 kg. per eq. cm. (227.6 Ib, 
per sq. in.) 
370 mm. (14.57 in.) and 
620 mm. (24.41 in.) 
Cylinders, stroke ... a 650 mm. (25.59 in ) 
Driving wheels, diameter ... 1.940 m. (6 ft. 4.3 in.) 
In 1910, four similar *‘ Pacifics,” Nos. 3051-354, with the 
addition of a Schmidt superheater of 60.88 sq. m. (655.3 


Grate area 
Steam pressure 


Cylinders, diameter 
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sq. ft.), reducing the proper heating surface to 216.29 
sq. m. (2328.1 sq. ft.), this as being ampler than 
in many cases mentioned before; the diameter of the 
high-pressure cylinder has been enlarged to 400 mm. 


(15.8 in.). 
TABLE V. 





Numbers of Engine 


quapecaenell 3541. 3538 3684 





(5) 10, 12%, ¥B | YA 
Number and date ~ July 4Decl4,Decl4 Feb.4 Feb. 7 


train... 1912 1912 1912 1913 1913 
Weight oftrain tons 312, 282 346 733 1020 
km. 
Avemee, perh. 110 110 100 


50 45 

miles (68.4) (63.4) (62.1) (31.1) (28.0) 
Average speed km. 
on 5mm. (tin \ perh. 9 90 80 35 25 
200) incline J miles (55.9) (55.9) (49.7) (21.75) (15.5) 
Average speed \ km. | 
on8mm.(lin} perh. 90 90 80 30 25 
125) incline J miles, (55.9) (55.9) (49.7) (18.6) (15.5) 

er No No No 117 145 
Water con-} km. 1. mea-| mea- mea- (25.74 gis.) (31.9 gals.) 
sumed per sure- sure- sure- 0.160 0.142 
t-km. lL. J | ment, ment ment (0.035 gis.) (0.031 gis.) 

5. 


4 19. 
(33 95 Ib.) | (48.87 Ib.) 

Do. | Do. Do. "6.021 0.0195 
(0.046 Ib.) (0.043 Ib.) 


per 
Coal con-{ km. kg. 
sum 

t-km. kg 
Duration of run, Paris- 
St. Quentin, or vice | Lhour | hour 1 hour 
versa, 153 km (95.1 { 36min 35 min 43min 
mile-) 





The two last were coal trains from Lens to Paris, following two 
different routes. 
Tas.e VI. 





No. and date oftrain .. ° .| No. 5, April 29, No. 115, June 7, 
1913 1913 
Weight of train .. -. tons 401 
Average speed on level 

km. per hr.| 110 (68.35 miles)’ 113 (70.21 miles) 
Average speed on 5 mm. (1 in 


200) incline km. per hr.| 94 (58.41 milee) | 94 (58.41 miles) 
Water con- {oe km. 1.| 117 (25.74 gals.) No measure- 

sumed per ton-km. _1.|9.293 (0.064 gal.)| ment. 
measure 


Coal con- { per km. kg.| 16 8(37.04lb.) No 
sumed per ton-km. kg.| 0.042 (0.093 1b.) ment. 
Duration of run, Paris-Calais,|3 hours 16 min. _ 


298 km. (185.2 miles) (including 6 
min. stop at 
Abbeville 


Duration of run, Paris-St.| — 


’ | 1 hour 35 min. 
Quentin, 153 km. (95.1 miles) | 





Tasie VII. 





No. and date of train ..| No. 5, Feb. 26, No. 115, Feb. 28, 
1914 1914 
Weight of train .. -. tone 430 356 
Average speed on level 
km. per hr 110 (68.35 miles) 112 (69.56 miles) 
Average speed on 5 mm. (1 in 


200) incline .. km. per hr.’ 90 (55.92 miles) 90 (55.92 miles) 
Water con- {per km 1 118 (25.96 gals.) No measure- 

sumed per ton-km. 1. 9,275 (0.061 gal.) ment. 
Coalcon- j per km. kg.' 19.2 (42.33 lb.) No measure 


sumed \ per ton-km. kg. '0.0446 (0.098 lb.) ment. 
Duration of run, Paris-Calaie, 3 hours 15 min. = 
298 km. (185.17 miles) (including 65 


Duration of run, Paris - St. — 


‘ 1 hour 36 min. 
Quentin 153 km, (95.07 miles, 





In 1910-1912 comes in cervice a new type of 4 6 engines, 
Nos. 3501-3516, where advantage is taken of the super- 
heater to reduce the boiler pressure to 12 kg. per sq. cm. 
(170.7 Ib. per sq. in.), and to revert to simple expansion 
in two cylinders only of 590 mm. (23 2 in ) by 640 mm. 
(25.2 in.), Fig. 14, page 50. The diameter of wheels 
is reduced to 1.750 m. (5 ft. 8.8 in.); the principal other 
dimensions will be found in Table II. (page 45). Owing 
to the good results obtained from these engines, four 
** Pacifics” on the same plan, Nos. 3101-3104, have been 
designed, and are in course of construction, with a boiler 
pressure of 13 kg. per eq. cm. (184.9 Ib. per sq. in.), two 
cylinders of 630 mm. by 650 mm. (24.80 in. by 25.59 in.), 
and wheels of 1.940 m. (6 ft. 4.3 in.), Table It. 

We may mention here, as used for express trains on 
mountain lines, six tank engines, Nos. 4501-4506, put in 
service in 1913, with four-coupled axles and bogie, having 
the following dimensions :— 


Grate area ann .-- 3.108q. m. (33.37 sq. {t.) 
Heating surface --- 163.16 sq. m, (1756.28q. ft.) 
Superheating surface ... 45.26 sq. m. (487.12 sq. ft.) 
Boiler pressure ... .. 12 kg. per sq. om. (170.68 lb. 

] : per sq. in ) 
Cylinders (2), diameter 630 mm. (24 80 in.) 

ma » Stroke ... 640 ,, (25.20 ,,) 
Diameter of wheels -600 m. (5 ft. 2.9 in. 


Weight, ss ioe : 
», inworkingorder 93,500 ,, (92 tons) 
» adhesive ole 70,500 ,, (69.4 tons) 
The author is indebted to M. Herdner, chief engineer of 
the Midi, for the comparison of simple superheaters and 
pen ay a non-superheaters, Table IX. is comparison 
ults from practical working of the same trains during 
periods of nine to ten months, and isspecially interestin 
in the second case, where similar ‘‘ Pacifics” ran in 
In the first case the “‘ Pacifics,” weighing 90 tons, with their 
grate area of 4.02 sq. m. (43.3 eq, ft.), ran against 4-6 
engines of 76.3 tons, with grate area of 2.78 sq. m. (29.9 
8q. ft.), which were likely more appropriate to the not 
very heavy trains. 
In his elaborate paper, ‘Compounding and Super- 


“| 2 cylinder super- ) 





heating in Horwich Locomotives,”* Mr. G. Hughes comes 
to similar conclu: ions. 

As pointed out by Mr. J. A. F. Aspine)] + and by Mr. 
G. Hughes in his 1910 paper, the cov) bill is only one 
item of expense in locomotive working, although the rise 
in the price of coals makes it more and more important ; 
the economy of first cost in the case of two - cylinder 
simple engines must be taken into account. It will be 
of great interest to analyse in the long run as far as pos- 


—— | sible the new practice of the Midi. 


Tasie VITI. 





| 

\Coal Consumed from 

| Paris to Tours. 
Weight of 


Date. Type of Engine. Train. 


\Per Ton ot! 
| Train. | Total. 








tons 
175 





118.48 kg. | 3235 kg. 
ernie 
15. g: 4 kg. 
219 } (4.46 Ib.) | (7549 Ib.) 
3002 k 


} 
238 12.88 ke. 
| 


1897 Forquenot, 2-4-2 ‘ 
1902 Four-cylinder compound, 
4-4 


tn fn, tn, 


1906 ‘‘ Atlantic,” f ur-cylinder | £- 
compound |(28.28 Ib )| (6618 Ib.) 
1911 ‘ Pacific” without super- 340 || 11-28 kg. | 3835 kg. 
heater (24.87 lb.) | (8454 Ib.) 


“ Pacifie” w 10.54 kg. | 3553 kg. 
1911 “Pacific with superheater { 340 }  es.o4 1b.) | (7899 Ib.) 


TaBLe IX. 





| Coal Consumed. 

. Average Age 208 
Enei me We'ght Per Ton- 
ngines. Most | Trak Per Kilometre 
aa. Alone. | Kilometre. | of Train 


| Alone. 





| tons | 
Simple Saper-\| see km 11.646 kg. | 0.0522 k 
heaters, Nos. > —— 25 . g- . 0522 kg. 
3501-3516 j | 6133 miles) } { (25.662 Ib.) (0.116 Ib.) 
4-cylinder com- 
pound non- 8181 km. ] 


i op {| 13.866 kg. | 0.0623 kg. 
supe rheaters, | (5083.4 miles) | f 


\| 130.57 Ib.) | (0.187 Ib.) 
Nos. 3001-3016 


heater, ** Paci- 8150 km. ‘| 2564 | 14.100 kg. | 0.0563 kg. 
fics,” Nos.3051- ; (5064.2 miles) \| (31.09 Ib.) | (0.1241b.) 
4 { | 


305: 
4 cylinder com-; 


pound =non-| 3140 km. 14 616 kg. {0.0591 kg. 
a | (6058 miles) } 262{| “goes it 0 130 Ib.) 
Nos. 3001-3016 


The above descriptions make apparent the large in- 
crease in the power of express locomotives, which is 
characteristic of recent constructions; nevertheless, a 
further increase will be required in a near future. To 
meet the severe requiremets of traffic, larger boilers 
have been designed and fitted with superheaters. This 
state of affairs seem to be the same in Great Britain and 
in France. In both countries special experiments as 
well as ordinary practice have proved that superheating 


“| confers an important increase of power without — 


trouble or undue expenses. Another point on whic 
experts agree is that superheating alone is equal to or 
even better than compounding with saturated steam. 

One point that seems open to further discussion is 
whether apne py Hee compounding must be super- 

In general, French practice as regards express 

engines is in favour of this supe ition, with the in- 
teresting exception of the Midi Railway. 


APPENDIX. 

Descriptions and tracings of some of the locomo- 
tives mentioned above will be found in the following 
periodicals :— 

Est, No. 3166 (superheating in two stages), The Engineer, 
1910, 2, page 416. 

Paris-Lyons-Mediterranéa, Nos. 2601-2605, EncIngER- 
ING, 1905, 2, page 704. 

—, ‘* Pacific,” Nos. 6101-6171, Encrnerrine, 19:1, 2, 
page 317; The Engireer, 1911, 2, page 322. 

—, ‘*Pacific,” No. 6001, ENGINEERING, 1913, 1, page 
666 ; The Engineer, 1913, 2, page 430. 

Nord, “‘ Atlantic,” Nos. 2641-2675, EXcinggrixe, 1906, 
2. 


» Page 488. 
=, a" The Engineer, 1911, 1, page 149, and 1911, 
2, . 
— Orleans ‘* Pacific,” No. 4501, ENGINEERING, 1909, 
. 409 and 588. 
idi, ** Pacific,” Nos. 3001-3011, The Engineer, 1910, 2, 
page 312. 





COMPOUND ARTICULATED LOCO- 
MOTIVES. } 
By AnaTote MALtat, of Paris. 

THe author asks permission to recall that at the 
summer meeting of the Institution, held in Paris in 1879, 
he explained the applications which he had made of 
double-expansion to locomotives. He is pleased he is 
able (35 years afterwards) to —— ® particular type of 
compound locomotive at a similar meeting. 

If rack lines, whose total length is not over a thousandth 
of that of railways all over the globe, be neglected, one 


* Proceedings of the Institution of Mechanical Engi- 
neers, March, 191°, page 399. 

+ Ibid, 1900, 408. J 

+ Paper read before the Institution of Mechanical Engi- 
neers at Paris, July 7, 1914. 








may say that trac.ion takes place solely through adhesion 
—that is, through friction between the rails and the tyres 
of the wheels under the action of the weight bearing on 
the axles. Friction is, after all, the universal principle 
of self-propelled locomotion on earth. Animals are able 
to walk because their feet have a grip on the ground, 
while others crawl on their stor achs. ft the ient is 
too severe, animals, such as those which Nature has ° 
vided with claws, make use of them toccopert themselves 
without fear of slipping—a process which has been copied 
in therack. The only thing is that in beings the progress 
in intermittent, whereas mechanical progress takes place 
in a continuous way, by means of wheels. 

The tractive force of a locomotive is equal to the weight 
brought to bear on the rails by the tyres of driving and 
coupled wheels multiplied by the coefficient of friction 
for the parts in contact. This total weight is equal to the 
product of the number cf coupled axles and the load on 
each axle (the latter load depending upon the conditions 
of settlement of the track). This weight, which was 3 tons 
peraxle in 18265 on the Stockton to Darlington line, when 
railways were first started, increased to 8 tons in 1842, 
14 tons in 1855, 16 tons in 1890, and has now reach d 
about 20 tons (on the more important lines, of course). 
In the United States the weight goes up to 25 tons and 
more. Fora long time, three was the maximum number 
of axles coupled together, whereas now four and even five 
axles are coupled, and only recently (though it was excep- 
tional) six axles were reached. One can give a strikin 
idea of the increase in weight and tractive power « 
= for the last 85 years, from the point of view of 
utilising the track, in this way. (The author believes that 
this has not been published before. ) 

In 1829 an engine with two axles coupled, running on 
rails 17 kg. per metre (34.2 lb. per yard), weighed 5 tons, 
which was equal to 300 timcs the weight of rails per 
metre. 

In 1846 an engine with three axles py weighing 
22 tons, ran on rails 35 kg. per metre (70.52 lb. per yard). 
This came to 630 times the weight of rails per metre. 

In 1880 an engine with four axles coupled, weighing 
56 tons, ran on rails 42 kg. per metre (84 ¢ lb. per yard). 
This came to 1330 times the weight of rails per metre. 

In 1911 a six-axle-coupled Golsdorf engine, weight 
96-tons, on rails 48 kg. per metre (96 77 lb. per yard), gave 
a ratio of 2000. In 1911, as well, in the United States, a 
Mallet engine with ten axles coupled, weighing 245 tons 
(adhesive weight), re ted a ratio of 4600 times the 
weight of rails of 55 kg. en metre (111 lb. per yard) ; but 
this ratio, which is very high, is due, to some extent, to 
an exceptional weight per ax!e which is not to be found 
outside the United States. 

If adhesive force be taken as one-sixth of the weight, 
it will be found that the ratio of the tractive force at 
wheel tread to the weight of rails per metre has varied 
according to the values : 50—105—225—333 — 750. 

The number of coupled axler, when oes out- 
side rods requires that the axles must be absolutely 
parallel, is limited by the minimum radius of the curves 
on the line. In fact, fora certain radius there is a maxi- 
mum distance between extreme parallel axles which must 
not subtend an angle greater than about 1 deg. Beyond 
this, friction between the flanges of the wheels and the 
edge of the raile gives rise to severe wear of the surfaces 
in contact, and there is a chance that the flanges might 
jump the rails and cause derailments. It is true the 
flanges can be greased, but that is rather a poor solution 
of the problem. 

When the required tractive force necessitates an adhe- 
sive weight which, in view of the profile of the line and 
of other conditions, is greater than what the maximum 
number of coupled axles could bear, special assistance is 
required, such as pushers, two engines, motor drivirg 
wheels on tenders, twin-engines or articulated engines. 
In articulated engines one can easily obtain the same 
adhesive weight (that is, the same tractive force) as with 
two engines, by distributing the axles on two frames 
coupled together, but capable of moving at an angle to one 
another, on curves. Such an engine with six axles will, 
for example, take the same curve of minimum radius 
as would fit an ordinary engine with three axles coupled. 
This type of engine comprises rather a large number uf 
different models, all of which have, as a common character- 
istic, an absence of enforced parallelism between the two 
geet axles. But these types can be arranged into 

istinct categories, which rest partly on the number of 
cylinders —- | the wheels and partly on the disposition 
a the frame of the wheels, so that, if these different 
categories be taken two by two, one gets the following 
four classes :— 


1. Locomotives with two movable trucks and only one 
set of cylinders. 

2. tives with two movable trucks and two sets 
of cylinders. 

3. Locomotive with only one truck and one set of 
cylinders. 

o  —aaae with only one truck and two sets of 
cylinders. 

The author will examine classes 2 and 4, because cate- 
gories 1 and 3 are based on the use of certain mechanical 
transmissions, which, alone, would be a subject for a 
special paper. 

Locomotives with two trucks and two sets of cylinders 
first appeared in the United States in 1832 in a somewhat 
primitive form, due to Horatio Allen. ' But at the Soem- 
mering competition in 1851 locomotives of this type were 
seen built on a practical plan. These engines were: the 
Seraing, built by the Belgian firm of the same name, with 
two barrels two central fire-boxes, weight 56 tons ; 
and the Wiener-Neustadt, built by W. Gunther, of 
Vienne, with a single boiler, weight 61 tons, with fall 
supply of fuel and water. The eoatag happens to be 


the prototype of the Fairlie engine, so far as essential 
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dispositions are concerned, 
W.ener-Neu sta it is the prototype of the Meyer engine. 
It is absolutely nec ‘ssary to distinguish clearly between 
the characteristics of these different engines. In fact, the 
author ha3 had occasion to note that mistakes are made 
daily with regard to this, and they are even found in well- 
known works. Thus we read in a book on locomotives, 
published in London in 1907, that the Mallet engine is 
perry Aer the Meyer engine, which appeared in 1867, to 
which M. Mallet had applied double expansion in 1884! 
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Fie. 1. CHaracrertstics or SEvERAL Types OF 
Two-Truck ARTICULATED ENGINES. 


So that tho author thinks he should give diagrams, 
Fig. 1, showing the essential characteristics of each of 
these types, including the engine of the Chemin de fer du 
Nord, constructed in 1904 by the late M. Du Bosanquet. 
The author will only casually mention the Gsratt engine, 
which is characterised by the very great distance between 
the two driving-trucks, thus allowing the boiler to be 
lodged between them, so that it may be fixed much lower, 
and have a ter width than in the other types, where 
it is above the trucks. 

The characteristics of the engines are as follow :— 

(aA) Wiener- Neustadt.—Main frame, carrying buffing 
devices and driving apparatus, and resting on trucks 
rs ate shaped horiz tally like circular arcs —single 

iler. 

(B) Seraing.—Main frame, carrying buffing d svices and 
driving o— and ie = the — oe see 
rta; the central points are inde ientof the coupl 

evice. The boiler has a doable central fire-box onl 
double cylindrical barrel. 

(c) Meyer.—No main frame—the buffing devices and 
driving apparatus are carried by the tracks—the single 
boiler rests on the back truck on lateral supports, and on 
the front truck on a spherical pivot ; th» two trucks are 
coupled by means of an arrow. 

(D) Nord.—Main frame, carrying buffiag devices and ! 
driving apparatus, ani resting on the back truck on 
lateral supports, and on the front truck on a spherical 
pivos. Single boiler. 

(e) Fairlie.—No main frame—the buffing devicas and 
driving apparatus are fixed on the trucks—and the boiler, 
which has a central fire-box and two cy:indrical barrels, 
rests on the trucks on circular supports, which also serve 
as couplings and have a certain elasticity laterally. 

(r) Mallet.—Tais engine differs essentially from the 
others in that it has only one truck, placed in front, and 
joined at the back t» the main frame of the engine by a 

ing-pin.. The front of the boiler rests on the truck on 
— in the shape of arcs, whereas the back is fixed 
to the 


Th —- he id this reasoned b 
> author, in studyi is t on the 
ian i Wang axles coupled, 


following principle ;— 
driven by two cylinders, resting in front on a bogie 
with two axles as well, takes curves easily, but only part 





of its weight can be utilised fo: adhesio>, and it cannot | the 


therefore exert a tractive forc3 corresponding to its 
whole weight. : 

If the w of the truck be driven by a pair of low- 
pressure cylinders of convenient size fixed to the truck, 
and if these cylinders be fed by the steam coming 
from the back high-pres-ure cylinders, a simple mathod 
a va been arrived at, giving the three following | 
results :— 

1. The engine will have been allowed the full benefit cf 








in the same way as the its weigh for adhesion, and at the same time it will have 


great flexibility. 

_ 2. The main difficulties which arise in the case of the 
Fairlie and Meyer types, and other types with two 
trucks, will have b2en rem>ved in so far as the movable 
tub:ng of the new engine (which tubing is, after all, much 
leas intricate than the other) will only take steam which 
has already been expanded to a pressure of 3 kg. to 4 kg. 
per * em. (42 lb. to 57 Ib. per sq. in.) at most. 

3. A rather simple type of locom>tive will thus have 
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boiler rests on the truck in a slide working in a circular 
gore carried by the truck a3 shown in plan in Fig. 2. 

he back cylinders work at high pressure, and the steam 
comes direct from the boiler. After having done its 
work, the steam goes to a central box containing a pipe 
curved in the shape of 4 swan’s neck, Fig. 3, which can 
turn round in that box, and the horizontal part of which 
proceeds to the front, where, through an up-take to be 
seen on the plan, it cwries steam to the low-prassure 


cylinders placed on the fore track. 





2'9% 


Figs. 2 ayn 3. Locomotive ror Decavuvitts Ramway. 
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Fic. 4. Locomotive ror DepartmMentTaL Metre-Gavuce Raitway, 1888. 


been created which is justified by several advantages, to 
be referred to later. 

This sy»tem, which the author advocated as far back 
as 1884, fulfilled the following conditions laid down by | 

Decauville firm in 1887 for locomotives running on | 
0.50 metre (1 ft. 114 in.) tracks :— 

The engine had to take grades up to 1 in 12.5 and haul | 
weights nearly equal to its own, take curves of 20 metres 
in radius, ani net weigh above 3 tons per axle, or 12 tons 
for four axles. 

Figs. 2 and 3, above, show this ine. It is carried 
on four axles, two at the back under the fixed portion of 
the engine and two in front under the Bissel truck, which 
articulates round a vertical hinge. The barrel of the 


The steam then escapes fiom these cylinders through 
a vertical pipe, which carries a knee cap socket at its 


| base, so that, with the a'd ofthis combination, the high- 


pressure steam goes through fixed tubes only as in 
ordinary engines, and the pipes with movable j.,ints take 


| expaaded steam only. is is very satisfactory, so far 


as tightness of joints is concerned, and presents great 
facilities for the use of superheated steam in those 
nes The success of that first «engine was complete, 

and the Decauville firm built a large number of them, 
which were sent to different countries to be used on 
icultural farms, and on mining and forest werks, but 
most important application was at the Universal 
Exhibition of 1889 in Paris, where six of those engines 
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did the traffic on the Ianer Circle of 0.60- metre 
(1-ft. 11}-in.) gauge laid down by the Decauville firm. 
They covered a total distance of 1!3,000 km. (72,000 miles), 
and carried more than 6,000,000 passengers with regularity 
and without accident. 

The author wishes to recall that on July 6, 1889, he 
had the pleasure of showing, at the ‘ Petit Bourg” 


on four axles, weighing 60 tons (in running order), and 
one on six axles, weighing 85 tons. These tank-engines | 
built for a normiul gwuge were intended: The first for | 
th» Swiss Central Railway, and the second, Fig. 5, for 
was then | 
nited States 


the St. Gothard Railway. This second engi 
the heaviest engine in the world—the 
| excepted. 


Pontiloff firm, at St. Petersburg, for the 3-ft. 6-in. gauge of 
850 km. (528 miles), from Vologda to Archangel, Fig. 8, 

age 54. It is interesting to note that it was not for 

exibility that the system was adopted, since curves were 
not less than 350 m. (1148.3 ft.) ius, but it was for the 
light “— of rails, 18.5 kg. per metre (37.2 lb. per 
yard). This meant that a large number of axles must be 






































Fig. 5. 
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Locomotive FoR THE St. GotHarRD Raitway, 1889, 
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Fic. 6. Locomotive ror THE Prosstan State Rattway; 56 Tons, 1894, 


works, one of those small engines, and of explaining its 
mechanism to a number of English engineers who had 


been invited over by M. Paul Decauville. Mr. John | 


A. F. Aspinall was at the head of the party. 

As ig tad as 1888 the system had been applied (see 
Fig. 4) to tank locomotives with four axles, weighing 
24 tons, running on the 1-metre (3 ft. 3.4 in.) gauge on 
one of the departmental railways in France, and in 1889 
the ‘‘ Maffei” firm of Munich constructed four engines 


In 1894, engines on four axles and separate tender, 


weighing 56 tons, were built for the railways of the po 


Prussian State, Figs. 6 and 7, on the present an! follow- 
iag pages. As can be seen, the essential features do not 
differ materially from those of the first engine of 1887. 
Many similar engi were built for various German 
railways and for the Hungarian railways. 

In 1895 six-axie engines with separate tender were 
built by Messrs. Borsig, of Berlin, and later by the 


coupled together, so as to obtain the required tractive 
wer 


In 1898 another Russian line—the Moscow-Kaz in line 
—had engines built on six axles, weighing 79 tons. One 
of thsse engines was exhibited at Vincennes at the time 
of the Universal Exhibition of 1900. A great number of 
these have been built, and superheated stéam. has been 
applied to the most recent engines. The director of that 
important company, Mr. Noltein, ssid at the Railway 
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Congress at Berne in 1910 that the Mallet locomotive is 
better than any other when it is desired to drive an engine 
of considerable weight over light rails. Under such 
circumstances it cannot be re by any other type 


wi el axles. 
The ys given by the Moscow-Kazan Railway 
was soon followed by the Trans-Siberian Railway, to 


which the system was particularly suitable, given the 
lightness of the track: 24 kg. per metre (48 lb. per yard) 
rails. Two type-models of these engines, one for pas- 
ay oe trains with four driving axles and a carrying axle 
in front, weighing 56 tons in running order, and the other 
for goods trains with six —. axles, weighing 81 tons, 
were built with the intention of using them as patterns. 
These engines proved of great value during the 
Japanese War. 

arge tank-engines on six axles were built in 1902 by 
Borsig, of Berlin, for the coal traffic on the Chemin de 
Fer Central d’Aragon. Gauge 1.676 m. (5 ft. 6 in.). 
These locomotives weighed 108 tons in working order, 
and were the heaviest built at the time, except in the 
United States. This company uses many engines of the 
same type but with te tenders, weighing only 72 
tons. Some of them, only recently built, by He: , ab 
Cassel, are provided with Schmidt superheaters. 
will be seen in Fig. 9, superheated steam comes from the 
smoke-box to the rear cylinders through two pipes — 
outside the boiler. One can see how easily superheated 
steam may be applied to this type of engine where its 
use is as simple as on ordinary engines. 

In conclusion, the author refers to the engines with six 
axles coupled with separate tenders, built in 1908, for the 
Chinese line from Pekin to Kalgan, by the North British 

motive Company of G w, which are the first 
engines of this type built in Great Britain. They weigh 
98 tons, and pull trains on long 30 per cent. ients, 
round curves of 152 m. (499 ft.) minimum radius. The 
author is glad to say that when he was revising this r 
he learnt that the firm of Maffei, in Munich, the builders 
of the first normal-gauge Mallet engine, had recentl 
constructed a huge tank-engine of the same type, wit 
eight axles coupled in two groups. The engine weighs 
122.5 tons in running order, and is, of course, the heaviest 
locomotive in the world, the United States excepted. 

Table I., annexed, shows the eer dimensions of a 
few + =e for narrow gauge, and Table II., page 55, gives 
those for wide gauge. The first ergine of this type was 
built in 1887, as pointed out. In 1892 there were 110 of 
them in existence, and over 400 early in 1900. Since then 
the number has increased rapidly, and at present reaches 
about 2500. They are to be seen in about fifty countries 
distributed all over the world, and belong to about 150 
different railway companies or administrations, some 
owning but a few, whereas others have from 50 to 350. 
It was in 1904, however, that the type made unexpected 
strides onwards. This was due to the following circum- 
stances :— 

There was then in the United States a very pronounced 
tendency towards reducing the cost of transport of gcods 
by means of very heavy trains, so that powerful engines 
were required. The power of an cr is limited by the 
space between extreme axles and the weight which the 
wheels carry to the rails. Moreover, the following was 
unsatisfactory :—On many sections the track was very 
severe so far as grades and curves went. In 1902 the 
biggest American engine was an engine with five axles 
coupled and two —— axles, weighing 120 tons, of 
which 106 tons was adhesive weight. It could give a 
tractive force of 28 tons. This engine belonged to the 
Atchison, Topeka and Santa Fé Railway, and was a com- 
pound tandem engine. For higher tractive forces three 
engines had occasionally to be coupled to one train. This 
was a costly, ungainly, and sometimes even a dangerous 
solution to the blem. The author had long come to 
the conclusion that the States, with their wider loading- 
gauge, their heavy weights per axle, and their method of 
coupling which made provision for an enormous tractive 
force, was ag the ideal ground for the application of his 
system. e had entered into communication with an 

merican firm, but without success. At last, in 1903, 
the American Locomotive Company constructed for the 
Baltimore-Ohio Railway a Mallet engine with six axles, 
weighing 152 tons (running order) —#.¢., 25.3 tons axle 
—which was exhibited at St. Louis in 1904 (see Fig. 10). 
This engine was greatly criticised, and several engineers 
agreed to look upon it as a mccel—which would probably 
remain unique—of a monstrcus locomotive, difficult to 
handle for everyday traffic, and being serviceable only as 
@ pusher on very broken lines, or on lines of determined 
gradients. was also a doubt as to the way the 
coupling of the two trucks and the movable tubing would 
behave in practice. When the engine started to run, 
after the Exhibition, it was found t those criticisms 
were based on nothing serious, and that the hopes of its 
success had not been exaggerated. 

Two years later, in 1906, the Balewin firm, which had 
already built a few similar engines for the narrow 
of Porto Rico, delivered five i to the t 
Northern Railway, U.S.A., with six driving axles and 
two carrying ones—one in front, the other behind— 
weighing 162,000 kg. (159.4 tons), cf which 144,000 kg. 
ag tons) was adhesive weight (Fig. 11). These engines, 

ike the first one, played the réle of “ ers,” but the 
excellent results they gave prompted the company to use 
for srvice—that is, for pulling gc ods trains— 


Russo- 


and twenty-five like engines, weighing 130,000 kg. 
(128 tons), of which 113,000 kg. (111.2 tons) was adhesive 
weight, were ordered. These ergines pulled 1300 tons at 
a speed of 16 km. (9.9 =e) ee hour on a gradient as 
_-- as 1 per cent., on which the consolidation engines 
only took 1000 tons, using the same amount of coal; this 
meant a saving of 30 per cent. In 1907 a further step 
was taken in increasing the number of driving-axles when 





the Erie Railway ordered three locomotives on eight that time many American lines started using this new 
axles, weighing 185,500 kg. (173.7 tons), entirely for ad- type. 
herence. engines were intended to haul trains Another interesting fact to consider was that the in- 
of 3000 tons over the 12-km. (7.5 miles) section on a troduction of the new engines, which were very powerful, 
ient of 13 per cent. between Susquehanna and Golf caused the ordinary engines to be discarded. Mr. George 
ummit. This was done successfully, and a considerable H. Emerson, of the Great Northern Railway, conceived 
saving in staff, coal, and time was the result. From the idea of combining his consolidation engines, two by 
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Fic. 7. Locomotive ror Prussian State Rariway, 1894. 
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Fie. 8. Locomotive ror Ostaw-VoLocpa-ARCHANGEL Raitway; 3 Fr. 6 In. GavucGE, 1895. 
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Fie. 9. Superneatep-Stgam ENGINE ; CentrRaL Aracon Raliway. 


TABLE I.—Suowrnc a Few Types or Mauiet Enocines ror Narrow Gavas. 














Arica- South African South African 
pm a Hed jaz | Depart; Bone- | La Paz | 1.067 Metre. | 1.067 Metre. 
— 1.050 Metre. - ip. 1.000 Metre \North-British| American 
1.067 Metre. Henschel 1.000 Metre. |1.000 Metre. Hanoverian Locomotive | Locomotive 
Poutiloff. Winterthur. Batignolles. Societ: Cc re “ 
y. jompany. lompany. 
Number of axles .. Se = -- 083+ 30 1-2 + 3-0 0-3 + 3-0 0-3 + 3-0 0-3 + 3-0 13+30 | 1-3 + 3-0 
Diameter of cylinders .. . in. 13.8-17.7 12.6-20.0 | 12.0-19.0 | 15.0.22.38 15.8-24.0 17.5-28-0 | 180-28.5 
Piston stroke =e — : - 22 23 22 22 22 26 26 
Diameter of wheels . . me 43 42 40 43 43 46 46 
Distance between parallel axles - 91 —- 7 96 102 100 | 100 
Total distance between extreme axles 
in. 267 326 252 272 291 401 492 
Grate area .. - lee .. 8q. ft. 20 29 16 16 30 43 50 
Total heating surface .. id: 1243 | 1744 926 1092 1798 2616 | 3391 
Steam in boiler 1b. p. sq. in. 171 171 199 213 199 199 199 
Working ht .. «s -. tons 46.2 62.2 45.2 60.5 59.1 95.5 100.4 
a wipe ht a -~ wa o 46.2 a Ke 60.5 = os =. 
eight of tender, oe oa po 23.6 9 tankengine tank engine .4 
Total weight es ; ot a 69.8 90.1 452 60.50 | 98.5 138.8 156.5 
Tractiveforce—compound ..,, 6.5 71 7.4 10.9 11.8 16.7 18.0 
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two, and turning them into Mallet engines with the 
introduction of new boilers. This transformation gave 
gooi results, and locomotives of the Prairie type were 
treated in the sams way. But the most remarkable 
transformation was that carried out by the Atchison, 











Topeka and Santa Fé Ruilway using locomotives with 
to. 


ten wheels coupled, already referred 


In 1902 they were the J 
Th? frames were utilised for the rear portion of 
gines, and the original low-pressure cylinders 


States. 


the new en 


of 0.813 m. (2b. 8.01 in.) diamoter were fitted with inside 
liners so a3 to reduce the diameter to 0.711 m. (2 ft. 4 in.) 
and transform them into high-pressure cylinders. A 
front truck was added, carrying the low-pressure cykin- 
ders of 0.965 m. (3 ft. 2 in.) diameter, and a new boiler 
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Fic. 10. Locomotive ror tHe BaLTimorE AND Onto Rartwoan ; 25.3 Tons Per AXLE, 1903. 
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Fic. 12. Locomotive ror tHe Erie Rartroap, 1907. 


TABLE II.—Suowine a Few Tyres or MAuuet ENGINES FoR Wipe Gaver. 























. Prussian State Hungarian Trans- Central Pekin-Kalgan, 
Gothard tate. eon 1.435 Metre. 
*, | 1.435 Metre. Siberian, Aragon, 
-—— 1.435 Metre. : 1.435 Metre. vm North British 
: Alsacian A 1.525 Metre. 1.676 Metre. 
Maffei. Society The Co’s. Kolomsa rrig. | Locomotive 

ri Workshops. P Company. 

Namber of axles “i alt oe we --| 0-3 + 30 0.2 + 20 0-3 + 3-0 0-3 + 8-0 0-3 + 30 0.3 + 3-0 

Diameter of cylinders .. se oe be in. 15.8-23.8 15.8-23-6 15.8-24.4 18.7-28.0 18.5-28.0 18.0-28.8 
Piston stroke .. - . " 25 23 24 26 24 28 
Diameter of wheels 4 Se 5 45 50 45 46 43 51 
istance between parallel axles ais os 106 69 106 lu2 118 116 
Total distance between extreme axles no 320 228 315 303 343 352 
Grate area o~ - es aq. ft. 24 21 24 39 37 45 
Total heating surface .. “i ial oe 1669 1529 253) 2196 2368 2605 
Sceam pressure in boiler lb. per sq. in. 171 171 228 | 171 171 228 
Working weight... - és -. tons) 74.8-85.6 55.1 70.9 79.8 86. 6-106.3 96.5 
Adhesive weight.. oe o 74.8-85.6 55.1 70.9 79.8 88 6-106.3 96.5 
Weight of tender, full .. » tank engine 39.4 a 44.3 tank engine — 
Total weight ‘ = 9 74.8-85.6 94.5 124.1 86.6-106.3 oe 
Tractive ese—compousd os 9.9 94.5 10.3 124.8 15.8 17.7 





was fixed containing, owing to its length, a superheater, 
a steam re-heater going from one group of cylinders to 
the other, and a re-heater for the feed-water. These 
newly-transformed engines scaled the enormous weight 
of 227,000 kg. (223.4 tons), of which 200,000 kg. (196.9 tons) 
was adhesive weight, distributed over ten axies. 

The company has, besides, constructed others on the same 
model, heavier still, weighing 280,000 kg. (275.6 rr of 
which 250,000 kg. (246 tons) is adhesive weight, and which 
give them, when working compound, a tractive force of 
50,000 kg. (50 tons) at tread of wheels. 

Table IIL, page 56, gives the main dimensions of some 
of these engines. It will bs seen that for a few the 
diameter of low-pressure cylinders is equal to, if not 
greater than, that of the boilers of sixty years ago. 

There are actually on American railways the following 
types of Mallet engines :—2-4-1-2, 4-4-6 2, 0-6-6-2, 
2-6-6-2, 2-6-8-0, 0-8-8-0, 2-3-8-0, 2-8-8-2, 2-10-10-2, 
These engines are to be seen at the present day on some 
forty lines in the United States. They are used for various 
purposes, either on easy lines for very heavy trains or 
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PROTECTION AGAINST FIRE ON 
BOARD SHIP. 


It is a remarkable fact that, notwithstanding 
the gceeat developments that have taken place in 
every detail in the design of merchant steamships, 
little or no progress has been made towards the 
effectual protection of the vessel against fire ex- 
cepting, perhaps, in the direction of improvements 
in the pumps and in the distribution of pressure 
water from them. In the case of warships it has 
for some years been realised that one of the 
dangers to be met in naval engagements is fire, 
due to the action of the explosive contents 
of the shells which may penetrate into the in- 
terior of the ship, and progress has been made in 
the direction of ensuring that the whole of the 
interior fittings shall be of a non-combustible 
material. It cannot be said that there has been 
great loss in decorative effect, although in this 
matter the warship is in an entirely different posi- 
tion from the modern liner. No attempt has 
been made, even in warships, to introduce furniture 
made of metal which will resist fire, the theory bein 
that, before an engagement is entered upon, al 
wooden furniture, as well as all portable com- 
bustible material, &c., will be jettisoned. 

In the merchant service there is not the same 
risk of fire as with warships in action, but statistics 
show that during the past eight or ten years 
there have been annual averages of over 300 
outbreaks of fire on board ship, either in port or at 
sea, while the number of ships completely destroyed 
by fire averages over twenty per annum. is 
may not seem a large figure when one remembers 
that on the register of the United Kingdom alone 
there are nearly 21,000 ships, and that probably 
throughout the world there are 50,000 ships con- 
tinuously in service. At the same time the pos- 
sible loss of life, and the probable destruction of 
property consequent on fire, should encourage care- 
ful consideration of all possible methods not only 
of preventing an outbreak, but of quickly and 
effectually arresting it in the initial stages. 
Undoubtedly in the case of passenger - ships 
the publication of the fact that something had 
been done towards this end would have an 
effect on the bookings corresponding to that 
resulting from the evidence given of the ion 
of lifeboats for all. In the new Hamburg-Amerika 
liners Imperator and Vaterland Grinnell sprinklers 
have been introduced, and this fact alone justifies 
a consideration of the effectiveness of this method 
of combating fire on board a ship. 

The extent to which such automatic sprinklers 
are used in mills, factories, warehouses, stores, 
halls, theatres, &c., and the disposition of fire 
insurance companies to grant rebate on the pre- 
miums of fire insurance policies when sprinklers 
are fitted, is evidence in favour of the efficacy of the 
same system on board ship. The conditions, par- 
ticularly in the passenger quarters, are most favour- 
able, because here the space is so minutely divided 
up by iron decks, transverse bulkheads, and even 
by cabin and alleyway walls, that the initial out- 
break of a fire is confined within a limited area, 
and were automatic sprinklers immediately brought 
into action, the fire would the more likely be 
quenched. As to the freezing of the water in the 
pipes—an argument sometimes used against the 
system—the —t system has proved an effec- 
tive preventive. In this system, so-called pres- 
sure tanks are provided, containing sufficient 
water for a primary supply, and this water is 
held in check by a Boer. ~ designed differential 
valve, having water pressure on one side and air 
pressure on the other. When the rise in tem- 
perature, due to the starting of a fire, melts the 
solder of the sprinkler, the opening of the head 
liberates the air, reducing the pressure, and the 
valve is opened by the water-preesure above it 
exceeding the air-pressure under it. Thus the 
water flows freely through the pipes and out of 
the open heads. The inspection be ment of the 
Associated Factory Mutual Fire Insurance Com- 
panies of America, which has been responsible 
for the fitting of sprinklers to quite a number 
of American ships, including coasting, river and 





lake passenger-steamers, estimates that with any 
sprinkler system on board ship the heads would be 
spaced about 10 ft. apart, each protecting 100 sq ft , 
and that the cost of such an installation would 
average about 16s. per head, excluding the cost of 
the pumps. In land practice the cost is only about 
123. per head, but the ship installation would 
probably cost more. 

The treatment of holds where cargo is carried 
involves a special application, particularly where 
the cargo is of a material with a tendency to spon- 
taneous combustion. It would be difficult for 
on and even for a hose, to subdue a fire of 
this nature, although it might postpone serious 
consequences sufticiently long to enable the ship 
to reach port. The authority already quoted has 
adopted a system of introducing carbon dioxide into 
warehouse compartments, which are analogous to 
ships’ holds. e carbon dioxide is purchasable in 
a form liquefied under pressure and contained in 
drums. The liquid gas is passed through pipes and 
exudes through openings at the top of the ware- 
house or hold, its specific gravity causing it to sink, 
and thus to penetrate the interstices of the cargo 
during its descent; the result is that combustion is 
rendered impossible, and the fire is either held in 
check or completely extinguished, the ulti- 
mately being driven out or sucked out by fans. 
The difficulty is that the carbon dioxide, though 
not explosive or directly dangerous to life, tends 
towards asphyxiation. But a man can live fora 
limited time in an atmosphere containing 10 to 15 
per cent. of it, and it is computed that from 30 to 
40 per cent. is sufficient to extinguish a fire. It is 
not dangerous to merchandise, and the quantity 
required is about a 50-Ib. cylinder per 1000 cub. ft. 
of air. Sulphur dioxide has been used, but the 
authority quoted found it objectionable, as men 
could not live in an atmosphere containing any 
appreciable amount of the gas; moreover, it is 
injurious to certain kinds of merchandise. 

In addition to this means of extinguishing an 
outbreak consideration should be had, in merchant- 
ship a, to the adoption to a larger extent of 
metal in preference to wood. It is true that so- 
called fire-resisting paints are largely used, but 
there is doubt of the efficacy of the great majority 
of such paints. In preference to wood a light 
steel might be used, especially if lined with 
non-combustible insulating material in order to 
secure a@ more equable temperature within the 
cabins in climates where extreme weather con- 
ditions prevail. In recent years there has been 
considerable development in the simulation of wood- 
carving and decorative effect generally in the pro- 
duction of metal furniture ; but, even so, we are a 
long way from achieving the artistic effects which 
can be got from wood. In the modern liner, how- 
ever, plaster-of-paris and other such materials are 
being more and more relied upon for decorative 
pu s. Indeed, in some of the newer ships it 
is difficult to grasp the fact that one is not in a 
room on shore, because of the treatment of the 
ceiling and walls. If this plaster-of-paris work 
proves to be lasting, a way is opened up for the 
use of light-steel partition walls with insulating 
materials in preference, or in addition, to the plaster- 
of-paris. 

e question is largely one of ex 
tution of steel and plaster for wooden decks, cabins, 
&c., in medium aaa large passenger vessels would in- 
volve an increase in expenditure up to 10 per cent. of 
the cost of the entire ship, excluding even the extra 
cost of steel furniture, if such were used. This is a 
serious addition to the price of a ship, and when to 
it there has to be added the cost of automatic 
sprinklers, it will be obvious that the shipowner 
will have to consider whether the advantage accru- 
ing from increase in favour with the public, and 
consequently more consistently full passenger lists, 
with the addition of a reduction of insurance rates, 
can compensate him for the expenditure. There can 
be no question that a ship so treated would be more 
immune from the risks of fire than an ordinary 
vessel depending only upon the fire-pumps ; but the 
final answer is, we fear, one concerned with the 
relation of safety, and its influence on earning 
power, to the cost involved. The matter is one 
that will be decided finally by the public. If they 
make it clear that they are ready to pay for 
increased security, then it is certain to be attained, 
for manufacturers will vie with one another in 

iscovering new materials, and in devising novel 
methods of treating old ones to render them 
durable and artistic. Shipowners have shown sueh 
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readiness to add to the comfort and speed of their 
vessels that there is no doubt they will meet all 
demands that are commercially practicable. 





EXPLOSIONS IN ELECTRIC MAINS. 

The unanimous report of the Departmental Com- 
mittee on Electric Mains Explosions, just pub- 
lished,* should tend to allay the apprehension 
which has arisen in many quarters as to possible 
danger from the use of bituminous or pitchy com- 
pounds for the insulation and protection of buried 
electric mains. Explosions have occurred chiefly 
in separate mains ——. continuous current, 
insulated with vulcanised bitumen, either drawn 
into bitumen conduits or laid solid in troughs 
filled with bitumen. But the Committee does not 
find any sufficient grounds for recommending the 
Board to prohibit this system of laying, as it is 
probable that accidents which have occurred 
through it could also be partly assigned to other 
“Saeen h 

e particular points requiring attention are: the 
eel of makin contin, which should have easy 
turns; the proper shape of the troughs, which should 
be filled in after the straights have set; the means 
for taking off the services, which should be armoured 
cables and be gas-proof from main to house; and the 
danger of covering with an impervious pavement. 
The following features are exonerated from blame 
as the cause of serious explosions :— Alternate-cur- 
rent supply, concentric cables, three-core cables, 
lead-covered paper-insulated cables, cables laid 
solid in pitch compound. It is noted, however, 
that bitumen has been so much more extensively 
used than pitch compound that a proper compari- 
son between the two cannot be made. With regard 
to troughing, the Committee finds no superiority 
in iron or stoneware over wood, except where the 
soil is proved to be unsuitable for wood. It is 
recommended that separate mains be laid, each ina 
separate trough, with at least 2 in. of tightly-packed 
earth or sand between. 

Considering the hundreds of miles of mains laid 
solid in bitumen under streets, the actual number 
of accidents arising from them is relatively very 
small, some two deaths only being caused, and 
some sixteen or seventeen persons injured by them, 
during the last eleven years. The immediate 
cause of the explosion is the ignition of 
evolved from volatilisation or destructive distilla- 
tion of the bitumen insulation and packing round 
a fault in the main. It is shown that bitumen 
deteriorates from (1) contact with coal - : 
(2) injury inflicted after laying, or original defect, 
on @ positive main, permitting a small leak to 
earth, causing corrosion and ultimate failure of the 
conductor ; (3) an earth on a negative main, 
decomposing the insulating material, and produc- 
ing a leak from positive to negative, ending in 
short circuit. In such cases an arc forms, which 
may either be quenched by the bitumen it melts, 
or may persist, decomposing the insulating vulca- 
nised bitumen and also the packing. These are 
circumstances of greatest danger, for at a high 
temperature large volumes of very inflammable 
gases are given off. The gases take the line of 
least resistance, possibly into a house or manhole. 
It will easily be seen that the most favourable 
conditions concur with several cables at different 
pressures in the same trough. 

It is admitted that bitumen and pitch compounds 
offer the only practical alternatives as filling mate- 
rial for cable-troughs. The bitumen » Soon name 
freely between 250 deg. and 350 deg. Fahr., weld 
readily to adjacent layers, adhere to cables and 
bridges, and retain such viscosity in the ground 
as to allow it to bend slowly and to reunite if 
fractured. It should not be heated above 400 deg. 
Fahr. The alternative pitch should be coal-tar 
pitch, softened with pitch or creosote oil. In some 
ewes whinstone dust is afterwards added to 
strengthen the mixture. Two such mixtures are 
y arya puarmgen (1) 3 tons pitch, 2 tons stone- 

ust to 10 gals. se or creosote oil, and (2) 10 cwt. 

itch, 10 cwt. limestone dust to 10 gals. tar oil. 
is is rg os than bitumen, runs at 260 deg. 
Fahr., and has specific heat 0.5, while that of 
bitumen is 0.8. Thus the pitch compound causes 
much less heating of the cable when filling. The 
pitch compound also adheres well to unglazed 


* Report of the Committee of Inquiry appointed by 
the President of the Board of Trade. London: Wyman 
and Sons, Limited. [Price 3d.| 





stoneware bridges, and is not affected by coal-gas 
or creosote. 

Considerable attention was given by the Com- 
mittee to the question of testing and localisation of 
faults. Vulcanised-bitumen-insulated cables are 
the most difficult in this respect. It appears that 
the allowable leak depends on the size of the 
undertaking, but varies greatly. In one town with 
a peak load of 35,000 amperes a leak of 10 amperes 
is taken to indicate a fault, while in another the 
normal leak is 20 amperes on a peak load of 8000 
amperes. No suggestion is made for a general 
standard, but evidence was taken on the advisability 
of dividing large networks into districts inter- 
connected by fuses or circuit-breakers. The most 
workable unit would seem to be a district taking 
about 600 to 800 amperes. ; 

Not the least interesting part of the report is 
the special report from Dr. R. V. Wheeler, of the 
Home Office Experimental Station, Eskmeals, to 
decide the following points :— 

1. There is no tendency to spontaneous com- 
bustion or self-heat on the part of the finely- 
divided carbon from gaseous hydrocarbons decom- 
posed at a high temperature. 

2. Gas from bitumen at 1000 deg. Cent. is explo- 
sive when present in the air between the limits of 
5.4 to 20.5 per cent., and gas from pitch com- 
pound between 10.7 and 47.5 per cent. Up to 
this temperature, therefore, the gases from pitch 
compound are the more dangerous, as remaining 
explosive within a greater range of mixture, but if 
the gases are ‘‘cracked” or broken up by passing 
over a very hot surface, this difference largely 
disappears, the limits of inflammability of both 
being widened, but more in the case of bitumen 
gases than pitch gases. 

3. There is very little to choose between the 
bitumen and the pitch compound in the matter of 
the volume of inflammable gases evolved up to 
1000 deg. Cent., Callender bitumen giving 3.1, 
Glasgow pitch 2.5, and pitch compound 2.8 cub. ft. 
per lb., reduced to normal temperature and pres- 
sure, but, considering the wider limits of inflam- 
mability of pitch gases, the latter would be more 
dangerous, subject to the remark on cracking in 
the last paragraph. 

The report goes on to give the nature of the 
gases evolved, in which hydrogen and carbon mon- 


gases | oxide largely predominate, especially when cracked. 


It also gives details of the experiments made and 
apparatus used. and will well repay study on the 
part of those who are concerned with the behaviour 
of volatile oils and solids, as well as of those who 
are directly interested in the question of electric 
mains protection. 





FACTORY BUILDINGS. 

Factory buildings are of all kinds. In certain 
cases the adoption of cheap corrugated iron sheds 
may be fully justified by certain special conditions, 
whilst in other cases the erection of more elaborate 
and more expensive structures may be truly econo- 
mical, the higher first cost being more than counter- 
balanced by a much lower expenditure in mainten- 
ance. Until recent years such permanent buildings 
were almost always of brick and steel, but of 
late ferro-concrete has met with much favour, and its 
advocates claim that under normal conditions a ferro- 
concrete building is considerably cheaper than one 
of brick and steel, even if the latter is provided 
with a roof of corrugated iron, which, of course, 
involves a considerable expenditure in maintenance. 
In one case, recently referred to in a paper before 
the Concrete Institute, it was stated that com- 
petitive tenders showed that a factory constructed 
throughout of ferro concrete (roof included) would 
cost 12 per cent less than an alternative design in 
brick and steel, with a roof of corrugated iron. 
The local conditions were in no way specially 
favourable to the ferro-concrete, the aggregate 
having to be brought 25 to 30 miles by rail. “The 
building in question was constructed throughout of 
ferro concrete, but generally it is cheaper to execute 
the panels in brick. the reinforced material being 
then reserved for the columns, beams, floors and 
roof. Such a structure is, of course, remarkably per- 
manent, since even the indifferent concrete-making 
materials which were available to the Roman archi- 
tect and engineer have shown an extraordinary 
endurance. There is, of course, a popular miscon- 
ception that ancient cements were incomparably 
or to our own, a belief mainly attribut- 
able to the characteristic ignorance of literary men 





and antiquaries. Claims of this kind are, in fact, 
always being made, amongst the latest being one 
that in domestic sanitation the Minoan age was fully 
abreast of the best modern practice. In all proha- 
bility the archeologists responsible for this opinion 
could not define the difference between a wash-down 
and a wash-out closet. Nevertheless, their views 
get into the public Press, and thus become almost 
ineradicable, owing to an apparently inexpugnable 
desire on the t of certain popular writers to 
belittle the achievements of modern — science. 

Many engineers prefer to use steel rather than 
ferro-concrete stanchions, owing to the ease with 
which attachments can be made to them at any 
future time. Mr. P. M. Fraser, the author of 
the paper referred to, claims that in this respect 
the advantage lies with ferro-concrete, since an 
inch-hole, for example, drilled into a ferro-concrete 
beam or column, reduces in general the groes sec- 
tion by a smaller percentage. This may be quite 
true, but whilst, with a reasonable exercise of 
judgment, an attachment to steel-work may be made 
almost anywhere without serious risk, there is 
always the possibility that in drilling ferro-con- 
crete the drill may encounter some of the con- 
cealed reinforcement. It is of importance to 
allow for a very ample factor of safety in design- 
ing columns, whatever be the material used. 
In erecting a new factory building it is often 
quite impossible to foretell with certainty what 
loads the columns may be required to carry in 
future years. The same consideration also applies 
to the design of the floor, and we have known 
instances, in printing works in particular, in which 
weights have been piled on galleries very much in 
excess of what had been anticipated by the de- 
signer. In this respect steel would appear to have 
a considerable advantage over its rival, since, if 
need be, a steel beam can be strengthened by 
additional plates, whilst a corresponding operation 
would hardly prove satisfactory with ferro-concrete. 

It is sometimes claimed that ferro-concrete is 
specially suitable for engine foundations, but the 
conditions in which this may become necessary must 
be somewhat rare. What is generally required in 
such foundations is weight rather than great 
strength, and this is so commonly recognised that 
there is at times difficulty in preventing some con- 
tractors omitting from such foundations much of the 
cement specified, their view being apparently that 
anything that will stick together is good enough for 
an engine foundation. 

Incidentally in his paper Mr. Fraser made some 
criticisms of English methods which are, we think, 
far from being justifiable by experience. The 
latter shows that slightly inconvenient buildings 
are not always as heavy a handicap as Mr. Fraser 
contends. For certain trades, particularly those in 
which articles are built in large quantities to 
stock, only extremely low annual charges may 
make feasible competition with firms more con- 
veniently housed. Nevertheless, as is well known, 
firms with old machinery and old factories are by no 
means always unsuccessful, the reason being that 
the cost both of buildings and plant has been com- 
pletely written off many years ago, and hence some- 
what higher working expenses do not necessarily 
preclude effective competition. Where a varied 
class of work is done, hardly two jobs being alike, 
conditions are still more equal, since the newer 
factory cannot then have as effective an organisa- 
tion as it may have in more specialised fields. 
Other things being equal, a well-arranged building 
is, of course, an enormous asset to the manufac- 
turer. Many small firms have, however, to put up 
with what they can afford rather than with what 
they would prefer, and they manage to make profits 
in spite of certain inconveniences. 





THE JOINT MEETING OF NAVAL 
ARCHITECTS AND ENGINEERS AT 
NEWCASTLE. 


Tue joint summer meeting of the Institution of 
Naval Architects, the Institution of Engineers 
and Shipbuilders of Scotland, and the North-East 
Coast Institution of Engineers and Shipbuilders, 
which is being held at Newcastle-on-Tyne, opened 
auspiciously on the 7th inst., when the various 
institutions were welcomed by the Right Hon. the 
Earl of Durham, K.G., as the chairman of the local 
reception committee. The official welcome took 
place in the King’s Hall of the Armstrong College, 
and in addition to the Earl of Durham, the Right 
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Hon. the Lord Mayor of Newcastle-upon-Tyne, and 
Sir Charles Parsons, as President of the North- 
East Coast Institution of Engineers and Ship- 
builders, delivered brief addresses of welcome. 
There was an excellent attendance, although the 
Marquis of Bristol, in replying for the Institution 
of Naval Architects, pointed out that many who 
would have attended from Scotland were prevented 
from being present by the visit of His Majesty the 
King to Glasgow. It was hoped, however, that 
most of these gentlemen would be able to come to 
Newcastle for the closing days of the meeting. 

The Chairman announced that he had just re- 
ceived from Holyrood Palace a telegram sent by 
His Majesty the King, expressing his interest in 
their gathering. This telegram was as follows :— 
‘*The King is much interested in the meeting, now 
assembled at Newcastle, of the three Institutions 
representative of the shipbuilding and marine 
engineering of the Empire, and wishes it every 
success.” The reading of the telegram was received 
with warm applause, as was also the proposal of 
Lord Durham that the grateful thanks of all present 
should be conveyed to the King for his gracious 
message. 

Before dealing with the technical part of the 
proceedings, which is our proper province, we 
desire to express our sympathy with the Marquis of 
Bristol in the personal bereavement which pre- 
vented him taking other than a formal part in the 
meeting, and deprived the social features of the 
gathering of the presence of Lady Bristol. 


BATTLESHIPS AND SUBMARINES. 


The technical papers on Tuesday last, the first | d 


day of the meeting, were presented by members of 
the Institution of Naval Architects. The first, which 
was taken in the King’s Hall before the whole of 
the assembled company, was by Professor Sir John 
H. Biles, and was entitled ‘‘On the Protection of 
Battleships against Submarine Attack.” We re- 
print this paper in full on page 65 of our present 
issue. It was read by Sir John, who stated that 
it was really a stop-gap paper, prepared to take 
the place of one on the subdivision of ships, which 
was to have been read by Professor Welch, who 
had, however, been obliged to go to Canada in 
connection with the Empress of Ireland inquiry. 

Lord Brassey opened the discussion. He said 
that as a veteran and old president he had been 
asked to do so. He thanked Sir John Biles for 
his most valuable paper, but did not feel competent 
to answer the four points which appeared at the 
end of it. It might be possible to build such ships 
as the paper proposed, but one thing which seemed 
clear to him was that it would not pay to put too 
many of our eggs in one basket. e might accept 
the inference that a given speed and armament were 
necessary, but that did not necessarily imply accept- 
ance of a given size of ship. The same total arma- 
ment might be distributed over a greater number 
of ships. An equal armament might cost more 
under these conditions, but the proposal could not 
necessarily be scouted on that score. 

Mr. C. E. Ellis, the next speaker, said that Sir 
John Biles had hoped that Sir Andrew Noble would 
say a few words in connection with the questions of 
armour raised by the paper, but Sir Andrew had 
unfortunately been unable to attend, and had asked 
him to speak in his stead. A worse man could 
hardly have been chosen. Whatever knowledge 
might exist on the question of the resisting power 
of armour against torpedo attack did not reside 
with him or with any other armour-maker. No 
doubt the Admiralty had some knowledge in refer- 
ence to the matter, but he had not. He was glad 
he had not. If he had, he might feel it necessary 
to give the meeting the benefit of his knowledge, 
and that would hardly have been permissible, as 
obviously any data on the subject must be based on 
Admiralty experiments. 

All he would say was that any armour developed 
for protection against under-water attack might 
well be of somewhat different t from that at 
present used. It might be thata lighter protection 
would be sufficient. That was for the expert to 
decide. The history of armour showed that on the 
whole it had been capable of meeting the attacks 
of its enemies. It had fought the gun, and, he 
thought, on the whole, had fought it successfully. 
It had also given a good account of itself inst 
torpedo attack on the water-line, and he thought it 
would prove capable of providing defence against 
this insidious attack below water. As a final point, 
he would say that in the last few years the armour- 


makers had found it necessary to provide armour of 
shapes which previously they could not manufac- 
ture. They had done this with success, and there 
was little doubt that in the future they would be 
able to furnish armour of any shape likely to be 
required. 

Admiral Sir Reginald Custance, who continued 
the discussion, said there were a large number of 
questions raised by the author, and it was neces- 
sary he (the speaker) should confine himself to 
what he considered the gist of these questions. That 
was :—What was the war value of the Whitehead 
torpedo? In the first instance, it was necessary 
that one should not be misled by the results of 
peace practice. They were entirely different from 
those furnished by war. In the Russo-Japanese 
war there were four engagements in which tor- 
pedoes were employed. These were the first sur- 

ise attack outside Port Arthur, the first sortie 
of June 23, the second sortie of August 10, and 
the battle of Tsushima. In all, some two to 
three hundred torpedoes were fired, and of these 
about 54 per cent. resulted in hits. Even so, 
many of these concerned ships at rest or moving 
very slowly, and only about 2 per cent. of 
the torpedoes fired at ships in motion reached 
their mark. This was a great falling off from the 
results of peace practice. It should further be 
noted that no ship sank immediately on being 
struck by one torpedo. The ships that foundered 
at once had been hit by three or four torpedoes, 
and had further been much damaged by gun-fire. 
These figures suggested that there was a very fair 
probability against a particular torpedo doing much 

amage. 

What was the explanation of the low percentage 
ofhits? Atthe time of the Russo-Japanese War a 
torpedo could travel at 50 ft. a second. Now they 
could travel at 75 ft. a second. When a torpedo 
was fired at a ship in motion it had to be aimed a 
considerable distance ahead of her; and as her 
speed and course were not known, great difficulty 
was introduced. Further uncertainty arose from 
the fact that one was not certain about the speed 
of his own torpedo; also it was necessary to 
fire it at the exact moment when the sights were 
on. This was not easy. Then questions of im- 
perfect management crept in. The torpedo was 
set for short range, and fired for long range, and 
so on. Again, torpedoes might be erratic, and 
sometimes turned round and came back at the 
boat that had fired them. Not very often perhaps, 
but still it might bein 1 per cent. of cases. When 
all these difficulties came in, and had to be allowed 
for ona dark night under gun-fire, when the enemy 
was suddenly sighted, the wonder was that tor- 
pedoes ever hit their mark at all. Besides, all 
this went on at very close range—within 400 yards 
—when gun-fire became a very serious matter. 

Errors in the course and speed of torpedoes also 
depended on the speed ratio. This was the ratio 
between the speed of the torpedo and the speed 
of the ship. From the point of view of this ratio, 
nothing must be taken off the speed of the ship. 
In . ee ely bee ~~ a had a 
speed of about 17 knots, and the battleships a speed 
of from 13 to 8 knots, or even less. The speed 
ratios varied from § to +. The ratio had not 
changed at the present day, as the increased speed 
of the torpedo had been offset by the increased 
speed of the ships. Errors of torpedo course also 
depended on the direction of attack—whether it was 
on the beam or right ahead, and it was difficult on a 
dark night to know if one was on the beam or not. 
Chances of hits were further dependent on the 
length of the ship and the angle she subtended. 
From this point of view, long ships were a disad- 
vantage. The broad results of the experience of 
the ragga. ge me | War was that the gun-armed 
surface vessel had successfully neutralised the 
torpedo-armed surface vessel. That could broadly 
be said of the effect of the destroyer on the torpedo- 
boat. 

These being the known war facts of the torpedo- 
armed surface-boat, the question arose, How did 
they apply to the submarine? There was no war 
experience of the submarine, but she carried the 
same weapon, and the same errors were possible. 
Some people might say that the submarine was 
safer for those on board than was the surface boat, 
and that their mental equilibrium would be less 
disturbed. But this was a peace idea. In peace 
manceuvres the man on the submarine knew that 
the man he was attacking would do him no harm. 
‘In war, he knew he would do his best to destroy 








him. This introduced an incalculable factor, and 
one must guard against drawing too definite ideas 
from peace practice. One must reserve judgment. 
The struggle was really one between weapons— 
between the gun and the torpedo—between a gun- 
armed surface vessel in motion and a torpedo-armed 
submarine, which must come to the surface at 
times and so expose herself to gun attack. He 
might suggest a simile. A fight between the gun- 
armed surface vessel and the torpedo-armed sub- 
marine was rather like a fight between a man in 
the open with a repeating rifle and a man under 
cover with a blunderbuss, who had occasionally to 
poke his head up to see what he was about. 

Sir Philip Watts, the next speaker, pointed out 
that the author had stated there could be only two 
forms of defence against submarines—destruction 
of the submarines and protection of the bottom of 
the ship by armour. He had not appeared to think 
torpedo-net defence worth mentioning, but this 
defence could be made fairly effective, especially so 
when ships were stationary. A certain amount of 

tection could also be obtained by fitting deep 
inner bottom spaces, backed with tough protective 
plating, so that the loss of buoyancy resulting from 
a hit could be reduced toa minimum. Sir John 
had shown what it would involve if we had to 
armour-plate the sides of our ships to protect them 
against torpedo attack. If we retained the same 
speed, armour and armament as in the Dread- 
noughts built during the last ten years, as many 
thought we should, the displacement would go up 
from 3000 to 4000 tons. The additional cost would 
be chiefly the cost of the introduction of the 
armour, which would be about 200,000). These 
ships would still be somewhat smaller and, he 
believed, less costly than ships building at present 
by certain foreign Powers. 

With regard to the 
enumerated at the end o 


ints for discussion 
the paper, he would 


say :— 

1. He thought 4-in. armour would afford suffi- 
cient protection against torpedos if associated with 
suitable inner bottom spaces, but it could be in- 

in thickness if desired. 

2. Up to the present time the submarine menace 
had not been considered of sufficient importance to 
justify the adoption of armour protection on the 
bottom. Although discussed from time to time, it 
had never yet been seriously fitted. 

3. He could not think that the power of gun 
attack was now relatively less than that of 
torpedo attack, but the reverse, and the import- 
ance of bringing the greatest number of big guns 
into the line of battle at least cost remained the 
same, and the value of speed remained the same. 
Hence the argument in favour of the big fast ship 
appeared the same. 

4. It was probable that the admissible best form 
adapted for fitting and carrying armour would offer 
greater resistance than ordinary forms; but he was 
disposed to think there would not be very much in 
this. Resistance was very much more influenced 
by the longitudinal distribution of the displace- 
ment than by its transverse distribution. 

Professor Hovgaard, who was the last speaker in 
the discussion, said that the problem discussed by 
Sir John Biles in his interesting paper was one of 
extreme importance, for on ite solution depends 
the future of the large sea-going battleship. The 
question of the obsolescence of the battleship is 
really one of gradual restriction in its field of useful- 
ness. Many people think that the battleship will 
be suddenly and absolutely abolished, and this idea 
has been advanced on several previous occasions 
when new weapons have appeared, but he believed 
that if the battleship was ever abolished it would 
only be as the result of a gradual process, perhaps 
of long duration. The Russo-Japanese War showed 
that the battleship could not safely approach forti- 
fied harbours, because the dangers of attack by 
floating mines were at all times very serious. In 
fact, the ter part of the losses by submarine 
attack during the war took place near the fortified 

laces. At some distance from the coasts the 
ttleships were fairly safe, being well prepared to 
meet the attack of surface torpedo craft. With the 
advent of the submarine-boat, the field of operation 
of the battleship at once became more restricted, 
although it cannot yet be said to what extent, since 
there is no war experience to go upon. It seemed 
certain, however, that large battleships would not 
now venture into narrow seas or near the coasts of 
an enemy unless they were absolutely forced to do 
so. For instance, he did not believe that they would 
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venture into the Baltic if this sea was infested by 
the submarines of a powerful enemy, but, if they 
did, they must certainly operate with the greatest 
caution. The same remark applied to the Mediter- 
ranean, although with less force. 

As yet the submarine did not threaten the 
battleship seriously on the ocean, and as long as 
this condition existed battleships must be built to 
control the ocean—that is, they must be of the 
largest class and armed with powerful artillery. 
When the ocesn-going submarine is an accomplished 
fact our conclusion might be different, but we do not 
know when this will h:ppen,and p-rhaps by that time 
we shall be better able to weet submarine attack. 
It would be premature now to anticipate a danger 
that does not exist, and commenc, to construct 
small, poorly-protected and weakly-armed vessels. 
Battleships should be constructed to meet existing 
conditions, and not conditions that may not be 
rea'ised for a number of years. The question is 
then, How best to protect the large battleships 
against submarine attack / 

There are two positive ways in which this may 
be accomplished. One is by means of armour, the 
other is by means of the so-called ‘‘ elastic’ bulk- 
heads—i.e., bulkheads of curved form. Bulkheads 
of this nature were referred to by Mr. Owens in 
his paper read before the Institution of Naval 
Architects last spring, and are used by the French 
in the battleships of La Bretagne class. 

Armour was now, as far as he was aware, always 
placed inside the ship on a longitudinal bulkhead 
at a certain distance from the outer shell. It was 
easy to show, however, that as now ordinarily 
constructed, this form of protection is unsatis- 
factory. Usually the armour is of 14-in. or 
2-in. thickness, and is supported only by a system 
of light stiffeners, quite out of proportion with 
the strength and weight of the armour itself. 
Probably the stiffeners will give way under the 
explosive pressures long before the plating is 
seriously strained, and the bulkhead will be blown 
bodily inwards. But even if the stiffeners are of 
adequate strength, it is likely that bulkheads as now 
constructed will give way by opening at the seams 
and butts and along the boundaries. It is very diffi- 
cult, heavy and costly, to give sufficient strength to 
these lines of weakness. Let it be supposed, however, 
that this is done; then the armour-plating itself, 
being plane, will ultimately give way by bending, 
cracking, or tearing at the stiffeners long before it 
has had a chance to offer a resistance proportioned 
to its great weight and strength. On the whole, 
armour is ill-adapted to resist gaseous pressures ; it 
is much better suited to resist local forces of great 
intensity, such as those due to the impact of 
projectiles. 

As regarded armour placed on the outer shell, 
Professor Hovgaard went on to say that in 1909 he 
wrote an essay on this subject to Jane’s Fight- 
ing Ships, where he gave a full discussion of 
this problem, resulting in the conclusion that 
if armour is to be used at all, it should be 
applied externally rather than internally. An 
explosion tends to expend its energy chiefly 
along the line of least resistance, a principle that 
is well illustrated in a gun. There the energy is 
almost entirely expended in giving forward velocity 
to the projectile and to the gases. The work done to- 
wards the rear by the recoil, where the resistance is 
much greater, is comparativelysmall, and laterally — 
i.e., normal to the unyielding walls of the barrel—no 
work is done. Analogous conditions exist when a 
mine or a torpedo explodes in contact with the 
outer shell of a ship. the side is unprotected, it 
offers practically no resistance, and the explosive 

ressures will be relieved instantaneously by exhaust 
into the interior of the ship, where they may cause 
widespread destruction. If, on the other hand, we 
could offer a greater resistance at the outer shell 
than that due to the inertia of the water, the 
explosive energy would be entirely or largely 
expended upwards into the atmosphere, since the 
line of least resistance would then be found in that 
direction. We cannot, of course, prevent a hole 
being punched in the side near the centre of the 
explosion, but by fitting armour on the side we may 
limit the size of this hole in a great measure. Only 
experiments can tell us to what extent this is pos- 
sible, and how external armour will compare with 
internal armour. As already stated in his afore- 
mentioned essay, it is of the test importance 
that such experiments should So entnteie. In 
1910 he contributed another essay to Jane’s 
Fighting Ships, in which he reeommended to fit 





4-in. external armour on the outer shell, and to 
make the bottom, as far as possible, plane or 
developable. He recommended a form of the 
bottom somewhat approaching to that of a flat- 
iron, in order to facilitate fitting the armour, 
but as Mr. Ellis now stated that this difficulty 
no longer existed, it is best in that case to 
adhere tu ordinary ship-forms. Hence, by fitting 
armour on the outside there appeared to be a pos- 
sibility of keeping the greater part of the explo- 
sive effects outside the ship by giving the gas 
pressures time to exhaust more completely into 
the atmosphere. There is the further advantage 
that a good support of the armour is obtained 
without extra expenditure of weight, since the 
system of transverse and longitudinal frames in 
the double bottom can easily be made to offer a 
very considerable resistance. 

His conclusion was, then, that if armour is to be 
fitted at all, it should be fitted on the outside ; but 
he believed that the ‘‘ elastic” bulkhead offered a far 
better solution of the problem. A crude calculation 
and even a simple consideration would show that it 
is possible with light plating of curved form to obtain 
enormous strength against gaseous pressure. Plane 
surfaces are, of course, entirely unfit for this pur- 
—s No one would think of constructing a steam 

iler as a rectangular box with plane walls. Even 
with j-in. plating it is easy to construct a bulkhead 
that will resist a head of several hundred feet of 
water. Such a bulkhead might be fitted at a mode- 
rate distance, perhaps from 8 ft. to 10 ft. inside the 
outer shell, and still be sufficiently strong. One 
important condition is, however, that it shall be 
adequately supported by deep girders. The elastic 
bulkhead would, he believed, essentially solve the 
problem of under-water protection, but it might be 
advantageous, in addition, to give to the outer shell 
a substantial thickness—for instance, 1 in.—and to 
construct it of a tough, high-tensile material, 
capable of being caulked, and well connected at 
seams and butts. This, however, was again a ques- 
tion that could only be settled by experiments 

The Marquis of Bristol, in allies on Sir John 
Biles to reply to the discussion, regretted there was 
no torpedo admiral present to give his side of the 
question. Sir Reginald Custance and he himself 
were both gunnery officers. It was clear from the 
paper that it would be possible to fit protective 
under-water armour, but the interesting question 
was, Would this armour give the protection aimed 
at? In any case, he was afraid it would be necessary 
to retain the present speed and armament in con- 
junction with the new armour. It appeared to him, 
in a practical sort of way, that one should have an 
inner skin and some sort of cushion which would 
more or less damp out the explosion before it reached 
the armour. Finally, he thought it the duty of 
the Admiralty to carry out experiments on this 
question. 

Sir John Biles, in reply, said that the paper had 
had the effect he intended when writing it. It 
would be agreed that no opinion had been expressed 
that the battleship should be eliminated. He 
thought this a fact worth recording in connection 
with the meeting. A second point was that it 
seemed to be agreed that some sort of under-water 
protection was possible—say 4 in. outside, or 1 in. 
inside and some outside, or some such arrange- 
ment. A third point was the desirability of doing 
this. That, he thought, must be left an open 
question at present. None the less when one 
remembered the screen of destroyers and cruisers 
round a fleet could be completel netrated by 
submarines, which it never roe | } destroyers, 
the question of such protection became of great 
weight. The question might become acute in the 
near future, and he with Lord Bristol that 
it was the duty of the Admiralty to consider the 

uestion very seriously. The consideration of the 
aper then terminated with the usual vote of 
thanks. 
Tue Férrincer Hypravtic TRANSFORMER. 

At this stage of the proceedings the meeting was 
divided into two sections, and in the King’s q 
Dr. a read per on ‘‘ Recent Develop- 
ments of the Hydraulic Transformer,” which we 
hope to publish in an early issue. Results were 
given of recent installations, and this, the author 
claimed, led to the conclusion that the economy 
of this system of power transmission and re- 
duction resulted in an economy higher than that 
of electric transmission, and only 4 to 5 cent. 
lower than that of mechanical gearing for ahead 





motion for the same steam conditions. For revers- 
ing and manceuvring its aor and economy were 
over 100 per cent. better. Furthermore, by eliminat- 
ing the astern steam-turbine, a decisive step in 
economy was obtained by utilising high superheat 
on board ship. The chief features of the system 
were :—(1) Increased s and economy for all 
service conditions ; (2) increased size of units both 
in ships and engines; (3) increased comfort and 
luxury for passengers and crew, due to entire 
absence of noise and vibration ; (4) increased safety 
against danger, due to rapid manceuvring ; (5) in- 
creased life of turbine-blading, due to constant 
rotation and absence of water-hammer and boiler- 
priming. In so far as the turbine was concerned, 
temperatures of 650 deg Fahr. could be safely used, 
a temperature which was now common practice in 
large stationary power plants. 

Mr. Summers Hunter, who opened the discus- 
sion, acknowledged the free and frank manner in 
which Dr. Féttinger had placed his valuable ex- 
perience before the Institution, and observed that 
the paper bristled with suggestions and valuable 
information. There were a few points which 
appealed to him as one identified more with mer- 
aa engineering than with warship work. Relia- 
bility and efficiency were what they asked for. 
Warships passed their trials at high power, and 
after that it was only in the stress of battle, when 
the lives of those on board were at stake, that 
the machinery was run at its maximum rate. 
With the merchant vessel it was quite different. 
Day after day, voyage after voyage, long or 
short, continual speed must be maintained, and 
he was sure it must be the admiration of every- 
one to notice the regularity with which our 
largest Atlantic liners and long-distance vessels 
performed their work at what was practically 
their maximum power and speed. It might be 
that under sea-going conditions some efficiency 
might have to be sacrificed to secure the reliability 
for which shipowners asked. From the ship- 
owners’ point of view, the question of cost was of 
primary importance. He was afraid that it did not 
matter how much economy they offered the ship- 
owner, he would like the vessel at the same cost as 
the preceding vessel. It was a difficult position to 
meet, but he ventured to say new conditions were 
prevailing, and that, as opportunities arrived, 
the shipowners who were up to date were not 
afraid to spend a little more money to get what 
was so desirable—economy and efficiency. These 
were the considerations which must be taken into 
account in appraising the value of power trans- 
mission systems. As regards superheating, although 
he had done much in its adoption in merehant 
ships, he feared that, for the present, 650 deg. 
Fahr, was an excessive temperature. 

Mr. R. J. Walker said that Dr. Fottinger was 
to be congratulated upon the success which had 
attended his efforts in the development of hy- 
draulic transmission. The high efficiency which 
he obtained bore testimony to the good work he 
had accomplished in the transmission of power on 
hydraulic lines. He (Mr. Walker) was afraid that 
time would not permit him to deal fully with the 
many points raised in the paper, and the argu- 
ments used by the author in support of hydraulic 
transmission when compared with direct coupling 
of turbine engines to the propeller shaft or with 
mechanical gearing, and he would therefore confine 
his remarks to the few more important questions. 

As regards efficiency, he thought it was generally 
accepted that the loss due to transmission alone 
was at least 8 to 10 per cent. greater with hydraulic 
transmission than with mechanical gearing. 
Attempts were made to reduce this difference to 
about half the amount by certain estimates of 
losses and gains which might be summarised as 
follows :—(1) Windage losses of astern turbines 
when revolving in the ahead direction. (2) Loss 
due to thrust-block. (3) Increase in the over-all 
efficiency with hydraulic gears by using the heated 
water of the transformer to increase the tempera- 
nTluh cand Gs eteiens} tern turbi 

it to win osses in as urbines, 
Mr. Walker said this question was fully dealt with 
in the discussion on Sir Charles Parsons’s paper on 
** Mechanical Gearing for the Propulsion of Ships,” 
read at the spring meetings of this Institution last 
year ; but he would like to refer to an experiment 
which had recently been carried out at the Tur- 
binia Works, Wallsend, by Mr. Cook (one of his 
colleagues at the works), on the windage loss of 
astern turbines in a geared installation recently 
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constructed. The arrangement of machinery con- 
sisted of one high-pressure and one low-pressure 
turbine, with an astern turbine incorporated in the 
exhaust casing of the low-pressure turbine, the 
turbines being coupled to the propeller shaft by 
means of mechanical gearing. e total ahead 
power transmitted to the propeller shaft was 3600 
shaft horse-power. The revolutions of the turbines 
were 1486 per minute, revolutions of propeller 
shaft 90, so that the ratio of gear was 16.5 to 1. 
The astern power was 60 per cent. of the ahead 
power (with the same quantity of steam). A new 
rotor was constructed carrying only astern blading 
and rotated in the fully-bladed turbine — at 
varying speeds and vacua. The power was supplied 
by an electric motor and measured in the usual 
way. The results showed that with the turbines 
revolving in the ahead direction at a speed of 1500 
revolutions per minute, the loss was 10} horse- 
power, or ,%, of 1 per cent., with a vacuum in the 
condenser of 28 in., and 21.5 horse-power, or ,', of 
1 per cent., with a vacuum of only 26 in., thereby 
confirming the figure given by Sir Charles Parsons 
in his reply to the discussion on the paper already 
referred to—namely, that when going ahead the 
astern turbines are revolving in the vacuum of the 
condenser, and under such conditions the loss was 
not more than 4 of 1 per cent. This result also 
confirmed Mr. Allan’s experiments on windage loss 
of astern turbines. 

With regard to the second point, in the later 
ships fitted with mechanical gearing pivoted thrust- 
blocks were employed, thereby reducing the losses 
in thrust-block friction to about ; of 1 per cent., 
practically a negligible quantity. As to the third 
point, in most of the modern turbine vessels the 
exhaust steam from the auxiliary engines was 
utilised for heating the feed-water. The quantity 
of exhaust steam available was in most cases quite 
sufficient to increase the temperature of the feed- 
water to 200 deg. or 220 deg. Referring to the 
question of the regeneration of heat, Dr. Fottinger 
gave the increase in over-all efficiency of the trans- 
former due to feed-heating as 1.5 to 2 per cent.— 
this implied a loss in the transformer of 7} to 10 

r cent. of the brake horse-power of the turbine. 
ft was also said that for poorer efficiencies even 
3 to 4 per cent. more could be gained. By a simple 
calculation it followed that if it were possible to 
obtain more than double the increase in the 
efficiency due to this regeneration of feed-heating, 
there would be in these cases double the initial loss 
in transmission. 

Referring to the question of propeller efficiency, 
it had always been admitted that with direct- 
coupled turbines some sacrifice had had to be made 
in propeller efficiency as well as turbine efficiency, 
pre that it had been necessary to compromise 
between the two. It was true that in some large- 
powered high-speed vessels propulsive efticiencies 
with direct-driven turbine propellers had been 
obtained approaching that of vessels with piston- 
engines; but in making any comparison of propulsive 
efficiency, as naval architects well knew, a very 
careful examination of the conditions and factors 
affecting propulsive efficiency required to be made. 
An error frequently encountered in the early stages 
of the development of the turbine-engine was to 
compare the propulsive efficiencies between a 
turbine-driven ship and a vessel with piston-engines, 
taking the shaft horse-power in the former case, 
and the indicated horse-power in the latter, whereas 
a correction should have been made to bring the 
piston-engine to a common basis of shaft horse- 
power. 

Generally peaking, it was quite possible with 
reduced revolutions of propeller to obtain an 
increase in propeller efficiency varying from 5 per 
cent. to at least 12 per cent. in the different classes 
of ships where the direct-driven turbine had 
hitherto been successfully applied. With mechanical 
gearing, where the ratio of gear was not limited 
as in the hydraulic transformer, then full advan- 
tage could be taken of this increase in propeller 
efficiency to reduce the shaft horse-power neces- 
sary for a given speed. This reduction of power, 
together with the increase obtainable in the effi- 
ciency of high-speed steam-turbines, permitted of 
a pon Pr elis reduction in boiler power, size of 
auxiliaries, and condensing plant. 

With the ratio of gear to which the hydraulic trans- 
mitter was limited it would appear that it was con- 
fined to a somewhat narrow field of work, inasmuch 
as it was not possible to secure in the majority of 
cases the accommodation necessary between the 





speed of the turbine and the s of the propeller 
for maximum efficiency of each. There was there- 
fore, in addition to the loss in transmission, a further 
loss in the propulsive efficiency with hydraulic 
transmission when compared with mechanical gear- 
ing, and the difference in over-all efficiency, when 
referred to in ‘‘knots run per ton of fuel,” had 
been found to be very considerable in designs for 
war vessels. 

He did not think that Dr. Fottinger had estab- 
lished any of the claims set forth in his conclusions. 


The question as to whether larger units incidental | } 


and necessary with hydraulic transformers were an 
advantage he thought was very much open to doubt. 
The placing of turbines in series on a common gear- 
wheel, instead of an independent turbine, had many 
advantages in favour of its recommendation ; it 
was more economical in steam consumption, and the 
units were much smaller and more accessible, and 


in the event of a turbine being temporarily de- 
ranged, suitable pipe connections could be arranged 
for the working of the other turbine. In recently- 


constructed gears, which had been cut on the “creep” 
rinciple, noisé had been practically eliminated. 
ere was no difficulty in arranging for an astern 
gy of 75 per cent. that of the ahead, should it 
desired ; but for all practical purposes it had 
been found that 60 per cent. of the ahead power 
was ample for any condition of manceuvring, and all 
recent designs of geared turbines provided for an 
astern power of at least 60 per cent. of the ahead 
for the same quantity of steam. Dr. Fottinger had 
suggested that astern turbines were a source of 
trouble. This was not the case. No trouble 
whatever had been experienced by the heating 
up of the ahead blades when driven in the oppo- 
site direction at full speed. The ahead te. ml 
was connected to the vacuum of the condenser 
when going astern. It was observed in the illus- 
tration accompanying Dr. Fottinger’s paper that 
an additional transformer was required for astern 
= in lieu of the astern turbine. 
here was no difficulty in using superheated steam 
in geared turbines, either ahead or astern, pro- 
vided suitable materials were employed in the con- 
struction, such as cast steel, instead of cast iron, 
for the high-pressure parts of the turbines. As a 
matter of fact, there were several geared-turbine 
installations under construction, arranged for 
superheat of 100 deg. to 150 deg. Fahr. 

Dr. Fottinger, in replying, asked if Mr. Walker 
had seen the transformer plant at work, to which 
Mr. Walker replied in the negative. Continuing, 
Dr. Fottinger said he was afraid that Mr. Walker 
spoke on figures which had now been surpassed by 
the new results. There were, he said, other ways 
of looking at an engine besides the 6-per-cent. 
economy, and that from this point of view the 
hydraulic system merited consideration. He did 
not claim that what he had propounded was the 
solution for all questions and probleme, but he 
proposed to show in future that this contribution, 
though a modest one, was a positive contribution 
to international science. 

This section then adjourned after a vote of 
thanks to the author of the paper had been passed. 


SHIPBUILDING PRACTICE. 


In the Physical Lecture Theatre, to which part 
of the meeting had adjourned after the conclusion 
of the discussion on Sir John Biles’s paper in the 
King’s Hall, two papers were taken, Sir Philip 
Watts being in the chair. The first was by Mr. 
J. G. John, and was entitled ‘‘ Shipbuildin 
Practice of the Present and Future.” It was r 
by its author. We reprint the paper on page 68 of 
our present issue. 

Sir William Smith opened the discussion. He 
thought the meeting was to be congratulated on 
having listened to such a very able paper. Mr. 
John had gone into his subject in a very exhaustive 
way, and had written a valuable chapter on the 
question of how to get value for your money, which 
was, after all, the main problem in most walks of 
life. Many people seemed to think that when the 
Admiralty was in question, any difficulty encoun- 
tered could be met by getting a little more money; 
but things did not work out like that. In this 
connection he would say that during the time he 
was at the Admiralty he went fairly closely into 
the question of pneumatic riveting, which was 
dealt with in the paper. He agreed with the 
author that it could = satisfactorily done, even for 
large rivets, if the people doing it wanted it to be 
satisfactory. But if one wanted to scamp work, it 





was easier to do it with pneumatic than with hand 
riveting. Mr. John’s reference to the joining of 
parts by riveting was an apt illustration of the 
thorough way he had considered things in writing 
his paper. He (the speaker), like many others, 
had taken the joining of parts by riveting as a 
matter of course, but, as Mr. John had showed, 
there was nothing fundamental in it. 

Colonel Saxton White said the paper was a very 
important one. If anyone called upon to lay down 
a new shipyard had the paper before him, he would 

earn to avoid many things which he ought to 
avoid. Those present at the meeting would that 
afternoon have an opportunity of seeing a yard 
which, he thought, would appeal very favourabl 
to shipbuilders. One feature of lay-outs whic 
appealed very much to his mind was the avoidance 
of the crossing over of traffic. This feature had 
been adopted in the yard they were to see. On 
the question of pneumatic riveting. he admitted 
there were difficulties, but thought they would be 
got over. Power riveting must inevitably be more 
and more introduced. He was interested in 
Mr. John’s idea of welding the shells of steamers. 
If one could erect the plates in position, with the 
edges suitably prepared, and then weld them all 
up, it would be a consummatiom devoutly to be 
hoped for. All the same, he thought we should 
long have to rely on our friend (some called him 
something else) the riveter. 

The crane question had been dealt with in an 
interesting way in the paper. That afternoon the 
audience would not see any covered berths, but 
would see a crane equipment that had the valuable 

roperty that it could be transported within certain 
imits to a new position. This was a most impor- 
tant matter. Owing to the size and character of ships 
constantly changing appliances frequently became 
obsolete. He could refer to sheds over shipbuild- 
ing berths, not 100 miles from the Hall, which were 
now too small for the work it was desired to do. 
It was important that, as far as possible, shipyard 
arrangements should be made elastic. A builder 
who put down certain plant at once of necessity 
— the size and type of work he could under- 
take. 

Mr. Rowell wished to know if Mr. John could 
say rather more about the process of welding he 
had used than he had put in his paper. The refer- 
ence to the elimination of riveting was most im- 
portant. It seemed to promise greater efficiency 
than at present for the expenditure of a certain 
number of tons of steel. The question of a welded 
ship was a big one, but the welding of the butts of 
plate-seams did not seem an impossible one, and 
would be an important step. On the question of 
lifting appliances for shipbuilding berths, he would 
say that he went into the matter fairly fully some 
years ago, and the result showed that it was not 
possible to justify an expenditure of more than 
40001. per 100 ft. of berth. This seemed consider- 
ably below some of the figures in the paper. He 
was sorry he had not seen Mr. John’s paper earlier, 
and so had more time to consider it. 

Mr. P. A. Mudd, of West Hartlepool, wished to 
say something on the part of the paper which 
dealt with electric welding. For some time past 
he had been engaged in carrying out electric weld- 
ing repairs, and might be able to make some 
useful remarks. Electric arc welding dated back to 
1885, when Nicholas de Bernados, of St. Peters- 
burg, took out his patent for carbon arc welding. 
At that time, 29 years ago, Bernados saw a number of 
uses for his process, and in his specification men- 
tioned a variety of plate-joints to be made, without 
rivets, either by point or continuous welding. He 
also claimed the construction of iron and steel 
vessels, boilers, armour-plate, and hydraulic appa- 
ratus, all welded at the joints and without rivets. 
In the result, however, little progress was made 
with carbon arc welding. The reasons were the 
difficulties of excluding the atmosphere and avoid- 
ing oxidation during the weld, and also of obtainin 
proper heat pers of the arc. The welde 
or fused metal resulting from the process was 
extremely hard and full of small pores. 

In the last few years ccnsidenable progress had 
been made in arc welding with metal electrodes 
coated with a flux or slag-formin composition. In 
the ‘‘ Quazarc”’ process the difficulties of oxida- 
tion and heat regulation were faced in this way. 
In addition to protecting the fused metal from 
oxidation, the slag which was formed acted as a 
secondary conductor, and appeared to damp down 
the heat of the arc more nearly to the welding 
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heat required. Too much heat caused the metal to 
run very liquid and fly about, increasing the oxida- 
tion difficulty. Too little heat meant the added 
metal did not unite to the mass of the work. In 
the repair-work with which he (the — had 
been concerned a word had been coined to express 
the right heat, and when the work and the added 
metal ran — ‘* treacly,” then the welding heat 
was right. It was obvious that downward welding 
gave the best results—that was work in which the 
molten metal from the electrodes ran down on to 
the work and the slag could float un the top, and 
so prevent oxidation. Unfortunately, in practice 
only about half the work necessary could be carried 
out downwards, the other half being either vertical 
or overhead. Overhead work was the most diffi- 
cult, and taxed the skill and patience of the welder 
to the utmost. 

He would like to make a few remarks on the 
results submitted by Mr. John. He would ask if 
the test-pieces referred to were welded on the 
bench under the best conditions of downward 
welding. He presumed they were. In the A series, 
when the tensile strength and elongation were 
tested, there was no actual test of the solid bar 
given for comparison, and also there was no tensile 
strength and elongation of the electrode wire which 
had been used. It was obvious that if one welded 
a 29 to 30-ton tensile boiler-plate with 24 to 25-ton 
wire electrodes, one could expect to get only about 
75 to 80 per cent. of the strength of the solid plate 
in the weld. The sketches in the paper showed 
camber at the weld increasing the section. He 

resumed this was machined off before testing. A 

rther point was that it was not stated if the butt 
was welded from one side only or from both sides, 
and whether the added metal was hammered while 
hot. In practice it was not always possible to weld 
a butt on both sides, but when it could be done it 
made the best job. It would have been better 
had Mr. John given an average over more than 
two test-pieces, one of which broke at 22 tons and 
the other at 25 tons. These were both good 
results. The conspicuous feature of tensile tests 
of welding was the lack of ductility shown by the 
small elongation of 3 to 6.5 per cent. obtained, 
although in the bending tests of all the series 
given the results were good. Further tests were 
required to determine resistance to fatigue. 

¥ recent years electric welding had been used 
extensively for repair work on boilers and ships, 
but was very little employed for new work. For 
repair work on boilers it was much used for build- 
ing up landing edges of riveted seams which were 
leaking, for welding in new mace seg for weld- 
ing cracks in plates, and for building up wasted 
and corroded parts to their original thickness. For 
ship repairs it was used for welding landing edges 
of leaky seams, such as box-keel plates to stern- 
posts, welding cracks in stern and rudder-posts, 
welding split rudder gudgeons and building up 
worn rudder pintles. . the application of electric 
welding to new work, the speaker believed there 
was a large possible field, commencing on small 
work, such as steel water tanks, oil tanks, exhaust 
tanks, welded steel-plate condensers, and welded 
steel-plate masts and derricks. In the main 
structure of a ship, when watertightness was re- 
quired in certain parts liable to corrosion, the 
landing edges of the riveted seams should be welded 
solid to do away with the caulking, which in time 
became leaky. 

Mr. T. G. John, in replying to the discussion, 
said that when considering the preparation of the 
paper he had been struck by the rarity of papers 
on the subject. He thought.the subject could not 
have been discussed in a better place than New- 
castle. Colonel Saxton White was in a happy 
position in laying out his new yard. Most people 
could not afford all that had been done in this case. 
Such things as movable tower cranes and the 
me tegrey | of traffic were usually impossible 
owing to the exigencies of the site. He did not 
altogether understand Mr. Rowells’s reference to 
the cost of crane plant. Many figures in the 
paper were below that which Mr. Rowell had 

uoted. In reply to Mr. Mudd, he would say 
that the test-pieces dealt with in the paper were 
welded when in a horizontal position. Vertical 
welding had been done, but the results were not 
uite so good. The welds were not hammered. 
mering would obviously have improved them. 
He would also say that the strength of a weld must 
clearly depend on the strength of the material 
deposited, 





A vote of thanks was then to Mr. John 
for his paper, on the motion of the chairman, and 
consideration was turned to the next contribution. 
This was a paper by Mr. G. H. Millar, entitled, 
‘* Some Notes on the Design of Floats for Hydro- 
Aeroplanes.” It was read by the author in abstract. 
The paper, which we hope to reprint later, dealt 
with recent work on the subject carried out at the 
National Physical Laboratory. We need not deal 
with the paper now, as, in the absence of time, 
there were no remarks on it, beyond some con- 
gratulatory sentences by Sir William Smith, who 
rose on the invitation of the chairman. This con- 
cluded the proceedings of the morning. 


EXcuRSIONs. 


In the afternoon the ladies of the party had a 
trip by train to Alnwick Castle, the seat of the 
Duke of Northumberland, K.G., while a large 
number of the gentlemen proceeded to the new 
Armstrong Works of Messrs. Sir W. G. Armstrong, 
Whitworth and Co., Limited, which were described 
in last week’s issue (page 1 ante). Luncheon was 
served, and Sir Andrew Noble, having pro 
the loyal toasts, welcomed the members of the 
three Institutions. Earl Brassey replied, and Sir 
Charles Parsons proposed the chairman’s health. 
After inspecting the yard, the members proceeded 
by steamer to Messrs. Swan, Hunter and Wigham 
Richardson’s works, being received by Dr. G. B. 
Hunter. The most important object of interest 
was a four-cylinder four-stroke-cycle single-acting 
Diesel engine, running on the test-bed and deve- 
loping 600 horse-power. The fact that fourteen 
vessels, including a light armoured cruiser, a 
destroyer, and every type of merchantmen, were 
in progress on the stocks, and that four vessels 
were afloat being completed, served further to show 
the importance of the work being done by the 
firm. 

In the evening a reception was given by Sir 
Charles Parsons, chairman of the Council of the 
North-East Coast Institution of Engineers and 
Shipbuilders. 


WarsuHirs Burtt at Evswick. 


On Wednesday the proceedings were arranged 
by the North-East Coast Institution of Engmeers 
and Shipbuilders, and two meetings were held. 
That in the Lecture Theatre of the Literary and 
Philosophical Society was under the chairmanship 
of Sir Charles Parsons, President of the Institu- 
tion, and the first paper read was by Mr. J. R. 
Perrett, the oni Geastensbes of Sir W. G. 
Armstrong, Whitworth and Co., Limited. The 
title was ‘‘Some Notes on Warships Designed and 
Constructed by Sir W. G. Armstrong, Whitworth 
and Co., Limited.” In it Mr. Perrett described 
the vessels designed successively by Mr. George 
Rendel, Sir William White, Sir Philip Watts, and 
himself since 1867, and built first at the Walker 
yard, and since 1884 at Elswick, and now also at 
the new Armstrong yard. It is scarcely necessary 
in the present day, and with the full knowledge 
existent of the influence of Elswick designs on the 
development of the warship as we know it to-day, to 
indicate the features of the large number of vessels 
built. It may suffice, as some indication of the extent 
of this influence, to state that since 1884 the firm 
have constructed, or have in hand from their own 
designs, 64 warships, 59 being on foreign account, 
whilst five were built for or acquired our own 
Government. These 64 vessels included 15 battle- 
ships, 33 cruisers, five torpedo-boat destroyers, 
three armoured nboats, six scouts, and two 
training ships. e Turkish Royal Yacht and 
State Barge were also designed and constructed at 
Elswick. The total displacement of the ships 
amounts to 365,463 tons, and the total horse- 
power of the machinery fitted in them to 756,706. 
Added to the remainder of the warship output, 
these figures become respectively 619,979 tons and 
1,221,687 horse-power. 

At one time—in 1896—the firm had simul- 
taneously in process of construction twenty war- 
ships of different classes, fifteen being under con- 
struction at Elswick and five at Walker. This list 
included a 12,300-ton battleship, two first-class 
armoured cruisers, each of 9700 tons, one armoured 
cruiser of 8500 tons, one armoured cruiser of 7000 
tons, two coast-defence armourclads, each of 3400 
tons, eleven second and third-class cruisers, and two 
torpedo-boat destroyers. The aggregate displace- 
ment of these vessels amounted to 98,000 tons, and 
six of them were launched from Elswick during the 





wed mentioned. At the present moment the firm 
ve in hand ten war vessels, of a total displace- 
ment of 158,670 tons, comprising five Dreadnoughts, 
two coast-defence armourclads, two scouts, and one 
armoured gunboat. 

Sir Charles Parsons, in inviting discussion, 
referred to the work done by the Tyne Commis- 
sioners in improving the river to enable increasingly 
large ships to be launched and navigated to the sea. 

Admiral Sir Reginald Custance said that they all 
must be impressed by the greatness of the work 
accomplished at Elswick, and he thought the 
author might look with pride on the part he had 
taken in the work which had been done. His 
memory went back many years, and he knew of 
the difficulties which the celebrated men connected 
with the firm had had to contend with in striving 
to meet the views of the naval officers of the 
day. It was very difficult, because the questions 
were far from being thought out, and, in conse- 
quence, mistakes were made. For example, they 
might refer to the Victoria. There was no doubt 
that the design was faulty in principle in several 
——- and no one would dream now of pro- 

ucing such a design. Without dwelling on further 
mistakes of which they knew, he ventured to sug- 
gest that they might not be altogether right in 
everything they did at present. Distinguished 
men in the past made mistakes. Might not they 
now also be making mistakes? Might not the first 
general action bring out their errors, and might 
they not have to reconsider some points? He 
would not stop to speak of them, beyond referring 
to the contest between the gun and the armour. 
The gun had always been kept to the forefront by 
the Elswick firm. The late Lord Armstrong was a 
firm believer in it as against the armour, and he 
observed in the paper that had just been read that 
the Elswick firm was applying much thinner 
armour to the ships than the Admiralty. He 
believed the maximum thickness of the broadside 
armour of the Chilian vessels was 9 in. He com- 
pared that with the 134-in. armour of the Malaya, 
and he congratulated the firm on this step. He 
ventured to point out that they were adhering to 
the ideas of Lord Armstrong, and they had his 
— very cordially. 

r. Perrett pointed out that in the ship which 
they were now laying down for a foreign Govern- 
ment the broadside belt, as mentioned in the 
paper, was of 13} in. in thickness. 

ir Philip Watts said he had been more or less 
closely associated with the Elswick shipbuilding 
department for most of the period covered by Mr. 
Perrett’s paper, having first visited the works in 
1870. Several of the most important advances in 
modern warship design had been due to Mr. 
Perrett. In the manuscript copy of Mr. Perrett’s 
paper, which he had read, but which had been 
modified, comparisons were made between Elswick- 
designed ships and other ships built at the same 
time, which showed that Elswick had on occasions 
taken the lead in warship design. Mr. Perrett, no 
doubt, had his own reasons for not bringing up 
such — in the printed paper—comparisons 
they knew were odious—but they might, in this 
case, be made by anybody who was sufficiently 
interested in the matter todo so. When he became 
manager of the warship department at Elswick, in 
1885, the new shipyard was pretty much in the 
same position as the new Armstrong yard now was. 
In arranging the new yard, Mr. ‘Perret and his 
assistants had set to work upon an excellent 
arrangement of berths and shops, with the most 
modern and improved appliances, and he believed 
the yard was second to no other yard in existence. 

Mr. W. H. Whiting observed that Sir Reginald 
Custance, with his usual insight, had set his finger 
at once on the two important lessons which were 
to be derived from this paper. The first was the 
true judgment with which Lord Armstrong con- 
stantly emphasised the predominant importance of 
attack over defence, and his insistence upon the 
power of the gun, even, he must admit, in one 
or two cases where special considerations ren- 
dered his design open to criticism. Secondly, 
such a review as that given offered a warn- 
ing that they needed at the present time to 
apply to current ideas the closest analysis and 
severest scrutiny, lest they might be found, - 
chance, to be following a similar course to their 
predecessors, and pushing on with ideas which 
a later judgment might throw t doubt upon. 
The only other point to which he wished to refer 
was the reference which Mr. Perrett made to the 
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great service rendered, not only to the firm and to 
the Tyne, but to the country, by Mr. Geo: 
Rendel. The paper seemed to imply that Mr. 
Rendel’s first essay in shipbuilding was the design 
of the first Esmeralda. His first etfort was the gun- 
boat Staunch, the first vessel produced at Walker, 
a very little vessel, with a 12}-ton gun mounted 
on a disappearing platform, and acclaimed at the 
time by a large body of opinion to be a great 
success. Large numbers of such vessels were built 
in succeeding years in Government and other dock- 


ards. 
. Mr. G. J. Carter expressed the pleasure it had 
given him for so many years to be associated with 
Mr. Perrett in the work at Elswick. The work 
carried on there had certainly been of a very pro- 
gressive character, and, he believed, under present 
management, would continue to be so. 

Sir William Smith said that from the beginning 
of the warship construction at Elswick he was 
closely connected with the work from the Admiralty 
point of view. He could say, from contact with 
the officers of the Elswick firm, that while they 
were hard bargainers, they had not had any out- 
standing question but what could be settled by 
amicable discussion and without higher autho- 
rities having to be evoked. That, he thought, 
bgaring in mind the supervision exercised by the 
Admiralty, and the way in which the work done 
by the Admiralty came under the review of the 
Public Accounts Committee, was an exceedingly 
good record for the firm. 

Mr. A. Scholfield (Tyne Improvement Commis- 
sion) said the Commission naturally took the very 
greatest interest in the development, not only of 
the Elswick Works, but of all the vast industries 
on the river. It was with no little anxiety that 
they used to watch the development of the enormous 
vessels at Elswick, more particularly with regard 
to their beam, because they realised that there 
would be difficulties in the passage under the high- 
level bridge and through the swing bridge. 
Therefore they were delighted at the develop- 
ments at Walker, because it got rid of these diffi- 
culties. The shipbuilding companies generally 
might think the Commissioners were hard to get 
on with in regard to encroachments, but the river 
was extremely narrow, and they had what they 
called a ‘‘ river line,” and they would adhere to it 
in the interests of all. 

Mr. James McKechnie referred to the great 
enterprise of the Elswick firm, and, in speaking of 
the new Armstrong yard and its admirable and 
extensive equipment, ventured to raise the ques- 
tion of the difficulty of finding experienced work- 
men to carry on operations under present condi- 
tions. 

Professor Hovgaard pointed out the epoch- 
marking ships built at Elswick. There was the 
Esmeralda. Apart from her high s and great 
gun-power, she was the first notable cruiser with- 
out sail power, and the first cruiser with a complete 
armoured deck from end to end. The Piemonte 
had the four-cylinder engine, and was the first 
cruiser with a complete installation of = py 
guns. The Amethyst was distinguished as the 
first turbine cruiser, and the Victoria marked, at 
the period, the highest achievement in large-bore 
guns. Now they were reaching the maximum in 
another similar cycle in guns. He referred to the 
close association of the Elswick Works with Japan, 
remarking that it was the 4.7-in. gun which had 
won the battle of Yalu. 

Sir Charles Parsons, in closing the discussion and 
proposing a vote of thanks to the author of the 
paper, mentioned the fact that he had served his 
apprenticeship at Elswick, and then formed the 
opinion that Lord Armstrong was one of the greatest 
men of the day. Subsequent events had only 
tended to confirm him in that view. 

Mr. Perrett, in reply, surprised the meeting by 
remarking that the paper was his maiden effort in 
that direction. 


Progress in Marine STEAM MacuHINery. 


Mr. A. C. Ross read the next . giving 
‘* A Review of the Progress in the ine Steam- 
Engine on the North-East Coast During the Past 
Fifteen Years.” It was a comprehensive, although 
brief, review, and in the course of it he said that, 
by the introduction of an all-geared installation in 
light cruisers of high power, it was quite possible 
and practicable to reduce the total weight of 
machinery to about 60 lb. per shaft horse-power, 
and, by the adoption of oil fuel, to get as much as 





140 shaft horse-power per ton of boiler. In the 


rge|case of destroyers with three shafts and geared 


cruising turbines, the corresponding figures would 
be about 33 lb. total weight of machinery per shaft 
horse-power, and about 190 shaft horse-power per 
ton of boiler. In 1899 the corresponding figures 
were about 220 lb. for total weight of machinery 
per shaft horse-power, and about 24 shaft horse- 
“7% per ton of boiler using coal for cruisers; and 

lb. total weight of machinery per shaft horse- 
power and 97 shaft horse-power per ton of boiler 
using coal for destroyers. 

Mr. A. F. Yarrow, who opened the discussion, 
referred to the work of Sir Charles Parsons, and 
said his name would be linked in history with those 
of Faraday, Watt, and Stephenson. 

Mr. William Boyd, the first president of the North- 
East Coast Institution, said, in regard to oil-fuel, 
that that was the subject of the day, and the com- 
pany with which he was identified—the Wallsend 
Slipway—had been connected with the industry 
for a great number of years. Somewhere in the 
eighties they engined a large number of small 
vessels for what was then the firm of Charles 
Mitchell and Co., for use in the Caspian Sea. 
The peculiarity was that the water in the Caspian 
Sea being fresh water, there was no difficulty in 
— to the use of steam for the spraying of the 
oil. 

Mr. John Thornycroft referred to the great 
change in the modern engine-room. 

Mr. R. S. Portham said that Mr. Ross had 
referred to the excellent results of the Port 
Kembla, with quadruple engines and superheated 
steam, and wondered why superheat had not been 
more largely adopted in British ships. This was 
largely due to the prejudice of the pioneer British 
experiences of marine superheating of forty years 
ago, with uptake superheaters and vegetable oil of 
low flash-point. Germany started with a clean 
sheet, using the Schmidt system of superheater and 
high flash-point (600 deg. Fahr.) mineral oil. In 
Germany over 1,000,000 indicated horse-power was 
now running on the Schmidt system, the latest 
ship equipped being the 30,000 shaft-horse-power 
North German Lloyd steamer Columbus, and her 
sister-ship, having twin-screw quadruple engines. 
British owners were slowly, but surely, following 
Germany’s example, and the results of forty ships 
fitted with Schmidt superheaters, aggregating 
150,000 indicated horse-power, showed a net 
saving of 15 per cent and low maintenance costs, 
as compared with saturated steam. With geared 
reaction turbines and impulse-reaction astern tur- 
bines and superheat, an economy of 30 per cent. 
was realisable, as compared with reciprocating satu- 
rated-steam engines, and he prophesied that this 
system will be more and more adopted in the near 
future. 

Sir Charles Parsons said he did not think that at 
the present time they realised what an important 
probable future the superheater had. In the old 
days they had the difficulty of the ingress of salt, 
but that had been largely got over by improvements 
in the manufacture of the tubes themselves. Then 
there was the question of the arrangement of the 
safeguards, so that in the various functions of the 
machinery on board ship there would be no possi- 
bility of the superheater getting burnt. The chief 
departure initiated in the Schmidt system had been 
the placing of the superheated tube in close 
proximity to the water surface in the boiler in 
order that the tubes would not reach a destructive 
temperature. He believed that the success of the 
superheater — them in saying that ite use 
would extend to a large extent. He further men- 
tioned that Sir Philip Watts had been the first to 
urge the adoption of wide-bladed or large projected 
surface propellers with fine-pitch ratio for turbine 
driving. 

Mr. Ross briefly replied, and the proceedings of 
the section terminated. 


INTERNAL-CoMBUSTION ENGINES. 


At the meeting held at the Institution of Mining 
last Wednesday morning, simultaneously with that 
above reported, the chair was taken by Mr. 
Summers Hunter, and two papers were roead— 
namely, one by Professor B. Hopkinson, entitled 
“The Charging of Two-Cycle Internal-Combus- 
tion Engines,” and the other by Mr. H. F. 
Fullagar, entitled ‘‘A New Type of Internal- 
Combustion Engine.” Of this meeting we are 
compelled by the demands upon our space to 
postpone our report until next week, when we 





shall deal with these papers and the discussions 
upon them. 


EXcursIons. 


The ladies attending the Conference went on a 
motoring tour on Wednesday, and were entertained 
at luncheon by Lady Parsons at Ray, Kirkwhelp- 
ington, and at tea at Oragside, Kothbury, the 
residence of Lord Armstrong. The gentlemen of 
the party went on one of five alternative visits of 
inspection. (1) To the works of R. and W. 
Hawthorn Leslie and Co. and Messrs. Palmers ; 
(2) To the North-East Marine Engineering Com- 
pany’s Works ; (3) To the Wallsend Slipway and 
Engineering Company’s Works; (4) To the works 
of the Fullagar Kngine, Limited; or (5) To the 
Consett Iron Works. In all cases the guests were 
entertained to luncheon. In the evening a recep- 
tion and dance was held at the invitation of the 
Lord Mayor of Newcastle-on-Tyne. 

Yesterday (Thursday) was given up entirely 
to social functions. In the forenoon alternative 
visits were made to the Darlington Forge, or to 
Messrs. Doxford’s Works at Sunderland ; and in 
the afternoon a large company attended a garden 

rty at Lambton Castle on the invitation of the 

rl of Durham, K.G., and Lady Anne Lambton. 


To-Day’s PRocEEDINGs. 


The concluding meetings of the Conference are 
being held to-day, the programme of papers having 
been arranged by the Institution of Engineers and 
Shipbuilders in Scotland. The papers to be read 
are :—1. ‘‘ Influence of Varying Temperatures on 
the Strength and other Properties of Admiralty 
Gun-Metal,” by Professor A. Campion and Pro- 
fessor John G. Longbottom. 2. ‘‘The Strength of 
Welds by the Oxy-Acetylene Process,” by Professor 
A. Campion and Mr. William ©. Gray. 3. ‘‘Some 
Experiments on a Diesel Engine,” by Mr. W. S. 
Burns. 

(To be continued.) 





NOTES. 
Durasitity or Taps ror Benzing Tanks. 

Prorgessor ALEXANDER BauMANN, of the experi- 
mental station for aeronautics and automobilism 
of the Technical High School at Stuttgart, has 
made some experiments on the durability of taps, 
greased and ungreased, when exposed to the flow 
of benzine. He fitted new taps into two vertical 
pipes, each 3 metres high; the upper portions 
of the pipes consisted of glass tubes, 4 mm. 
in internal diameter, behind which cardboard 
scales were fixed. By the aid of a mechanism the 
two taps were opened and closed simultaneously, 
fifty times in each series, and observations were 
taken half-an-hour later of the sinking of the 
benzine level. The one tap was greased, the other 
not. It soon appeared that very little benzine 
escaped through the greased tap, but a great deal 
through the ungreased tap. The experiments were 
repeated, and the greasing was renewed after six 
or seven series. The loss of benzine in the greased 
tap amounted generally to a few millimetres only 
—five, or less—and did not increase as the series 
were repeated ; the greased tap improved, in fact, 
in the consecutive series. In the ungreased tap 
the loss amounted to 145 mm. in the first series 
already, and it rose to more than 1500 mm., not 
regularly, but steadily, while the tap began to drip. 
The details of the experiments, which were appa- 
rently not varied, are scanty, unfortunately. In 
the account which Professor Baumann gives in the 
journal the Motorwagen, of May 31, nothing is 
said about the nature of the pipe, of the tap, and 
of the grease used ; it is merely stated that the 
—_ was, or should be, insoluble in benzine. 

ere is no doubt about the main fact, however, 
that suitably greased taps keep benzine-tight, and 
ungreased taps do not, but deteriorate more and 
more when turned frequently. 


CoNVERSAZIONE AT THE InsT#eTUTION OF CIVIL 
ENGINEERS. 


The Institution of Civil Engineers held a con- 
versazione on the 2nd inst. in their new building, 
when the guests were received by Mr. Lyster, the 
President, and Mrs. Lyster, and a very full musical 
programme was admirably rendered. Several of 
the rooms—the south reading-room, the council 
room, and the committee room—had been set apart 
for the exhibition of engineering models and scien- 
tific apparatus. The exhibits numbered forty-nine, 
and covered metallurgy and civil, mechanical, naval, 
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and electrical engineering. We do not pro to 
review all of these in this short note, but following 
the order we have just stated, we may mention a 
series of rail imens taken from the London 
County Council tramways, showing corrugations. 
Close to this was an interesting series of rail sections 
from the Great Western Railway, illustrating the 
development of the permanent way on that system 
since the year 1840. Sir Bradford Leslie, K.C.1.E., 
showed a model of a cast-iron pedestal sleeper, 
carrying reversible rails, as laid on the Jullunder- 
Doab extension of the Southern — Railway. 
This pedestal sleeper does away with the notch- 
ing of the lower head of the rail age gre by 
bearing on the chair, and enables the rail to be 
reversed when the upper head is worn, thus 
doubling the life of the rail; the pedestal itself 
being practically imperishable. The pedestals are 
held together by a tie-bar provided with serrations 
for adjusting the gauge. Sir Bradford Leslie also 
showed a model of a cast-iron joint sleeper in which 
the rail ends are held. Another interesting specimen 
in the same room was the fractured tie-bar from 
the Charing Cross Station roof, showing the flaw in 
the centre, exhibited by Messrs. David Kirkcaldy 
and Sons, who also had an interesting series of 
fractured mechanical parts showing the growth of 
flaws. Mr. E. W. Timmis exhibited a model illus- 
trating his system of bogie-lead and outside suspen- 
sion swinging-bolster arrangements with bearing 
springs differentially loaded (see page 488 ante). 
Close to this could be seen the Gardner vibration 
signal for railways, exhibited by Mr. S. B.Cottrell. 
The portable apparatus, such as can be used by plate- 
layers, consists of a box-shaped transmitter and a 
portable alarm in a case containing the battery, 
the transmitter being connected together by a 
twin lead as is used in field telegraphy. When 
a train reaches the place where the transmitter is 
laid, the vibration causes the alarm to ring, and 
it will continue to ring as long as the train is 

ssing over the transmitter. The apparatus 
is also designed to give level-crossing warnings, 
to render audible a signal invisible through fog or 
smoke, and automatically to record the passage 
of trains. The models of the new marine station at 
Dover, of several bridges and locomotives, of the 
Pennsylvania tunnel shield, of a medical air-lock 
for the treatment of caisson disease, and of a Tem- 
perley grab-transporter in action, and of cranes, 
attracted general attention. Among the crane 
models we may mention Messrs. Stothert and Pitt’s 
electric lufting-crane, of which we gave an illus- 
trated description in our issue of the 26th ult. ; also 
two models of lufting-cranes shown by Mr. Arthur 
Musker, with jib balanced by weights in one case, 
and by the engine cylinders in the other. Messrs. 
R. Waygood and Co. had a nicely-finished model 
of one of their automatic electric lifts in action, 
illustrating the means which render it auto- 
matically safe in working. A working model of a 
lighting equipment for a ‘* National ” steam-omni- 
bus, with grate section showing rocking-bars and 
coke-feeders, was exhibited by Mr. Thomas Clark- 
son. The equipment contains sufficient coke to 
allow for the vehicle a run of 50 miles, the coke 
surrounding the boiler. Mr. A. F. Yarrow showed 
models of his device to facilitate the coupling of 
cruising turbines, particulars of which were given 
at the Sen meeting, last year, of the Institu- 
tion of Naval Architects (see ENGINEERING, vol. 
xevi., pages 11 and 26). He showed also a model 
of his latest balance-flap fitted to the end of the 
tunnel in which the propeller works, for very 
shallow draughts. We gave an illustrated descrip- 
tion of this device in a former issue (see ENGINEER- 
ina, vol. Ixxv., pages 498 and 512). A Michell 
thrust-bearing, sent by Mr. H. T. Newbiggin, 
formed also part of the exhibits; this bearing we 
described in our last volume, page 179. 





Tue Norwecian Navy.—The Nerwegian Parliament 
has voted a grant towards an extension of the dockyard 
at Horten for the purpose of there building two sub- 
marines and two hydroplanes to commence the manu- 
facture of Diesel motors, for which the Councillor of 
Dbate in c of the question stated that drawings had 
been obtained from a foreign firm. 





Frioatine-Dock aT WILHELMSHAFEN.—A floating-dock 
of 40,000 tons capacity has just been built at the Blohm 
and Voas yard, Hamburg, for Wilhelmshafen ; it has 
been transported there in pieces, and Wilhelmshafen 
now boasts four large floating-docks. Another floating- 
dock of about the same dimensions is at present in course 
2 creams at the same yard for the naval station at 

iel. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-lron Market.—Last Thursday there was a 
want of life in the Glasgow pig-iron market, and no deal- 
ings of any kind were recorded. At the opening session 
there were sellers of Cleveland warrants at 51s. 14d. cash, 
51s. 3d. one month, and 51s. 5d. three months, and at the 
close of the afternoon session these quotations were un- 
changed. On Friday morning the market remained in a 
dull condition, and no business was transacted. Closing 
sellers of Cleveland warrants quoted 51s. 14d. cash, 
51s. 3d. one month, and 51s. 5d. three months. A better 
tone prevailed in the afternoon, but only one lot of Cleve- 
land warrants was put through at 51s. 2d. cash. Prices 
became a little firmer, and at the close sellers quoted 
5ls. 24d. cash, 51s. 44d. one month, and 5ls. 6d. three 
months. On Monday morning the tone was again fairly 
strong, and 1000 tons of Cleveland warrants were done at 
5ls. 64. three months, and closing sellers quoted 5ls. 4d. 
cash, 51s. 6d. one month, and 5ls. 7d. three months. 
In the afternoon the market was dead idle once again, 
but the tone continued firm, and sellers of Cleveland 
warrants named 51s. 44d. cash, 51s. 6d. one month, and 
51s. 74d. three months. On Tuesday, the day of the 
State visit to Glasgow of their Majesties King George 
and Queen Mary, the market was closed. When busi- 
ness was resumed to-day (Wednesday) the tone was 
strong, values advancing 3$d. per ton in the forenoon, 
closing with sellers of Cleveland warrants at 51s. 8d. 
51s. 9d. one month, and 51s. 104d. three months. 
Unfortunately, no doubt due to the disorganisation of 
all business during the Royal visit, there was nothing 
doing in the afternoon, prices nominally being 1d. to 
14d. lower. The closing price stood at 5ls. 64d 
51s. 84d. one month, and 51s. 9d. three months. 


Sulphate of Ammonia.—The sulphate of ammonia 
market —— fairly steady, with a moderately good 
demand. The current quotation for prompt lots is 
111. 1s. 3d. per ton, Glasgow or Leith. 


Scotch Steel Trade.—The idea that any improvement 
would take place in the Scotch steel trade on this side 
of the stoppage for the annual Fair Holidays, next week, 
has now passed away, as the demand has lately been of a 
miserable nature. The great quantity of foreign material 
whioh has been imported, and which is being sold here 
so cheaply, has hurt the local makers to no little extent, 
and some of the works have only been able to keep 
running for something over half-time during the past 
week or two. Almost all classes of stuff, ship-plates, 

les, black sheets, &c., are in poor request, and not 
only are the various establishments likely to close sooner 
than usual for the holidays, but the latter are more than 
likely to be of longer duration than either the masters or 
the workmen will care for. The export demand is not 
very heavy, although there is quite a fair amount going 
through. Prices are unc , but where not under 
official control, sellers are inclined to shade —v to 
secure any business offered for immediate despatch. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers are still very badly off for orders, and the 
approaching holidays will be gladly welcomed by many, 
as a breathing s is necessary to survey the condition 
of the trade. he past half-year has proved a very 
trying period for all connec with the industry, and 
the worst feature of all is that the outlook is mdeed 
very gloomy. 


Scotch Pig-Iron Trade.—The home demand for Scotch 
pig iron is very dull, owing to the quietness of the local 
steel and iron trades, and dealing is mostly confined to 
small lots. The number of furnaces in blast is now seventy, 
and a goodly proportion of the output is being exported. 
Hematite continues very dull. Prices are practically 
unchanged, and the following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 66s.; Calder, Gartsherrie, 
Summerlee, and Langloan, 66s. 6d. (all shipped at Glas- 

w); Glengarnock (at Ardrossan), 70s.; Shotts (at Leith), 

is. 6d.; and Carron (at Grangemouth), 67s. 





Wak-Orrice Triats or Moror-Lorries.—The Secre- 
tary of the War Office announces that trials of type 
motor-lorries, under the visions of the War Depart- 
ment subsidy scheme, will be held in October, 1914, under 
the same general ations as for the trials held in May, 
1914. Further details regarding these trials will be issued 
later. Any maker who desires to enter a vehicle of the 
War Department subsidy type for these trials should notify 
the Secretary, War Office, as soon as possible. 


_Canapian Coau.—The coal of the Bellz River forma- 
tion and the Edmonton formation grades between lignites 
and bituminous. The coal which belongs to the Bellz 
River horizon is found over an area of about 25,000 square 
miles ; of this area 5000 square miles are estimated to 
contain 13,000,000,000 tons of coal. The amounts of coal 
contained in the two provinces of Alberta and Saskat- 
chewan have been estimated at 10,000,000,000 tons and 
3,000, 000,000 tons respectively. The principal coal-mines 
within this area in are near Lethbridge Taber and 
Lund Creek. The coal of the Edmonton formation is 
gay lignites, but in the foothills it grades up to 

ituminous. The total area of workable coal has 
estimated at 12,800 square miles, with a probable coal 
content of 71,000,000,000 tons. The —_. coal- 
mines within this area are near Edmonton. coal- 
fields of Saskatchewan are situated in the southern 
portion of the province, and extend from the boundary of 

Alberta on the west to the Manitoba bound on the 
east. The area underlaid by coal is estima’ at 5500 
<j nobus containing in all about 18,000,000,000 tons 
of lignite. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has not shown any 
marked change. Tonnage arrivals over the week-end 
were heavy, and loading operations have proceeded 
briskly, supplies of coal in most cases being abundant. 
There was little activity, however, as regards fresh 
basiness, both buyers and sellers holding their hands for 
the present in view of the threats of the marine engineers 
to hold up trade. The best Admiralty coal has been 
scarce firmly held, while other qualities have been 

tiful, and somewhat unsteady as regards prices. The 

t Admiralty large steam-coal has made 20s. 6d. to 
21s. 6d.; best secondary qualities 18s. 6d. to 19s. 6d.; 
other secondary descriptions, 17s. 6d. to 18s. ; best bunker 
smalls, 10s. 9d. to 11s. ; and cargo smalls, 7s. 6d. to 8s. 6d. 
ton. The best household coal has been quoted at 

93. to 20s.; good households have made 17s. to 183. ; 
No. 3 Rhondda large has brought 17s. 6d. to 17s. 9d. ; 
and smalls have been quoted at 12s. to 12s. 6d. per ton. 
No. 2 Rhondda large has realised 8s. 9d. to 9s. 6d., and 
sme fuel has brought 193. 6d. to 20s. 6d. per ton. 

pecial foundry coke has been quoted at 25s. to 27s. ; 
good foundry coke at 20s. to 23s.; and furnace ditto, 
17s. to 19s. per ton. As regards iron ore, Rubio has 
made 16s. to 17s. per ton upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 

Welsh Colliery Deal.—The see ee has been definitely 
confirmed of the Ynishir Standard Colliery by the 
United National Collieries, Limited. The transfer is to 
take place in August. The colliery, which has a mineral 
area of 500 acres and an output of about 400,000 tons per 
annum, is acquired, with 800 wagons, mostly 12-tonners. 


The Brsstol Channel.—The shipments of coal and other 
fuel from Bristol Channel ports in 1913 amounted to 
41,048,791 tons, as compared with 36,296,911 tons in 1912. 
The shipments from Cardiff were 24,577,083 tons, as com- 
pared with 22,420,540 tons ; from Newport, 6,134,194 tons, 
as compared with 5,287,910 tons ; from Swansea, 4,499,867 
tons, as compared with 3,808,600 tons; and from ‘Port 
Talbot, 2,515,070 tons, as compared with 2,146,507 tons. 

Tonyrefasl.—Tonyrefail is growing ef Already 
a town of recognised importance, Tonyrefail has nearly 
doubled itself in a few months. This is due to the laying 
down of a modern plant by the Cop Company, 
Limited. The plant includes a full w ery, to which 
coal is brought from the colliery screens. It is tipped b 
means of two electrically-driven tippers into the fan sno te 
coal bunker, there to be washed. It is then elevated by 
means of a bucket-elevator to the screens, where the coal 
is automatically classified. 

Wireless Progress.—Extensions at the naval wireless 
station at Horsea Island have been completed, and the 
poles have been secured. There are three of them, and 
they are 446 ft. high. They are of Californian pitch 
pine, and not of s as at Poldhu, the Cornwall station. 





Tue Copper Marxker.—In their monthly report, 
dated the 1st inst., Messrs. James Lewis and Son 
state that the market for standard copper has shown 
little vitality during the past month, sales being limited 
to about 20,000 tons, prices receding to the extent of 
21. 15s. per ton—from 622. 10s. for on the 2nd ult. to 
597. 15s. on the 26th ult.—recovering to 602. 33. 9d. on the 
29th ult., and closing on the 1st inst. at 61/. for cash and 
61. 12s. 6d. for t months prompt. For refined 
eure the demand had been very limited, manufacturers 
both in Europe and the United States buying only for 
their immediate requirements. American electrolytic 
had fallen from 14} to 134 cents per pound, and from 65/. 
to 627. 15s. per ton c.i.f. The reduction in price had so 
far failed to attract buyers to any material extent. The 
average price of standard for the half-year had been 
631. 19s. 6d. per ton, against 68/. 5s. 9d. for the whole of 
1913. American exports for June were advised as 35,182 
tons. —— into Germany for the five months had 
been 99,788 tons, against 94,920 tons in the came period 
last year, and the exports 2969 tons, against 4353 tons. 
Stocks had dec this year 468 tons, against an 
increase last year of 7701 tons, making the consumption 
97,287 tons, against 82,866 tons—an increase of 14,421 
tons, or 174 per cent. 





Fitters at CLYDEBANK.—By the pressure of a butto~ 
on a stand erected at Messrs. Beardmore’s Works at 
Clydebank, the King, on the 8th inst., opened the New 
Paterson Gravity Filtration Plant for purifying the 
water supply to the Burgh of Clydebank. 6 filtration 
plant in question comprises gear for the addition of a 
trace of coagulant for the removal of the marked dis- 
colouration of the water, and a small quantity of lime to 
correct the natural slightly corrosive tendeney of the 
peaty moorland water ; sedimentation tanks for the pre- 
cipitation of the bulk of the mmpurities ; and open gravity 
filters for the final purification of the water supply. The 
latter, eight in number, are the largest mechanical filtra- 
tion units in the United Kingdom, each having an effec- 
tive filtering area of 252 eq. ft. An interesting point in 
connection with the plant is the method of cleansing by 
compressed air. This operation is performed by first 
thorough] Loquating the filter-bed for a minute or two 
with sterilised compressed air at a pressure of about 5 Ib. 
per sq. in. In this way the whole of the bed, even to the 
remote corners, is loosened and agitated and the im- 
purities, freed from the sand grains, are flushed away into 
the waste gutter by a reverse current of wash-water. 
The plant was designed and constructed by the Paterson 
i em of London, the consulting engi- 

arren and Stuart of Glasgow. 
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defence it has been practically all e water, 
because there its attack has been made. The torpedo- | 
boat and, later, the destroyer, have delivered their main | 
attack below water, but the attacked ship is held to be 
uite capable of delivering a counter attack by guns 
above water, which is an adequate reply to the destroyer. 
The attack of the submarine is wholly below water, and 
so far the attacked ship has developed no effective reply 
of itsown. The defence against the gun is armour and 
other guns. The defence against the destroyer’s torpedo 





of attack has been the pap ond the liability to be hit by these projectiles? A distinguished by 
abov 


a told you in this Institution in April thata modern 


a torpedo into any ship 
that he can see and can get within the range of his tor- 
pedo. The battleship can hit back at his enemy battle- 
ship, but can do nothing te ! himself against the sub- 
marine. What is the liability to be hit in the two 


ible persons. Sir E. J. Reed and General Sir 


a : | John ~ oo during their lives made definite 
ttleship will be destroyed by gun fire in five minutes | proposals is ¢ 

after fighting range ~4* reached. The submarine | 

| officer will you he can get 


r, but they have never been 
on the outsides of ships, Pa for the reason 
@ torpedo-carryin 


‘that, previous to the submarine, § 
vessel has been effectively answered by the gun, an 
partly because the resisting qualities of armour, when 
submitted to attack b 
ciently well known. 


oes, have not been suffi- 
e effective advent of the sub- 


cases? Can the submarine find the battleship as| marine seems to justify a serious consideration of the 


surely as the enemy battleship can? In other werds, 


is the gun, which is quite ineffective against the sub- | what is the relative Lability to be hit by the two methods 


Fig. 5. 
RIGGING PLAN 








| question of applying armour to the bottoms of ships. 


The question of the weight of such armour must be 
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marine. The question of interest at the moment is, What 
defence can the surface ship have against the submarine’s 
to! o? 
here can be only two forms of defence. First, the 
destruction of the submarine by other vessels, submarine, 
or others. Second, the protection of the bottom of the 
surface ships from the effects of under - water attack. 
The first, the destruction of the submarine, is obviously 
not the work of a battleship or cruiser, but must be 
left to some vessel of the same order of size as the sub- 
marine. This destruction must be sought on the surface 
when the submarine is not aa for it seems im- 
probable that a submarine will be able to chase another 
effectively under the water. In any ease, the submarine 
will be dangerous to the large surface ship until it is 
destroyed, and, as the means of destruction are not yet 
certainly to hand, the question of effectively protecting 
the battleship against under-water attack seems to be 
deserving of consideration, unless someone is ready with 
a real reply to the su i 
One naturally is first met with the question: What 
about the weight of such protection? The same question 
can, of course, be in the same attitude of mind 
about any weights used in a ship for the purpose of 
attack or defence. What about the weight of armour to 
keep out shot? The thickness and extent of protection 
t to be ioned to the liability to be hit and the 
damage done w hit. This principle is given effect to 
when distributing armour protection over a sbip to resist 
n fire. What is the relative damage done by a 
5-in. shell and a 21-in. torpedo, and what is the relative 
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of attack? This is for the naval officer to tell us, if he 
can. If the relative liability to be hit is sufficiently 
t to warrant full consideration of the relative 

we shall also want to know this. Assuming, as 

one reasonably may, that very serious demage wil be 
done by the explosion of a torpedo, the next question is, 
What can be done to prevent or seriously to reduce this 
damage? Subdivision naturally itself as one 
means of minimising the effect of this damage, but when 
all that is ble in this direction has been done, there 
seems to fe no great certainty that a battleship will be 
still a formidable figh machine after having received 
the successful contact explosion of a 21-in. torpedo. Can 
we do anything in addition to subdivision to preserve 





the ship for effective fightin ? : 
Armour on the bottom of ‘ediipe bes been proposed 










SECTION IN WAY OF 
MIDSHIP BARBETTE 








serious, and obviously the addition of such weight can- 
not be made without some changes and sacrifices. To 
some it may seem that the readiest way to approach this 
problem is to clothe the bottom of a 25,000-ton battleship 
of the latest pattern with armour, and to increase her 
fullness sufficiently to allow her to carry this armour, 
let soureing Gee remain unaltered. The only con- 
siderable effect will be to reduce the speed by 2 knots. 

_ This is a direct and simple issue—is the gain in protec 
tion worth the loss of speed? This is for the naval 
officer to decide. The constructor will naturally fina 
difficulties in the way of attaching such armour tec- 
tion, but he has surmounted difficulties before, and if the 
naval officer thinks the result worth attaining, the diffi- 


culties will doubtless be overcome. 
It is not always that the readiest way of approaching a 
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problem gives the best result. One of the characteristics Armament six 14-in., Armament ten 14-in., 
of our latest battleships is that their forms have a low sixteen 5-in. sixteen 6-in. 
resistance to forward motion. If a form is produced| Thickness of armour :— Thickness of armour :— 
which is better — to fitting and carrying armour, On side at W.L. Sin. On side at W.L. was ove 10 in. 
though it may involve greater resistance or less speed, Above 5 Above ” .» 7 in, and 6 in. 
it vay Oe the whole be better to adopt sucha form. It ow — Pts Below 9 , 4 in. 
may be interesting to give an instance or two of the Ou casemate 2” Oncasemate .. .. .. 2... Se 
application of this principle. Admiral Sir Reginald On barbettes ; a he On Garbettes 00 ins ins 13 ,, 

ustance has taken us into his confidence about some of Thickness of protective deck-plating ” “ot Thickness of protective deck-plating 3,, 
his views on the principles which he thinks should r 
underlie naval design. His appreciation of lower speeds| This vessel is of about the displacement of the Lord} Briefly, the points for discussion are as follow :— 
and smaller displacements led me to work out what/| Nelson, which is, when purpose serves, called a Dread-| 1. Is 4-in. armour sufficient protection against tor- 
appeared to me to be a limiting case of his views, but | nought. The armament is about the same as the first | pedoes to justify its adoption in battleships of the class 
combined with these characteristics was associated in this | design, but the armour has been reduced so that it will | of the later ts? 


case an armoured protection from torpedo attack. The 
—— elements of the resulting design (page 65) were 
as follow :— 
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UPPER DECK 











only keep out 6-in. projectiles. Sir Reginald’s view is 
that none of our hide | have armour that will do more, 
and, that being so, this ship may be consi 
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Length over all sa = 358 ft. 
Length between perpendiculars 336 ,, 
Breadtb, extreme Ae ai 80 ,, 
Draught of water 20 ,, 
Displacement in tons ... 13,000 
Speed... en ~ 7 10 knots 
Armament .. ix 14 in. ; six- 
teen 5 in. 
Thickness of armour :— 
On side at W.L. 10 in. 
Above ” ” 
Below - as 
On casemate , ° a as 
On barbettes ... wed We: he na 
Thickness of protective deck-plating _ ae 


This vessel may be considered as one which could not 
be expected to find the enemy unless he happened to be 
bottled up somewhere, but could be less careful than an 
ordinary battleship about coming out of port on account 
of the fear of submarines. The size and cost of this 
vessel should be small enough to satisfy the desires of 
Admiral Sir inald Custance, but it is doubtfu 
whether she would be altogether satisfactory to him. 


Anticipating some want of faith in this unusual vessel, 
& second design was uced having some of the charac- 
teristics of the first, but being produced with less disre- 


gard of convention. The principal elementsare as follow 


(pages 66 and 67) :— 
Length over all... - ms 460 ft 
Length between perpendiculars 434 ,, 
Breadth, extreme noel ; 80 ,, 
Draught of water ie “,, 
Displacement in tons ... 16,000 
ae we 18 knots 




















sufficiently well armoured above the water-line. All the 
sections below the water-line are straight, with a circular 
arcattheend. This form has been adopted to simplify 
the armour construction of the bottom. It is fully 
ised that such a design outrages the convictions of 
the economists, to whose ranks I want to belong, because 
ships of such size do not produce the greatest number of 
guns for a given ex iture. But if we are to 
subjected to the y loss of ships by submarines we 
may have to be prepared to sacrifice some gun power for 
our expenditure, and get our recompense in the greater 


number of ships and guns remaining afloat after the | be 
rash on the | 


submarine done its work. It is very 
part of a mere naval architect to attempt to reach any 
conclusion on this difficult question. The facts and 

res are placed before this Institution, so that those 
who are competent to form an opinion may have the 
wy of doing so. 

ith a view to enabling those who do not believe in 
reducing the 
speed as 18 knots, another design has been 


considered in 


} | Which the bottom is armoured, and is of a form similar 


to the second design, but in which the speed, armour, 
and armament are of the same order as the D 


2. Is the submarine menace of sufficient importance to 





= adoption of 4-in. armour protection on the 
ttom ? 












3. Is the submarine menace of sufficient importance to 

| justify the building of smaller, slower battleships of, say, 

16,000 tons displacement, of 18 knots, having six heavy 
| guns each instead of eight or ten as in the larger ships? 

| 4. Is the method of applying armour to the bottom of 

| sufficient value in itself to justify the adoption of a form 


| of ship which offers greater resistance than the ordinary 
| form: 

These are some of the points which suggest themselves 
|for discussion. The form ent of existing 
| ships, though not revealed to us by the Admiralty, may 
| be considered, for this purpose, as sufficient] wall inoue 

to many to make it unnecessary for a third design to have 


_ been embodied in this If it id seem to be 
| desirable further to consider this question of protecting 

| battleships from submarine attack, it will be necessary to 
| determine by experiment the effect of the explosion of a 
| torpedo upon armour attached to a ship. If the subma- 
rine menace is judged to be really serious, the 


x : : necessit; 
upper armour of a ship, nor in such a low | for carrying out such experiments seems to be undoubted. 





hts.| Om Fort 1s Canapa.—Crude oil is being extensively 


Such a vessel could take her place in the First or Second | used as fuel on the Pacific Coast for both steamships and 


Battle Squadron, and would have armoured protection 





against oes. The principal elements are as | has 
follow :— 
Lang c= all... ae tag oil 
Lengt'! tween perpendicu eo 
Breadth, extreme Re . a 
Draught of water 28 ft. 6 in. 
Disp ent in tons... 500 
Speed... irs + 21 knote 


| locomotives, and the wide use of the gasoline motor 
ine. The total 


{and illumimating oils, valued 

| 20,525,170 gallons of gasoline, valued at 4,822,941 dols. 
The imports of crude and refined petroleum oils in 1912 
were 186,787,484 gallons, valued at 11,858,533 dols. 


im it a i 
malued’ at 5,250,835 dols.; 19,393,6: A yy of refin 
at 1, 440 dols.; and 

















68 ENGINEERING. [JuLy 10, 1914. 
SHIPBUILDING PRACTICE OF THE ny justly be called crude or inferior. Elaborate equip- omepnie Seow Reory 8 ee Seer and a 


PRESENT AND FUTURE.* 
By Mr. T. G. Joun, Member. 


SHIPBUILDING practice of to-day is the outcome of many 
forces of varying magnitude, some of which may be said 
to be at war with one another. Amongst others may be 
mentioned science, experience, invention, skill, and even 
we ew but most important of all is the fundamental 
act that shipbuilding practice results | from the 
necessity of ——s @ profit out of the capital invested. 
The influence of the different factors at various times 
fluctuates considerably, but the one which has made most 
relative progress du: recent years is that which may 
be termed the industrial force, by virtue of which the shi 
yard workman exercises a generic influence upon met 
efficiency, and cost of uction, and incidentally it may 
be mentioned that this influence is probably stronger in 
the practice of present-day shipbuilding than in any other 

neering industry. 

Disseniees on the comparative importance of these 
factors (except the last-named) have in the b filled 
many pages of the Transactions of this and kindred 
institutions. The exseption has been partly because the 
subject enters more into the domain of the politician than 
of the scientist, and discussion of it can, therefore, 
scarcely be co as proper to a scientific institution 
such as this, although at the same time its relative im- 

rtance to the industry is admitted to be very large. 

n the rare occasions when it has been mentioned—as our 
Transactions will bear witness—it has almost invariably 
been quoted as a we TY -y- or less onents © 
scientitic progress. t present time many ship- 
builders are more of this opinion than ever, but when 
viewed in true perspective it must be admitted that its 
influence upon the ultimate scientific advancement of the 
industry can be but small, for the simple reason that, 
were it otherwise, the natural laws of economics would 
pe pany | —- — This = side 
of present-day shipbuilding practice wi erred to 
again, but this aah has mentioned now because at 
the present time — of the abilities and energies of our 
shipbuilders, and of the t of our workmen, are 
absorbed in solving the labour problems which are of 
almost daily occurrence, and the scientific advancement 
of the industry suffers accordingly. 

Apart from the historic interest attaching to a study of 
the improvements which have occurred in shipbuilding 
practice during recent years, the subject to a certain 
extent, commands attention by placing various matters in 
more or less true perspective for oe the future. 

Shipbuilding is one of our oldest, and still ranks as one 
of our most important industries, and in its scientific 
progress we have always taken, and still continue to take, 
a leading part. Nevertheless, —— | other spheres of 
engineering activity have been created since the inception 
of iron ae some eighty years and in certain 
instances have developed so very pond that most ship- 
builders at times feel a certain amount of regret that ship- 
building science and practice cannot be forced ahead at 
the same comparative rate of progress. On the other 
hand, perhaps, no branch of — science gives rise to 

roblems so varied and difficult as ship construction. 
uch subjects as structural strength, stability, elasticity, 
safety in damaged condition, &c., can only be dealt with 
by the designer with considerable mathematical approxi- 
mation, 
v largely into his work. At the same time assum 
ions have te be made which, from the nature of hin, 
— inevitably = considerably — — conditions 
obtaining in actual practice—to say nothing of contingen- 
cies created by accidental damage. The finished ship, as 
built, is the combined result of assumptions, calculations, 
deductions from observations made on previous ships, 
ther with a comparatively large factor of my 4 
which is included to give the necessary latitude in 
foregoing assumptions and deductions, and particularly to 
cover the necessary uncertainty which must appertain to 
all material and to all mechanical operations. It is 
evident, therefore, that a very considerable amount of 
interdependence must exist between the shipbuilder and 
the designer, whose association is perhaps not always as 
close as it should be. Moreover, methods of manufacture 
restrict the ambitions of the latter in certain narrow 
ves from which he can expand but little, and from 
this point of view it must be admitted that the improve- 
ments in appliances and methods of shipyard practice 
throughout the shipbuilding world have in recent years 
y kept pace with the 1%, great expansion of the 
industry. From the nature of shipbuilding the personal 
factor attaching to management figures more largely 
perhaps than in most industries, especially as 

fit Foner but even efticient management necessarily 

s a limi ee » ee of ship- 
building tice, besi which, novelties in such prac- 
tice causlle ental a certain amount of risk of failure and 
consequent financial loss. 

Our own shipbuilding industry may roughly be divided 
into two sections, com sctively those establish- 
i numbers of 


shi 
pattern, and those which do the better class of work 
to or war vessels. In other 
uently obtains in each , be- 
of establishments. O 
. section need considerably less variety 
of equipment than those of the Jatter, and frequently they 
financial results notwi ing that they 
use equipment which, for the purpose of the section 





* Paper read before the Institution of Naval Architects 
at Newcastle-upon-Tyne, July 7, 1914. 


the factor of professional judgment enters | he has 





Seaagen if i not eccprising, tans, tho Tego shiogeed 
it is not surprising C) ipy: 
sometimes meets with difficulty when itself in 
—— for the class of work usually dune by the 
one. There exists, moreover, a subtie difference in 
the methods adopted by the respective esta 
but the best quality of work is demanded from all. 
While, for instance, a tramp steamer or a trawler has to 
last as long as possible, with more or less indifferent 
maintenance, on the other hand, a passenger ship, 
or warship, becomes obsolete long before it wears out, 
yet at the same time needs during its comparatively 
short lifetime a very high standard of structural efficiency. 
Each establishment, however, whilst retaining its own 
characteristics, is built up on astrongly competitive basis, 
and there consequently exists every incentive to utilise 
whatever economy is available from improved equipment, 
machinery, and methods. ‘ . 

The Royal Dockyards constitute another class of ship- 
building establishment, but they are only semi-competi- 
tive in the above sense, and possess separate character- 
istics, more especially as regards the system of labour, 
which incidentally also goes to prove that, could our whole 
system of labour be entirely recast, a much better one 
could certainly be evolved. Although in output, cheap- 
ness, and quality of work this country still maintains its 
superiority in face of competition from other nations, and 
will, we hope, continue to do so, our shipbuilders have 
had, during recent years, to recognise the fact that several 
large Continental and American establishments have 
been extensively developed and equipped with very 
efficient plant, and that they will in future enter more 

— competition with ourselves. This has had its 
stimulating effeet, but to a certain extent we have suffered 
handicap in this direction for having been the pioneers of 
the iron shipbuilding industry, as our establishments were 
formed and our methods developed when competition was 
much lest severe than it is to-day or is likely to be in the 
future. It is also scarcely necessary to mention that the 
close connection which exists between methods and work- 
ing customs, especially at the present time, limits very 
considerably the abilities of shipbuilders radically and 
quickly to alter existing practice. 

At the same time it has to be remembered that the 
equipment and methods of such shipyards abroad have 
been considerably influenced by the existing local condi- 
tions. For instance, where skilled labour is scarce or 
very highly paid, then every possible labour-saving device 
is essential, and even in this country local itions 
exert considerable influence upon the practice in different 
yards. Broadly speaking, it may be stated that such 
developments in our shipyards as have taken place during 
recent years have been chiefly due to two causes—viz. 
(1) the increase in dimensions of ships having to be built, 
with corresponding increase in the size of items of struc- 
ture; and (2) the ever-persistent desire for economy, 
coupled with rapidity of production and good quality of 
work. New m of manufacture have influenced the 
developments to a comparatively small extent. 

The effect of these causes has been the expenditure 
of considerable sums of money in three directions, viz. :— 

a. Alterations in the to pby of the shipyard area. 

6. Improvements in lifting and transporting equipment. 

c. Improvements in general plant and appliances. 

Before studying these in detai), one might mention the 
difficult position in which the shipbuilder is placed when 
to consider such expenditure owing to want of 
knowledge of the future requirements he will be called 
upon to meet, chiefly as regards size of ships and number 
of contracts. Iv is in this connection that the capital 
resources of an establishment tell heaviest, one with 
capital, distributed perhaps over several branches of 
industry, being able to afford to take risks which another 
cannot. Then, again, the attitude of organised labour 
frequently deters the shipbuilder from embarking upon a 
large expenditure in aes plant use of a know- 
ledge that in many cases he would receive a relatively very 
small return for his outlay, or perhaps none atall. At the 
same time, no rp or machinery, however gocd, 
will pay for itself if it has only a limited amount of use, 
and, in any event, depreciation and obsolescence of ship- 
yard equipment and machinery has become so rapid that 
the up-to-date builder must be prepared, even under 
present conditions, to scrap greater portion of his 
most used machinery after less than fifteen years’ service, 
which period is a continually decreasing one. As the 
increase in the size of ships is a factor which intimately 
concerns each of the three previously-mentioned subheads, 
it is well to remember that, com d with twelve years 
ago, the number of passenger ships now built annum 
which have a tonnage exceeding 10,000 tons nearly 
doubled, whilst the average launching weight of large 
——- during the same period has increased by more 
than 50 per cent. 


ALTERATIONS IN THE TOPOGRAPHY OF THE SHIPYARD 
AREA, 


In examining the development in this direction of mest 
of our large shipbuilding establishments, one frequently 
gets the impression that, whilst the engineers who origin- 
ally Peer such establishments did so on exceedingly 
sound manufacturing principles, they at the same time 
considerably underestima’ the ee ee wae of the 
future. They designed their chipbuilding berths with 
what bem | considered to be an ample margin of length 
and breadth, they a’ their heavy machinery plant 
on the sound principle that the nearer i 
work the less the waste of labour, and then the rest of the 
yard followed suit. The trouble arises when the i 
allowed becomes ng my and — have to b 
made. This problem faced pbuilders in 
and in most cates the solution has been a 





To meet present-day possible requirements the builder 
of the best class of work desires a slipway approaching 
1000 ft. long and 100 ft. wide. Many thoughtful people, 
especially those of other engineering industries, frequently 


ts, | express surprise that the shipbuilder still continues to do 


most of his work exposed to the weather, but the question 
of roofec-in versus open slipways for large ships (which 
was a source of considerable debate and much diversity 
of opinion a decade or two back) seems to have been 
settled in favour of the open slipway, for at the present 
time there exists in this country but one roofed-in build- 
ing in which a modern battleship or large liner can be 
built, and that one was erected about ten years ago. 

At that period the relation which the first cost and 
maintenance of such a structure bore to its economic 
advantages was mostly the debatable point, but probably 
more than anything else the rapid advance made during 
recent years in the size of ships and the uncertainty of 
their future dimensions, has confirmed the opinions of 
must shipbuilders that, in this country, the advantages 
guined are incommensurate with the large expenditure 
and risk of obsolescence involved, which opinion may or 
may not be.sound, and, if true now, may be reversed 
a short time hence, due to causes incidental to labour. 
In foreign countries also roofed-in slipways are not much 
in present favour, although in a few instances climatic 
conditions render them more or less a necessity. 

Leaving out the question of cost, the old arguments, as 

vantages and disadvantages of the roofed-in 
slipway, still hold good—viz., time saved, better quality 
and cheapness of work,-protection of mechanical appli- 
ances from the weather, and less expense in cleaning 
ships, whilst on the other hand there is the reverberating 
noise, draught, restricted light, &c. 

To cover & slipway 1000 ft. long by 100 ft. wide with 
an iron shed on normal foundations, and having an 
average clearance from the ground of 140 ft., and, say, 
15 ft. at each side, would cost in this country at the 
present time sometning like 150,000/., which sum does not 
include overhead lifting equipment, although it includes 
provision for such. ith care such a shed ought to last 
thirty years, if not scrapped by the march of events before 
that time; but, assuming such duration of life and interest 
on capital to be 5 per cent., it appears that the yearly 
cost, excludi maintenance, will be about 12,500/. 
Whether the efits are commensurate is, as stated 
above, open to doubt. For like reasons, except in one or 
two instances where concrete has perforce to be used as 
an adjunct to » ses to obtain a safe foundation, the 
average shipbuilder still constructs his ships without the 
luxury of a concrete or granite slipway, although it in- 
volves him in considerably more trouble in fairing them 
and in carrying out their launching arrangements. In 
our Admiralty establishments, where all risks are elimi- 
nated so far as possible, and financial circumstances are 
different, such slipways are always used, and the degree 
of standardisation obtaining in the vessels constructed 
avoids subsequent disadvantage as regards area of build- 
ing nd. After launching, force majeure, due mostly 
to their size, still compels the builder in frequent 
instances to complete his ships at a place more or less 
distant from the base of his operations. Such necessity 
is easily conducive to considerable waste of profit, besides 
entailing many other disadvantages, and with the large 
ships now obtaining the attendant difficulties are becom- 
ing more acute. 


IMPROVEMENTS IN LirTING APPLIANCES. 


Slipway Equipments.— In no direction has such a variety 
of appliances been introduced into shipyards during 
recent years as in that relating to the overhead equip- 
ment of the slipway, and on no subject, perhaps, does 
more diversity of opinion exist than on the relative 
economic efficiencies of the various types. Many attempts 
have been made to calculate such efficiencies from a 

cial point of view, but it is probable that most 
estimates are more or less wide of the mark, owing to 
problem really being incapable of exact solution; for, 
whilst such items as first cost, depreciation, and cost of 
maintenance and operation are fairly easily ble, on 
the other hand, such advantages as they give in the direc- 
tion of time-saving and quality of work are not capable 
of exact or even fairly approximate computation, and in 
addition, much depends upon the extent of the use of the 
appliances during their lifetime, and upon their ability to 
meet the unknown requirements of the future. Certain 
it is, however, that the deficiencies of many of these 
erected during the last decade but one are well realised. 
_ The introduction of such elaborate py 
is of comparatively recent date. Until about twenty 
years the time-honoured mast and derrick system, 
actuated from suitabl — winches by wire ropes and 
guys passing through leading blocks, reigned almost 
supreme, although in a few instances it was supple- 
mented by steam or hand travelling cranes on gantries 
erected alongside the slipway. It may here be stated 
that a great proportion of our ships are still constructed 
under this system, inclu all warships built-in our 
Royal dockyards. About that time, however, great ex- 
tensions occurred in the shipbuilding industries of 
Germany and the United States, and several of our 
modern equipments had their origin in those countries, 
where, especially in the last-mentioned one, owing to 
skilled shipyard labour being able to demand compara- 
tively high wages, every incentive was offered for the 
introduction of labour-saving devices, and the creation of 
new establishments furnished the necessary opportunity. 


definite one. Briefly stated, material of a great range of 
transported 


weight, shape and size has to be 
sisted peaitien in the chip with the sliaiavem of cass 
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and time, and the maximum of handiness, and. the equip- 
ment should be economical as maintenance and 
working. The arrangement of it should be such that 
when any portion is delayed, as often happens, the 
remainder should not be impeded, and up to a certain 
extent, the greater the number of hooks available for the 
working squads the greater the efficiency. In view also 
of uncertainty about the future dimensions of ships, some 
degree of portability is an added virtue. __ 

The best-known modern systems adopted in this eee | 
may be summarised into five types, in all of which 
unit is self-contained as regards operative power, viz. :— 

(a) The American cantilever system, in which two slip- 
ways are served by a cantilever crane which travels on a 
gantry erected between them. f ; . 

(6) The travelling - carri system, in which a single 
slipway is served by a number of carriages, either mono- 
or duo-rail, travelling on the sides or roof of a skeleton 
structure, and spanning the whole or different parts of 
the slipway. 4 c . P 

(c) The wire-cable system, in which the slipway is 
spanned in the fore-and-aft direction by a number of 
cableways (usually three or four), which are supported 
by structures at each end, and which can be given trans- 
verse movement, trolleys running on the cables con- 


veying the material. : . 
td) The tower-crane system, in which a number of 
horizontal jibs suppor on independently stable tower 
structures, fixed or travelling, circumscribe areas over 
each of the two slipways which they serve. ; ‘ 
(e) The lattice-built mast-and-derrick system, in which 
each unit circumscribes a specific area over a particular 


slipway. : . 

tool variations occur in the details of the systems ; 
but on general principles each system has certain merits 
and demerits, which may roughly be stated as follows :— 

AMERICAN CANTILEVER SysTEM.— Merits - range 
of lifting capacity at different radii: large area covered 
by a single unit; ability to pick up practically all loads 
from the heads or sides of slipway ; ease of control. 

Demerits: Heavy first cost; stability being dependent 
on weight, the travelling portion must be extremel 
heavy im comparison with the ave weight lifted, 
thereby entailing large wasted expenditure of power ; 
restricted access given to one side of each slipway at the 
midship portion; large amount of structure involved, 
much of which is difficult of access, thereby enhancing 
cost of maintenance; large area of yard occupied by 

ntries ; inability to work in strong winds; operator 
ar away from the work ; non-portability, poor facilities 
for handling material and hydraulic riveting tools and 
inability to deal with sufficient loads in a stated time to 
anything like adequately meet the needs of two large 
vessels building under modern conditions. 

TRAVELLING-CARRIAGE SysteM.—Merits: num- 
ber of hooks available for handling, transporting and 
riveting operations, which number can, to meet exigen- 
cies, be quite easily increased even up to fifteen or sixteen 
per berth; ability to work in strong winds; quick trans- 
port; carriages can combine for heavy loads; operators 
have good view of their work. 

Demerits : Very great first cost; installation limits ex- 
pansion of breadth of slipway, and involves disad vantages 
as regards area of building ground ; limited ability to pick 
up material from head or sides of slipway; expensive in 
maintenance and a certain amount of interference occurs 
with the carriages. 

Wire-CaBLeway SystemM.—Merits : Comparatively low 
first cost; rapidity of conveyance; ability to take up 
loads from head of slipway; small und area occupied 
by supports; small power absorbed ; ability to work in 
strong winds; trolleys can combine to a certain extent 
for heavy loads. 

Demerits: Very limited number of hooks available for 
handling material, &c., and these are not suitable for 
riveting machines; difficult to arrange for heavy loads ; 
limived” ability to pick up loads at sides of slipway ; 
troublesome questions of tension and sag in cables. 

Towrr-Crang SystemM.—Merits: Comparatively low 
first cost; rapidity of conveyance; small power absorbed ; 
ability to work in strong winds ; breakdown of a unit has 
small effect ; system lends itself to extension of length of 
ship served ; semi-portability. 

Demerits : Only certain cranes can take up loads from 
head of slipway; maintenance expenses somewhat heavy; 
operators far away from their work. 

Latricg-Burtt Mast-anp-Derrick SystemM.—Merits - 
Small area of yard occupied ; number of hooks 
available for handling material and riveting machines; 
ability to work in strong winds; considerable portability, 
giving advantage of altering lines and areas of slipways. 

Demerits: Obstruction caused by multiplicity of stays, 

with consequent difficulty in co-ordinating with any other 
existing devices; non-ability to Pic 

head of slipway ; limited area of ship covered, involving 
& certain amount of laborious hundling of material. 

In selecting his aquipment each shipbuilder, of course, 
will have considered the subject from the point of view 
of his own peculiar needs, and, in addition to other 
factors, will probably have had to contemplate the 
Serious disorganisation of his work whilst the installation 
is being made. 

Considered from the financial aspect, the cost of main- 
tenance and working of most of the systems is, under 
normal conditions, comparatively a small item when 
judged by the amount of work they perform. Such 
costs necessarily vary according to temporary and local 
conditions, but on the other hand comparisons in capital 
costs a annum are fairly definite, and the following 
table has been compiled on the assumption that the life 
of the equipment is yy and interest on capital 
is taken at 5 per cent. first cost is estimated on 
present-day prices, and the foundations and conditions of 


ck up material from | shi 


| cranes have a working capacity of 250 tons. 





erection are assumed to be normal. Studied in con- 
junction with their relative merits and demerits, how- 
ever, it seems safe to say that the efficiencies of the 
respective systems cannot be in the direct ratio of their 
— and it is more or less unsafe to say anything 
urther. 


Comparison of Present-Day Costs of Overhead Equi; 
Designed 


ypments 
to Serve Efficiently a Slipway 1000 Ft. Long by 
100 Ft. Wide. 


Capacity at Maximum Outreach in each System 
is 5 Tons. 




















































hydraulic or electric power, have been installed in several 
instances at home and abroad, but modern opinion is 
largely in favour of the types known as the ‘‘ Hammer- 
head ” or ‘‘Giant” revolving cranes, electrically operated. 

The problem of the light load at such berths has not 
my been completely solved, but it has been partially met 

y subsidiary hoists working on the structures of the fore- 
mentioned heavy cranes, by travelling-cranes with long 
outreach on the wharves, and floating-cranes ; and it 
is interesting to note that the maximum capacities of the 
two former types have recently increased from about 
10 tons to the vicinity of 30 tons, the latter now being 
generally regarded as the most desirable range for sub- 


sidiary service of large vessels. 
Number of | Total Cost \capital Cost = ot > 
r r 














eniaiiael ae Other Transport Arrangements.—The remaining trans- 
yetem. - a port arrangements of modern shipyarde call for little 
Available. Slipway. | Annum. b 2 . : 

— es iatinen as ——— | mention, as they are proceeding on fairly well-established 
£ £ principles. In thé machine-sheds new problems in certain 
American cantilever }tol* | 15,000 | 1500 instances have had to be faced, both because of much heavier 
Travelling carriage 15 | 95,000 | 9500 items of material having to be dealt with, and because 
ae sce 1 ae bene more expeditious handli become necessary. Over- 

w e.. aa * 06 .2 } 32 “ 
nn wah ofl | ) head travellers have not in the past been as common as 

erric ee “ 16 24,000 | 2400 


they might have been in such sheds, but in new ones they 
are in most cases veing installed. As, however, in the 
first instance the shed usually needs to be designed, both 
as regards structure and head-room, to receive such an 
equipment, it is not often possible to make the improve- 
ment in existing ones. Overhead railways are in operation 
to a certain extent, and this system seems suitable for 
much more consideration from designers, with a view to 
further adoption. 


wo: Each hook is available for two slipways. 


At the present time shipbuilding opinion is y in 
favour of the tower-crane system, as may oper from 
the fact that during the past year or two a number of 
these have been installed in four large establishments in 
this country—viz., Messrs. Harland and Wolff, Limited, 
Belfast ; Messrs. Workman, Clark and Co., Limived 
Belfast ; Messrs. Sir W. G. Armstrong, Whitworth and 
Co., Limited, Newcastle-on-Tyne ; and Messrs. Vickers, 
Limited, Barrow-in-Furness, the cranes having in each 
case been designed and constructed by Messrs. Sir 
William Arrol and Co., Limited. In foreign countries, 
besides in Germany, they have been instalied in recent 
years in shipbuilding yards at Ferrol, Havre, Dunkerque, 

08, jedam, and possibly in others. All are, of 
course, electrically operated. Opinion varies as to the 
most desirable lifting capacity, and as to the proportionate 
area of slipway which should be covered. As regards the 
former, it is interesting to note that plates weighing up to 
8 tons are not uncommon in ships now under construction, 
and even this weight is frequently very much exceeded, 
whilst in moderate-sized vessels built on the Isherwood 
system items of framing weighing up to 10 tons have often 
to be dealt with. 

A brief description of the installation now being 
erected in the shipyard of Messrs. Vickers at Barrow-in- 
Furness may be interesting. 

The arrangement is shown pee pe in Fig. 1, 
page 70, and vonsists of two parallel rows of fixed cranes, 
containing five in the longer row and four in the shorter, 
with a clear width of 213 ft. between them, in this 
fashion serving four slipways, whose respective lengths are 
approximately 900 ft., 830 ft.,770ft., and 720 ft., wit = 
bilities of extension in each case. The crane at the lower 
end of each row is placed so that bulky materials may be 
lifted out of a barge afloat in the channel, thus obviating 
the congestion which inevitably occurs when cumbersome 
items have to be transported through the yard. Each 
crane has a jib of 120 ft. radius, seven of them are capable 
of lifting loads of 5 tons at the extreme radius; whilst the 
other two (the second from the forward end of each row) 
are designed to lift 15 tons at the extreme radius, and all 
will lift double those respective loads at half radius. The 
cranes have been given a large amount of overlap, and the 
heavy ones provided both to meet the increasing variety of 
heavy lifts now dealt with in modern big ships and in 
view of possible future requirements. ith the two 
heavier cranes, boilers and heavy items of propelling 
machinery, &c., can be —— on the slipway, and the 
great advantages accruing therefrom realised. The lowest 
jib of the whole installation is 95 ft. from the ground, and 
the highest 156 ft., thus providing a liberal margin for 
increase in height of ships beyond present-day require- 
ments. The structural design of one of the 5-ton cranes 
is shown in Fig. 2, page 70. Owing to the units being 
a considerable advance in size and power from anything 
of the sort previously constructed, new difficulties were, 
of course, met with, both in design and working ; for 
instance, owing to the comparatively large moment of 
momentum of the revolving structure with its load, the 
controlling ents had to be very carefully 
devised, and the limited experience already gained has 
shown the advantages to be realised by balancing them 
against wind pressure, wind sails, as shown in the 
diagram, having been added. 

It will be noticed that the bases of the cranes have been 
arranged to permit of bulky loads, such as boilers, bein 
conveyed to positions convenient for lifting on boar 


IMPROVEMENTS IN GENERAL PLANT AND APPLIANCES. 


As previously stated, these have been comparativel 
few, such as have occurred being principally due to su 
influences as a desire for increased output, reasons of 
economy, and new methods. There is no doubt that in 
this section great opportunities still exist for inventors 
and manufacturers of machine-tools and plant. As bearing 
evidence to the increased demands during recent years for 
the inclusion of exceptionally long and broad plates in 
ship construction, may be mentioned the difficulties 
experienced by builders with their bending and rollin 
machinery. ine years bending-rolls capable > | 
working a plate up to 30 ft. long by 2in. thick when cold 
were generally considered sufficient to meet future needs. 
The next seven years witnessed the necessity of dealing 
with plates up to 40 ft. long by 2in. thick, and at the 
present date rolls of even this capaci 
inadequate to meet the demands o 
plates porat lagi and breadth u 
respectively being incorporated in 
struction. E 

The ~y~y- of ae meng Sesto ome eta 

ears ago for ing, caulking, chipping and riveting, 
os led to thei Rede scale that ites 


ty are proving 

the ship-designer, 
. to 48 ft. and 11 ft. 
ips now under con- 


ir use on such an exten 
difficult to imagine the difficulties which would arise in 
present-day shipbuilding if it were suddenly deprived of 
their assistance. Here, again, the economic results 
achieved by their adoption are not strictly capable of com- 
putation, for whilst the output per man using these tools 
18 in on an average about threefold, the outlay 
involved and costs of depreciation and maintenance of 
such tools is considerable ; poe has to be generated 
and by virtue of piecewor ments many of the 
benefits pass to the workman, by enabling him to earn 
higher wages, the deductions from which, for his increased 
output, vary in this country in the vicinity of 40 per cent. 
In this connection, however, it has to be remembered 
that the average workman is not so much concerned with 
the relative rates of pay as with his total earnings, and 
if oa tools had not been introduced it is quite 
probable that the hand-work rates would have increased 
much more than they have done. 

The chief advantages to the shipbuilder using such tools 
are in the ony output and better quality of work which 
they give him; and although, as stated, their financial 
effect is of a complex nature and not exactly calculable, it 
is not inconsiderable. 

For the operations of drilling, reaming, caulking, and 
cutting, the utility of pneumatic tools is unquestionable, 
although the oxy-acetylene tool is coming much into use 
for the latter operation, but the extent to which pneu- 
matic riveting is adopted varies considerably in different 
establishments in this country and abroad. Professional 
opinion, after seventeen years experience, is still far from 
unanimous on the subject of pneumatic riveting, but most 
shipbuilders agree that, given efficient hol ing up,” 
pneumatic riveting, in the hands of a moderately-skilful 
workman, is at least equal in quality to and frequently 
excels hand-work, whilst at the same time the output per 
man is considerably increased. Its adoption in most yards 
is, in fact, limited by the sufficiency or otherwise of the 
power pressure available, by the willingness of the work- 
men to operate it, and by the extent to which holding-up 
—- have been devised or are afiplicable. An 

ed virtue by all pneumatic tools lies in the 
fact that in 


= = e hands of an i ab yrs workman 
ey can be made to give quite a g uality of work, 
which in times of scarcity of labour would otherwise be 
lost. Hydraulic power has for a long time been used to 
a certain extent in shipyards in this country for riveting, 
and, until recently, considerably more so than in most 
foreign countries. Hydraulic riveting is nearly always 
of the best possible quality, and for certain important 
items of structure is almost-a necessity, so that in every 
way its extension is much to be desired in ship construc- 


Finishing-Berth Crane Equipment.—The equipment of 
the modern afloat berth presents a problem altogether 
different from that of the slipway. The small weight 
requiring to be placed in positions far apart still predomi- 
nates, but the comparatively few heavy items are of ever- 
increasing weight, so that the modern crane for 
such purpose necds a capacity of something near 200 tons, 
and this leaves very little margin for the future. It is 
significant that two of the most recently erected of such 


The march of progress in this direction has been so very 
rapid that it is surprising to reflect that it is only eight 
years since the last heavy sheerlegs were erected to 





serve a finishing berth in this country, although at the | tion. 

present time such a type is regarded as entirely obsolete,| The age nee difficulty in the way of extension of 

giving, as it does, slow and very limited area of service, | hydraulic riveting is due to the i inate weight and 

i ee moving of the vessel. Owing | size of the portable plant connected with it; for instance, | 
concentration 0! i 


res, the foundations are also 
. Derrick cranes, actuated by 





a 6-ft. scissors machi of closing 1}-in. 
E eop.s ine, capable of t-in 


often difficult to provi -steel rivets, weighs something like 23 tone. 
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On this account special appliances, and often much labour, 
are needed to mani; such tools, the work as a result 
frequently being slow and expensive. The hydraulic 
riveter in use to-day is in many a crude machine, 
and seems capable of considerable improvement in desi 

for use in shipbuilding. It ought not, for instance, to 

a necessity for the ship-designer, as is often the case, to 
it of hydraulic 


have to narrow his tes so as to 
the ine within manipu- 


riveting by bringi riveting- 
lative weightand dimensions. = | 

In connection with power riveting, it is gpeniy 
realised that comparative results of efficiency of riveting 
taken from test specimens are often apt to be misleading. 
Machine riveting throughout a ship, whether done by 


meumatic or hydraulic power, invariably approximates | 
mee closely to the selected test pieces than does hand | 


work, owing to the personal factor of the average ability 
of the workman. ie i 
Other than for riveting, the only direction in which 
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the use of hydraulic power in shipyards has been appre- 
ciably extended in recent years been in connection 
with the manufacture of such items as plate collars, 
knees, brackets, &c., by die-stamping, besides which 
many fittings, previously made of forgi or castings, 
have been replaced by much lass expensive stampi 
notably pillar heads and feet, bollards, wells in flats 
bottoms, &c. 

Although in present-day shipbuilding each form of 
operative power acts more or less efficiently in its own 
SS ee ee be out of to men- 
tion the great economy which would t if all these 
could be transmitted and utilised in one form. Miultipli- 
cation of plant for generating power and its distribution 
over wide areas is an item considerable expense in a 
modern shipyard, and anything in the nature of simplifi- 
cation io much to be desired. Of the prime energy 
systems, electricity seems the most suitable for unifica- 
tion, and whilst such an ideal is, perhaps, too much to 
hope for at present, it is not without interest that one can, 
even now, purchase an electrically - riveting 
hammer or an raulic riveter actua a self-con- 
tained i -driven pump, the latter being neither 
exceptionally bulky nor heavy. 


8 forbids more than the mention of many minor 
suallanennent machine tools which have recently been 
introduced into shipyard plant, such as friction saws, 
oil furnaces, &c., many of which have been in use for 
some time in other industries, but have either only 
lately been adapted to meet the shipbuilder’s require- 
ments, or else the requirements were not sufficiently 

ing to warrant their adoption. The development 
of producer-gas plant also in recent years bas given the 
shipbuilder opportunity of utilising it for his purposes, 
and the urnace, with its attendant advantages of 
uniform heating, is now in common use in many ship- 





yards. 
As exemplifying improvements which are not alto- 
gee of the nature of plant, one may mention those in 
e direction of templating, &c., the constituent items 
of a ship’s structure, and in this connection the exact 
solationship which the ——- of the mould-loft bear 
to the subsequent work of the plating department remain 


Fig. 7. PLAN OF PORTION OF SHIPBUILDING AREA 


PLAN OF JiB 









cases is more assured. Speaking generally, the factors 
which decide the method adopted are the facilities of the 
establishment, the price list, the urgency of the work, its 

esired extent of accuracy, and the individual ability of 
the workman to whom the work is entrusted. 

In the same connection, the subject of standardising as 
much as possible the plate and angle-bar constituents of 
a ship’s structure has been receiving some attention from 
shipbuilders,. and the advantages of doing so, from a 
manufacturing point of view, are very evident. In the 
| structure of floating docks the practice has for some time 
be ys: adopted, whilst it is also used to a 

certain extent in merchant and passenger ship work. 
In large warships, on the other hand, it is as yet almost 
| non-existent. 

Launching practice as applied to large and heavy 
vessels has undergone some modification in recent years. 
| The time-honoured device which has been perpetuated 

since the days of the wooden shipbuilding industry, 





| 





Fig.2. OUTLINE VIEW OF 5TON TOWER CRANE 
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more or less indefinite. It can readily be understood 
that in passing from the mould-loft, where all operations 
are dependent u exactitude, to the different parts of 
the structure of a v a by workmen = 
sessing varying ability, much opportunity occurs for 
wustel efuxd end poor execution. The template and 
batten system, emanating from the mould-loft with a 
maximum amount of standardisation incorporated, 
been extensively used of late to eliminate such defects 
as much as possible. The system, however, to be 
successfully worked necessitates a considerable amount 


even of . a. which, a — — r- 
in e work, is 
net Gossvied until a eonsid amount of struc- 
ture is involved, and is more or less costly to rectify. 
Different establishments work this system to a i 
extent, but looked upon scienti ly it is an excel- 
lent method, and its extension is much to be desired. 


with keen — and frequent checking, 
early 





of co-operation on the part of the individual workman, | forward 




















whereby the ship was released by the mechanical removal 
of two or more dogshores, has now given way to the more 
positive method of simultaneously releasing a number of 
triggers by electric or hydraulic power. The former 
system, however, still obtains in our Royal Dock 

and in a few private establishments, although the much 
greater security and safety of the tri 


has | more than sufficient to warrant thei oegten. Another 


smal] detail regarding launching practice, which is worthy 
of mention, is the increasing custom in recent of 
i ting a horizontal layer of soft wood w the 
poppets in heavy vessels, with the object of 
distributing over as en, an area as possible the pressure 
created when the stern lifts. Shipbuilding opinion is not 
unanimous as regards this practice, but it is prevalent, 
and has a tendency to become more so. 


RecarDiInc Future DEVELOPMENTS. 
One treads on very uncertain ground when approaching 
the future of a great ind like shipbuilding, and one 
hes to bear in mind thas the builder w is in advance of 
his times is i ly as much as the one who is 





penalised near 
behind them. At the came time the desirability of intelli- 
isati anticipation by the shipbuilder of 


| gent realisation and 
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the future needs of the industry requires no emphasis. ,—will be the prototype as regards structural details of 


The very fact of the existence of so many imperfections | the ship of a century hence, and it is 
in shipbuilding practice is a sufficient guarantee that in| the weakness of the shi 
process of time some, if not all of them, will be remedied, | smaller structural detai 


to the benefit of the shipyard and the ships. 
Several instances have alread 
ments 


upon t practice, and 


if not separately, in com tion. 


too chimeri: 


dent upon those of the near future. As regards the latter, | 
certain presumptions are fairly positive—for instance, 
that the size of certain types of ships will continue to) si 


| owl 


ually certain that 
of to-day lies mostly in its 
Much of this is due to 


: . | the want of improved processes—the resemblance which 
y been mentioned in pre- the great mass of structural details of our latest ships 
vious parts of this paper where room exists for improve-| bear to those of Brunel’s Great Eastern, 


besides bear- 


presen » Of course, certain ing testimony to the jus of its designer, goes to 
desiderata are, and always will be, present in the econo- | prove this contention—ead it can therefore be expect 

mics of the shipbuilding industry ; for example, inexpen- that many efforts in the future will go towards the im- 
siveness and efficiency of materials, labour and methods, provements of structural details 


ted 
and of the methods by 


| which such details are manufactured. 
The developments of the distant future are, naturally, | 


It is remarkable, for instance, to what an extent the 


safely to debate, and obviously are depen- rivet remains a fundamental unit in ship construction. 


It is certainly a very positive method of connection ; but, 
to its employment, there exists a multitude of 
added weights due to laps, butt-straps, angle-bars, 


expand, and that economic competition will increase in | doublings, corner-pieces, &c., and at the same time there 


TABLE I.—Resvtts or Tests CARRIED Our 

















ON Sampies oF Mitp Sree. WELDED ELECTRICALLY BY THE 
QuazaRc” Process. 


Tensile Strength of Steel, 26 to 30 Tons per Sq. In. 
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34 | 238 | =| 32 .| | 
©) Description of Join Tons on &| Nature of | 
A ra er adn PLE “¢) sein 20 | wed Remarks. | Sketch of Welded Joint. 
Al Butt weld |} 2x6] 1 25 6.5 Tensile Clean fracture through weld 
A2 Do. 2x.6| 1) 2 | 3 2 Do. do. 
A3 Do. 2x.6 | 1 - i_- Bending Bent through 115 deg. over 
| a radius of § in. — broke) 
| | through weld. 
A4 Do. | @x.6 | 1 -- = “s Bent ugh 180 deg. over) 
= a radius of 13 in.—without 
— | | | fracture. 
Bl ("hin and wel od }\2x.5 | 1 17.2 | 5 | Tensile (Clean fracture at weld. 
B2 on each side on 2x.5 1 | 21.8 | 7 } am | Do. do. 
B3 Do. Do | 2x.6 | 1 -- — | Bending |Bent through 57 deg. over 
| } in. radius without fracture 
B4 Do. Do. 2x.5 1] - - »» |Bent through 180 deg. over 
| 2} in. radius without frac-| 
| ture. 
| | | (Fractured outside the 
©C1)| (Flat bar welded))2x.5 | 1 25.5 | 22.5 Tensile |} locality where flat bar was 
on, and then ma-| | | welded on. 
C2|} chined off before (2x.6| 1, 2.5 | 23 | ,, Do. Do. pene an 
os testing sample () 2x.5 1 —_ — Bending |Bent double between welds 
sone gin. radius without ar 
| | fracture. | —* 
4 Do Do | 2x5] 1 _ _ . ‘Bent double at weld over| | ™* Sample Tested { 
| § in. radius, very slight frac-| 
| ture —= part where! 
| | flat bar had been welded. 
D1) Longitudinal butt | 2x.4 | .8 28.2 | 18 | Tensile Clean fracture across weld. | Jemma 8° mem — 
D a | 2x.42 |.S4 | 29.2 21 = ee hole | ~ = bse | 
2 0. x. . . 9 ure along whole length o' Ys 
| | | weld. ° . Yi Welel | 
D3) Do. do. 2x.4 | 8 — _ Bending Bent double over 1} in. Br. , 
radius—slight fracture at 3 
| (Points of angle closed 1 af 
i a abi - a nts of angle c! n— 
aed pg FF ne ) = = a : » 
| ints of angle opened out 
H2| — oma |—| - _ 99 f —fracture at weld com- 
e' \ mencing. 
H3 Do. do. — |-—|. — | — | Nottested | 
| Breaking } 
| | | stress } 
Fl { "weed to | aes 4.5x.5\—]) 43 : Tensile Clean fracture along weld. 
F3 bar atheelandtoe | #5 x .6\—4 | 89 3 Do. Do. do. 
F 5 |Flangedplateriveted| 53 x.5|— 18.5 Do. Three j-in. countersunk rivets 
to angle-bar | ~~ — pulled through 
oles 
K |Plates lapped and) — _ — — | Bending Bent through 35 deg. at joint 


single-riveted —one 
seam welded 


—no fracture at weld 


Weld, 
oA a) 





severity, and at the same time become more world-wide. 
It is impossible to contemplate the future development 
of an industry such as this without appreciating how 
largely labour influences at home and abroad will certainly 
exert their ure. Itis unfortunate that trade unionism 
in shipbuilding practice, as in certain other industries in 
this country, developed along such lines as to render 
the task of bringing the interests of the workman into 
line with those of the employer an almost impossible one. 
Notwithstanding much consideration having been given 
to this subject, and the trial and failure of the SS 
the 


partnership, the situation remains, to sa least, 
ub when any 


of co- 

witho ble improvement. Whether an 

fixed basis for permanent settlement will be arrived at 

are highly speculative questions. But, on the other hand, 
are fairly certain : first, that certain sections 


two thi 
of the shipbuilding industry in this country have grown up 
on such very different lines from most other engineering 
industries that the high degree of economical efficiency 
attained by the individual ucer in the latter is not 
likely, for some time, at least, to be achieved in the 
former, not necessarily because of any marked differ- 
ence in {the efficiency of the average workman, but 
because of the fact that shipbuilding operations are not 
generally adaptable to highly standardised repetitive 
methods; and secondly, that in common with skilled 
workers, the shippard workman will, as time advances, 
and his education increases, become eeentedy averse 
to heavy sustained manual labour. For the immediate 
future, therefore, the industry will have to place most 
dependence upon the inventor of more efficient methods 
-_ coptianses its eee a Panay pecans 

evelopment along su: ines = to remove 
the cusbquunanenent caused both to ‘jal unions and em- 
Ployers by the presence, at busy times like 
of the inferior workman. se*, it is scarcely reason- 
able to assume that the s' ship of to-day—reached 
after development extending through less than a century 








is created a non-uniformity of strength and elasticity 
throughout the entire structure. Then again, very casual 
study of at my water-tight bulkhead or flat in present- 
day Jaipbuil jing serves to make one realise the mee = | 
crudity of its design and construction, in association wil 
the vital functions which it has to perform. The material 
is badly disposed for resisting the stresses to which it may 
be subjected, there is an absence of uniformity of s * 
and w stressed it leaks and becomes more or less 
inefficient when only a very small proportion of the ulti- 
mate strength of its material is yn _ These state- 
ments are made for the - of indicating the great 
need which exists in shipbuilding practice for the adop- 
tion of a reliable fusion process for connecting structural 
material, if only to reinforce the efficiency of the riveted 
joint. Itis a far step from this to the abolition of the 
rivet itself in panto y construction work, but it is not so 
—— its abolition in such places as joints of bulkheads 
or flats. 

It is not difficult to see that non-uniformity of s h 
is also principally due to the riveted formation. If 
joints could be welded, the natural sequence would be for 
the ductility of the material to be more utilised, by adopt- 
ing flanging or perhaps corrugation of varying intensity, 
to give the necessary uniformity of th desired to 
withstand water pressure, or sustain | the specific 
area treated by such means depending, of course, upon 
its position in the ship and u its relative functions. 
Incidentally, it is also remarkable to what small degree 
the ductility of steel is taken advan of in ship con- 
oe Sheet-iron — ee — have — 
such great progrees in the industrial world during recen 
years that they afford many t suggestions for ship 
construction on a bigger scale. It is not impossible that 
certain joints of the thinner flate, &c., in the future, may 
be made bya combination of the beaded joint with sur- 
face welding, and perhaps even the shell or deck joints 
may be le by giving the edges such configuration that 





the: uire the necessary strength when finally welded 
pon Freme.4 if such could not be obtained by the simple 
—_ weld —- a : plicabil 

© process of welding, so far as its applicability to 
the engineering industry is concerned, has e rapid 
progress during recent years, but has never been seriously 
attempted on a large scale for ship construction. Oxy- 
acetylene welding has for some time been extensively 

for making joints in such details as pipes, tanks, 
trunks, &c., and with considerable success, but when 
applied tothe ordinary materials of hull construction 

@ process has up to the present given very poor results, 
being attended with considerable loss of strength at the 
butt and extensive buckling of the material. 

Until recently, aleo electric are welding when used on 
detail work has given indifferent results, Cae 
owing to the oxygen of the atmosphere combining wi 
the carbon in the steel, resulting in the disintegration of 
the latter and its consequent evils. A patented process 
lately evolved and passing under the name of the 
‘**Quazare” process is engaging the attention of some 
shipbuilders at the present time, and promises better 
results. It may be deseribed asan electric fusion process, 
in which the weld is obtained by the addition of molten 
metal. It has the subject of recent experiments 
at the shipyard of Messrs. Vickers, and the tabulated 
results of some interesting +. <p on test-pieces 
treated with it are set out in Table I. Unfortunately, 
this is an example of a process in which the result of 
work done on test-pieces a limited value for gauging 
its Pa goennye A on a large scale to ship construction. 
At the same time, the experiments, so far as they have 
gone, and allowing for want of experience on the part of 
the operators, showed the ease of o tion, the com: - 
Soo Sagas of the process, and the efficiency of the 
results. 

As might have been expected, the elasticity in the 
region of the weld is somewhat reduced, and, although 
not tested, it is only reasonable to assume that the resist- 
ance offered to fatigue stresses by a structure so treated 
would also be reduced, but probably not to a prejudicial 
extent. As in all electric arc-welding processes, both 
these defects could be improved, if nob removed altogether 
by reheating and working the junction. This latter 
finishing operation would not necessarily be impossible to 
perform in ship construction, but the margin of safety 
without it would doubtless, in most cases, be sufficiently 
large to enable the deficiencies to be tolerated. On the 
other hand, the resistance to influences creating corrosion 
should be considerably increased by treatment similar to 
The sabes ; th licabil f such 

subject of the applicability of such a process to 
ship construction is extremely interesting, and, ey 
much experience will have to be gained and many difli- 
culties overcome before its adoption on any large scale 
could be entertained, it is ey bee me may to assume, in 
the light of past and present wledge, that sooner or 
later a process of this nature will exert a considerable 
influence over future shipbuilding practice. 

In this relation it is not even certain that steel, at least 
as we know it, will be the material to be used in ships of 
the more or less distant future, although because of the 
abundance of iron in nature and its consequent cheapnese, 
it is very likely that iron will be its basic element. The 
science of metallu has made such rapid strides in 
— years he it = — to assume ~ sooner 
or later a metal may be evolved possessing e good 
characteristics of present-day steel in an accentuated form, 
and in addition be less liable to corrosion. The problem 


in this direction may perhaps be stated to be chiefly one 
of cost. Raa. oe aS of a 
slightly different nature, might be mentioned duralumin, 
an alloy of aluminium, which can be made to most 


of the good characteristics of steel (except weldability) in 
an degree, while being only about one-third 
as heavy as that material. Unfortunately, duralumin, 
although meeting a definite need in i ing and in 
certain other industries, is at present prohibitive for 
ship yoy! s 2, e = me of its 
cost, being for shipbuilding purposes about twelve times 
dearer than steel. Sufficient, however, has been said to 
indicate the scope which exists nes eee 
for the scientist, the inventor, and perhaps ilan- 
thropist, and whilst waiting for the success their 
efforts, the shipbuilder can but proceed in the direction 
of eliminating wasted effort, perfecting such details as 
he can, and taking full advantage of standardisation and 
repetitive work to reap whatever economy may result. 

n conclusion, the author desires to express thanks 
to the directors of Messrs. Vic Limited, for . 
mission to quote various details; to . Sir Wi 
Arrol and Co., Limited, for information supplied by 
them, und to several professional friends for helpful 
criticism and assistance rendered in the compilation of 
this paper. 





Ba.pwin Locomotives. — During the last eighteen 
months the Baldwin Locomotive Works Company has 
been o to reduce the number of its employees from 
19,500 to 8200. The hours of the day men have also been 
cut down from 55 to 40 per week, while those of night 
shifts have been reduced from 65 to 39. 


Sd to prospecting. for olf deposite in South Anateslin 
to or oil te in ut. la, 
a to radioactive ores. Licenses to search for oil have 
guaied, oat bores are as = oe a= 
southern Kangaroo Island, the south-west 
Reaelvens in the south-east. The Government has 
offered a bonus of 5000/. for the first 100,000 gallons of 
crude petroleum containing not less than 90 per cent. of 
products obtainable by distillation. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


Be. give below a few data on several colonial and 
eogamins wn projects taken from the Board of 
Pe 2 Journal. Bow information concerning these 
— can be obtained from the Commercial In 
ranch, Board of Trade, ey a ee ae 
Tasmania: The Im Correspondent at 
Hobart has —— an ay from the local Press 
the Launceston Municipal Council has 
adopted ans eG to extend by duplicate the 


penn at “ eee of 60, 
Opoicl notifies that 

= are Movi no Muntoipeliey of Alexandria 
—~ the ace invited by & a \ drainage system for that town. 
The work comprises (1) the construction of a general 
system of sewers, (2) the erection of a pumping-station 
at Kaid Bey, and (3) the construction of a main outfall 
into the sea. Tenders may be made for the whole or for 
part of the work. tenders will be received, up to 
noon on December 8, we. M. le Président de la Commis- 
sion Municipale d’ Alexandrie, Alexandria. A ro ee of 
£E10,000 ( t 10,2602.), or the guarantes of an approved 
bank, must be sent separately to the Service de la p- 
tabilité-Générale, Alexandria. 

Austria-Hungary : Licferungs Anzeiger, Vienna, 
states that, of the sixty-one water-works projects for 
Innsbruck, necessitating a total expenditure of 6,380,000 
kronen (about 266,000/.), thirty-eight of the most t 
have been passed by the Water- ae Committee of the 
Imperial Diet, and will be presented by this Committee 
to the Diet for official sanction. The carryin —= of 
these projects will necessitate an py of 
kronen (about 139,000/. ), — several years will ~- ne 
pied in completing the works. 

Italy: The Gazzetta Ufficiale, Rome, contains a notice 
inviting tendere on behaif of the Commune di Marano 
Marchesato for the construction of a conduit for the 
py by of drinking water. Tenders will be received, up 

uly 20, at the Casa re of Marano Marchesato. 
The upset price for the cost o' construction 
is put at 82,788 lire (about 33100) The Gazzetta also 
notifies that tenders will be received up to July 28, at the 
Ministero dei Lavori Pubblici, for the construction of an 
addition to the mole, as well as the construction of a 
wharf and a slipway for ships in the port of Riposto. 
The total upset price of the work is put at 1,118,300 lire 
(about 44,7302.). The Gazzetta further publishes a notice 
to the effect that tenders are invited by the Ufficio delle 
fortificazioni di Venezia Campo 8S, Angelo No. 3549 for 
the construction of a wet dock for the ione d’ Artig- 
lieria, in the island of S. Giorgio Sate Venice. 
Tenders will be received ” the above-mentioned address 
up to July 16. The u price of the work is put at 
246,000 lire (about - Kithough the foregoing con- 
tracts will doubtless be awarded to Italian firms, never- 
theless the carryin pow of the cube may involve the 
purchase of materials and accessories outside Italy. 





American Coat ror Itaty.—In the course of May 

three steamers brought 18,000 toma of American coal to 

horn from Norfolk, Virginia. The coal was intended 

used upon the Italian State Railways, and it is the 

fret brought to Leghorn from the United States for that 
purpose. 


German Raitways.—The German Government has 
been authorised to devote 25,310,550. to the development 
and improvement of the German railwa system. The 
Prussian Government has ceded the Wilhelmshaven and 
Aldensburg line to the Grand Duchy of Aldensburg for 
1,150,0002. 


Triptex Sarety Guiass.—On Saturday, June 27, some 
remarkable results were obtained, at Lord S oe 
private range at Chevening Park, in testing the resisti 

perties of bi-triplex glass as manufactured by the Triples 
Rafety Glass Company, Albermarle-street,W. An Army 
service rifle and ammunition (mark VII.) were used at‘a 
range of 300 yards only, with the following results :— 
a ay “penetra Tho balls stkin tages of gloss 
centre, but only rst thin layer 
yin. thick; the intermediate and back sheets ao ae 
. ‘however, remained perfectly smooth. 2. Bi- 
ssipten, 1 in. thick. The bullet in this case struck the 
bottom left-hand corner, penetrating one layer of glass 
and one of xylonite, but without going any further. The 
lass was slightly bulged. 3. Bi-triplex, 
1} im. thick. is piece was somewhat badly damaged, 
but the bullet, as in the previous cases, did not go 
through. 4. This last was a piece of ordinary }-in. thick 
triplex safety glass (18 in. by 18 in.), such as is used in 


motor- work wind-screens ; the range in this 
case was 50 yards, with the same ammunition. Six 
bullets were fired th: this piece of glass, making the 


rough 
same number of clean Dieokest t Gocmel a thesananay- 

piece, but —er did not seem to make any di 
to the st of the glass asa whole. The wonderful 
provertice bi-triplex glass will surely make it invaluable 
or such purposes as look-outs in the ange 2 -towers of 
submarines, port-holes, deck-house lights, and _bridge- 
om yh and no doubt for many 
and merchant services. 
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The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy ateel rails are to Middlesbrough quotations “i 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
MAY. 
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resents a market day, and each horizontal line 
and Cleveland iron, and 1l. in all other cases. 


n- plates a are per hox of I. 0. cokes. 


Tae Cootiper Lamp.—It is announced at the Massa- 
chusetts Institute of Technol that the Rumford — 
of the American Jae S Arts and Sciences has 
been awarded to William David Coolidge, assistant- 
director of the Research non od of othe General 
mpany at Schenectad The award was 

made for _ invention of ductile re AR and its appli- 
cation in the production of radiation. The world will 
recognise in Dr. Coolidge the producer of the tungsten 
lamp, snd near the end of Inet year the new X-ray lamp, 
which has greater penetrative power than the older, 
familiar form, a. The tungsten ht with 
80 = less begeen ion of po ‘inown 
authority on su ng three years ago, sai 
lighting of the day was costing 240,000,000 dla. « year 

ting of y was costing a year 
lees than if it were done with the old four-watt carbon 
filament lamps of only ten years before. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
(Concluded from page 43.) 

On members reassembling in the hall of the 
Société des Ingenieurs Civils, last Wednesday morn- 
ing, the chair was again occupied by Mr. Michael 
Longridge, Vice-President, and the first paper to be 
taken was one by Mr. Jules Niclausse, of Paris. 


Tae Nictavusst Hien-Duty Marine Borer. 


This paper was entitled ‘‘ The New Niclausse 
High-Duty Marine-Type Boiler.” In the unavoid- 
able absence of the author, Mr. A. Niclausse said 
a few words of introduction, after which the paper 
was abstracted by Mr. W. Y. Lewis. The paper 
is reproduced on another page of the present issue 
of ENGINEERING, and it is therefore unnecessary to 
summarise it here. 

After a vote of thanks had been proposed by the 
Chairman, Mr. Michael Longridge, and passed, 
Mr. W. Hanning said ke would like to make 
a few remarks on Messrs. Niclausse. Their boiler 
was widely used in France, and in the French 
Navy. It was greatly favoured, and the firm had 
therefore a wide experience, such as should recom- 
mend it for adoption in England. Mr. Niclausse 
had long been associated with British engineers, 
and was a great admirer of British practice, and 
he thought every support should be given to his 
efforts in the direction of progress. 

Professor D. A. Low had a suggestion to make 
with regard to the figures at the close of the papar. 
He thought the performance should be given per 
square foot of grate area and per square foot of 
heating surface, so that reterence to other tests 
mer facilitated. 

The next speaker was Mr. W. H. PatchelJ, who 
said he had always been interested in the Niclausse 
boiler, and he was sorry that it had not secured a 
better showing in England many yearsago. They 
were now being driven to water-tube boilers on 
account of questions of ground space. Niclausse 
was the first to use short tubes. The advantage of 
the first third of a tube compared with the last 
two-thirds had been amply demonstrated. He 
thought some additions might be made to the paper. 
The claim for such high efficiency, he thought, was 
probably correct, but there was nothing whatever 
in the paper by which to check it. An efficiency 
of 91.5 per cent. was pretty high, and he would 
like to know what happened to the other 8.5 per 
cent. How much of it went up the chimney, how 
much was lost in the ashes and in radiation? He 
thought there was hardly enough to divide satis- 
factorily between these losses. The boiler was one 
without a superheater. In that case it was possible 
that priming occurred, which would apparently 
improve the performance. The superheater was 
now almost regarded as an integral part of the 
water-tube boiler. He had tried to compare other 
figures with the 91.5 per cent. given in the 
paper, but he had nothing at all of the same 
order. The best figure he could lay his hand 
on was 74 per cent. for a test of a boiler and 
economiser combined. With a boiler, economiser, 
and superheater plant he had a figure of 86.7 per 
cent. for a semi-tubular boiler, and 86.43 and 
879 per cent. for two Babcock boilers. Those 
were lower than the Niclausse boiler, although 
they included a superheater. An important feature 
of the Niclausse boiler was, he thought, the feed 
arrangement. Mr. Niclausse put the bottom rows 
of tu in series with the upper rows. It was 
possible to obtain a better efficiency if a boiler 
were fed with hot water than with cold. If fed 
with cold, the natural circulation was often upset, 
but with hot that was not upset, and all the boiler 
was called upon to do was to evaporate. The 
Niclausse system gave a true counter-current 
circulation. The Bonecourt boiler claimed an 
efficiency of 95 per cent., but that boiler worked 
on gas, and if the 95 were multiplied by the 
efficiency of the gas-producer, the net figure was 
not nearly so high. It was well known that diffe- 
rent effisiencies resulted from different conditions 
of working, and the paper would be improved if 
figures were given, so that the efficiencies stated 
could be checked. 

Professor Ed. Sauvage, who was called upon by 
the Chairman, said he had no remarks to offer, 
except that the paper showed what could be done 
by careful and scientific treatment of the design 
and details, and the use in manufacture of the 
greatest accuracy obtainable with the very best 





machinery. It was difficult to get an absolutely 

recise figure for efficiency ; but the rate of com- 
Ceatien was low, and the figure, he thought, about 
as high as it was possible to obtain. 

Mr. Charles Hawksley said he thought the cost 
of the boiler ought to be stated, and also its dura- 
tion or life, both of which were necessary to an 
estimate of its ultimate efficiency. 

The Chairman, Mr. M. Longridge, said that the 
principal guide in adopting any type of boiler was 
the service for which it was intended. A type 
suited to the work to be performed should 
chosen. The great points about water-tube boilers 
were economy of space and rapid evaporation. 
High-spsed machines always required more atten- 
tion than low. The high-speed boiler placed in 
the hands of a man used only to low-speed plant 
would inevitably give trouble, with the result that 
it would be condemned, as happened in England 
many years ago. He thought th> improvements 
in recent designs of the Niclausse boiler to be the 
greater inclination and the shortening of the 
tubes. What was wantad for properly gauging 
performance was not coal per square foot of 
grate, but coal per square foot of heating sur- 
face, and a figure for heat transmission. He 
roughly figured it out that the test at the 
lowest rate of combustion mentioned in the paper 

ave $b. of coal per square foot of heating sur- 
ace, while in the high-rate test it was 11 lb. The 
efficiency in the first case was remarkable, espe- 
cially in view of the fact that radiation losses were 
often very large, and might in such cases amount 
to 15 per cent. ; at any rate, 15 per cent. usually 
disappeared unaccounted for. He would like to 
know if any special arrangements were made with 
ae to the grate. How far was this below the 
tubes? Often grates were placed too close, and 
bad combustion resulted. As to cost, doubtless 
Mr. Niclausse would say somethimg ; but the dura- 
bility ofa boiler depended upon the character of the 
work and the class of attention, and could not be 
definitely stated. 

Mr. W. Y. Lewis said that, as far as possible, 
all the information asked for would be given, as 
Messrs. Niclausse were quite prepared to disclose 
full details of the tests, &:. ith regard to the 
evaporation per square foot of heating surface, he 
could not at the moment give that for the boiler 
alone, but could do so for the boiler and econo- 
miser. Working in one test from feed at 77 deg. 
Fahr., and producing steam at 256 lb. per ~~ in. 
pressure, it worked out at 5.251b. In the high- 
duty test, burning 46 1b. of coal per hour ¥ sq. ft. 
of grate area, the evaporation was 10.8 lb. per 
sq. ft. of heating surface, with feed at 77 deg. 
Fahr., and producing steam at 256 lb. pressure. 
These high rates were due to having the inner 
tube for feeding in one and the same direction. 
Mr. Niclausse had been able to make more use of 
the heating surface than was possible with other 
arrangements. The excellent figures were due to 
the unique features, which alone made it possible. 
He was in a position to give the balance figures 
asked for by Mr. Patchell. When he first saw the 
balance he thought the figures very high, but had 
submitted them to certain English engineers, and 
later some tests had been conducted, which, though 
of short duration, were accurately carried out with 
a flying start, and corroborated the result of the 
French Admiralty. The French Admiralty «fli- 
ciency figures were based on the low calorific value 
of the fuel. In England the difference between 
the high and low values was not sufficiently appre- 
ciated. The high was the gross value, while the 
low was a value corrected for the heat which could 
not be taken up by the boiler owing to interaction 
of the hydrogen and oxygen. In the French 
Admiralty test the heat available per lb. of fuel 
was 14,000 B.Th.U. The heat transferred to the 
water was 12,800 B.Th.U., giving an efficiency 
of 91.5 per cent. The heat lost in products of 
combustion was 645 B.Th.U., or 4.6 per cent.; in 
excess air, 180 B.Th.U., or 1.3 per cent.; in evapo- 
ration and sup°rheating moisture in the fuel, 17.4 
B.Th.U., or 0.1 per cent. The balance, going in 
radiation, &c., was 356 B.Th.U., or 2.54 per cent. 
The boiler was compact, and there was not much 
radiation. Care was taken to insulate it effectively ; 
the figure of 2 54 per cent. was not out of the way, 
and compared favourably with others of larger size 
aud displacement. Another factor contributing to 
the high efficiency figure was the fact that the 
firing was done by hand and by first-class experts. 
The CO, records were excellent. There was a boy 





or man to open or close the door when any shovel- 
ling had to be done. This kept the excess air down. 
Mr. Patchell referred to the probability that some 
of the steam might be in the form of water, but 
the French navy experts were not to be casily 
taken in on such a point. They had tested the 
quality of the steam by the salt method, and at the 
normal rate of working the dryness was almost 
absolute, while at the high rate the dryness fraction 
was only 0.9 per cent., which was good. Correc- 
tions had been made for that amount. The boiler 
was fitted with separators, so that even when 
working at 105 per cent. above the normal rate the 
wetness was practically, say, 1 per cent. The feed- 
distributing features cf the boiler were good. 
Testing with different feed temperatures usually 
affected results, because the circulation of the water 
was affected. In the boiler deecribed the circula- 
tion was positive and always in the same direction, 
and the results did not differ greatly whether 
feeding with hot or cold water. 


Martine Dieset ENGInes. 


The next paper to be taken was one by Mr. M. 
Drosne, al was entitled ‘‘ Development of In- 
ternal-Combustion Engines for Marine Purposes.” 
This paper, which we give on page 99 of the pre- 
sent issue, was summarised by the author, after 
which Dr. H. S. Hele-Shaw reminded the meeting 
that two years ago the Institution had had a paper 
on the Diesel engine by Dr. Diesel himself. All 
engineers re tted the sad end of that distinguished 
man. He did not remember Messrs. Schneider's 
work being referred to in Dr. Diesel’s paper. It 
had been important, however, for they had pro- 
duced about thirty engines; while two years ago 
Messrs. Burmeister and Wain had only three, but 
now had about ten, averaging 1000 to 2000 horse- 
power. Engines of this type were now doing 
successfully at sea the work hitherto done by the 
steam-engine. He was present at a recent trial, at 
which he was much struck by the ease of 
manceuvring. Only on one occasion did he see 
anything like a misfire shown by a puff of smoke 
out of the funnel. Great difficulties had been 
encountered with the Diesel engine, and they had 
been overcome in a remarkable manner. By means 
of a lantern-slide, which was a cross-section of the 
Selandia, Dr. Hele-Shaw showed how designers had 
practically arrived at once at a permanent type of 
disposition or general arrangement for these engines 
on based ship. The great question of interest was 
the rivalry between the two and four-cycle systems. 
The Selandia and Messre. Burmeister and Wain’s 
engines were all four cycle. The point of great 
importance with two-cycle engines was increase of 
size. On the two-cycle system smaller cylinders 
were required for the same power. Of Messrs. 
Schneider’s engines some twenty were two-cycle 
engines, and they were running up to large _—. 
The motor ergineer was just now interested in the 
application of the two-cycle engine to the motor- 
bicycle, because it would tend to give equal power 
for less weight. He had great admiration for 
Messrs. Schneider, who had put down at great 
expense the two engines spoken of in the paper, 
with a view to mastering the requirements of the 
system, so as to be able ue cer egg ee spring 
right into successful manufacturing. e thought 
some standardisation was needed with regard to 
terms. The internal-combustion engine, the term 
adopted in the paper, covered gas, oil, and petrol- 
engines. Dr. Diesel’s paper was on the Diesel 
engines ; this one was on the same subject, but the 
titles did not give that idea. 

Mr. A. W. Green said that Dr. Hele-Shaw had 
forestalled him in remarks he had intended makin 
with regard to the two and four-cycle engines. Al 
the later Schneider engines were on the two cycle 
system, except one large one for land work, which 
was four om. It would eeem that at first sight 
the two-cycle engine ought to be not only more 
compact, but also more economical. In that system 
the cylinder was always doing the work for which 
it was primarily designed, and the pumping was 
done in a separate and smaller pump, but the 

ressure against which the latter worked was 
ren It would be interesting if figures could 
be given for the mechanical efficiency of two and 
four-cycle engines. He noticed that one engine 
(d in the paper) gave about 300 horse-power 

r cylinder. He took it that the cylinder would 
Be about 20 in. in diameter, which was about the 
limiting size. That size would require from 2} in. 
to 24 in. thickness, and up to that it was possible 
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to work without trouble. He noticed that Messrs. 
Schneider used cast-steel cylinder-covers; other 
makers had tried that and abandoned it, reverting 
to cast iron. On the older engines, two-stage 
compression had been tried, but now three stage 
was used. The compressor had to be larger than 
was wanted for the injection air, in order to re- 
eharge the starting apparatus. In Fig. 11 4 neat 
desiga was shown, but the replacement of a piston- 
ring would involve a lot of work. Was there any 
special way of accomplishing that? The scavenging- 





piston was shown without rings. Was that the 
case? The system of agg sony, instead of water- | 
cooling had advantages, since leakage from the 
cooling system became immaterial. Water leak- 
age, of course, ruined the surfaces of the metal. 
He would like to know whether it would not be, 
possible to use the forced-lubricating-oil system — 
also for cooling. Why should it not be taken 
from the bearings up to the piston? It seemed 
to him that if that could be done, it would simplify 
matters. It would involve enlarging the passages, | 
of course. | 

Mr. P. M. Baker said that however good the 
workmanship of the engine might be, this class of | 
engine was up against a difficult proposition as 
regards fuel supply. In India, coal of 9000 to 
10,000 B.Th.U. per 1 lb. cost from 21s. upwards. 
The Diesel engine did not pry there for itself 
unless oil could be purchasei for 40s. He would 
be glad to know if any difficulty threatened in this 
respect, whether the cost of ranning made the game 
worth the candle, and at what sort of prices the 
Diesel engine would compete with the steam-driven 
ship. 

Me. H. C. Spsrks said that with forced-lubri- 
cated steam-engines there used to be great trouble 
with the bearings getting dry, and some kind of 
se arrangement had to be adopted for starting. 

ith Dies>l engines the pressures were greater, and 
he would like to know whether any dullee arrange- 
ment had proved necessary. The oil consumption 
was given for fuel only. The lubricating oil was an 
important matter. Although the circuit was prac- 
tically a closed one, there were certain losses. 
What was the amount of the make-up oil needed / 
He was aware that it was possible to get good 
guarantees, but there was no doubt that a certain 
a nount of oil vapour did escape during work. 

Mr. W. H. Patchell asked if there had been any 
cases of blood poisoning or illness by oil on ships. 
There had bean such cases on land, where the 
cubic space was not nearly so restricted as it was 
at sea. 

After a few words by Mr. Hanning on the 
excellent methods of the Schneider Works, Mr. 
Drosne replied, saying that the cylinder-covers of 
the Schneider internal-combustion engines were 
steel castings, which they had found much more 
reliable than cast iron, but it was necessary to use 
crucible cast steel for making the castings, so as 
not to have fractures, or ures, which were 
frequently more dangerous than actual fractures, 
owing to the risk of water leakage inside the cylinder 
through such fissures. The price of such castings 
was high, as much as 1.75 francs per kilogramme. 
The exhaust-pipe was of drawn steel, surrounded 
by a welded-steel pipe, forming a water-jacket. The 
cylinders, casings and frames were also steel cast- 
ings made with crucible steel. The crank-shaft 
was of nickel-chromium steel ; the connecting-rods 
and the upper portion of the pistons were of nickel 
steel. In reply to Mr. Green, the air-compressor 
was a three-stage machine, so as to obtain for the 
whole engine satisfactory balancing. There were 
three cranks at 120 deg. for driving the air-com- 
pressor and scavenging-pump ; otherwise a two- 
stage machine could very well be resorted to. The 
consumption of air for fuel injection was 24 times 
the fuel consumption. Theair-compressor supplied 
a little more than was required ; a small fraction 
was thus available to meet any leakage that might 
occur. The air-compressor could easily be ii - 
m»unted by lateral doors which were not shown in 
the illustrations ; these doors made it possible to 
inspect the pistons, piston-rings, and valves. 

he oil for cooling followed a different circuit 
from that followed by the lubricating oil, and each 
had its own cooler : but the same oil was used for 
cvoling and for lubrication, and this oil had a very 
high calorific capacity—14 times that of ordinary 
oil. At 140 deg. Cent. it had a viscosity equal to 
that of water. “Te had a very high flash-point, and 
therefore a high degree of safety from the point 





of view of spontaneous ignition. 


The oil consumptions per hour recorded in the 
case of a two-stroke-cycle engine were as follow :— 
For a 1100-horse-power engine, two-stroke cycle, 
oil fuel: full load, 210 grammes ; half load, 230 
ae ; quarter load, 255 grammes, per effective 
orse-power ; lubricating oil, 10 to 12 grammes per 
effective horse-power. 
The consumptions in the case of the four-stroke- 
cycle type were for a 360 - effective - horse - power 


engine :— 

“Oil fuel: full load, 195 grammes per effective 
horse - power; lubricating oil, 8 grammes per 
effective horse-power. 

Messrs. Schneider used indifferently Texas or 
Baku oil. In the case of their cargo-boat France, 
which we described in a former issue (see Evat- 
NEERING, vol. xcvi., page 491), the fuel consump- 
tion was much smaller than that of a steamer which 
could be compared with the France and which 
burnt Welsh coal. 


Batancine oF InteRNaL-ComBusTION ENGINES. 


The next paper was one by Mr. H. F. Fullagar, 
entitled ‘‘ Balancing of Internal - Combustion 
Engines.” In the absence of the author it was 
given in abstract form by Mr. W. Hanning. This 
paper we also print in extenso elsewhere in our 
present issue. It was followed by a very brief 
discussion. 

Sir R. Paget said that people generally, and even 
engineers, had an idea that balancing might be bene- 
ficial, but few understood that it was of the funda- 
mental importance it really was. Perfect balance 
involved the balance of all forces. In the Fullagar 
engine a force acted on two pistons, and the thrust 
was thus divided and balanced. The stresses were 
reduced. There was no fear of the cylinder-cover 
blowing off. The force necessary for compression 
was — by a direct system of tie-rods. The 
force of the explosion was divided into two ; the 
crank-shaft received nothing but direct, equal and 


opposite impulses, and could be made lighter. The|S 


engine weighed half the amount per horse-power of 
that of the ordinary engine. If the principle were 
applied to the Diesel engine, the weight could be 
halved. 


IMPROVEMENTS IN Mortor-Lorrigs. 


As time was rapidly advancing, the discussion on 
Me. Fullagar’s paper was closured, and a paper, 
which we shall publish in a future issue, by 
M. Brillié on ‘‘ Improvements in Motor-Lorries ; 
Self-Loading ; also Driving and Steering Through 
all Four Wheels,” = —_ as sents the discussion 
on it being opened by Mr. L. A. Legros. 

Mr. A. ‘. Tare said the paper dealt with two 
different types of vehicles. He believed that for the 
first one the number of platforms necessary was not 
stated ; he thought that more than one platform 
would be required. The second vehicle was much 
more interesting than the first, but it was not 
entirely new, since one of a similar type was shown 
in 1904 at the Crystal Palace, built by Spyker. 
Mr. Legros then showed on the blackboard how 
trouble could occur by steering by both the back 
and front wheels, the vehicle being unable to leave 
a kerb unless there was ample room to allow of 
steering. It was necassary that there should be a 
differential on both axles and on the connecting- 
shaft. 

Mr. Henry Fowler followed, speaking first on 
the movable platform described by the author. 
He thought that platform would add considerably 
to the weight, a question which they always had 
to keep in view in England. That would tell 

inst its use there. Then the wheels were so 
small that he did not think it would be suitable for 
any but very level floors. He had had some 
experience lately with small electric lorries, of 
which the ease of manipulation was extraordinary. 
In one case a very unskilled man had in less than 
a week a wonderful control of the machine, and 
ran it in and out in shops among large machines 
without the least difficulty. In the large vehicle, 
however, these additional features increased the 
cost, weight, and complication, and then it was a 
question whether there was going to be any real 
advantage. 

Dr. H. S. Hele-Shaw said he had had some 
experience with driving and steering on all four 
wheels, and the difficulty of getting away from the 
kerb mentioned by Mr. Legros was a real one. 
Nevertheless, the manceuvring capabilities of such 
machines were marvellous. They had found that it 
was impossible to drive two axles from a single 





drive. It had been tried, but the efficiency was 
about nil. Direct coup'ing was impossible for road 
work. Owing to the irregularity of the ground, the 
axles pulled against each other. If they were un- 
coupled and driven separately, the efficiency went 
up. He would like to know whether the machine 
described had a continuous drive right through to 
both axles. 

As the time for adjournment had passed, the 
discussion was closed, and the usual votes of thanks 
were accorded to all who had contributed to the 
pleasure or the success of the visit, or would do 
so before its close. These votes included, of course, 
especial thanks to the Société des Ingénieurs Civils, 
Mr. and Mrs. H. Gall, Mr. and Mrs. W. Hanning, 
the various works, clubs, &c., and also to Mr. Eiftel, 
and to Mr. Sartiaux and the Chemin de fer du Nord 
and other railways. 

In our account of the earlier p ings, in our 
issue of last week, we made mention of the various 
events which took place on the Tuesday, Wednes- 
day, and Thursday. It only remains for us to 
mention that the excursions arranged for the Friday 
were eminently successful. Members were divided 
in their interests, but the largest party left Paris 
on Thursday evening for Lille, where on the 
Friday morning parties were made up for different 
works. One party visited the general engineering 
works of the eomgiie de Fives-Lille, where they 
were cordially received by MM. Salmon and 
Richards. The works in question employ about 
4000 hands, and have an area of 62 acres, of which 
22} are under cover. The variety of the work in 
hand created a great deal of interest. It ranged 
from bridge-work and roofing to locomotives, tur- 
bines, guno-turrets, cane-crushing plant, &c. The 
finest shop was in the structural steelwork depart- 
ment, where one building has a length of 1308 ft. 
and a width of 148 ft. For a considerable portion 
of the length of this shop the floor is unobstructed 
by pillars, although it is virtually of two bays. 
trong cross-girders span the shop and carry 
the roofing, carrying also lengthwise down the 
centre of the shop an overhead girder supporting 
rails for overhead cranes. One of the cranes is 
provided with a revolving jib, so as to enable it to 
deliver to, or pick up work from under, the neigh- 
bouring crane. At the conclusion of the visit the 
party returned to the Hétel de la Paix, where 
it was joined at luncheon by MM. Salmon and 
Richards. After lunch several speeches were 
made thanking these gentlemen, the Compagnie 
Francaise Thomson-Houston, Mr. W. Hanning, and 
Mr. Walker, of Lille, for the courtesies extended 
by them to members of the Institution. Mention 
should also be made of the particularly genial 
co-operation of Mr. Sire, of the Northern Rail- 
way, a company who did everything possible in 
the way of providing railway facilities to add to 
the enjoyment of the trip. An additional excur- 
sion was arranged at the invitation of the Northern 
Railway for Saturday, and many members availed 
themselves of thus terminating the visit with an 
enjoyable day’s sightseeing. 





THE NATIONAL PHYSICAL LABORA- 
TORY IN 1913-14. 
(Concluded from page 31.) 

Heat (Messrs. J. A. Harker, D.Sc., F.R.S., 
G. W. C. Kaye, D Sc., W. Hugo, A. Blackie, B.A., 
W. F. H. Higgins, B Sc., and B. Wilson, B.A.). 
International Temperature Scale.—This quastion, 
raised by the President of the Reichsanstalt in 
1911, has been submitted to a sub-committee, con- 
sisting of Lord Rayleigh, Professor Callendar, and 
Dr. Harker, and recommendations are soon to be 
published by the national institutions at Berlin 
and Teddington, and also by those of Paris and 
Washington. 

Emissivity of Matter at High Temperatures.— 
The phenomena of electric and thermal emissivity of 
matter, and of sublimation and cathodic sputtering, 
which are correlated, have further been investi- 

ted by Messrs. Kaye, Higgins, and Dr. Donald 
Sow. We dwelt at some length upon these 
researches last year,* and in connection with Dr. 
Harker’s Royal Institution lectures.t Oae of the 
new furnace arrangements is illustratedin Fig.9. The 
carbon furnace tube has a length of 75 cm., a thick- 
ness of 4 mm., and an internal diameter of 30 mm. ; 
the central portion only is heated up to 2000 deg. 





* See ENGINEERING, July 4, 1913, page 3. 
+ Ibid., March 27, 1914, page 290. 
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or 2500 deg. Cent.; as some of the fumes attacked 
the carbon, the furnace-tube proper was lined with 
a thin carbon tube, which was renewed occasionally. 
The graphite crucible has an internal diameter of 
5.56 mm. Since almost every substance, carbon 
included, seems to give off charged (and also other) 
particles, electrons or ions, at high temperatures, 
a differential test was applied, the ionisations 
being first determined with the crucible empty 
and then with the crucible charged with material. 
The ionisation currents were measured both be- 
tween the crucible and furnace-wall and between 
that wall and a special hollow carbon electrode, 
kept cool by water streaming through a brass tube 
within the carbon. The introduction of the 
powdered material into the hot zone of the fur- 
nace gave rise to a violent ebullition, and the 
smoke or flame issuing from the open furnace- 
mouth frequently showed a colour complementary 





Fie. 9. 


to the colour generally ascribed to the vapours ; 
thus calcium oxide gave a yellow-green cloud (not 
reddish), barium oxide a salmon-pink (not green), 
strontia (characterised by a beautiful crimson 
colour) a beautiful green, aluminium a brilliant 
yellow, its oxide a green, &c. In addition to the 
substances stated, iron oxide, silica (silver sand), 
and the metals tin, copper, iron and brass were 
tried. 

The —— of all these substances caused a 
considerable increase in the ionisation currents. 
Those currents might be electronic, depending on 
temperature only, or they might be due to chemical 
reactions or to change of state, vaporisation or 
liquefaction ; most likely all three causes come 
into play, and chemical combination plays a chief 
part. Carbides may be formed, and nitrogen 
—nitrogen was generally passed through the fur- 
nace—may react at high temperatures ; solid mag- 
nesia seemed to melt into carbon at 1900 deg., 
as molten iron eats its way through a graphite 
crucible ; oxygen, sometimes admitted, increased the 
electrode current. All the substances, except tin, 
emitted negative particles ; the ionisation cur- 
rents were strong, up to 4 amperes per sq. cm. 
It will be understood that the external electric 
current only served for heating the tube, no other 
external potential being applied. Yet that electric 
heating may have some influence; for Freden- 
hagen observed in similar experiments* that his 
ionisation currents produced by direct electric 
heating of the electrode went down to 1 per cent. 
of their value when the heating was indirect in a 
vacuum furnace. The ionisation currents increase 
as the temperature rises ; and if that should con- 
tinue at the same rate, the ionisation currents 
would account for Hale’s powerful magnetic fields 
in the neighbourhood of sun-spots. 

The experiments on the sublimation of hot 
metals were partly made with apparatus resembling 
that illustrated in July last, and partly by placing 
between the iron strip, directly heated by the cur- 
rent, and a screen, a shield of platinum provided 
with a central hole and further away with a platinum 
stop, so that the vaporised particles had to pass 
through two holes before being deposited on the 
screen. Like Reboul and de Bollemont, whose 
researches we have noticed, Dr. Kaye assumes that 
two kinds of particles are shot off: ordinary par- 
ticles, probably neutral, shot off at all angles ; and 
electrified particles, shot off at right angles only, 
and thus giving sharp shadow pictures, but only at 
a short range of about 1 em. (for iron) in vacuo. 
The difference between the two kinds of particles 
may chiefly be one of size, however. At high 
temperatures the charges are always negative, 
as we mentioned before. When an aluminium 
cathode is volatilised in a helium tube, the disin- 
tegration of the aluminium proceeds only from 
the edges, whilst the directly heated strips of iron 
and platinum become pitted as if etched. In these 





* See Physikalische Zeitschrift, 1912, page 539. 





latter experiments a vacuum is maintained, whilst 
those previously mentioned took place at ordinary 


pressure. 

Thermal Conductivity of Heat- Insulators. Thermo- 
meter Glasses.—The apparatus described last year 
for determining the thermal conductivity of slabs 
of heat-insulators, 34 in. square (actual measure- 
ments being made on the central area’ of 10 in. 
square) has been successfully used by Dr. Kaye 
and Mr. Higgins for testing granulated cork, slag 
wood, and charcoal, but the results are, so far, 
confidential. The research on the secular behaviour 
of thermometer glasses, Jena 16"', Jena 59", 
verre dur, Kew glass, concerns thermometers 
especially made eleven years ago, which for nine 
years had never been raised above room tempera- 
ture. The temporary depressions of the zero were 
determined (Kaye and Wilson) corresponding to 
30 deg., 50 deg., 75 deg , and 100 deg. Cent., and 
afterwards at every 50 deg. Cent. up to the tem- 
perature of annealing The ratesof change, studied 
previously by Mr Hugo, are very small. The 
analysis (by Mr. Withey) proved, however, that 
the verre dur (supposed to be free from lead) con- 
tained up to 6 per cent. of lead. 

Petroleum —Mr. Higgins has extended his com- 
parison of the Engler and the Redwood viscosi- 
meters to the Admiralty No. 2 type of the Redwood 
apparatus for oil fuel, so designed that the time of 
flow should be only a tenth of that required by 
the older pattern. The viscosities and densities of 
oils have also heen determined for the temperature 
range 32 deg. to 120 deg. Fahr.; further the flash- 
points of mixtures, and the lowest temperature at 
which an oil will flash when tested in large vessels 
holding 5 gallons of oil. 

Measuring Air Temperatures.—At the request of 
the Geodetic Survey of India the Laboratory 
designed an apparatus (made by Mr. R. Paul) for 
measuring air temperatures within 0.1 deg., at 
heights up to 150 ft. above the ground, at intervals 
of 15 ft., a question of importance with respect 
to the corrections to be made for refraction in 
geodetic work. As mirror galvanometers were 
out of question, Mr. Blackie made the following 
arrangement :—A manganin wire runs up the mast 
of 160 ft., and down again. On the latter side ten 
platinum resistance thermometers are inserted in 
series, and potentiometer leads are taken down 
from the two ends of each thermometer. Down 
below is a battery and a swamping resistance, which 
balances the other resistances at a certain tempera- 
ture. The thermometer-frames are suspended ver- 
tically, and each is shielded above and below by 
screens of balloon fabric (aluminium coated) against 
solar radiation from above and terrestrial radiation 
from below ; four of these screens are horizontal, 
and a fifth, above, is roof-shaped. 

Mr. Blackie has also investigated, for the Advisory 
Committee on Aeronautics, the permeability of 
balloon fabrics to radiant heat with the aid of an 
apparatus which allows of the determination of 
secondary radiation, convection, and of the total 
emissivities of the fabrics in still air, at tempera- 
tures from 3 deg. to 30 deg. Cent. above the 
surrounding atmosphere. 

Neu: Furnaces.—The new equipment comprises 
a regenerative muffle furnace oon a similar salt- 
bath furnace, in which temperatures of 1300 deg. 
and of 1000 deg. Cent. can be reached without 
blast. The former furnace is intended for black- 
body tests on pyrometers ; the latter for the com- 
parison of thermo-couples and resistance ther- 
mometers, which are inserted in iron tubes dipping 
into iron pots, 24 ft. deep, the salt-bath containing 
a mixture of sodium and potassium chlorides. Ina 
third similar furnace a temperature of 1400 deg. 
Cent. can be attained without blast. 

The new work projected comprises an investiga- 
tion of the specific heats and latent heats of fusion 
of metals by the methods of Harkerand Greenwood, 
a subject on which very little reliable information 
is available. Expansion coefficients and the pro- 
perties of refractories are also to be investigated. 
For the expansion tests Dr. Harker uses tubes— 
e.g., oxygen-cylinders inserted in baths, at various 
temperatures—and places in the tube first a rod of 
the metal in question, resting below on a foot- 
step. On the metal he places a rod of silica which 
extends through the upper end of the tube, bearing 
against a micrometer screw ; thus only the upper 
end of the quartz rod is exposed to cooling. 

Thermometry.—To meet the transfer of the work 
from Kew, the Thermometry Department has been 
reorganised, and the work is now, under the super- 


intendence of Dr. Kaye, carried out in three divi- 
sions (for high-precision, medium-precision, and 
clinical instruments), under Messrs. Hugo, G. Bad- 
derley, and A. ©. Cooper. The baths, lagged with 
granulated cork, which we described last year, on 
page 3 of our issue of July 3, 1913, keep the heat 
very well. The capacities of the baths are 51,000, 
26,500, and 17,500 cub. cm.; to cool them with the 
heating current off, but the stirrers on, from 
90 deg. to 80 deg. Cent., took 17, —, ? hour; from 
40 deg. to 30 deg. Cent., 114, 53, 6} hours ; and 
from 30 deg. to 20 deg. Cent., 40, 18, 20 hours. 
Low-temperature testing is done with the aid of a 
vacuum-jacketed bath of acetone and solid carbon 
dioxide ; oil circulating through a worm immersed 
in a freezing mixture of ice and salt is used for 
testing meteorological thermometers. 

Radium Room.—The British National Radium 
Standard has been placed in charge of Dr. Kaye, in 
the new Radium m, which has been fitted up 
with the assistance of Sir Ernest Rutherford. The 
international standard of radium chloride at Sevres 
was prepared by Mme. Curie ; the British standard 
of 21.1 milligrammes of radium chloride—costing 
3541., the donation of Dr. G. T. Beilby, F.R.S.— 
was prepared by Stefan Meyer in Vienna, and was 
compared with her own standard by Mme. Curie. 
The outfit of the room comprises a 1000-volt 
battery by Klinkerfuess (formed lead strips 
in sulphuric acid in test - tubes, terminals with 
umbrella insulators), a Paschen galvanometer, 
Dolezalek electrometer, and three apparatus for 
standardising the radium salt in terms of metallic 
radium, which is the practice of the Reichsanstalt. 
The three apparatus are based upon the ionisation 
due to gamma-ray activity, which attains its 
maximum in sealed tubes after five or six weeks; the 
rays then measured have to pass through 5 mm. 
of lead. The first handy apparatus is simply an 
ionisation chamber, combined with an electrometer, 
the radium preparation being mounted on a carrier 
moving on an optical bench. The second appa- 
ratus, method of Rutherford and Chadwick, 
balances the ionisation produced against that of a 
deposited film of uranium oxide, after McCoy ; the 
apparatus consists of a kind of photometer bench, 
an ionisation chamber of lead, and a lead tube (10 ft. 
long) leading from the chamber to the instru- 
ment-box ; the tube is made long, so as to keep 
the radium away from the instrument, and is 
evacuated ; calculations are based on the inverse 
square Jaw. The third method is modelled on 
one due to Mme. Curie, An aluminium plate, 
60 cm. in diameter, lies between two stout plates 
of lead, being separated from them by air-gaps of 
2 mm. and ebonite blocks; the inner plate is insu- 
lated and joined to an electrometer ; the two outer 
plates are charged to a high potential ; the sample 
is laid on the centre of the upper plate, and the 
strong gamma-ray radiation is measured in the 
air-gap. More than 30001. worth of radium have 
already been tested. 

Metrology (Messrs. J. E. Sears, M.A., 8. W. 
Attwell, H. L. P. Jolly, B.A., E. A. Owen, M.Se., 
E. G. Constable, F. H. Rolt, F. A. Gould, B.A., 
V. Stott, B.A.).—The department has not only 
had to transfer the work from Kew, but the 
demands for Kew work so much exceeded those 
of previous years that a congestion arose; the 
increase in watches, chronometers, barometers, and 
hydrometers was very large, and the accommoda- 
tion available is insufficient ; thus an extension of 
the metrology building appears urgent. Serious 
—i.e., long - continued—trouble has, moreover, 
arisen with respect to the maintenance of the 
standards ; some comparative measurements made 
at Sévres and at Teddington would not agree, and 
the silica metre bar, on which such great hopes had 
been placed, seemed to behave capriciously. The 
discreyancies involved were, of course, exceedingly 
small; but they could not be di ed. Most 
of them have now been accounted for, and the 
reputation of the silica metre has been vindicated ; 
but the report of Mr. Sears shows how much 
anxiety and labour those recomparisons have 
caused, 

Pure Measurement. Line Measwres.—As — 
the 4-metre bars for the Laboratory and the India 
Office the determinations made at Sévres and at 
Teddington were in excellent accord ; the Labora- 
tory bar had been sent over to Sévres for verifica- 
tion in connection with the 24-metre wires. The 
accord of the measurements of the seven 1-metre 
bars (of nickel, 43 per cent. nickel steel, and 





invar) was also very satisfactory ; but there were 
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puzzling discrepancies which were finally traced to 
the 1-metre comparator. The slide carrying the 
microscopes is rigidly bolted to the main frame- 
work, on ways cast solid with which the water-tank 
runs; any strains set up in the framework by 
moving the tank (weighing 300 lb. full of water) 
from one ition to another was liable to produce 
distortion in the slide, and thus to disturb the axes 
of the microsco If this effect had been con- 


stant, either positive or negative, for measurements | 8 


on the back girder or on the front girder of the 
comparator, it could have been eliminated by inter- 
changing the bars after finishing half the obser- 
vations. This had, indeed, been Mr. Sears’ prac- 
tice. But some irregularity remained, and this 
has temporarily been cured by making the micro- 
scope slide, though still bearing on the framework 
carrying the cul, rest on a three-point support ; 
but a new comparator is wanted. There were 
also discrepancies as to the expansion coefficients of 
the nickel bars of the National Physical Laboratory 
and of the India Office, the latter of which had 
been certified at Sévres ; both bars had to be sent 
over there, and it finally resulted that the India 
Office bar had changed. The invar bar continues 
to show a regular growth of 0.9 per year, the 
total measured growth now amounting to 17 u. 
End - Measures. Screw - Gauges.—A new set of 
end-gauges is badly needed ; ordinary gauges are 
not sufficiently accurate, and the gauges will have 
to be especially made, and possibly have to be 
measured several times at the Laboratory during 
their manufacture before their standardisation. 
There is an increased demand for the measurement 
of ring screw-gauges to determine the five ele- 
ments: full, effective, core diameters, pitch, angle 
—a task of great difficulty. The core diameter is 
now measured by means of Johansson gauges. The 
effective diameter is measured by small hardened- 
steel balls (from the Hoffman Company), which 
lie about half-way down the Y on the thread, two 
balls being on one side of the gauge, separated by 
3 or 5 threads, and one ball placed opposite ; the dis- 
tance between the balls is measured by the Johans- 
songauges. The full diameter is measured by a shar 
int mounted on a piece having a well-finish 
ase for the attachment of the Johansson gauge, 
completed with a rounded piece making contact on 
the crests of the threads opposite the point ; the 
actual dimension measured is 4 (full + core dia- 
meter). But special machines should be available 
for plug and ring screw-gauges, particularly as the 
Laboratory has to verify the international gauges 
for pipe-threads. Some Hirth minimeters and 
Aldis sphere spherometers have been standardised, 


the latter with the aid of sixteen steel balls ranging | 33 


from 1} in. to 2% in. 

Surveying- Tapes and Wires; 50-Metre Base.—The 
work on tapes and wires involved a research into 
the reliability of the two 24-metre catenary wires 
of the Laboratory, as to the standardisation of 
which Sévres and Teddington differed. For this pur- 
pose the 50-metre invar tape was subdivided every 
4 metres and standardised under 10-kg. tension in 
4-metre catenaries by direct comparison with the 
4-metre bar. The seven lengths of 24 metres (ob- 
tained by the addition of any six consecutive 
4-metre steps) were then compared with the two 
24-metre wires at the front of the 50-metre base. 
Finally the thermal expansion coefticients of the 
full lengths of the two wires (which had not been 
determined at the same temperatures at Sévres and 
at Teddington) were redetermined in the 50-metre 
tank, one wire being placed into it at the time 
under a tension of 10 kg.; this latter absolute 
measurement was carried out hy Mr. Attwell. It 
resulted that one of the wires (which, when placed 
on the floor, coils helically, whilst the other lies 
straight) is unreliable. 

The 50-metre base itself, a curve of whose appa- 
rent changes in length we published last year,* ion 
been kept under further observation, and it appears 
that the comparatively hot summers of 1910, 1911, 
and 1913 caused temporary increases in the length, 
whilst there was little increase during the cold 
summer of 1912. When the probable variations in 
length in different months and years (due to varia- 
tions in surface temperature) are subtracted from 
the observed length, a wavy curve may be drawn 
through the cluster of points giving monthly means, 
and this curve has a general upward trend, indi- 
cating a very small secular growth of the. bench 
independent of temperature changes, while the 








* See ENcingEatnc, June 27, 1913, page 860. 





waves suggest summer and winter effects (due to 
general temperature changes in the body of the 
masonry apart from surface temperature). 

Physical Test-Weights. Hydrometers.—It had 
been observed that the 1000 gramme-mass (copper- 
nickel, 50 per cent.) seemed to absorb moisture 
when immersed in water; determinations are 
therefore now made before and after immersion, 
and standard weights have been prepared of a 

ial propeller alloy which seems to be free from 
this snibuap difficulty. In determining the mean 
density of an ellipsoid of platinum-iridium (for 
dielectric measurements, of a volume of only 
0.0958 cm.*) to the fourth decimal, mercury dis- 
placement was found unsuitable, and weighing in 
water was disturbed by surface tension. The diffi- 
culty was overcome by suspending two glass 
carriers, one for the ellipsoid, the other for the 
weight, by platinum wires from the balance.arms 
into distilled water, exchanging the loads, and by 
allowing alsofor the change in surface tension con- 
sequent upon the —— of different lengths of 
suspending wires. e same difficulty of surface 
tension crept up in testing Sikes’ hydrometers (for 
excise work) of glass and of metal. The two kinds 
cannot really be compared in liquids approximating 
the density of water, because these liquids do not 
wet metal stems, and metal hydrometers are unre- 
liable for this reason. The trouble can, toa certain 
extent, be overcome by mixing the liquid with a 
little solution of sodium carbonate, and adding a 
little alcohol ; but that method is not applicable for 
hydrometers of different sizes, and not for com- 
paring hydrometers of glass and of metal. 

Barometers. Barojyraphs.—The ventilation and 
temperature control of the inner rooms of the 
metrology building, in which a constant tempera- 
ture should be maintained, had been effected by 
sending a continuous supply of warm air into these 
rooms by a series of small fans. This arrangement, 
adopted when the building was erected some years 
ago, did not answer well when the rooms became 
crowded, and for the past two years the system has 
been reversed, cold air being drawn in through the 
outlet trunks. But fans are altogether out of 
question in rooms where mercurial barometers are 
tested, and other arrangements will have to be 
made in the projected extension. In connection 
with the international adoption of the ‘‘ baromil,” 
to which we have referred on other occasions, we 
should mention that a baromil is defined as the 
height of a column of mercury, which at 0 deg. 
Cent. in latitude 45 deg., at sea-level, produces a 
pressure of one millibar —i.e., 1 kilodyne (10° 
dynes) per eq. cm ; the equivalents are: lin. = 
.8632 baromils = 25.4mm. The comparisons 
are not facilitated by the fact that inch scales are 
graduated at 62 deg. Fahr., and millimetre and 
baromil scales at 0 deg. Cent. 

The method in which barograph curves ob- 
tained on flying-machines are tested is interesc- 
ing. The instruments are received as used, except 
that the pointer is lifted from the paper. The 
clockwork is set going, and the instrument is placed 
in one of the glass cylinders used for testing 
aneroids at different air pressures. The pressure 
is then adjusted so that the pointer falls on the 
beginning of the curve and afterwards follows the 
curve, the corresponding standard pressure on a 
gauge barometer being read at intervals. If then 
the date, hour and place of ascent, its height above 
sea-level, and the difference between surface pres- 
sure and maximum pressure are known, the height 
to which the aeroplane rose can be calculated— 
to + 200 ft. in the case of two barographs sub- 
mitted 

Chronometers, Watches, Clocks (Mr. Constable).— 
We have already mentioned that radiotelegraphic 
time signals are received from Norddeich and the 
Eiffel Tower ; these two signals agree, whilst the 
telegraphic signal from Greenwich comes about 
0.2 second later. The unit in watch-testing is now 
0.1 second (against 0.25 second formerly), and the 
testing is done on lines more approaching the 
Swiss Observatory practice. The number of ‘‘ espe- 
cially good” watches had risen; the best marks 
were again obtained by a foreign watch, from P. 
Ditisheim, La Chaux-de-Fonds; of 184 chrono- 
meter movements 150 were certified. 

Taximeters. Blythwood Machine (Messrs. H. A. 
Dear and J. K. Enock).—The work had been affected 
by the strike of 1912, but the number of new taxi- 
meters tested in 1913 was greater than in 1912; 
only one new type has been submitted. Two 
flexible shafts submitted failed; shafts need 





not be tested individually, but must be made 
to approved sample. Mr. Enock is also in 
charge of the Blythwood grating-ruling machine, 
which has been provided with new ways for the 
carriage ; the carriage now runs on two cylindrical 
steel bars,. with two V’s on the front, and with a 
flat on the back bar ; a finger projects downwards 
from the carriage on either side of the screw, and 
the motion is transmitted from the nut to the two 
fingers by means of a gimbal-ring, so that the 
carriage moves as though connected to the nut ata 

int on the axis of the screw ; the nut is in two 
Goons, and each half is independently prevented 
from rotating by an arm which rests on one of the 
way-bars. The machine rules (up to 14,400 lines 
to the inch) only onthe forward stroke ; special grat- 
ings, like those for Professor Bragg, which we men- 
tioned recently, are produced by missing one or 
more strokes. The new gratings now appear free 
from the erratic errors given . the rolling car- 
riage ; but there is still some trouble with large 
rulings. 

The Silica Metre.—It has already been men- 
tioned that the apparent behaviour of the silica 
metre of the Laboratory suggested the need of a 
modified annealing. The trouble was, however, 
traced to the comparator, and applying the correc- 
tions to previous measurements, it is found that 
the fluctuation in length of 0.5, probably repre- 
sents the average. But there isapparently a growth 
in length of 2 annually in the case of the silica 
metre for the India Office, which has not settled 
down yet to constant dimensions in the nine months 
during which it has been under observation. 

Miscellaneous.—Rubber templates, it appears, 
may shrink by more than 1 per cent., chiefly in 
early life. The researches, undertaken for the 
Engineering Standards Committee, on British 
Association screw threads (neither the pitches nor 
the diameters of the tapped holes agree exactly with 
those of the taps), on bayonet-socket lamp-holders, 
and on sparking-plugs are being continued. 

Optics (Messrs. T. Smith, B.A., R. W. Cheshire, 
B.A., and J. Guild).—The transference of the Kew 
works and the equipment of the new spacious 
rooms, which we briefly noticed last year, has left 
little time for research work. The question of 
improvement of the manufacture of optical glasses 
has suffered from the death of the chairman of that 
committee, Sir David Gill; but a report is now 
under consideration. The equipment has advanced 
slowly, not only for want of means, but also because 
the staff are modifying some methods of testing ; 
they are preparing a revised edition of the test 
pamphlet, and proceed cautiously in innovations, 
wishing first to thoroughly study the theory of the 
Kew tests and the instruments used. Although, 
as we mentioned in our introduction, some of the 
simple test-work has fallen off, the higher class 
work for the Admiralty and others has become 
more heavy, fully justifying the expenditure on 
the new commodious quarters of the depart- 
ment. The iron bench is a semi-circle, 46 cm. 
in width, 145 cm. internal radius, resting on 
6-in. iron pillars, through which the cooling and 
heating water circulate ; the bench rests on con- 
crete foundations 152 cm. above the floor, a 
convenient height. When it was completed the 
Kew collimators were mounted on it and bolted to 
the plane upper surface of the bench. The altitude 
circle for theodolite-testing is not yet completed ; 
so far only the vertical iron horse-shoe can be 
seen. Seales of degrees have been fixed on the 
roof on the tank building (extending over 11 deg.) 
to the west, and in the meadow to the east of the 
building (extending over 20 deg.); all the posts are 
bedded in concrete, and the black lines denoting 
degrees and quarter-degrees are formed of boards 
nailed to the background boards, which are painted 
white. The test objects brought from Kew have 
been refixed, and at distances of 100 ft., 200 ft., 
300 ft., 400 ft., and 500 ft. from the vertical scale 
phosphor-bronze rods have been embedded in the 
cement below the turf-level. 

Ships’ Lights.—In connection with the work of 
the Photometric Department on ships’ lights for 
the Admiralty, lenses have been designed to fit 
the Navy lantern and to give the distribution of 
light from an oil-lamp desired by the Admiralty 
—viz., symmetrical illumination about a vertical 
axis through an azimuth angle of 135 deg., and in 
a vertical plane an illumination represented by 
the unit 1 from 5 deg. above to 5 deg. below the 
horizontal, diminishing uniformly both above and 
below the horizontal from illumination 1 at 5 deg. 
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to illumination } at 20 deg. Lenses made to this 
design have given satisfactory results. 

The report describes the new optics building at 
some length. We noticed some of the chief 
features last year, when the buildings were opened, 
the general arrangements, the cream-tiled ‘‘ dark ” 
rooms, the double light-trap doors, with their 
peculiarly - recessed posts and doors, effectively 
to shut out all light, &c. An appendix to the 
report contains historical notes on optical tests at 
Kew Observatory, which, it appears, n in 1860, 
when sextants were tested with apparatus which 
Francis Galton bought at his own expense. 

Tide Prediction (Messrs. F. J. Selby, M.A., and 
W. H. H. Brookes).—The department advised on 
modifications in a machine which Messrs. Kelvin, 
Bottomley and Baird constructed for the Japanese 
Hydrographic Office. Work on the Indian tide- 
tables for 1916 is advanced. 

The Library (Messrs. Selby and Hodgson). —Mr. 
Selby, who acts as secretary to the National 
Physical Laboratory, is also librarian of the new 
White library, which should receive general liberal 
support; back volumes of the leading journals 
would particularly be welcomed. 





THE JOINT MEETING OF NAVAL 
ARCHITECTS AND ENGINEERS AT 
NEWCASTLE. 

(Concluded from page 63.) 
Two-Cycte Gas-ENGINEs. 
Atthe meeting held in the Institution of Mining 
at 10 a.m. on the morning of the 8th inst., Mr. 
Summers Hunter was in the chair. The first 


paper taken was by Professor B. Hopkinson, and | had 


was entitled ‘‘ The Charging of Two-Cycle Internal- 
Combustion Engines.” It was summarised by the 
author. We reprint the paper on page 100. The 
second paper was by Mr. H. F. Fullagar, and was 
entitled ‘‘A New Type of Internal-Combustion 
Engine.” It was read by its author. We do not 
reprint the paper, but a description of the leading 
feature of the engine will be found in a paper read 
by Mr. Fullagar before the Institution of Mechanical 
Engineers at Paris, which is reprinted on page 103. 

Professor R. L. Weighton was the first speaker 
in the discussion, which was taken jointly on the 
two papers. He said that having had little time to 
study either communication, any remarks he made 
would be of only a general nature. The first paper 
dealt with a subject that was at the root of the 
efficiency of internal-combustion engines. Pro- 
fessor Hopkinson had naturally had to make certain 
assumptions, and quite possibly the coefficients he 
suggested would have to be modified in the light 
of future experience. He did not think, however, 
that anyone could have carried the matter further 
mathematically than Professor Hopkinson had 
done, and he saw no reason to suppose that, when 
final coefficients were evolved, the method should 
not form the basis of a directly practical method of 
designing internal-combustion engines. 

Turning to the Fullagar engine, he would say 
he saw it for the first time the day before, and 
anything he said must be taken as a result of first 
impressions. He must confess, however, that those 
impressions were very favourable. He thought 
the use of open-ended cylinders with double pistons 
was ideal. Mr. Fullagar seemed to have improved 
on the best type of Junkers engine. Junkers 
obtained a beautiful mechanism, by which what he 
might term the useless forces—the forces used 
in compression—were not transmitted to the crank- 
shaft. He required three cranks, however, and 
tandem pistons, leading to a very high engine. 
Mr. Fullagar seemed to obtain all the same advan- 
tages, without the disadvantages, merely by the use 
of his oblique rods. The only objection he could 
see which anyone might raise against the engine 
would be on the score of these rods; but he did 
not think they would necessarily weigh against 
the advantages. 

The balancing of the engine was very perfect, 
and, from a practical point of view, it seemed to 
have all the elements of durability. It had no 
valves, except, of course, the fuel-valves, the 
cylinder construction doing away with either ex- 
haust or admission-valves. This was a great sim- 
plification. There was a point in this connection, 
however, which he should mention. Anybody 
could devise a simple mechanism by which valves 
were eliminated by causing the piston to cover and 
uncover ports. It could be done for any sort of 





engine. He had done it himself for steam-engines, 
and was, perhaps, sorry afterwards. The arrange- 
ment worked all right, but was uneconomical. It 
was possible by analogy from steam-engines that 
there would be less economy in a valveless internal- 
combustion engine than in one having cam-worked 
valves of the usual type. ainst this, however, 
Professor Hopkinson had found the Fullagar engine 
economical. tt was quite possible the device would 
be economical, and would show the maximum 
degree of durability. If he might give some 
advice, he would suggest that Mr. Fullagar should 
run his engine continuously and as hard as pos- 
sible, and should consider the construction of a 
Diesel on the same principle. 

Mr. R, Allen was the next speaker. [We should 
state that the 500-horse-power Fullagar engine now 
running at the Gateshead station of the Newcastle 
Electric Supply Company was built by Messrs. 
W. H. Allen, Son and Co., Limited, of Bedford. 
Mr. Allen said he would like to say something o 
the work he had been privileged to carry out with 
Mr. Fullagar during the last three years. Every- 
one engaged on experimental work knew how fre- 
quently it led to nothing but the scrap-heap. In 
this case, however, the inventor's confidence in 
his ideas had been justified. Mr. Fullagar had 
faith enough to build a fairly big engine right 
away, and his faith had been justified by success. 
Professor Weighton had spoken of the oblique 
rods in the engine. It was probable that anyone 
who saw the engine for the first time would raise 
this point. Everything else in it was absolutely 
simple, but this was at least a novelty. He must 
confess that much of the attention he had given to 
the engine had been directed to this point. He 
been afraid of vibration at first, but Mr. 
Fullagar had convinced him that there would be no 
trouble, and finally the engine was built prac- 
tically to Mr. Fullagar’s original drawing. To 

revent possible accident when the engine was 

t run, vertical guides were made for the 

oblique rods, which had a damping effect. The 
vibration was very small, however, and there was 
no trouble whatever. The engine had run per- 
fectly successfully from the first time it was run on 
their test-bed, and had run for eighteen months 
since. Much care was taken with the balancing 
during construction, and each component of the 
reciprocating parts was weighed separately. The 

rts of each unit were then weighed together. 

e thought the success of the engine due to the 
few working parts, the remarkably low stresses, 
the small floor space, and the great saving in 
weight. 

, Mr. Stokes, the next speaker, wished in the first 

instance to deal with Professor Hopkinson’s paper. 
He did not think the inferior output of two-cycle 
engines, compared with ——— was due to loss 
of charge in the exhaust, as Professor Hopkinson 
stated. He thought it due chiefly to the fact that 
the effective stroke of a two-cycle was less than 
that of a four-cycle. In a two-cycle engine, 22 to 
25 per cent. of the stroke was occupied with 
exhaust and charging. In a four-cycle the whole 
stroke was available for expansion. He did not 
think there was any loss through the porte of an 
Ocechelhaiiser engine, as air was first injected, then 
gas, and then further air. This gave some stratifi- 
cation and only air ed through. Another 
reason why there was alee of efficiency in a two- 
cycle engine as compared with a four-cycle, was 
that two-cycle engines as at present constructed 
employed charging pumps, and these required work 
to drive them. ushers Hopkinson had referred 
to the waste of charging air. e (the speaker) did 
not look on this as an unmixed a If one 
worked things too closely, back-fire became 
sible. Some time ago Messrs. Beardmore had ex- 
perimented on this point, and had reduced the 
loss until it was touch and go as to whether 
they got a back-fire. They now purposely arranged 
that some of the charge of air should go straight 
through. All the same, he was not impressed by 
an engine recently brought to his attention by the 
inventor, in which 50 to 60 per cent. of the air 
went into the exhaust, the inventor remarking that 
air was cheap. 

The theory put forward and work done by Pro- 
fessor Hopkinson might be useful to designers, but 
he would like to criticise some of the methods used. 
In hearing of the care taken in analysing the 
samples of cylinder content he was reminded of 
the man who evaluated some quantity as 1.004 
and got the 0.004 correct all right. Professor 





Hopkinson had measured the air by means of a 
diap To measure a uantity of air 
was a tricky business, and he should like to have 
seen the result cheoked by a Venturi meter, or in 
some such way. It was suggested in the paper 
that the result might be right to within 3 per 
cent. He was inclined to suggest that this 
might be made 30 per cent. Again, he thought 
the method of taking the samples of gas for analyses 
not likely to lead to accurate results. The sampling- 
bottle was in constant connection with the cylin- 
der, so that the quantity of material entering it 
at any time must have been proportional to the 
pressure. A disproportionate quantity must have 


got through at explosion. He suggested that a 
timing-valve should have been fi and samples 
trapped at different parts of the stroke. Another 


point was that when a charge first enters the 
cylinder, it was expanded by the heat of the walls, 
so that the c in a given volume was reduced. 
Then Professor Hopkinson had assumed the pres- 
sure in the cylinder during admission to be that 
of the atmosphere, but in some two-cycle engines 
one had a plenum in the cylinder at that time. 
To get over loss of charge in the exhaust he 
suggested that a sort of constriction might be 
introduced into the combustion-chamber, so that 
the incoming air would converge and drive out the 
products of combustion with little mixing. 
Turning to the Fullagar engine, he would like to 
congratulate Mr. Fullagar on the remarkably 
simple “p liance he had produced. He (the 
speaker) felt flattered that the Ocechelhaiiser prin- 
ciple had been adopted. He said this without any 
jealousy, since as far as his firm (Messrs. Beardmore) 
were concerned, the Oechelhaiiser engine was dead. 
They would not build any more. is was not 
because the engine was not reliable. Two of their 
works were driven entirely by it. If the engines 
stopped, the works stopped. But the engines did 
not stop. He liked the double-acting cylinders of 
the engine and the absence of gland packings. By 
way of criticism, he might point out that the two 
a of a unit were interdependent. If any- 
thing went wrong with either, both stopped. 
Another thing was that the two side rods of a pair 
were not the same. They were not interchange- 
able. A third point was that the construction 
made it impossible to carry the ports all round the 
linders ; some were blocked off. He thought 
this a disadvantage, as the ports all round were 
a considerable help towards obtaining stratification. 
Mr. E. Hall-Brown said that, in view of the short 
time available, he would make his remarks very 
brief. Apart possibly from the method of obtain- 
ing the samples of gas, he could see nothing that 
could be criticised in Professor Hopkinson’s work. 
The theory of design was most valuable. No one 
had worked out even the basis of such a thing 
before, and designers had had nothing to go on. 
This could be seen in the very different sizes of 
scavenging-cylinders put in by different makers to 
do the same work. e had not yet had time to 
study Professor Hopkinson’s paper thoroughly, but 
felt deeply indebted to him for it. The informa- 
tion in reference to the giving up of the manufac- 
ture of Oechelhaiiser engines by Messrs. Beard- 
more, given by Mr. Stokes, was very interesting, 
but it was a pity the meeting had not been told the 
reason for it. [Mr. Stokes here interposed to say 
it was simply because the engines proved too costly 
to build.] Turning to the Fullagar engine, Mr. 
Hall-Brown said he thought the on of cylinder 
adopted, which eliminated all possibility of cross- 
strains, was an admirable point. The engine was 
very simple, but he would point out that in the 
diagram shown in the hall and included in the 


pos-| paper the scavenging and gas-supply pumps were 


not shown. These would, of course, make it 
appear rather more complicated. He would like 
an expression of opinion as to the probable effi- 
ciency of a Diesel engine built on the same lines. 
As a final point he might say that it was a moot 
question as to the size of gas-engine piston it was 
necessary to water-cool, and the cooling of the four 
pistons of a Fullagar engine would be rather a com- 
plicated = 

The Chairman, in winding up the discussion, said 
he thought the outstanding features of the Fullagar 
engine were ite simplicity and the absence of initial 
strains and unknown stresses. In Diesel engine- 
building most of the difficulties were due to un- 
known stresses, due to high temperatures. The 
balancing of the Fullagar engine seemed to be 
excellent, judging by the way it ran. This should 
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add to the life of the main bearings, which in a 
Diesel was frequently remarkably short. The 
meeting was most indebted to Professor Hopkinson 
for his valuable paper. He had done to their 
Institution a great honour in reading it before 
them. Needless to say, Professor Hopkinson’s 
name was a household word, and they were all 
indebted to the valuable work carried out at 
Cambridge. 

Professor Hopkinson, in reply, said it was always 
a pleasure for him to come to Newcastle, and he 
never left without having learnt a good deal. He 
had seen much of the Fullagar engine over six 
months, and at one time had pretty well lived with 
it for several days, and no one could do that without 
realising that it represented an important develop- 
ment. The engine at present was running on coal- 
gas, and it was possible trouble might arise when it 
was tried on tarry , but Mr. Fullagar was 
working on the question. He thought the engine 
a very important contribution towards the solution 
of the big-gas-engine question. A gas-engine with 
large cylinders seemed in a way against nature; the 
weight of the cylinders went up in proportion to 
the diameter, and the thick layer of gas radiated 

roportionately more heat to the cylinder walls. 
He thought it fair to say that few people had 
tackled the big-cylinder gas-engine without drop- 
ping money. To make a large-power gas-engine, 
and to make money at the same time, it seemed 
necessary to go in for a lot of cylinders, like the 
National Company, who fitted twelve. About 
22 in. seemed to be the limit for cylinders without 
water-cooling, but with a large number one got a 
very large number of parts, valves, &. The 
Fullagar engine could apparently be built with a 
large number of cylinders and still require only a 
moderate number of parts. This seemed to him 
to make it an important contribution to the big-gas- 
engine question 

In conclusion, he would like to make a brief 
reply to Mr. Stokes’s remarks on his paper. Mr. 
Stokes thought the loss in two-cycle cylinders was 
due to loss of stroke. No doubt there was some- 
thing in this, but he would point out that his idea 
was in harmony with his work on the Fullagar 
engine, in which there was no loss of gas in the 
exhausting, the exhaust- port being practically 
closed before the charge entered. Mr. Stokes 
spoke of his measurement of the air by a diaphragm 
method, and suggested that the pulsations would 
make the result inaccurate. He thought he had 
made it clear that the pulsations were damped out 
by the large air-receiver. He really thought that 
he might claim an accuracy of more than 30 per 
cent. for his work. On the question of the method 
of taking the gas samples he admitted the matter 
was a difficult one, and that a timing-valve might 
have had advan All the same, he thought his 
procedure gave fairly reliable results, as reliable as 





the rest of the work done in the engine. One 
might at times get a certain amount of stratifica- 
tion, but it did not matter what one got in any 
particular sample as long as the average was 
correct. He thought, perhaps, Mr. Stokes had 
misconceived the object of the paper, and he was 
grateful to Mr. Hall-Brown for his remarks. All 
he wished to do was to initiate a method of design 
for two-cycle engines. The method might be sound 
—in general he thought it was; but, finally, of 
course, it must stand the test of experience. 

Mr. Fullagar then replied very briefly to the 
discussion. He said the only difficulty they had 
had in connection with the running of the engine 
was caused by the long pipe connecting the air- 
receiver with the cylinder. This caused differences 
of pressure. The trouble was difficult to locate, 
but had been quite done away with. The matter 
was dealt with in Professor Hopkinson’s paper. 
The meeting then adjourned. 


Dresex ENGINE EXPERIMENTS. 


On Friday, the 10th inst., the technical meetings 
were resumed at 10 a.m., in the Lecture Theatre of 
the Literary and Philosophical Society. Three 
papers, submitted by the Institution of Engineers 
and Shipbuilders in Scotland, were down for read- 
ing and discussion. Dr. R. T. Moore, President 
of the Institution of Engineers and Shipbuilders in 
Scotland, was in the chair. In the course of some 
= remarks thanking the North-East Coast 

nstitution for their hospitality during the summer 
meeting, Dr. Moore suggested that an alliance 
between the two Institutions might be of value to 
both. The Institutions were interested in the same 
classes of shipbuilding and engineering activity, 
and an alliance involving common proceedings 
would enlarge the sphere of utility of the papers 
presented to both, and would have other attendant 
advantages. Dr. Moore then called upon Mr. W. 
S. Burns to read his paper entitled ‘‘Some Ex- 
periments on a Diesel Engine.” 

The paper dealt with some trials carried out by 
the author on a Diesel engine in the Mechanical 
mage | Laboratory of the Royal Technical 
College, Glasgow. The subject of the trials was 
suggested by Professor Mellanby, and they were 
carried out asa research by Mr. Burns while holding 
a Beilby Scholarship. The trials were made with 
the object of discovering the effects of : (1) Variation 
of blast pressure; and (2) variations of jacket- 
water temperatures, on the running of a Diesel 
engine. In order to study the combustion part 
of the cycle more easily than was possible from an 
ordinary indicator-card, a rotary-card arrangement 
was fitted up, which greatly extended the length 
of the diagram. Many characteristic indicator- 
cards were given in the paper. The results of the 
experiments on blast pressure showed that on light 
loads the excess air in the cylinder and the inrush 
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|of blast air with a small quantity of fuel caused 
| late ignition and slowcombustion. As the load in- 
| creased and the mixture of pulverised fuel and air 
| became richer, there was earlier ignition and an 
increase in the rate of propagation of the explosion. 
At all loads, too low a blast pressure pulverised the 
| oil imperfectly, causing late ignition and incom- 
| plete combustion, with increase of exhaust pressure 
|and temperature above the normal. Too high a 
blast-pressure caused late, but violent, ignition, 
attended, again, by incomplete combustion. The 
general results of the jacket-water experiments 
showed that at all loads increase of jacket-water 
temperature did not seem to affect the point of 
ignition of the oil appreciably, but caused more 
rapid and more complete combustion with increased 
efficiency. 

Professor A. L. Mellanby opened the discussion. 
He was asked to speak by the Chairman in the 
absence of volunteers among the audience. Pro- 
fessor Mellanby said that he had not intended to 
contribute to the discussion, and was rather sur- 
prised that no one had risen to criticise some of 
the methods described in the paper. The work 
had really been undertaken out of curiosity, owing 
to differences which had been noted in the working 
of the Diesel engine as the blast and jacket-water 
temperature varied. The ordinary indicator diagram 
showed very little of what was happening, owing to 
the record of pressure changes being crowded into 
such a small space, and the rotary diagram arrange- 
ment described in the paper had accordingly been 
devised. The opened-out diagram had taught them 
a good deal, and showed, for instance, that the 
ordinary text-book explanation, that the injected 
oil burned at constant pressure, was not accurate. 
Variations in the blast pressure made great 
differences, and in all cases there seemed to 
be ashort period in which the oil did not burn, 
and during which the moving forward of the piston 
caused an increase of volume, and consequent fall 
of pressure. After this fall of pressure the oil 
seemed to ignite, giving a sudden explosion. It 
was usual to put this sort of effect down to inertia 
of the indicator, but he could not think that was 
the explanation in the present case. Frequently 
the explosion could actually be heard. The charges 
due to alteration in the blast pressure were well 
brought out in the diagrams, but it must be re- 
membered that the results in any particular case 
would depend on the type of fuel valve and pul- 
veriser used. 

Professor R. L. Weighton, the next speaker, 
said the paper was concerned with a type of work 
well suited for research by a student. e results 





reflected great credit on Mr. Burns. There was 





one point to which he might refer, which wag 
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5-TON SIDE-TIPPING TRAILER. 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR AND CO., LIMITED, LINCOLN. 
(For Description, see Page 80.) 















































brought out in Table II. of the paper. It would be 
seen that in Experiment 11 an increase in the 
temperature of the inlet jacket-water was accom- 
panied by an increase in the temperature of the 
exhaust. In Experiment 12, however, the reverse 
was the case. He would like to ‘now if this was 
correct, as the reason did not seem clear. He 
would also like to know what effect increase of 
temperature had on mechanical efficiency. If in- 
creased cylinder temperature meant increased 
economy, it would be easy to get economy, because 
it was easy to get temperature. The matter was 
important, and it would be interesting to know 
what the allowable limit of temperature was. A 
higher temperature meant saving in jacket-water, 
which was frequently of great importance. He 
supposed one could not well raise the jacket-water 
above the limit of vaporisation. 

Mr. Summers Hunter asked if the experiments 
were all carried out with the same quality of oil. 

Mr. J. T. Milton said that, like Mr. Summers 
Hunter, he wished to know something more about 
the oil used. In the analyses of the exhaust gases 
which were given in the paper there was no men- 
tion of hydrogen, which was practically always 
present. All the paper gave in reference to the 
oil was its specific gravity and its net calorific value, 
and these did not give any proper idea of its 
character. The viscosity of the oil at higher tem- 
perature was a most important point and might 
greatly affect the results. An analysis of the oil 
showing the hydrogen present should certainly have 
been given. Professor Mellanby had spoken of 
explosions in the cylinder. He did not believe any 
such effect properly took place. The matter was 
one of rapid combustion. Another point was that 
in many cases combustion did not seem to have 
been perfect, as carbon monoxide was present in 
the exhaust. 

Mr. W. S. Burns, in reply, said that the point 
raised by Professor Weighton was to be explained 
by the fact that in Experiment 13 there was more 
efficient combustion of the fuel. The question of 
the oil raised by Mr. Summers Hunter and Mr. 
Milton was dealt with fully in a paper on ‘Oil 
Fuels,” in the Transactions of the Institute of Engi- 
neers and Shipbuilders of Scotland, vol. lvii., 
pege 195. The reference was given in his paper. 

r. Milton had further pointed out that there was 
no mention of hydrogen in the analyses of the 
exhaust gases which were given. These analyses 
were taken by engineers, and the results were not 
given in the detail which a chemist would perha 
have used. In general traces of hydrogen only 
were found—0.02 per cent. at most. 


Oxy-ACETYLENE WELDs. 


The next paper was by Professor A. Campion 
and Mr. W.C. Gray, and was entitled ‘‘On the 
Strength of Welds made by the Oxy-Acetylene 
Process.” It was read in abstract by Mr. Gray. 
We hope to reprint the paper later. 

Mr. J. T. Milton was the only speaker on the 
discussion. He said that he believed certain govern- 
ing bodies had at length recognised oxy-acetylene 
welding as a proper method of repair for boilers 
and other important structures. or himself, he 
entirely agreed with the final remarks in the paper 
to the effect that autogenous welds always repre- 
| sented a somewhat uncertain quantity, and there 
| was no means, except by destructive teste, of ascer- 
| taining whether a weld was good or bad. This idea 
was consistently acted on by Lloyd’s. They had, 
and still, refused to accept autogenous or oxy- 
acetylene welding for repairs, which, in case of 
failure, would result in possibility of serious damage 
or danger to life. For repairs in which failure 
would not involve serious consequences, he thought 
such welding very satisfactory and convenient, and 
it was accepted by Lloyd’s. 

For the shell-plates of boilers and such like 
repairs, for which it was recommended to them, 
| however, they could not accept it. People had 
even suggested repairing crane parts in this way, 
'and sticking together broken crank-shafts. Where 
tightness was required rather than strength, the 
system was admirable. The only point in refer- 
ence to the paper he would mention was that all 
the experiments described had been carried out on 
| comparatively small pieces, and that if large pieces 
had to be dealt with, it would be much more diffi- 
cult to get uniform welds. He was afraid large 
welds might frequently show inferior results. 
Lloyd’s had accepted oxy-acetylene welding for 
large parts in temporary repairs. There was a 
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case of a steamer at Messina at the time of the 
earthquake. Her stern-frame was broken, and 
was welded on this system. It seemed to have 
been a thoroughly good job, and apparently 
might have been left in. The owners, however, 
preferred a new frame, and the repaired one was 
taken out when the boat got home. 

Mr. Gray, in reply, said that it had been the 
original intention of the authors to make some 
large welds and test them in tension, but the large 
college testing-machine was being used in connec- 
tion with the work on gun-metal, which formed the 
other paper to be presented that morning. 

This third paper was entitled ‘‘Influence of 
Various Temperatures on the Properties of Admi- 
ralty Gun-Metal.” It was by Professor J. G. 
Longbottom and Professor A. Campion. In the 
absence of both authors the paper was taken as 
read, and the meeting then terminated. 


PRESENTATION OF FREEDOM OF NEWCASTLE-ON- 
Tyne To Str Cuar_es Parsons. 


The City Council of Newcastle-on-Tyne, on 
March 4 last, passed a resolution to confer the 
honorary freedom of the city upon Sir Charles 
Parsons, ‘‘in recognition of his distinguished services 
in the cause of science, particularly in the invention 
and development of steam-turbine engines,” and on 
Sir Joseph W. Swan ‘‘in recognition of his dis- 
tinguished services in the cause of science, espe- 
cially in the inventing and perfecting of electric 
lamps and improvements in photographic processes.” 
It was decided to defer the formal presentation to 
Sir Joseph Swan in the hope that he might be 
sufficiently strong to come to Newcastle in the 
summer, and also to postpone the formal presen- 
tation to Sir Charles Parsons until the meeting of 
the Naval Architects in the city. To the great 
regret of all, Sir Joseph Swan died before the 
formal ceremony could take place, but it was 
decided that the minute of the Corporation con- 
taining the resolution, printed on vellum, should 
be handed to Lady Swan and his family at the 
same time as the conference of the freedom on 
Sir Charles Parsons, and accompanying the formal 
resolution was a service of plate. Mr. Kenneth 
Swan, son of Sir Joseph Swan, in peculiarly 
appropriate terms, acknowledged the presen- 
tation. Sir Charles Parsons was presented 
with a silver-gilt casket, containing the docu- 
ment on which was engraved the formal resolu- 
tion. The Lord Mayor, in making the presentation, 
and Sir Charles Parsons, in acknowledging it, 
appropriately reviewed the incidents connected with 
the development of the steam-turbine. Sir Charles 
was in a reminiscent mood, and acknowledged the 
assistance which he had received from many workers 
in connection with scientific work, and the encour- 
agement and financial assistance from others in the 
development and application of the turbine. 


Tae Dinner or THe INstTITUTION: BATTLESHIP 


versus SUBMARINES. 


The guests attending the conference were enter- 
tained to dinner on Friday evening by the North- 
Kast Coast Institution of Engineers and Ship- 
builders. Sir Charles Parsons presided, and the 
loyal toasts having been honoured, the Earl of 
Durham made the announcement that the King 
had consented to be patron of the North-East Coast 
Institution of Engineers and Shipbuilders. His 
lordship afterwards submitted the toast of ‘‘ Our 
Royal and Merchant Navies.” 

Lord Charles Beresford, in reply, contributed 
what was practically a speech on the paper read by 
Sir John Biles at the inaugural meeting of the 
Congress on the protection of battleships against 
submarine attack. Referring to the controversy 
nee the relative efficiency of surface and 
submarine vessels, he said that the discussion was 
not at all inopportune, but he thought that on this 
occasion it was unwise to jump to hasty conclusions. 

Submarines and air vessels were no doubt new 
and most important auxiliaries in naval warfare, 
bat at present he thought they must count these 
new forces more in the nature of defence than 
attack. Danger existed to our Navy and to the 
navies of other nations from submarines and air- 
craft, but no war was without danger. Whenever 
a new danger appeared, it was their duty to meet 
it and beat it. They had heard theories before, 
and many of the gentlemen present had, by their 
knowledge, energy, and enterprise, manufactured 
what was wanted. Referring to the ram, torpe- 
does, and mines, Lord Charles said he was always 





opposed to the ram. He wanted a straight stem 
to knock in the side of the other ship. He 
thought it would be foolish to cease building battle- 
ships because a new auxiliary of attack or defence 

appeared in all countries. They must never 
forget that a French Minister went crazy over the 
torpedo-boat and destroyers, and four many years 
the French nation was displaced from the position 
of a first-class naval power on account of a fad. 
The submarine, Lord Charles continued, could only 
operate by day and in clear weather, and it was 
practically useless in misty weather. The sub- 
marine could not see the object it was going to 
attack. It must come to the surface to see ; and 
because of its very limited vision it must come 
close to its object before it could fire its weapon, 
and when on the surface it was visible for miles. 
A machine-gun or a few bullets would put it out of 
action. It could not defend itself, and a great 
limitation was the time it could remain under water. 
Then there was the great anxiety as to whether 
they were going to sink a friend instead of an enemy. 
There was no means of communication with a sub- 
marine. We were going to have, it was stated, a 
new British tradition, a new British doctrine —that 
the fleets had to remain in harbour because there 
was some danger at sea. Our old tradition was 
that when we heard of a danger we at once went 
out to meet it. The idea of remaining in harbour 
was entirely foreign to the characteristics of our 
race. The true lessons of war in naval campaigns 
were never to run away from a danger. Wars 
were always won by attacks, and never by defence. 
Hard practical facts must be thought of as well as 
theories. How would he suggest the danger of the 
submarine should be met ? He would meet it in two 
ways. He would build a sufficient number of small 
craft and speedy torpedo-destroyers and small 
cruisers, and he would keep round the fleet circles of 
these vessels. When a submarine came to the top, 
these craft would be on it as a whale-hunter would 
be on a whale. In the second place, he thought the 
naval architect was quite capable of armouring the 
under-water parts of ships, as proposed by Sir John 
Biles, to protect battleships against: torpedoes, with- 
out greatly affecting other tactical qualities. They 
could not afford to gamble with experiments in 
regard to the defence of the Empire. The superiority 
of the submarine had not yet been proved in either 
peace or war. The fundamental principle of 
strategy at sea remained with the ol ccm fighting- 
ships, and the battleship must remain the unit of 
naval defence at present. Lord Charles referred 
to air-craft as enormously useful both ashore and 
afloat as scouts, and paid a glowing tribute to the 
mercantile marine, pleading for better recognition 
for their ‘‘ brothers of the sea.” 

Principal Hadow, of Armstrong College, pro- 
posed the toast of ‘‘The Guests,” to which the 
Lord Mayor of Newcastle, Sir John Biles, and Dr. 
R. T. Moore responded. The health of the Chair- 
man was proposed by Sir George Holmes, and Sir 
Charles in reply paid a thoroughly well-merited 
tribute to the thoughtfulness and organising ability 
of the Secretary of the North-East Coast Insti- 
tution, Mr. E. W. Fraser Smith, on whom a large 
part of the success of the meeting depended. In 
some of the arrangements he had the co-operation 
of Mr. R. W. Dana, the Secretary of the Institu- 
tion of Naval Architects, and Mr. E. H. Parker, 
the Secretary of the Institution of Engineers and 
Shipbuilders in Scotland. All three, and the 
Reception and Executive Committees at Newcastle, 
have the satisfaction of knowing that the arrange- 
ments made provided for all contingencies, and that 
the proceedings throughout the whole week were 
an unqualified success. 





105 H.-P. AGRICULTURAL TRACTOR. 

In the account of the Royal Agricultural Society’s 
Show at Shrewsbury, in our issue of the 3rd inst. 
(page 20 ante), we made mention of two tractors shown 
by the Daimler Company, Limited, Coventry. One of 
these, of 105 brake horse-power, we illustrate on 
78, in Figs. 1 and 2, showing respectively a side and 
end view of the machine. This powerful machine, 
capable of exerting a draw-bar pull of from 10,000 Ib. 
to 12,000 lb., is mounted on four wheels, the leading 
pair being 5 ft. in diameter, with faces 1 ft. 2 in. 
across, while the main wheels are 8 ft. in diameter 
and 3 ft. 9 in. across the face. This tractor weighs 
about 12 tons. It is fitted with a six-cylinder 
sleeve-valve engine, with cylinders 150 mm. bore by 
150 mm. stroke. All engine parts are lubricated by a 
multiple apes en The engine is started by 
means of a small single-cylinder auxiliary air-cooled 





engine which is first started up. The transmission 
from the main engine is ment & cone clutch to a 
gear-box with which is combined the worm and differen- 
tial gear. The main wheels are driven by spurs and 
pinions. When ploughing thedriveisdirect through the 
worm and main-wheel spur-gears. For higher speeds 

in the gear-tox are thrownin. The gear-box gives 
two speeds (2 and 4 miles per hour) forward and one 
reverse (2 miles per hour), the engine running at 1000 
revolutions per minute. The radiator is of the tubular 
condenser pattern. The water is circulated by a 
centrifugal Png driven off the engine. The front 
portion of the barrel-shaped tank on the machine is 
the fuel-tank. Air is passed through the radiator- 
tubes by a large fan driven by the engine. The solid 
front axle is pivoted centrally. The tractor has been 
designed for work ona large scale, and is capable of 
hauling a 14 or 21 disc plough cutting 6 in deep and 
8in. wide. It will plough 3? acres per hour. It is 
also provided with a belt-driving pulley giving a belt 
8 of 2300 ft. per minute. 





FIVE-TON TIPPING TRAILER. 

In our account last week of the Royal Agricultural 
Society’s Show at Shrewsbury we referred to a new 
tipping trailer shown at the stand of Messrs. Ruston, 
Proctor and Co., Limited, of Lincoln. We now give, 
on page 79, illustrations of this trailer, which will 
afford a more adequate idea of its construction. This 
wagon is constructed to Constable’s patents. In Fig. 1 
the wagon will be seen tipped to the off side ; Fig. 2 

ives @ view when tipping to the near side ; while 

ig. 3 shows the body returned to the normal position. 
The body is supported by twelve small wheels, four of 
which are fixed to the chassis and eight (in two lines) 
to the tipping-body. Channel-section rails are arranged 
for these wheels to run on. The body is first traversed 
and then tipped by one continuous movement. A shaft 
with bevels may be seen on the chassis. This gears 
with square-threaded screwed shafts running across the 
chassis. One of the latter is worked by a removable 
crank-handle, shown in position in Fig. 1. The opera- 
tion of this crank thus drives both transverse shafts. On 
each screwed shaft is a toggle, the central pin of which 
runs in Z-bar rails attached to the tipping- , while 
one end of the toggle has a screwed nut working on 
the shaft, and the other an idle nut sliding on the 
transverse shaft. To each idle nut is attached an 
upright lug, and as the flattened toggle is traversed 
across the chassis when the screws are turned, these 
lags push the body over until they come to the far 
side of the frame. As soon as the traverse is com- 
plete, the sliding-nut can move no further, and the 
toggle closes up, causing the body te tip. 

On the chassis in Fig. 1 will be seen two inverted 
stirrup-irons. The body tips about a centre formed 
by the kinks in these irons, in which are caught the 
pins of two of the carrying-wheels. The body tips to 
an angle of 40 deg. To return the body, the screwin 
movement is reversed, and the toggles are flattened 
out. Their central pins, running above the Z-bar 
— or rails, pull the body down, and when returned 
to the horizontal the same pins come into contact with 
stops on the rails, and pull the body over. The tipping 
gear is in duplicate, so that the body can be tipped on 
either side, always being worked from the opposite 
side. It is only necessary to turn down two stops on 
one side or the other before tipping. In the figures it 
will be seen that a horizontal rail runs across either 
end of the wagon, and that under this rail are hooked 
the ends of levers attached to the side doors which 
run the length of the wagon. As the body is traversed, 
the hooks of the door-levers come under this rail, and 
when the traverse is converted into a tipping move- 
ment, the doors are prevented from falling with the 
body. They are thus automatically opened, as shown 
in Fig. 2. Each door is fitted with four wedges, which 
engage and disengage of their own accord in sockets 
on the body. The doors are hinged to the side and 
flap outwards. The wagon is a one-man affair. Its 
tare is 52 owt. and its load is 5 tons. It is made, 
however, in sizes up to 10 tons capacity. The wagon 
illustrated can be tipped in 14 minutes from starting 
the traverse. The load is deposited without shock to 
the wagon and well clear of the wheels, &c. 





LOCOMOTIVE FOR THE P.L. M. RAILWAY. 
In 1894 the Paris, Lyons, and Mediterranean Rail- 
way Company placed in service, especially for the Paris 
to Marseilles main-line goods traffic, a 0-8-0 type of 
locomotive capable of hauling a load of 782 tons at a 
speed of 36 km. (22.37 miles) per hour. This class was 
followed in 1907 by a heavier design of the 2-8-0 type, 
scheduled to handle 1177 tons at a similar speed. The 
continued growth of the traffic has since rendered 
another development necessary, the demand being for 
a class of engine capable of hauling 1300 tons at a 
speed of 45 km. (28 miles) per hour. This has been 
met by the design of a class of 2-8-2 four-cylinder com- 
locomotive, of which we give drawings in 

igs. 1 and 2, on Plate XV., with this week’s issue of 
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LYONS AND MEDITERRANEAN RAILWAY AT THE LYONS EXHIBITION. 


CONSTRUCTIONS MECANIQUES, DENAIN, NORD. 
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DETAILS OF TENDER FOR LOCOMOTIVE (2-8-2 TYPE) FOR THE P.L. M. RAILWAY. 
CUNSTRUCTED BY THE SOCIETE FRANCAISE DE OONSTRUCTIONS MECANIQUES, DENAIN, NORD. 
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ENGINEERING, and in Figs. 3 to 12, on pages 81, 82, elevation of the cab ; Figs. 5 to 9 are details of the 
and 83. One of these locomotives, to the designs of leading and trailing two-wheeled trucks ; while Figs. 10 
Mr. L. Marechal, is to be seen at the Lyons Inter- to 12 illustrate the construction of the tender. 

national Exhibition. Of our figures the first two The locomotive is of the compound type, with two 
represent respectively an outside and a sectional inside high-pressure cylinders, 510 mm. (20.08 in.) in 
elevation of the locomotive. Fig. 3 is a cross-section | diameter and of 650-mm. (25.6 in.) stroke, and two 
through the cylinders and smoke-box ; Fig. 4 is an end | outside low-pressure cylinders 720 mm. (28.35 in.) in 





| is also fitted with a superheater, as it is intend 








diameter and 700 mm. (27.56 in.) stroke. The engine 


for 
long-distance traffic, while its coupled wheels are 
1.65 m. (5 ft. 5 in.) in diameter, instead of the 1.50 m. 
(4 ft. 11 in.) of the earlier classes, with a view to 
making it more suitable for fast timing. 

The boiler, except for the fire-box, which is of 
copper, is of mild steel. The fire-box is of the wide 
pattern extending over the frames. The fire-box shell 
is joined directly to the boiler barrel, and is formed 
of three plates. The fire-box crown is stayed to the 
shell by hollow steel stays. The upper part of the 
shell is stayed by a row of transverse stays of 
steel, drilled at either end for a length of 194 mm. 
(78 in.). The fire- box is stayed to the shell 
across the water spaces, &c., by manganese-bronz® 
stays. The tube-plate is connected to the barrel by 
means of ten steel palm-stays. The barrel iscomposed 
of three rings. The longitudinal seams are butt 
joints with double cover-plates, the transverse seams 

ing double-riveted lap-joints. The fire-box door is 
arranged to hinge horizontally and to open inwards 
towards the fire-box. It is composed of three sections, 
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of which the two outside are operated by separate levers. 
The central section overlaps the other two, so that 
when either is worked the central one is also operated. 
Counterweights are provided sufficiently heavy to 
keep the door open, but not heavy enough to prevent 
it closing automatically in the event of a boiler-tube 
bursting. The superheater is of the Schmidt type. 


\e,The frames are of steel plate 28 mm. (1.1 in.) in 
thickness. They are stayed transversely by the lead- 
ing buffer-beam of rolled. I section, a box-chaped stay 
of plate and angles at the back end, by the inside 
cylinders, and also by eight intermediate stays of cast 
steel. The high-pressure cylinders drive on to the 
second coupled axle, the low-pressure cylinders driving 
on to the third. The outside cylinders are as large as 
could be adopted with the existing loading gauge, and 
the stroke oF these cylinders was in so as to 
bring the volume into correct relationship with that of 
the high-pressure cylinders. The cylinder proportions 
have been chosen with a view to the engine giving maxi- 
mum power—that is, utilising all the steam the boiler 
can produce, at a speed of 60 km. (37.28 miles) per 
hour, instead of the 85 km. (52.8 miles) per hour of the 
previous class. The running gear, however, is designed 
so that a speed of 95 km. (56.23 miles) per hour can be 
maintained with a proportionstely lighter load. The 
pistons are of cast steel, with forged-steel piston-rods. 

he cross-heads are of cast steel, with cast-iron 
slippers and white-metal lining. The slide-bars are 
of hard forged steel, of a tenacity of 55 kg. per sq. cm. 
(35 tons per sq. in.), and an elongation of 20 per cent. 
The connecting and coupling- are of steel, with 
brasses lined with white metal. 

The high and low-pressure valve-gear is of the Wals- 





chaert type. Piston-valves with inside admission 
are employed. In the reversing-gear, the reach-rods 
of both the high and low pressure cylinders are 
brought to a single-screw frame in the cab. On the 
reversing screw works a screwed cross-head, to which 
the high-pressure reach-rod is connected. There is, 
in addition, a floating frame with pins, to which the 
low-pressure reach-rod is connected, this frame being 
moved by the high-pressure screwed cross-head, just 
referred to, after the latter has moved a certain dis- 
tance. There are only two stable positions for the 
low-pressure | prada in forward or back gear 
—but the high-pressure gear can be adjusted at will. 
A dash-pot arrangement, consisting of a cylinder con- 
taining a liquid, in which moves a piston pierced with 
holes, is provided for the low-pressure gear, the piston 
being connected with the reach-rod by means of levers. 
This is necessary, since the floating frame is not fixed 
to the screw-gear, and when reversing while running 
the low-pressure gear would be liable to fly over 
suddenly. The throttle is of the equilibrium type, 
from which steam to the Schmidt superheater 
of 28 elements. The blast-pipe is furnished with an 
adjustable cone top. 

he leading and trailing two-wheeled trucks are 
illustrated in Figs. 5 to 9, page 82. The leading 
truck is built up of two steel castings, one forming the 
frame for the axle-boxes, and the other the radius-bar. 
The radius of the truck is 2.150 m. (7 ft. 0.64in ). An 
horizontal helical control-spring is provided to return 
the truck to the central position. The extreme side 
movement allowed to the truck is 40 mm. (1.58 in.). 
Hardened-steel plates working in guides on the top of 
the truck-frame casting over the axle carry the spring 
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load. The truck springs are equalised on both sides 
with the leading coupled axle. The trailing truck 
shown in Figs. 7 to 9 is built up of steel castings with 
steel plate radius-frame. The radius in this case is 
1.900 m. (6 ft. 3.8 in.). The load in this instance is 
carried by the truck on the central sliding casting 
fitted with cup and ball, the latter being attached to 
@ cross-bearer on the main frame. This centre is 
provided with crossed inclined surfaces, making the 
truck hy | 

The axles are hollow. The axle-boxes are of cast 
steel fitted with bronze bearings lined with white 
metal, The horn-blocks are of cast steel with cast- 
iron liners. The engine is fitted with both the auto- 
matic air and the Westinghouse-H brakes, the 
latter giving direct non-automatic applications. The 
four-coupled axles are braked to per cent. of the 
axle-] In addition the cylinders are arranged for 
counter-pressure braking by reversing. A cock is 
provided in the cab for use in this connection, for 
admitting hot water from the boiler into the high- 
pressure exhaust, and another for admitting steam and 
water to the exhaust of the low-pressure cylinders. 
The cylinders are provided with the usual by-pass. 

The tender, which is coupled to the engine above 
described, is, as already stated, illustra’ by Figs. 
10 to 12, on the present page. It was constructed 
the Société Anonyme les Ateliers de Construction du 
Nord de la France, at Blanc-Misseron (Nord). It has 
steel frames 20 mm. (0.79 in.) thick. The wheels are 
1.200 m. (3 ft. 11.24 in.) in diameter, with outside 
bearings. The axle-boxes of the leading journals are 
of cast steel furnished with wedge-plates and slippers, 
which allow a lateral displacement of 35 mm. (1.38 in.). 
The boxes of the middle and trailing axles are of 
cast iron. The horn-blocks of the leading wheels 
are of cast steel; in the other cases they are cast 
iron. The springs of the middle and trailing axles 
are equalised. The tender can accommodate about 
64 tons of coal. In order to provide room for this 
without stacking it too far back on the tank, the 
bunker sides are raised =, = eto If it 
is necessary to more ti is, the fuel suppl 
can be increased to 8 tons by stacking briquettes at 
the front end of the bunker. The tender is braked 
with two blocks on all wheels. 

The following are the chief particulars of this 
engine and tender :— 


Engine : 


High- re cylinders(two 
inside), diameter ... .. 610mm. (20.08 in.) 
Low-pressure cylinders (two 
outside), diameter ~~ ee CGS.) 
High - pressure cylinders, 
stroke on ons oo CD, Ge .) 
Low - pressure cylinders, 
stroke - sti ae eee: fee 
ww =~ ~yeenetemes 
lameter ... ae at SP ws 406064) 
Low-pressure piston-valves, 
diameter ... sae oo BD wo GAT.) 
High-pressure valves, maxi- 
mum travel ot -- 212.5,, ( 8.36,,) 
Low-pressure valves, maxi- 
mum travel oa o Wea (4B a 
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Exhaust maximum opening 0.0237 sq. m. (36.78q. in.) 
0.0 


» Minimum ,, »» (23.25 ,, ) 
Wheels, leading, diameter 1m. ( 3ft. 3.37 in.) 
” coupled di ” 1.65 ” ( 5 ” 4.96 ” ) 
” trailing, diameter 1,, (3,, 3.37 ,, ) 
Boiler barrel, length he. Ut. 4.3 
” ” diameter ... 1.680 ” ( 5 ” 6.14 ” ) 
Fire-box, length inside ...2.078,, (6,, 9.8 ,, ) 
” width ,, front 2.086 » (6,, 10.13,, ) 
” — ” back 1.922 oo A 6,, 3 67 ,, ) 
Tubes, diameter ...(143) 0.055 m. (2.17in.) and 
(28) 0.133 ,, (5.23 ,, ) 
» _ length sa .. 6m. (19 ft, 8.22 in.) 
Heating surface, fire-box ... 15.64 sq. m. 
(168.35 sq. ft.) 
- Pe tubes 203.44 sq. m. 
; (2189 84 sq. ft.) 
Heating surface, total 219.08 sq. m. 
; (2358.19 sq. ft.) 
Superheating surface ee 70.63 sq. m. 
5 (760.28 sq. ft.) 
Grate area... —_ 4.25 sq. m. (45.75 sq. ft.) 
Working pressure ... 16 kg. (227.57 lb. per 
. in.) 
Wheel-base, driving 5.4 m. at ft. 10.18 in.) 
i. an. 11.2,, (36, 89 » ) 
Weigh. on leading axle .. 11.08 tons 
” first coupled axle 16.1 ,, 
ae third, fourth, and 
fifth axles (average) “ ! =e 
Weight on trailing axle 12.75 ,, 


total, in working 


order 93.33 ,, 
Tender : 
Tank length ... 5.708 m. (18 ft. 8.73 in.) 
» Width ... 2.858 ,, (9,, 4.52,, ) 
» height... a ate «att ua Seas 
Wheels, diameter ... mm” ere re re 
Water capacity ... 23,100 kg. (5093 galls ) 
Fuel - ae pre 8 tons 
Weight in working order ... S14 
Engine and Tender : 
Weight in working order ... 144.73 ,, 


The attached list gives the references to Fig. 4 :— 


. Sight-feed lubricator d, Steam-heater for the injec- 
. Steam-cock for sight-feed tor water-feed pipes 
lubricator e. Peep-hole 
Steam-cock for heating f. Cock for admission of steam 


and water to low-pres- 


apparatus 
Steam-cock for injectors sure cylinders 


. Hand-levers for injector g. Cock for admission of 
steam-cocks water to high-pressure 

. Starting-gear steam-cock cylinders 
Steam-cock for the pump h. Spraying-cock for smoke- 


Handle for blower-cock 

. Blower steam-cock 

Cock for steam sand-gear 
Ventilator-handles 
Water-gauge 


box door. 
Regulating-cock for sand 


r 


gear 
j. Cock for boiler-pressure 


Nx MS<GH@erO 7 OS ZErxe-tos BD oO FP 


gauge 

Gauge-glass protector k. Regulating-cock for auto- 

Blow-through cocks for matic brake 
water-gauges l. Regulating-cock for non- 

Lamp-brackets for water- automatic graduated 
gauge brake 

Lever for working water- m. Handle for air-dampers in 
gauge cocks fire-box door 

Pet cocks n. Heating apparatus regu- 

Drain for pet-cocks lating-cock 

8 -indicator 0. te sary! hand-wheel 
histle-lever p. Wash-out holes 

Exhaust-regulator q- Oil-can shelf 

Throttle-lever r. Seate 

Reversing-gear hand-wheel 8. Foot-rests 

Pressure-gauge for boiler t. Boiler pressure inspection 
and steam-chests se. 

Pressure-gauge for brakes u. Funnel drain for sight feed 

Pressure-gauge for heating lubricator 
apparatus v. Tube-cleaner 

a. Pyrometer w. Foot-step 
b. Handle for high-pressure k ash-pan damper 


cylinder-cocks 
. Handle for low-pressure 
cylinder-cocks 


a 





CRACKS IN STEEL PLATES. 
To THe Eprror oF ENGINEERING. 

Sin,—I enclose a photograph taken about seven gee 
ago from a tube-plate in course of manufacture for a 
marine boiler. Iv will be seen that the plate had gone 
through the first operations of forming the flanges to 
take the wrapper-plates of the combustion-chamber. 
It is one of several others which had been flinged on the 
same day, and it had been placed to one side with them 
in a stack. Shortly after starting up on the following 
morning a loud report was heard to come from the stack 
of plates, and on examination this plate was found to 
have cracked in two places. One crack is shown by the 
white line at the bottom towards the right near to the 
wood chock, and the other by the similar line near to 
the clamp to which the crane is hooked. 

The plate was subsequently struck a few sharp blows 
with a heavy wood-flanger’s maijlet on the side reverse 
to that shown in the photograph, and out of curiosity as 
to whether the cracks would extend or others develop. 
The plate was then lifted, and to my astonishment I found 
the interesting, and, I believe, unique strain diagram 
which a careful examination of the photograph will 


reveal white lines at the cracks and all of the 
innumerable fine lines over the area of the plate are the 
clean grey steel surface of the plate showing between the 


overlying blue scale. 

The whole area of the plate was apparently under a 
state of extreme stress, and the effect of the hammer- 
blows was apparently sufficient to increase the stress 
beyond the elastic limit, so that the material stretched in 





many directions, and the brittle scale broke. The 
measure of the extent of the stretching is the width of 
the lines, and varied ae. the directions of the 
stresses are normal to these lines. ' 

It will be noticed that at the edges of the giotes, in 
way of the cracks, the white line is imperceptible. This 
is because there was no stretch at the edge, the material 
having broken short, but as the cracks extended inwards 
the material had stretched very markedly, and so 
increased the surface of grey steel ex to view. 
Taking cross-sections through the plate across the cracks 
the reduction of thickness or area of section was very 
perceptible, and where it was greatest it was easy to 
make an impression upon the steel by means of a sharp 
knife-blade, but at the extreme “—- of the plate where 
the cracks started the steel was as hard as glass. 








The photograph is a poor one, and I much regret that 
a shower of rain prevented me obtaining a better record 
of the most beautiful stress diagram I have seen. 

At about the same period my attention was drawn toa 


serious crack in a shell-plate for a large boiler, and which 
was revealed in a curious manner. The holes had been 
drilled, and when examining the quality of the work it 
was noticed that a minute piece of steel had broken off 
the edge of one hole. Further examination discovered a 
crack extending right through the plate and from the 
edge of the plate, across the hole, and for several inches 
into the plate. But for the chance of drilling the hole 
right across the crack it — not have been discovered 
until a very serious accident had happened. 

Yours faithfully, 

May 29, 1914. R. J. N. W. 
(The cracks were somewhat difficult to follow in the 
payee print we received, and although great care 

as been taken in the ——— they are still less 
visible in the engraving.— Ep. E.] 





WHAT IS HARDNESS ? 
To THe Eprror oF ENGINEERING. 
S1z,—I have noticed that from time to time discussions 
have arisen, particularly in England, in to what 
ardness is and is not, and as to what the different 
hardness-testing instruments show and cannot show. 
These have somewhat misleading in the t, for 
two reasons: Firstly, lack of technical knowledge of 
the subject on the part of the discussionist ; and secondly, 
the disparagement of one form of testing apparatus in 
order to advance the sales of another competitive device. 

As in everything else, an erroneous discussion, while it 
often awakens new thought, can just as well mislead, and 
thus delay progress. It appears to have done the latter 
in England, for the statistics show that this country is 
fourth in the line of progress in the adoption and appli- 
cation of the hardness test. In a recent issue of a monthly 
ournal issued by a firm of machine-tool makers, the 

ollowing statement, among others, is made : ‘‘ Testing of 

hardness is full of difficulties, the reason being that the 
word is used to cover a number of very different prc- 
perties in materials.” 

As a matter of proof for these different properties, the 
relation of the resistance to —- machining is dis- 
cussed. The writer goes on tosay that different hardness- 
testing instruments show different properties. The 
scratch test, according to him, measures resistance to 
scratching, not necessarily hardness. The sclerosco’ 
which depends upon the principle of the rebound of a 
small diamond-face drop-hammer after causing a perme, 
nent set in the metal after dropping from a certain height, 
he says “‘ measures mainly what might be called bounc- 
ability,” substantiating his claim by the fact that india- 
rubber, wood, and brass can cause a higher rebound than 
soft steel, while the Brinell machine measures the resist- 





ance to deformation. This, he considers, is the most 
correct test, although he does not claim that the test will 
show resistance to cutting in all materials. 

Let us first ascertain the relation between hardnees and 
resistance to cutting. Hardness at the present time is 
generally unders to be a state of rigidness in a body 
which imparts to it the power to resist penetration 
and n ily alse deformation. Hardness in metals is 
much like the integrity of their melting-points, when 
pure. Fusion, then, always occurs at a fixed and known 
temperature. This will, however, change with the addi- 
tion of impurities or by alloying with such metals as may 
have a higher or lower melting-point. The tendency, 
then, is for a mutual adjustment between the two, so with 
the hardness of the metal in relation to its resistance to 
cutting or machining. A pure metal will show resistance to 
machining directly in proportion to theincrease of hardness. 

It does not matter what instrument is used to measure 
this so long as it indicates resistance to penetration, such 
as the scleroscope, and also the Brinell machine, when 
properly operated, does. But this uniform increase of 
resistance to cutting will only hold good when the clear- 
ance of the tool is perfectly adapted to the hardness of the 
metal; if it is not, all experiments will be misleading. 
This is, in fact, the first point necessary to understand in 
the practice of testing for hardness—to determine cutting 

ualities. 

. In dealing with alloys, complications necessarily arise, 
yet a simple rule holds good. The power required to 
remove chips wili depend = the tensile strength which 
is developed by any alloy. This is also indicated approxi- 
mately by the hardness reading. Wear of the tool here 
is quite another thing, for this depends upon the hardness 
of the hardest particles in that alloy. ‘Lhe catting-tool 
must scrape against these, which are therefore determin- 
ing factors from the standpoint of tool wear. 

A very illustration of this point is a mechanical 
mixture of lead and emery. The emery dces not impart 
greater tenacity and therefore physical hardness to the 
lead, so that it would still be possible to cut large chips 
therefrom with a steel tool with little power, but ina 
very short time this tool must wear out because of the 
grinding action of theemery. This illustration is rather 
crude, but serves the purpose quite well, and, in fact, 
may be used as an analogy describing the resistance of 
different alloys to machining or cutting with steel tools. 

Let us first consider mild-carbon steel. This, of course, 
is an alloy of carbon and iron. Carbon can only combine 
with iron to form a carbide, Fe 3C, or «ementite, which 
is a definite compound of considerable hardness and has 
a earbon content of 667 per cent. Pure iron then 

uires an affinity for this carbide, so that if the total 
carbon is very low, it appears as a network of mere 
streaks. These streaks become more numerous as the 
carbon content increases. Hence, in machining mild 
steel, the tool is obliged to overcome the tensile sirength 
of the iron and carbon alloy ; while the edge, in scraping 
against the microscopic streaks of hard carbide, will be 
worn in proportion to the number of these that are con- 
tained in the steel. ‘The wear of the tool is then almost 
directly in a pe to the total carbon content, if it 
is in the annealed condition, while the power required to 
remove the chips, as before stated, may be in proportion 
to the tensile strength or true physical hardness. 

A very interesting example illustrating this point is 
the resistance to cutting offered by high speed steel, 
which has usually a low carbon content, but yet a high 
tensile strength, and therefore high hardness reading. 
The tungsten and chromium with which the iron is 
alloyed appear to impart hardness, and, therefore, 
strength, without the formation of gritty material, such 
as carbide of iron is, for, as we have seen before, this con- 
tains 6.67 per cent. of carbon. High-speed steel thus 
may be 50 per cent. harder than the carbon steel in the 
annealed state, and while it may take more power to cut, 
will not show nearly so much wear on the took, just because 
the carbon content is lower, the number of carbide 

ins being less. It is said that these grains are as 
as hardened high-carbon steel ; in fact, hard enough 
to scratch feldspar. 

Another illustration of tool failures due to wear, inde- 
pendent of the hardness of the material, is found in the 
working of wrought iron containing slag grains. A 
drill may keep going all day without resh ing so 
long as no slag is encountered ; while, on the other hand, 
it may fail at onee if slag is struck, for this impurity is 
much harder than any hardened steel. It has been found 
that in connection with cast iron, silicon, which readily 
combines with iron, and is then easily cut, may be 
oxidised during the process of melting, and thus turn 
into particles of silica or stone. These do not impart 
greater stren or hardness to the iron, for the mixture 
is purely mechanical ; but when an attempt is made to 
cut the iron having such impurities, the power required 
to do this is equal to the hardness of the iron, while the 
wear on the tool will be in direct proportion to the amount 
of silica or grit it contains. 

Another very interesting illustration of this pheno- 
menon is seen in manganese steel. This material usuall 
shows a high resistance to wear at a low physical hard- 
ness, and this is evidently due to the fact that it con- 
tains particles of great hardness suspended in a cement 
medium, quite soft and ductile. Consequently such steel 
cannot machi by any scraping action. This is 
because the hard particles, being harder than the tool, 
quickly scrape off the edge. A cold chisel, however, 
hich bes its scraping action reduced to a minimum, will 
easily cut into manganese steel, the resietance of which 
is quite exactly in proportion to its —_ hardness. 
This phenomenon teaches a very valuable lesson, and 
chews bow important methods of cutting are with regard 
to action, shape, and clearance of the tool. ; 

There is another factor which enters into the cutting of 
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material which has greatly baffled many who have sought 
to gain the many advantages contained in the hardness 
test. This is the susceptibility to mechanical hardening 
under a Let us take, for example, a brass cast- 
ing 15 hard. This cating, Sy rolling or hammering, may 
readily acquire a mechani 

difference in resistance to machining here cannot in- 
variably be expected to be in direct proportion to the 
initial hardness. The reason is very simple. 

In machining such a casting, it can readily be under- 
stood that since pieces have to be cup or torn off, enough 
pressure must be used to overcome its elastic limit and 
ultimate strength. This will be great enough to cause 
sonsiderable mechanical hardening, not only of the chip 
but of the area from which itis separated. Hence the 
power required will be greater than indicated by the 
initial hardness of the casting. The difference will be 
least where the tool has the greatest clearance, and 
where so little resistance is therefore offered to the cutting 
of the chip that but little mechanical hardening can 
result. As the tool becomes dull or more blunt, the 
casting will be more and more difficult to machine, not 
alone because the tool is not sharp, but because 
the hardness of the casting will be raised practically to 
its limit—viz., 40 hard, for the sample selected. If the 
same casting, however, were first cold rolled, the power 
required to remove the chips would be in proportion to 
whatever hardness it was cold rolled at, provided, of 
course, the form or clearamce of the tool is well adapted 
to the metal. There would be little difference between 
the initial casting and the same when cold rolled so far as 
the abrasive effect on the tool is concerned, for, as stated 
before, this would depend upon the hardness of the hardest 
particles of the alloy. 

It is needless to discuss here the effect of speed, 
where the principal destructive factor is heat. The 
theory of hardness has been rather well explained under 
Professor Howe’s analogy of the brick wall, where cement 
is used to unite the bricks on the one hand, while on the 
other no cement is used, the bricks being merely piled up 
to form a wall. The bricks in each wall are of the same 
hardness. The wall with the cement, which combines 
the bricks into one unitary mass, is capable of resisting 
deformation and penetration, and would therefore be 
considered a hard body, while the one without the cement, 
under the same meehanical forces, would collapse ; there- 
fore it is incapable of resisting penetration and deforma- 
tion ; and although its grains or particles are just as 
hard, it would be said to bave a low physical hardness. 
We have seen that the cement medium in a body, there- 
fore, is just as important as the particles which it unites. 

In addition to hardness of these particles, their shape 
has much to do with mechanical properties such as those 
of metals and materials. The analogy of builders’ sand 
and quicksand may here be taken into consideration. 
The former has sharp angles and surfaces, while in the 
latter the particles are roundish, and the sand is there- 
fore incapable of supporting heavy weights. This indi- 
cates that friction between the crystals and the cement 
media is a very important factor,-and, in fact, the trend 
of metallurgical investigation at the present time is in 
this direction, under the science of metallography and 
microscopic study of structure. hen these are used 
in conjunction with the hardness test, there ee to be 
a few problems remaining between that test and its prac- 
tical application, although it is more frequently necessary 
to use only a little common-sense in addition to the 
observation of the simple rules given in the foregoing. 

I feel that when the readings of the scleroscope are 
compared with indiarubber in order to disparage that 
instrument in the eyes of the unwary, it is particularly 
unfair, for, as pointed out before, no hardness test can 


be made until permanent set can be caused, and it is| Th 


certainly not possible to do this in india-rubber with 
either the scleroscope or the ball test. 

The principle of the scleroscope was originally dis- 
covered as a result of mathematical studies of the law of 
conservation of energy. We may have differing opinions 
as to what relation elasticity may have to hardness in 
solid bodies; but, according to this doctrine, we can easily 
see that when a weight is lifted toa certain height against 
the force of gravity, work is done upon that body equal to 
the uct of the weight by the distance lifted. en 
this body is allowed to fall in, this work is transformed 
into ene of motion ; and when the body strikes an 
0 e act of stopping the body causes it to give up 
its energy of motion, resulting in deformation or breakage 
and heat. Should, however, this body fall upon another 
one that is immovable, and that cannot be penetrated or 
deformed in any way, the energy of motion is not given 
up, but continues to remain in the falling body as energy 

motion, meaning that in an absolute vacuum and a 
lute freedom from friction it will have to rebound as high 
as it fell, and thereafter keep vibrating almost for ever. 

Under ordinary conditions, the rebound from such very 
hard materials is less than from the height it falls, because 
of the resistance of air and mechanical friction ; and 
while the falling body keeps vibrating for a considerable 
time, the ene of motion is gradually converted into 
heat due to said mechanical.and air friction. 

Naturally, since the law of conservation of energy is 
so extremely exact and | sae it would necessarily 
follow that the slightest deformation that can be caused 
between these colliding bodies will instantaneousl 
detract from the rebounding effort, because of the wor 
that had been done, until at when a soft metal, such 
as lead, is struck, practically all the energy of motion is 
converted into work, and the most insignificant rebound 
occurs. The scleroscope, therefore, is an instrument of 
strictly scientific origin. It obeys the laws of physics, 
and is deliberately designed toward that end. pro- 
perly-conducted hardness test by any correctly-designed 
instrument, like anything else, must necessarily become 


hardness of, say, 40. The | scl 





valuable, and more and more indispensable, as we learn 
not to waste time expecting the unreasonable. 

In this connection I wish to take this as my 
opportunity to refer to oft-repeated unfair statements 
that the size or mass of the piece under test by the 
leroscope cause variations of its hardness. It is perhaps 
needless here to refer to the manufacturers’ lar in- 
structions and provisions in the instrument design to 
clamp minute pieces so that they acquire the inertia of the 
heavy-enough clamp. In this manner hardened steel and 
softer metals, as thin as writing-paper, or rods lese than 
3 in. in diameter, are regularly and faithfully tested. 

In common scleroscope practice it is rather fortunate 
that when little pieces of metal are thus clamped or 
mounted for testing, the sound of the little drop-hammer 
will anger p ape the most careless operator as to the 
accuracy of his ——- When the clamping is satis- 
factory, so that the small piece has the same inertia as 
the — mass of the clamp, a dull thud is heard, or the 
note of a body that size. Smaller bodies have higher 
orshriller notes, and in order to be sure the clamping has 
been satisfactory, these must be sibdued to correspond 
to that of the larger body. Only the most ordinary 
judgment is required to note these sounds, and the 
operator is therefore guided quite unconsciously. 

Yours truly, 
Apert F. SHore. 

555-557, West 22nd-street, New York, June 9, 1914. 





‘HYDROSTATIC CATENARY.” 
To THE Epitor oF ENGINEERING. 

S1r,—I shall be much obliged if, through your columns, 
I can get a solution to the “hydrostatic catenary.” 

A flexible sheet, with no resistance to bending, of 
length P, is hung between two level supports A and B, 
distant a length L apart, and is then filled with water up 
to the level of A and B. 

1. What is the equation to the curve or catenary in 
which the sheet hangs? 

2. What is the relation between L, P, and T and the 
maximum ordinate ? 

3. What area does the curve enclose ? 


T 


L 


an sae 


Water Level 











ZO 8 


The pressure from the water is everywhere normal to 
the pod so of the sheet, and hence the tension T is con- 

stant all round length P for any particular case. 
The curve is the same as that assumed by a long 
column of uniform cross-section under an excessive load. 
is curve may take various forms in the general case as 
shown, but it is only case 1 which is used in ice. 
This section is a common one in light metal flumes for 
ing water, and it has been adopted as the water 


section in a large reinforced-concrete aqueduct at present 
under construction. Yours oly - 


(4032) 


. Grss. 
Irrigation Department, Brooks, Alberta, Canada, 
June 29, 1914. 





‘““THE SUBSIDENCES IN THE STREETS 
OF PARIS.” 
To THE Eprror oF ENGINEERING. 

Sir,—As an engineer and a reader of your valuable 
paper, and who, besides, has been in charge of the shield 
process of Berlier’s Tube from 1906 to 1909, I note in 
your article ‘‘The Subsidences in the Streets of Paris” 
various points which I take the liberty of taking up as 
not being quite correct. 

1. The line Villiers-Gambetta does not run parallel to 


“Chambre des Deputés” and ‘‘ Concorde,” and though 
great difficulties were experienved from subsoil, as rock 
was only found right under the river, it turned out a 
pretty good success for that method, but, except for that 
portion, all the remaining was done in masonry in the 
shape of vodte surbaissée or anse de panier, which was 
reckoned as being the one — best results. 
As to the stability of the whole, it is a known fact, 
though it has been criticised, that provided the masonry 
is made of material, and thicknesses adhered to, no 
fears of peing can be entertained. 

_ Hoping you will excuse me for interfering so on your 
time, but thinking it right to mention the above, leaving 
you to use it as you like. 

I remain, yours very truly, 
RY. J. DE CorRDEMOY, 
Director of the Australian Section, 
British mber of Commerce, Paris. 

Paris, June 29, 1914. 

[We thank our correspondent for his corrections, but we 
think he has not in all cases read our article quite oor- 
rectly. We wrote, on page 840 ante :—‘* The line No. 3, 
now completed, is at the lowest level underneath a steel 
viaduct which carries, at the Place de !’O the line 
No. 2. This line No. 3 is known as the Villiers-Gam- 
betta line, and follows a direction erally parallel to 
line No. 1; it intersects both the ‘Nord-Sud’ line and 
the central line which seryes the Place de la Concorde, 
running thence to...” Line No. 1 is practically a 
straight line from the Place de la Bastille to the Porte 
Maillot, some 44 miles. Line No. 3 starts at Pbre 
Lachaise and runs by the Place de la Republique, 
the Bourse, the Opera, the Gare St. Lazare, and 
the Avenue de Villiers to the Porte de Champerre. 
The two lines are equally distant for about one- 
third of their length at cash end, but for the middle 
third are es. one noe i = is, em 
quite reasonable to describe them as generally paradlel. 
At Gare St. Lazare line No. 3 intersects the Nord- 
Sud, and here we have evidently mistranslated the 
original article, which should ——~ “it intersects the 
Nord-Sud, which serves the Place de la Concorde.” This 
point was made clear by the =e in our second article 
on page 879 ante. The respective levels of the three lines 
intersecting at the Place de |’Opera are clearly shown on 
our two-page plate, published on July 6, 1906. No. 3 line 
is the uppermost. 

We have expressly pointed out, and have shown in 
the drawings, the intersection at the Champs-Elysées of 
the broken line with No. 1. The inundations at St. 
Lazare in 1910 were not caused solely by the Nord-Sud, 
but also by the actual flow of the subterranean water of 
the subsoil ; that is, we believe, accepted. As a matter of 
fact, M. Berlier constructed the two under the 
Seine with a shield, but the tunnels of the Nord-Sud 
Ie eT our correspondent says, built without shields. — 

LD, 





INFLUENCE LINES. 
To THe Eprtor or ENGINEERING. 

Sra,—An expression useful for working out influence 
lines for a girder divided into a large number of equal 
spans is as follows :— 

Let A B, BC be two adjacent unloaded spans, then by 
the well-known theorem— 

A ea - 
M, Ms Me 
M, + 4Ms + Me = 0 
M, =-4 Ms; = M. 
Now if My = bending moment at the first point of 
support = 0, 
M, = bending moment at the second point, &c. 
Then the moments at successive points of su until 
a loaded span is reached are given by— sin 


- av 2+ 73)" - (2 - 73)" 
M, =(-1)". 2/38 M,. 


4.6, 





Successive values (which are all whole numbers) being 
M,, —4™M,, +15M,, -— 56M), &c. 
If there are an infinite number of spans— 


Mn_ = _ (2+ 9/8) = - 8.782, 


Mn 
Yours truly, 
G. P. Mannina, 
102, Fordhook-avenue, Ealing Common, W., 


July 10, 1914. 
P.S.—If you have seen this expression before, please 








No. 1. This line, called ** No. 3,” intersects the Nord- where it is to be found. 
Sud at St. Lazare, not the Concorde, and runs through _ 
the highest leve 1 at Opera. 
The second level is line No. 7 from La Villette-Opera,|_ Personat.— Mr. H. G. Humby, M. Inst. ©.E., 
joining there No. 8, which runs to Auteuil, crossing the | M1.N.A., formerly consulting engineer to the Natal 
ine below the Concorde ,<\y again at Mirabeau, | Government, and subsequently to the Government of 
making a half circle on the left bank. the Union of South Africa, having retired, has opened 
The third and lowest level is the new line, nearly com- | an cffice at 20, Victoria-street, London, 8. W., where he 


plead, and going to the Palais Royal down the Avenue 
ie Opera. 

The line where the accidents were crosses No. 1 in the 
Champs Elysees. F 

Also, when the Seine invaded the works during the 
winter 1909-10, the flood came by the Nord-Sud, owi 
to the breaking of a big sewer running along Bouleva 
St. Germain, and which was not repaired in time, the 
tube being completed under the Seine. 

The ‘‘Berlier Tube,” as such was called the ‘* Nord- 
Sud.” was, contrary to your article on June 26, done by 
the shield under the Seine between the two stations 





is practising as consulting engineer on matters relating to 
sobuege and harbours and their oqemens of which he 
has had extensive experience.—Mr. H. 8. Rowell, 
A.R.C.Sc., B.Sc., Wh.Sch., has been appointed to the 
position of Senior Lecturer in Mechanical Engineering 
at the Bradford Technical and will commence 
his duties in September next. r. Rowell] had a dis- 
tinguished career as a student, obtaining successively a 
National Scholarship and a Whitworth Scholarship in 
Engineering, a double Associateship of the Royal 
College of Sci (in Physics and in hanics) and 
the B.Sc. (Engineering) degree of London University. 








86 


ENGINEERING. 





[Jury 17, 1914 








THE NEW NICLAUSSE HIGH-DUTY 
MARINE-TYPE BOILER.* 
By Jutes Niciavusss, of Paris. 

Tue Niclausse boiler, of which so many important in- 
stallations have been made in practically all the navies 
of the world, in rg power-houses, and in industri 
factories, is too well known by engineers to require a 
description, so the author proposes to limit this a a 
to setting forth briefly the general features and latest 
improvements. 

n the Niclausse boiler all the evaporating-tubes are 


fitted at one end only into the headers, anda ectly 
_ joint is ensured by metal-to-metal conical joints. 
The other end is closed by a cap, and is carried by a 


supporting plate. The removal of any tube, either for 
cleaning or for replacement, is very easily and rapidly 
effected, so that a shut-down for any cause does not put 
the boiler out of service for more than a relatively very 
short time. The tubes being fixed ab one end only, 
expansion or contraction takes place freely, giving com- 
plete security against troubles resulting from neglect of 
this important provision. It will be noticed from Fig. 1, 
herewith, that the old screwed-on lantern end has 


The upper tubes are therefore fed by relatively cold feed- 
water, and the bottom tubes by the purified hot feed. 
The horizontal header also serves as a ‘‘bottom box,” 
Fig. 2, whence impurities can also be rejected by blow- 
down valves F fitted at each end of it. 

The lower tubes, which are most exposed to the heat of 
the furnace, consequently receive the feed at boiler steam 
temperature, and free from any impurities which can 
cause deposit. rae impurities in the feed to the upper 
tnbes are practically harmless, since the temperature of 
the gases surrounding them is insufficient to form a hard 


In the modern land-type boilers the system is simpli- 
fied, without im airing its efficiency, by suppressing the 
vertical downtake pipes. These are re weed by one 
header out of every four or five, in which no cross- 
diaphragm is fitted in its front compartment, so that it 
serves to feed the ‘‘ bottom box ” and the lower tubes of 
all the headers fitted with the cross-diaphragm, whilst its 
own lower tubes are served direct. The arrangement 
will be quite clear from Fig. 2, A, A being ondions hasten 
the cross-diaphragm in their front compartment — 

e drum to f 


impurified feed from the front side of 
being a downtake header taking its 


the upper tubes, B 
hot purified feed-water from the back side of the drum, 





cupgeemed, the tube being now solid-drawn throughout, 
with ewellings to form the cones. 


Fig.l]. HEADER AND EVAPORATING TUBE ENDS. 


the a therein being suitably arranged for this 
purpose, as shown at B in plan. 
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being 91.5 per cent., and the capacity 20,000 Ib. per hour 
from and at 212 deg. Fahr 


2. A six-hour trial at the combustion rate of 180 kg. of 
coal per square metre of grate surface (37 lb. per sq. ft.). 
The evaporation in pounds frem and at 212 deg. Fahr. 


was 11.5 per pound of coal fired, the thermal efficiency 
being 79.8 per cent. d 
~" A 16-hour trial av pe Pager ments A of 225 kg. “ 
uare metre of grate sur . per sq. ft.). 
The ‘evaporation in pounds from and at 212 deg. Fabr. 
was 11.4 per lb. of coal fired, the thermal efficiency being 
79.3 per cent., and the capacity 41,000 lb. per hour from 
and at 212 deg. Fahr. 

4. A 4-hour trial at the combustion rate of 135 kg. of 
petroleum per square metre of grate surface. The evapo- 
ration in pounds from and at 212 deg. Fahr. was 15.5 per 
pound of fuel burnt, the efficiency being 78.8 per cent. 

5. A 5-hour trial, to demonstrate the elasticity of the 
boiler. Operation took place as follows :—Half an hour 
at the combustion rate of 95 kg. per sq. metre of grate 
surface ; half an hour at the combustion rate of 180 kg. ; 
half an hour at the combustion rate of 225 kg. ; one hour 
at the combustion rate of 240 kg. ; a quarter of an hour at 
the combustion rate of 180 kg. ; a quarter of an hourstop; 
10 minutes at the combustion rate of 95 kg.; three- 
quarters of an hour at the combustion rate of 155 kg. with 








oil fuel ; a quarter of an hour at the combustion rate of 


Fig.2 DIAGRAM OF WATER CIRCULATION IN LANOTYPE OF BO/LER 


Areas covered by small dots represent 
Crp ep 








_ fine 





As shown in Fig. 1, each header is divided into two 
compartments by a vertical partition plate, separating 
the steam and water currents. The current of water 
flowing through the front compartment of the header is 
distributed to each evaporating-tube by an inner tube con- 
tained in the former. Windows cut in er end 
of the evaporating tube enable the water to enter and 
the steam to depart in two distinct currents, so that 
positive circulation in only one, and that the correct, 
direction is ensured. 

Daring the last two years, a number of improvements 
have been made in the details of the Niclausse boiler, 
without affecting the principles of its o tion and 
construction. Some years the malleable cast-steel 
curved headers were rep by headers constructed in 
solid-drawn pressed steel of increased and of rectangular 
section, and recently the firm introduced a special 
system of feed distribution to serve the lower tubes, 
which are those nearest the furnace, and are the principal 
evaporating tubes. For this purpose the steam and water 
drams are divided into two compartments by a longi- 


tudinal diaphragm plate in prolongation of the vertical | usuall, 


partitions in the headers, as shown ‘n Fig. 2; the 
after passing through a trough O, wherein car' 
other impurities are precipitated, and whence they are 
ejected by means of a blow-down valve D, enters at the 
front compartment, descends the vertical headers for a 
certain distance determined by a cross diaphi E, 
passes into the upper ee and returns with 
the steam there produced into the back compartment of 
the drum, which omerentt contains only hot and 
purified feed. The purified feed then descends by twotubes 
ose in front of the side walls, in the case of the igh- 
uty boiler (see Fig. 3. o ite) into a square horizontal 
header located longitud ly in front of, and connecting 
by an elbow to, the bottom of each of the vertical headers. 


* Paper read before the Institution of Mechanical 
Engineers, at Paris, July 8, 1914. 


feed, 
and 

















In the new high-duty marine-type boiler the firm have 
still further increased the section of the headers, chiefly 
in the rear compartment forming the for the 
steam. This is about 4} times larger than in the modern 
land-type headers. Furthermore, an inclination of 15 per 
cent. instead of 10 per cent. has been given to the tubes, 
in order to facilitate disengagement of the steam. Also, 
the outside diameter of the tubes has been reduced from 
84 mm. to 60 mm. (3,4 in. to 28 in.), a reduction which 
has rendered practicable, with complete security 
against all forms of distress, by the above-mentioned 
improvements. 

he new high-duty boiler is fitted with a feed-reheater 
placed above the tubes. The water circulates into this 
apparatus on the contra-flow principle—that is, in the 
reverse direction to the hot gases. The official tests 
referred to hereafter show the efficacy of this feed- 
reheater, as much from the point of view of the feed- 
water temperature as from that of the chimney-gas 
tem tures. 


y arranged between the tubes in the land type, is 
fitted with a new system of baffling, which p 
the length of the gas flow in the tube fatsceau, ensuring 
improved utility and efficiency. This comprises plain 


open-ended tu laid between the evaporating tubes, 
formi as will be seen from Fig. 3. 
All above improvements were comprised in the 


test-boiler recently tested by the French Navy experts. 
Full dimensions of this boiler are given in the Appendix, 
page 88, and in the drawing showing its general 
arrangement, Fig. 3. The tests of this boiler by the 
Committee of Naval Experts appointed by the French 
Admiralty, and carried out in September last, com- 


7 A cix-hour trial Oe ae ae of 95 kg. r 
uare metre of grate surface (19. . ft.). 
Tis Geapueetion in pounds from at at 212 deg. Fabr. 


high-duty marine boiler, having no superheater as | fired 





was 13.1 per pound of coal fired, the thermal efficiency 


95 kg. of coal. This trial proved that the boiler made the 
change from these different rates with perfect success, 
and without any difficulty. 

Further tests were made on January 6 last by a party 
of English ineers. The results fully corroborated 
those obtained by the French naval experts. 

te the No. 3 trials, the percentage of water 

entrained was at maximum only 0.9 per cent. This was 
determined by the salt method with the Kennedy appa- 
ratus. The maximum temperature of the at foot 
of chimney was only 330 deg. Cent. (625 deg. Fahr.) 
during the sixteen hours’ test at the combustion rate of 
225 kg. per sq. m. (46 lb. per sq. ft.) when the evapora- 
tion was 105 per cent. above the normal. It must be 
added that the feed-water used was the ordinary town 
water, which was not in any way treated or purified, and 
which during the official tests was subjected to an addi- 
tion of such a quantity of sea salt as to give 1 deg. of 
salinity to the water in the boiler. Valvoline was also 
added in the proportion of 175 grammes per ton of coal 
On the results of the tests made by naval experts 
in September last, the French Admiralty placed with 
the firm an order for twenty-one boilers, aggregating 
36,000 horse-power, for the 25,000-ton super- Dreadnought 
Bearne, laid down on January 1 of this year. _ 
_ For land service the new high-duty boiler is arranged 
in much the same manner as in the Niclausse land type, 
and is fitted with superheater and mechanical stoker, 
both of the firm’s design and make. The superheater 
is constructed of several serpentine sections interpolated 
and coupled to two headers, one at the entrance and 
the other at the steam exit. The serpentines, which 
are placed within the nest of tubes in the latter, are 
located above the faisceau in the new high-duty-type 
boiler for land service. : r 

The Niclausse mechanical stoker comprises fire-bars in 
short sections interlocking with each other and carried in 
su ing bearers, which are given an intermittent to- 
and-fro motion, so that two adjacent bars always work in 
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NICLAUSSE HIGH-DUTY BOILER. 


Fig.3. HIGH-DUTY MARINE BOILER FOR NEW 
BATTLESHIP ‘BEARNE” 
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opposite directions. There is a momen pause 
between the movement backwards and f The 
bar movement is effected by means of a slowly-rotatin 
shaft fitted with hard-steel cams, which e wit 
hard-steel trip-pieces mounted on the bearer-hea The 
speed of the driving-shaft can be varied from 1 to 6 revo- 
lutions per minute. Below the grate is fitted a series 
of hoppers serving as both air-ducts and ashpits. The 
air supply is furnished preferably by a forced-d t fan 
worked at low pressure, This system is very much more 
economical than either the induced or ej -draught 
systems. The ashpit is divided into three compartments, 
in which the air supply is regulated independently to the 
different zones of the fire-bed, whereby B ny combus- 
tion with any kind of fuel is ensured. The ashpit com- 
artments also serve to separate green fuel riddlings 
rom the fine ashes, the former being trapped in the 
front compartment, and the latter in the rear com- 
partment, whilst the clinkers are delivered into a c1pa- 
cious * & under the end of the grate. The Niclausse 
stoker, of which there are over 200,000 horse-power 
at work, has been proved capable of burning all 
of solid fuel, from coke-breeze and coals having only 
8 per cent. volatile matter to the coals richest in volatile 
matters. Recently, it has been tried in land with 
very high volatile Midland coal, and in South Wales with 
extremely low grade, low volatile, high ash Welsh coal, 
with successful results, 

Fig. 4 illustrates the arrangement of the stoker, also 
the superheater, with respect to the boiler, as instanced 
in the recent installation of two 25,000-Ib. to 35,000-1b. 
ow hour boilers, complete with stokers, &c., at the 
Eedeeds Electricity Works of Southend-on-Sea, in 








APPENDIX. 
Particulars of the — for Trials by the 
avy. 
The general arrangement of the boiler is shown in 
Fig. 3. Other particulars are as follows :— 
Working pressure (gauge)... 18 kg. per 8q. om. (256 Ib. 


per sq. in.) 
Number of headers... ch 13 
Number of evaporating | 300 (thickness, 24 mm.) 
rs . 


tubes, upper sas “ts .099 in. 
Number of a (thickness, 4 mm.) 
tubes, lower ot se (0.16 in.) 
Total number of tubes 
Oleaning tubes 12 


Outside and inside diameter 

of ayper tubes, mm. __... 60 x 55 (2.36 in. x 2.16 in.) 
Outside and inside diameter 
of lower tubes, mm. ___... 60 x 52(2.36 in. x 2.04 in.) 


Height of headers ... .. 2,300 m. (7 ft. 6 in.) 
Length of tubes jecting 

outside the headers a Sew BO wa Mia) 
Number of tubes in econo- 

miser id ve as 780 
Length of economiser tubes 

(outside headers) ... .. 1.216 m. ( 4 ft. Oin.) 
Length of grate < eta 160 Sat 
Width of grate 3.690 ,, (11 ,, 94, ) 
Grate area... aa ... 7.20sq. m. (77.5 8q. ft.) 
Heating surface of outer 

tubes ote ila -..173.62 ,, (1870 ,,  ) 
Heating surface of econo- 

miser we ea ---119.22 ,, (12985 ,, ) 
Total heating surface ...292.85 ,, (3155 ,, ) 


_ The ratio of outer ey | surface of the tubes (neglect- 
ing the header surface) to the grate surface is :— 


Outer surface of evaporating tubes... 24.11 to 1 
Outer surface of economiser tubes... 16.56 to 1 
Ritio of total heating surface to a 

grate area... ice al 40.67 to 1 


8 occupied by boiler = 114 sq. ft. ; height to top 


of dome, 13 ft. 
Hourly evaporation per square foot of ground spice 
occupied :— 


(a) At normal load, with rate of combustion of 
19.5 lb. per sq. ft. of grate surface = 175 lb. per 
hour from and at 212 deg. Fahr. 

(b) At overload, with rate of combustion of 46 lb. 

r sq. ft. of grate surface = 355 lb. per hour 
rom and at 212 deg. Fahr. 





50-Fr. Motor PINNACE FOR THE BriTIsH ADMIRALTY. 
—A motor pinnace of 50 fo. page. the first of the olass, 
was delivered at Devonport yard during the second 
week in July by Messrs. John I. Thornycroft and Co., 
Limited, making the non-stop voyage from Southampton 
—a distance of 130 nautical mil s—under her own power 
in less than 12 hours, The type is very similar to the 
50-ft. (~ y at present :arried on battleships, 
and is, imdeed, destined to replace them. The only im- 
portant difference between the moor and steamboats is 
in respect of the machinery. The machinery consists of 
one Thornycroft 8/6 type direct reversible paraffin 
engine starting on blow-lamp. The cylinders are six in 
number, 8} in. in diameter by 12-in. stroke, and the 
engine develops 150 brake horse-power at about 550 
revolutions per minute. The ini impulse is given to 
the engine by compressed air at 575 Ib. introduced 
through non-return valves on the cylinder-head. The 
air is stored in ti steel reservoirs in the ine-room. 
Reversing is effected by moving the cam-shaft longitu- 
dinally, thus bringing another set of cams into opera- 
tion, There is a compressor driven by cam-shaft at the 
fore end of the engime, and also an auxiliary hand-driven 
compressor for the first charge in the reservoirs. 





THE INSTITUTE OF METALS. 


Tue Autumn Meeting of the Institute of Metals will 
be held in Portsmouth on September 10 and 11. The 
meetings will be held in the Portsmouth Municipal 
College. On Thursday, September 10, there will be a 
general meeting, at 10 a.m., opened by the official 
welcome of the Institute by the Mayor of Portsmouth, 
Alderman J. H. Cooke, and the Chairman of the Edu- 
cation Committee, Alderman F. G, Foster. After- 
wards papers will be read and discussed. In the 
afternoon a visit will be paid to H.M. Dockyard. In 
the evening a dinner will be held at the Queen’s Hotel, 
followed by a reception by the President, Engineer Vice- 
Admiral Sir H. J. Oram, K.C.B. On Friday, Septem- 
ber 11, in the morning, more papers will be considered, 
after which members will visit and take lunch at the 
works of Messrs. J. Samuel White and Co., Cowes. 
Alternative motor excursions have been arranged for the 
afternoons—namely, for Thursday to the New Forest or 
Arundel,and for Friday, toCarisbrooke Castle. The papers 
to be taken at the meetings will, it is expected, include 
the following :—‘‘The Wiedmanstiittian Structure in 
Various Alloys and Metals,” by Captain N T. Belaiew ; 
“Ductile Tungsten and its Internal Structure,” by C. 
Gladitz ; ‘* Tensile Tests on ea at High Tempera- 
tures,” by Mr. D. Hanson and Dr. G. D. Bengough ; 
“The Critical Point at 460 deg. Cent. in Zinc-Copper 
Alloys,” by Mr. O. F. Hudson; *‘ A Note on the Anneal- 
ing of Brass,” by Mr. F. Johnson ; ‘‘The Deposition of 
Metals by the Spraying Process,” by Mr. R. K. Morcom ; 
‘* The Effect of Hydrogen on the Annealing of Gold,” by 
Mr. J. Phelps; ‘‘ A Contribution to the History of Cor- 
rosion—Part III., Coke, Condenser Tubes and Corro- 
sion,” by Mr. A. Philip; ‘‘The Surface Tension of 
Molten Metals,” py Mr. 8. W. Smith; ‘‘The Behaviour 
of Copper-Zinc Alloys when Heated in a Vacuum,” by 
Mr. W. E. Thorneycroft and Professor T. Turner. 





Tue Moror ExuisitTion.—At a recent meeting of the 
Society of Motor Manufacturers and Traders, Limited, 
the date of the Motor Exhibition at Olympia was fixed 
for November 6 to 14. From the applications for space 
received it was manifest that the coming Exhibition would 
be even more international in character than heretofore, 
and would demonstrate the fact that Great Britain is the 
world’s market for automobiles. 


Coat Exports rrom Ca.curra.—The exports of coal 
from Calcutta by sea during the half-year ended March 31, 
1914, were 1,614,484 tons, as compared with 1,498,304 tons 
in 1912-13. For the whole of the year ended March 31, 
1914, the exports were 3,036,353 tons, as compared with 
3,104,834 tons for the year ended March 31, 1913. The 
exports to Bombay were 549,961 tons ; to Karachi, 230,939 
tons; and to Rangoon, 210,223 tons. Of the coal exported 
in the half-year ended March 31 this year, 1,296,225 tons 
were carried by the East Indian Railway, as compared 
with 1, 100,688 tons in the corresponding period of 1912-13. 





INTERNATIONAL MuniciPAL CONFERENCE.—The Mayors 
of some of the most important cities of the United States, 
ether with a number of ladies and gentlemen identified 
with municipal matters, will arrive in London at the end 
of the present week, and from Monday, the 20th inst., 
to Satarday, the 25th inst., will join in an Internationa] 
Municipal Conference at the Anglo-American Exposi- 
tion, at the White City, Shepherd’s Bush, London, W., 
with Viscount Peel, the Chairman of the London County 
Council, as President. Amongst the subjects to be dis- 
cussed are:—The administration of Public Health, 
including regulations for housing and prevention of 
disease, and all matters connected with sanitation and 
sewerage, municipal trading, the —_ of electricity, 
gue, and water by public bodies, and the arrangement 
or provision and control of traffic. Parks, open spaces, 
town planning, and recreation. The administration of 
— police, and protection from fire. Control of 
building operations and destruction of insanitary build- 
ings, with reference to the protection of health and life. 
Houring, &c. Relief of the poor, hospitals and orphan 
asylums. Publicwelfare. Education. Controlof licensing, 
and relation with central government concerning part of 
the revenue derived from such licences, and the question 
of subsidy. Care of children ; female and child labour. 





OrrictaL Fire-Trsts.— The British Fire-Prevention 
Committee conducted two series of fire-tests last week at 
their Regent’s Park testing-station. The first of these 
dealt with a fibrous material suitable for partitioning 
and panelling, known as ‘‘Calno,” which was put before 
the mittee by the Fireproof Fibre Building Boards, 
Limited. It was tested in panel form of various thick- 
nesses, the thinner panels for duration and the thicker 
for the Committee’s standard forty-five minutes’ test, 
with a view to obtaining the classification for afford- 
ing ‘‘temporary protection” (Class A). The second 
series was with a partition and with two doors of non- 
flammable wood, treated by the Timber Fire Proofing 
Company, Limited. The partition was submitted to the 
Committee’s forty-five minutes’ test, with a view to 
obtaining the classification for ‘‘temporary protection” 
(Class A), and the 2-in. doors to the one-hour test, with 
a@ view to obtaining the classification for ‘‘ temporary 
protection” (Class B). The coe mgm throughout 
these tests had to range from 1500 deg. to a temperature 


not exceeding 1650 deg., and the fire-test was followed 

by the application of water from the steam fire-engine. 
e results of the tests will be submitted in the form of 

a report in due course. The next testing-day at the 

es Park testing-station will be July 22, which will 

be devoted to a series of three glaz 

will be wired-glass skylights. 


jing tests, among which 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 


Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and Cleveland warrants fell 
away a little. The turnover was limited to 500 tons at 
51s. 44d. cash, with closing sellers at 51s. 5d. cash, 51s. 7d. 
one month, and 51s. 74d. three months. In the afternoon 
the market was dead idle, the only change being in the 
prices of Cleveland warrants for the three months posi- 
tion, for which sellers named 51s. 7d. On Friday morning 
there was little doing, and the only business was one lot of 
Cleveland warrants at 51s. 44d. cash, and closing sellers 

uoted 5ls. 5d. cash, 51s. 7d. one month, and 5ls. 74d. 
t mon he afternoon session was again idle, 
and no change was made by sellers in the quotations for 
Cleveland warrante, On Monday morning a good tone 
prevailed, but buyers were absent, and no dealings took 
place. Sellers of Cleveland warrants quoted 51s. 6d. 
cash, 51s. 8d. one month, and 5ls. 9d. three months. 
The afternoon session was also a blank as regards business, 
and no ch was made in sellers’ prices. The firmer 
tone again held good on Tuesday morning, and dealings 
amounting to 1500 tons of Cleveland warrants were put 
through at 51s. 74d. August 25, and at 51s. 9d. and 51s. 84d. 
three months. The closing quotations were 51s. 6d. cash, 
5ls. 8d. one month, and 5ls. 9d. three months sellers. 
In the afternoon Cleveland warrants remained steady, 
but business was at a standstill. Sellers made no change 
in their prices, although by shaded their’s. When 
the market opened to-day (Wednesday) there was once 
again little feeling for business, and while the tone was 
steady, no dealing took place. eo! quotations for 
Cleveland warrants were 51s. 6d. cash, 51s. 8d. one 
month, and 51s. 9d. three months sellers. In the after- 
noon another blank session was recorded, and a holiday 
feeling prevailed. There was little change in prices, and 
sellers of Cleveland warrants quoted 5ls. 6d. cash, 
and 51s. 8d. one and three months. 


Sulphate of Ammonia.— A firm tone prevails in the 
sulphate of ammonia market this week, and there has 
been a little better demand on shipment account. The 
current price is now 11/. per ton Glasgow, and about 
11/. 2s. 6d. per ton Leith, for prompt lots. 


Scotch Steel Trade.—At last the annual fair holidays 
are with us, and those responsible for keeping the wor 
going are relieved for a little of some of their anxiety. 

o demand of any moment has been experienced of late, 
and there has consequently been no pressure for delivery 
of steel before closing down, except in the case of urgent 
lots ; in fact, some establishments put up their shutters 
several days earlier than usual owing to the shortage of 
specifications. The quieter tone experienced in the 
shipbuilding industry during past weeks, or months, 
coupled with the inroad of foreign material, has told 
severely on the demand for the local manufacture 
of steel plates, &c. Makers of black sheets are also 
very quiet, and the outlook is really so poor that the 
holidays will be extended this year. Export orders, 
while fair, have lately been of rather limited tonnage, 
and not nearly so heavy as is generally expected 
at this time of year. Prices show no change, and are 
called 5/. 12s. 6d. per ton for ship-plates, 5/. 7s. 6d. 
per ton for angles, and 6/. per ton for boiler-plates, 
all L the usual 5 per cent. for Clyde delivery or 
equal. 


Malleable-Iron Trade.—No change has to be yneet 
in the state of the malleable-iron trade of the West of 
Scotland, and now that the holidays have arrived, and 
the various works are closed, the re-opening will be put 
off as long as possible unless the horizon becomes clearer. 


Specifications have m so scarce that work has only 

n carried on intermittently for some time. Prices are 
unchanged, and are on 6/, 12s. 6d. per ton for 
**crown” bars. 


Scotch Pig-Iron Trade.—There has been a very and 
demand for Scotch pig-iron during the past week, both 
on home and export account, despite the fact that the 
present output is much restricted from the normal. The 
serious crisis: which has arisen in the coal trade has 
hastened the blowing out of furnaces, and since the coal- 
masters are resisting the limiting by the miners of the 
coal output of the country, there is the probability of a 
hard struggle. The succe:s of the miners would have 
the result of raising the prices of fuel, and if iron- 
masters find it hard enough to secure business at the 
present prices, in these days of foreign competition, 
it is difficult to anticipate what the future prospects of 
the iron ie may be. The current quotations for 
makers’ (No. 1) iron are as follows :—Clyde, 66s.; Calder, 
Gartsherrie, Summerlee, and Langloan, 66s. 6d. (all 
shipped at Glasgow); rel a or Ardrossan), 70s. ; 
Shotts (at Leith), 66s. 6d.; and Carron (at Grangemouth), 
67s. Hematite is very quiet and the demand has fallen 
away considerably. 


Iron and Steel Imports.—The istered im of 
iron and steel, during the month of June, into the ports 
of Glasgow, G outh, Greenock, ith, Dundee, 


and Aberdeen, were as follows :— 





Ex- Ex- 
Continent. Valve. y.gia, Value. 
tons £ tons £ 
Tron bars, angles, &c. 3836 24,906 — = 
Steel bars, re wd &e. -- 1058 6,722 117 887 
Iron and steel hoops and 

strips... we oe oe 831 5,561 1420 11,190 
Iron and steel plates 2348 15,270 — - 
Totals 8073 52,549 1587 12,077 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Not for a long period 
have the South Yorkshire house-coal pits worked so irre- 
gularly. The demand from all classes of consumers has 
shrunk so consistently that there are scarcely sufficient 
orders to keep the men engaged for more than three days 
out of the seven. Even with this greatly restricted 
output stocks are making an appearance, Pricesshow an 
average decline of 6d. Steam Enede are firmly held at last 
week’s prices. A heavy tonnage is going into consumption 
in the steel industries. The shipping demand is graduall. 
ry ae | the itude of twelve months ago, tho’ 
there is still a good deal of leeway to be made up. Gas- 
coal is a quieter market. During the last week many of 
the big consumers who have been holding out for reduc- 
tions on last year’s contract rates have agreed to place 
renewals at the old figures. Coke is weak, and producers 
are putting out more furnaces. The outlook in this de- 

artment is regarded with a good deal of uncertainty. 

atent oven coke is being taken on contract at 9s. 6d. per 
ton. 
to 27s. ton delivered. Best slacks find a ready sale, 
but in the lower qualities production is considerably in 
excess of the demand. Quotations :—Best branch hand- 
re 

> to 

lls. 3d.; small nuts, 9s. to 10s. ; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. to lls. ; best slacks, 7s. 
to 8s.; seconds, 5s. to 6s.; smalls, 2s. 6d. to 3s. 6d. 


Iron and Steel.—Consumers of pig-iron are, for the 
most part, postponing buying, in the expectation of 
obtaining cheaper rates, and though for several weeks 
past quotations have penta only the smaliest margin 
of profit, further slight concessions are being made on 
orders of any bulk. The excess production of coke has so 
far enabled makers to keep values exceptionally low, and 
with prices still declining, there is still prospect of further 
cheapening in production costs. Makers are looking for- 
ward to this cheapening as a means of recompense, and are 
determined, if possible, to prevent users taking advan- 
tage of it. t contracts there are, are mostly short- 
dated, makers decli to book any length of delivery at 
existing rates. Foundry iron is the quickest medium. 
Forge is unsteady, but there is little excess production. 
Hematite makers are sending big tonnages into the 
armament works. East Coast products are fractionally 
lower on the week, but West Coast sorts are firmly held at 
733. to 73s. 6d. Scrap rules at exceptionally low rates, but 
users are only making purchases where special bargains are 
to be obtained. The steel output is decidedly smaller on the 
month. Though unemployment is still very low, the exces- 
sive heat that has been experienced has had a ———e 
effect on all classes of manufacture. ers, however, fin 
no difficulty in keeping pace with current requirements. 
But for the heavy contracts recently Ey and upon 
which work is proceeding, difficulty would be experienced 
in maintaining constant activity in certain branches. 
The principal cause of reaction is the marked decline in 
export business. With important customers like British 
India, the United States, and Canada, there is something 
approaching a slump. Small increases are shown in the 
requirements of Australia and New Zealand. The pros- 
perity in armament work is undiminished. Further bi 
contracts have been booked, —> it is sta 
several thousand tons of armour for H.M. battleship 
Renown, now building at Govan. A fair inquiry is 
experienced for axles, springs, tyres, and steel tools. 8s 
of agricultural machinery and implements are satisfac- 
tory. Billets are dull. 





ALuMiniuM Tupgs, Sueets, Wires, Bar, Srrip, AND | the fi 


Rops.—The British Aluminium Company, Limited, of 
109, Queen Victoria-street, E.C., have issued a wall- 
sheet giving sections, thicknesses, weights, and areas of 
their productions, accompanied, in some instances, b: 
comparison of similar weights of brass, copper, and steel. 
In regard to wire, the current it will carry, and the re- 
sistance per 1000 yards and per mile, are stated. 





Britisa Ratt Exports.—The exports of rails from the 
United Kingdom in June were not so good as in June, 
1913; but they were still considerable, coming out at 
39,700 tons, as compared with 52,073 tons in June, last 
year, and 22,743 tons in June, 1912. Construction has 
slackened somewhat in Argentina, which only imported 
18,832 tons of rails to June 30, this year, as compared 
with 26,451 tons and 22,997 tons. We sent 2881 tons of 
rails to Russia to June 30, this year, as compared with 
25 tons and 36 tons respectively. The colonial demand 
has been as follows in the first half of the last three 
years :— 


Colonial Group. — a ae 
British South Africa 40,416 88,984 —-21, 267 
British India. 88,352 78,188 56,747 
Australia .. 74,085 63,878 62,405 
New Zealand 13,885 22,850 10,906 
Canada ai 120 297 274 


It is encouraging to find that construction is proceeding 
with some vigour in South Africa, and it may be 
reasonably expected that the demand for locomotives will 
improve in that a The course of affairs in India 
leaves little to desired ; the growth of traffic has 
decidedly stimulated Indian railway development and 
improvement. There were a; ions a few years 
ago that we should lose our Antipodean rail market, in 
careegannse of the growth of American competition ; but 
this development does not appear to be affecting our 
exports to Australia for the time being. 


The best market is for steel coke, which makes up | N; 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Though there has been a 
little set-back in the demand for iron during the week, 
the current quotation for Cleveland g.m.b. is in advance 
of that prevailing seven days ago. Active purchasing is, 
however, not the rule, buyers being in no way keen to 
place orders at prices prevailing. Sellers keep 
steadily to the quotation of 51s. 6d. as a general rule, but 
the fact that some makers are very desirous to enter new 
orders on their rapidly-depleting delivery list is not 
forgotten by buyers, who are only taking what is needed 
to cover immediate and pressing wants. Shipments, too, 
are less we ay Connal’s stocks having increased to 
approximately 80,000 tons. There is not likely to be any 

eatly renewed activity until after the holidays, when 
ness in the Continental demand is ho for. 
—— for Cleveland No. 3 g.m.b. is 51s. 6d. prompt 
elivery, at which price business is done, whilst warrants 
are 51s. 4d. cash buyers, with sellers asking 2d. more. 
0. 1 is 54s. ; foundry, No. 4 quality, 51s. 3d.; No. 4 
forge, 50s. 6d. to 503. 9d.; mottled and white, 50s. 3d.—all 


for prompt delivery. There is a fair inquiry for hematite. | ¥°T® 
East Coast mixed numbers change caer at 59s., with 


No. 1 = ~y more, either for prompt or forward 
delivery. t Rubio ore, 50 per cent. quality, is at 17s., 
ex-ship Tees. Blast-furnace coke, medium quality, 17s. 6d. 
delivered at furnaces, but buyers are not keen. 


_ Stocks and Shipments.—The stock of Cleveland pig- 
iron in the public warrant stores now stands at 79,747 
tons—all of which is No. 3 quality. Since the beginning 
of the month the stock has been increased by 1458 tons. 
Shipments of pig-iron from the Tees are on a moderate 
scale. To date this month they average 2595 tons per 
working ~~ the total despatches being returned at 
33,738 tons, 30.968 tons of which have gone from Middles- 
——. and 2770 tons from Skinningrove. To the same 
date last month the loadings were given at 29,392 tons, 
ora 5 J average of 2260 tons, and for the corresponding 
part of July a year ago the clearances reached 44,762 tons, 
or an average of 3443 tons per working day. 


Manufactured Iron and Steel.—In the manufactured 
iron and steel industries there is very little new to report. 
New orders are scarce, and works are only kept busy on 
contracts made some months ago. Principal market 
quotations stand:—Common iron bars, 7/.; best bars, 
71. 78. 6d. ; best best bars, 7/. 15s.; packing iron, 5J. bs. ; 
iron ship-plates, 6. 15s.; iron ship-angles, 7/.; iron ship- 
rivets, 7/. 5s.; iron girder plates, 7/. 5s.; steel bars (basic), 
61. 5s.!; steel bars (Siemens), 6/. 5s.; steel ship-plates, 
61. 5s. ; steel ship-angles, 5/. 15s.; steel boiler-plates, 7/.; 
steel joists, 62. 12s. 6d.; steel strip, 62. 5s.; steel hoops, 
61. 10s.—all less the customary 24 per cent. discount; 
cast-iron columns, 7/. 7s. 6d.; cast-iron railway chai 
4l. 5s.; light iron raila, 7/.; heavy steel rails, 5/. 15s. 
to 5. 17s. 6d.; steel railway sleepers, 7/. 5s.—all net at 
works; galvani corrugated sheets, No. 24 gauge, in 
bundles, 11. 5s. f.0.b.—less 4 per cent. 


Cleveland Miners’ Wages.—To consider the question 
of wages to be paid to the miners during the ensuin 
three months, a meeting was held at Middlesbroug: 
this week, between representatives of the Cleveland 
Ironstone Mine-owners, and the Cleveland Miners’ repre- 
sentatives. Mr. A. F. Pease, who presided, said that 
the mine-owners sought for a reduction in w of 1.20 
percent. The meeting was adjourned until the 27th, so 
that the matter could be placed before the miners. 





Canapi4N Precious Merais.—Canada does not produce 
very much gold, but it is unmistakably rich in silver. In 

e first three months of this year the output of silver was 
6,519,860 oz , valued at 3,549,566 dols. The production of 
gold was 61,032 oz., valued at 1,202,502 dols. 





Tae Wor.v’s Iron Onz.—The output of iron ore 
m the principal countries of the world in 1911 was 
87,836,000 tons. This total was made up as follows :— 
United States, 43,877,000 tons ; Germany (including the 
Luxembourg), 29,399,000 tons; France, 16,372,000 tons ; 
United om. 15,519,000 tons ; Spain, 8,633,000 tons ; 
Russia (excluding Finland), 6,882,000 tons; Sweden, 
6,055,000 tons; Austria and Hungary, 4,640,000 tons ; 
Canada, 188,000 tons; and Belgium, 148,000 tons. In 
1912 the United States uced 55,150,000 tons; Ger- 
many, 32,190,000 tons ; France, 18,744,000 tons ; and the 
United Kingdom, 13,790,000 tons. 


Tue Miptanp Coat-Fizip.—The Yorkshire and East 
Midland coalfield has exhibited of late great activity 
and expansion. The division comprises the Hast and 
bee Ridings A —— and od ome oo. 

es , an rby, except that o! yshire 
which lies south of the t. Ib pact ow the whole of 
the coalfields of Yorkshire, Nottinghamshire, and Derby- 
shire. The output of coal last year was 73,499,559 tons, 
showing an increase of 8,069,904 tons as compared with 
1912. Of the whole quantity mined in the division, 
Yorkshire uced per cent., Derbyshire 234 per 
cent., and Nottinghamshire 164 per cent. The propor- 
tion of coal produced last year by coal-cutting machines 
eae . tons, as ee with 8,187, oo 
1912. velopments are still proceeding in neigh- 
bourhood of Doncaster, and at no fewer than seven new 
collieries has sinking been started. In Nottinghamshire 
the hard-coal seam bas been reached at the Rufford 
sinkings, and the Welbeck sinkings are making good 
progress. Eight miles south of Doncaster, a 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown little change. 
Best Admiralties have exhibited strength, but most 
other descriptions have been the turn easier. The strike 
of marine engineers has hampered loading operations to 
a slight extent. The best Admiralty been 
quoted at 20s. 6d. to 22s. ; best secondary qualities have 
made 18s. 6d. to 19s. 6d.; other secondary descriptions 
have brought 17s. 3d. to 17s. 9d k: 


have realised 7s. 6d. to 8s. 3d. per ton. Best house- 
hold has been quoted at 193. to 20s.; good house- 
hold qualities at 17s. to 18s.; No. 3 Rhondda large at 
17s. 6d. to 17s. 9d. ; and smalls at 12s. to 12s. 6d. per ton. 
aD da ey & eT, 1 
smal ve brought to per ton. Specia’ 

coke has realised 25s. to 27s. ; good foundry coke, 
20s. to 23s.; and furnace coke, 17s. to 19s. per ton. As 

iron ore, Rubio has made 16s. to 16s. 6d. per ton 


regards > 
u a basis of 50 cent. of iron, and charges, including 
freight, iesmenen, 0, to Cardiff or Newport. 


Breconshire, 25; O 65 ; Glamorgan, 392; 
a — od —— I - Radnor- 
ire, 1. num emplo year was 
with 295,680 in 1012. Of tho 288 134 


ground was 


respondi 

1912 was 50,116,264 tons, valued at 27,891,043/. 
classified as anthracite the output last year was 4,833,159 
tons, showing an increase of 480,149 tons. The output 
last year was 287 tons per person employed below ground, 
and 244 tons per person employed above and below 
ground. Of the total output, 978 tons were cut b 
electricity, and 396,741 tons by compressed air, ak 
cutting machines being used in forty-one mines. 


Minimising F. s.—The results of experiments 
conducted on the ian Ni ilway liner 
George with a wireless direction-finder, were made known 


on a recent arrival of the vessel at Avonmouth. It is 
claimed for the invention that by its use, in the thickest 
of weather, and without the aid of com or sextant, a 
ship’s officers are enabled to determine position when 
she is within a radius of 50 miles of a fixed wireless 
station or one on board a ship whose position is known. 
Further, should a vessel pick up on the apparatus the 
distress signals of another ship, she will be able to set 
her course towards their source. 


= Coal oy oP ele por foreign 
coastwise, from the five princi elsh ports in 

first six months of this year com as follows with the 
corresponding shi ts in the first six months of 1913 :— 
Cardit—foretgn, ,543, 232 tons, as against 9,521,698 tons; 
coastwise, 1,407,250 tons, as against 1,401,130 tons. New- 


port—forei 2,272,617 tons, as against 2,349,787 tons ; 
coastwise, 355,621 tons, as against 357,671 tons. Swan- 
sea—f 1,605,242 tons, as against 1,709,549 tons ; 


oreign, 
coastwise, 179,275 tons, as against 192,678 tons. Port 
Talbot—foreign, 778,553 tons, ar against 981,197 tons ; 
tons, as against 69,173 tons. Lilanelly 


coastwise, 57, 

a 132,911 tons, as 110,702 tons; coast- 
wise, 40,843 tons, as it 29,407 tons. The 
shipments, foreign _coastwise, for the first of 
this year were accordingly 16,37: com- 


ng: 3,228 tons, as 
with 16,722,992 tons in the first half of 1913. 


Aberavon.—At the last meeting of the water-works 
committee of the Aberavon Town ncil it was reported 
that the water in the reservoir was 17 ft. below the 
wash, and that the committee was now ing 111, 
— § day from the Ystradfellte supply of the Neath 

ural District Council. The surveyor said the Neath 
District Council was to supply a maximum of 
220,000 gallons per day, and that the cost would be 500/. 

annum. It was desided to ask the Neath District 
Bouneil for a maximum supply. The surveyor was 
instructed to report on the question of sinking a well on 
the moors. 
An Engi ing Appointment.—Mr. Alaric Hope has 
been appointed Chief engineer of the Cardiff Railway, in 
succession to Mr. H. 8. C. Ree, who has retired. Mr. 
H bas for many years been chief assistant e eer 
to the M eee Py od 7 c. 
up his new duties early in August, r. Hope is forty- 
ove years of ood he became associated with 
Mersey Docks and Harbour Board in 1895. 





Surppine in THE Suzz Canat.—The increase in the 
size of vi using the Suez Canal is an important 
feature. This has been marked for some years, 
but the increase in 1913 was unusually the average 
tonnage rising from 3774 tons in 1912 to tons. 





Locomotive ConsTRUCTION In BeLo1um.—The Adminis- 
tration of the Belgian State Railways has let contracts in 
three lots for sixty-eight locomotives. Fifteen Belgian 
firms took in competition. The Hainaut Metal- 
lurgical Works tendered for — a coupled 
cenp tatanoh tor ia anatate o> Se ie The 

y 81x engines at ° engine. 
Cighess tender received was thas of eo Henne Construc- 
tion Workshop Company, which offered to supply four 
locomotives at 2758/. per engi The John kerill 





venture, financed by rman capital, has da 


mineral area of 20,000 acres and has started operations. 





btained an order for four compound engines 


| with four cylinders and six wheels coup'ed. 
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INTERNAL-COMBUSTION ENGINES FOR MARINE PURPOSES. 
(For Description, see’ Page 99.) 
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Fie. 1. Four-Srroxe-Cycie O1-Enoine ; 360 Brake Horst-Power, SUBMARINE TYPE. 
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Fie, 2. Two-Srroxe-Oyote Four-Oyiinper Starsoarp Enoinz, 900 Horse-Power, ror THE Canco-Boat ‘“ Francz,’’ 6500 Tons, 
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NOTICE OF MEETING. 


Tue Junior IxstitvTion or Enorneers.—July 20, at 7.45 p.m. 
Meeting of the North-Western Section at Java Café, 26, Corpora- 
tion-street, Manchester, Mr. Elam Eaves on “ Gassing.” 
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INDUSTRIAL PROFITS AND EXPERI- 
MENTAL RESEARCH. 


THERE can be no question about the decrease in 
the volume of trade in practically every industry. 
Lloyd’s Return shows a diminution of 14 per cent. 
in the tonnage of the merchant ships in course of 
construction now as compared with a year ago, and, 
as there has been a great falling-off recently in the 
orders placed, the work in hand is in a much more 
advanced state than was the case at the former date, 
so that the tonnage, from the standpoint of employ- 
ment still available, is considerably less than the 

reentage of the decrease indicates. Moreover, 

reights are low, and shipowners are indisposed to 
place orders unless under the most advantageous 
conditions. Many of the iron works are closing 
down part of their plant, as they experience great 
difficulty in keeping their order-books sufficiently 
full to justify reliance on the future. The Board 
of Trade Returns tell the same story, for the exports 
each month show a great decrease when comparison 
is made with the corresponding months of last year, 
the decrease for June being 6.9 per cent. In the 
textile industry, again, there is a prospect of short 
time being resorted to in order that the plant may 
be run in full working order, since the closing down 
of part of the producing machinery involves a dimi- 
nution in the efficiency of the power plant. The 
future is therefore, on the face of it, somewhat dis- 
heartening, particularly as in no period of decline of 
activity has there been such keen cutting of prices. 
This is due in large measure to the fact that toreign 
countries are able to-day not only to meet a larger 
proportion of their own uirements, but are 
themselves entering into markets which hitherto 
have been regarded as exclusively the field of British 
enterprise. Indeed, in some cases Continental firms 
are underbidding British producers even in this 
country. 

Such a condition is not altogether without some 
advantage, because it carries with it a lesson which 
ought to be enforced on every available occasion, 
and that lesson was very happily expressed by Sir 
William Beardmore on the occasion of the launch 
of the light armoured cruiser Inconstant some days 
ago. He stated that ‘‘the nation which does not 
continuously search for improvements must fall 
behind in the struggle for supremacy.” In this 
matter it is not alone the capitalist who requires 


_|to assimilate the teaching of the experience of 


decadent trade. The workmen, and the leaders of 
the workmen’s unions, must analyse the situation, 
because on the lessons which can be gathered from 
it depend in no small measure the encouragement 
to evolve improvement, as well as to adopt better 
methods and appliances. Usually, when trade is 
brisk, when orders arrive in satisfactory volume, 
and when it is possible to distribute over a wide area 
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charges, the main idea is to meet demands for deli- 
very—to ensure the maximum turnover in any 
given time. Volume is then the main idea in secur- 
ing @ reasonable return. But volume itself requires 
a large body of workers, and, unfortunately, the 
crude principle of supply and demand dominates the 
question of the remuneration of labour, and, 
through this, the cost of production and the amount 
of profit derivable from a given contract. Although 
it is admittedly in accordance with the tendencies 
of uncultured human nature, it is, nevertheless, to 
be deplored that a certain class of workmen will 
only put in a sufficient time at work to earn enough 
for their immediate needs. The trouble which ‘the 
employers have experienced, not only in meeting 
contractual dates, but in achieving a satisfactory 
degree of efficiency from power plant and other pro- 
ducing mechanism, arises from the reduced number 
of hours which such mechanical appliances are in 
operation during each week. It follows, therefore, 

at the employers are not encouraged to improve 
their mechanical methods, since every improve- 
ment made will involve increased capital expendi- 
ture, and, therefore, a greater call for return on 





capital, while the men cannot be relied upon to 


utilise the plant to its highest producing capacity. 
At no time is this lesson more important than at 
present, when every effort must put forth in 
order, as Sir William Beardmore pointed out, to 


obviate Britain falling behind in the struggle for 
supremacy. 


n ods of great industrial activity there 
is little time and less mental effort available 
for the development of new ideas and the prose- 
cution of experimental research. It is conse- 

uently well, in the interests of applied science, 
that we should have some relaxation from that 
intensity of work which falls not only upon the 
designer, but on the manufacturing managers of 
our great industrial concerns. The field is wide, and 
the need great, for effort in such directions. Sir 
William Beardmore, however, with that directness 
of attack which is characteristic of him, not only 
in his manufacturing methods, but in his few 
public utterances, put his finger on the difficulty in 
connection with this original research. ‘‘ Experi- 
ments,” as he pointed out, ‘‘ cost much money, and 
yet it is of vital importance that experimental 
work should be encouraged, and unless a reason- 
able profit is made on all work there is less 
financial surplus to make such experiments, so 
that, apart altogether from the need to remunerate 
labour, and to give a return on the capital 
invested on plant which must be maintained in 
the highest efficiency at whatever cost, each con- 
tract should yield a sum for making progress.” 
On this, indeed, depends our manufacturing 
supremacy. The question arises whether during 
the past great boom in trade sufficient profit was 
made to enable experimental work to be con- 
tinued during the ee ee in output. 
Those firms who have not been making a profit, 
or who have been foolishly distributing their 

rofits to the last pound, must experience a great 
eaieasiings even immediately, and this must 
become more intense as the keenness of competi- 
tion develops during depression in trade. 

It is not without interest to glance briefly at the 
directions in which improvements must be effected, 
not only in production, but in methods of manu- 
facture. Sir William was able to point with a large 
degree of satisfaction to the advances signalised in 
the design of the light armoured cruiser Inconstant, 
which his firm have just launched ; and the First 
Sea Lord, Prince Louis of Battenberg, who was 
present at the launch along with his daughter, who 
christened the ship, pointed to the Beardmore 
Works as a notable example of continuous — ess 
due to experiment and enterprise. Sir William 
pointed out, for instance, that the guns with which 
the vessel is fitted have five times the muzzle energy 
of those of the same size and weight available twenty 
years ago, while the improvement in projectiles 
gives them a still greater pare power. The 
armour, again, although the weight per square foot 
is only about one quarter, is of greater resistin 
power than that of twenty years ago. From eac 
ton of machinery it is possible to get four times the 
horse-power for driving the ship as compared with 
fifteen years ago. Again, in respect to the structure 
of the ship and the armour, the improvements made 
are of still greater moment. The hull itself is of 
high-tensile steel, and the armour, made of steel of 
special constituents, and treated afterwards in pro- 
cesses recently evolved, is the result of a great 
amount of chemical and mechanical experiment 
made at the Parkhead Works and elsewhere. But 
for this experimental work in metallurgy, chemis- 
try, and mechanical engineering, such vessels as 
the Inconstant could not have been built to-day. 

One hears a great deal about the price paid for 
armour, but when one reflects on the enormous ex- 
penditure incurred in evolving new compositions and 
processes of heat and other treatment, the public 
must feel that the money is well spent. At the 
present moment the naval officer shows great 
a regarding the protection of battleships. 
Mr. T. G. Owens’ paper at the Institution of 
Naval Architects in April last, Sir John Biles’s 

per at Newcastle last week, and Sir Percy Scott's 
letters in The Times, all reflect this feeling of 
anxiety. Into the general controversy as to the 
part to be played relatively by the surface and sub- 
merged craft we do not propose again to enter, 
but there is undoubtedly a great consensus of 
opinion in favour of the battleship as our main- 
stay, because, as Lord Charles Beresford has pointed 
out, the submarine is essentially a weapon of 
defence, and British naval tactics must be offen- 
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sive. Consequently the surface vessel, and par- 
ticularly the battleship, is of vital consequence to 
our naval supremacy. At the same time the 
battleship must be protected from the torpedo, 
the weapon of the submarine-boat. Whether this 
can be best done by placing armour on the outer 
surface of the ship below the water-line, or by 
constructing a series of internal armoured bulk- 
heads, longitudinal and horizontal, as advocated by 
Mr. Owens, the fact remains that armour of effec- 
tive resisting power, and yet of light weight, must 
be evolved, preferably of the ‘‘elastic” type. That 
being so, it is important that the armour-plate 
makers in this country, who have ever been to the 
forefront in the evolution of improvements, should 
be encou if our battleships are to be able to 
resist attack by the submarine-boat’s torpedo. 

It is, however, not alone in respect to war 
material that research should be made. In peace 
productions there is a wide field for advance. We 
are glad that in respect of metallurgy a new wave 
of enthusiasm has swept over the country as 
reflected by the papers at the technical institutions, 
and it is gratifying to know that even in establish- 
ments devoted to the building of tramp-steamers 
chere is a fuller recognition of the importance of 
laboratory work in connection with iron and steel 
castings, while in other directions the composition 
of alloys is now being attacked with some degree 
of knowledge in chemistry and metallurgy. Indeed, 
the structure of metals is now accepted as a matter 
of primary importance. Again, in the field of 
thermodynamics the effect of superheating is ne 
closely considered, and by experiment and carefu 
observation in service improvements are being 
effected not only in the superheater itself, but in 
the condenser, in order to reduce the volume of 
saline in the feed-water. The system will certainly 
be more widely applied, its economy being now 
fully souenieal. Another field in which experience 
is becoming more widely = has reference to 
the application of gear between the high-s 
turbine and the slow-running propeller, and here 
again great advantage must accrue. On the care 
and capacity of the sea-going engineer, indeed, 
much more depends than is sometimes realised, 
and the more the steamship-owner encourages in 
his own staff observation and careful analysis of 
results, the greater will be the economy in service 
and the more valuable the experience utilisable in 
the design of ships and their machinery. Few engi- 
neers, for instance, realise how great is the waste 
that any steam leakage involves, owing to the steam 
required for the make-up water. Many other 
similar instances will occur to the reader in which 
the leisure which is certain to result from decreased 
activity in trade may be utilised to introduce im- 

rovements and toeffect changes in methodsof manu- 
acture, so that in the future competition can be met 
not only by superiority in design, with a view to 
higher efficiency in service, but by a economy 
in the workshop processes. We admit that the 
** fly in the ointment ” is the working man and his 
organiser ; but, even with this depressing disadvan- 
tage, the scientist must move forward, and, as far 
as is possible, carry the working man with him. 





CATALONIAN TEXTILE INVENTIONS. 
Ir is a curious coincidence that just now when 
the interest of the textile industry—particularly 
the spinning branch—bas been aroused by infor- 
mation relative to a new method of drafting cotton 
roving emanating from Catalonia, an essay on the 
Bergadana spinning-machine, one of the earliest 
types, should be published. The Catalonians have 
been i as extremely progressive in the 
advancement of the textile industry, and quite a 
number of important textile inventions have been 
evolved in the district around Barcelona, The 
essay* referred to deals with the history, con- 
struction, and operation cf the Bergadana or 
Maxerina spinning-machine, which was really an 
improvement on ves’ spinning-jenny. 
ves’ machine, invented in 1764, was the 

first attempt to draft and spin a number of threads 
at one and the same time. The machine, although 
manually operated, was semi-automatic in its 
action, and certainly advanced the uction 
of cotton-yarn very considerably. tially 
it consisted of a framework supporting a large 
driving-wheel turned by hand, which operated a 


* Essay on the Catalan Cotton-Spinning Frame, known 
as the Bergadana or Maxerina Machine. By Ramén N. 
Soler y Vilabella. Barcelona: J. Horta. 








tin roller, which, in turn, drove a series of 
upright spindles through bandi ing round 
the tin roller and the spindle wharves. Running 
along the top of the framework, in special grooves, 
was a wheeled carriage, provided with cross-bars 
placed one above the other and having ves 
parallel to the frame sides. The cotton-roving was 
carried on bobbins placed on creel- about the 
centre of the framework. This roving was drawn 
from the bobbins through the parallel grooves, 
and then practically in a straight horizontal line 
to the spindles. The grooved cross-bars were 
operated to trap the roving at certain times and 
to prevent delivery. The operation of the machine 
was simple. After the rovings had been drawn 
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into position and attached to the spindles, the 
carriage was moved out by hand away from the 
spindles in a very similar manner to the way a 

i of a self-acting mule operates to-day. 
When a certain position was reached the cross-bars 
were closed, and the roving between the cross-bars 
and spindles was thus held. The handle and 
driving-wheel were then turned to rotate the 
spindles, and at the same time the iage was 
moved outwards again, so that a simultaneous draft, 
or attenuation, and twist were imparted to give the 
desired fineness. 

The H ves frame had only a comparatively 
small number of spindles, about 40 or 50. The 
improved Bergadana machine had, however, some 
130 spindles, and as the frame could easily be 
operated by a woman, the production per machine 
was considerably increased. Moreover, both 

and weft yarns could be produced ome | 
well on the improved machine ; but one drawbac 
was that the cops produced could not go direct to 
the shuttle, but Thad to undergo a process for re- 
winding on a special winding-frame. Several varia- 
tions between the original and improved machines 





are to be noted. In the latter, the drive of the tin 
roller was through gearing, whereby one revolu- 
tion of the driving-wheel secured 315 revolutions 
of the spindles. The carriage, instead of being 
drawn out by hand, was dependent on the force of 
gravity of a single counterweight attached to either 
side of the carriage, so that even, move- 
ment was secured. The spindles were mounted 
in a much better fashion, and the first attempt at 
really efficient lubrication was secured by employ- 
ing a spindle-rail, with slots for the spindles and 
a strip of iron below, the slots being supplied with 
olive oil, the surplus dripping on to the iron strip. 
Two tiers of creel-pegs were necessary to support 
the roving bobbins. Means were also quevtieh to 
tighten up the spindle-driving bands, such means 
being extremely simple, yet at the same time quite 
efficient. The faller-wire, which was arranged 
adjacent to the spindle, should not be overlooked. 
This wire, extending from side to side of the frame, 
was depressed when drafting and twisting was 
completed to guide the thread to the part of the 
spindle on which it had to be wound. Inthe Berga- 
dana machine the method of operation was much 
simplified, and certainly reduced the work of the 
operative ; in fact, the whole machine was 
evidently improved to secure greater production 
with less labour. Arkwright’s spinning-frame, in 
which rollers and constantly- revolving spindles 
were used, saw the light in 1769. In this frame 
the drafting—or reduction of the number of fibres 
to the cross-section—was accomplished by pairs of 
rollers running at different rates of s . The 
combination of the two methods—namely, the 
drafting by rollers and by a carriage carrying 
spindles moving out from the delivery of the 
material—was made by Samuel Crompton about the 
year 1779, the machine produced being termed a 
** mule,” because of its hybrid nature. Recently 
what was stated to be a new method of drafting 
sliver and rovings in spinning-frames has been 
introduced in Catalonia. It must be understood 
that prior to the roving reaching the spinning- 
machines it passed through three speed-frames, a 
slubbing, intermediate and roving-frame, the whole 
object of these machines being to reduce the 
number of fibres to the cross-section of the material. 
The inventor of the new system, Don Casablanca, 
states that he can do away with two of these 
machines, and obtain a draft of 60 or 80 in the 
mule or ring-frame, and, at the same time, 
produce an even and regular yarn. His latest 
method of accomplishing this is illustrated in Fig. 1. 
It will be notcd that endless bands a and b are 
employed, running round rollers c and d and eand f. 
These endless bands travel slowly, and the roving g 
passes between them. The front rollers h andi 
travel quickly, and the considerable drafting is occa- 
sioned by the creeping action of the fibres set up 
between the endless bands. The method is simple ; 
but although it is stated to give excellent results, 
no full-length machine has yet been put to work. 
Naturally, the very big claims made for the Casa- 
blanca invention have evoked criticism, the most 
searching being that of Mr. Albert Meyer in 
L’ Avenir Textile. Mr. Meyer’s contention is that in 
1903 he invented the system shown in Figs. 2 and 
3, in which a single endless band was used. After 
continuous experiment, the invention was aban- 
doned, chiefly use the cost of upkeep of leather 
bands was so considerable, 40,000 bein uired 
in an average-sized mill. Casablanca would require 
80,000, and, moreover, he cannot get at his bands 
so easily as Meyer, the whole of the bottom rollers, 
87, requiring to be taken out to replace one band. 
Meyer allowed for this by having a swing-piece 
which carried the rollers supporting the endless 
band. As the leather bands are the chief essential 
of the invention, it would appear that the system 
will be a costly one to maintain, and, moreover, 
reat difficulty has been experienced in keeping the 
fibres in the centre of the bands. 








THE PORT OF CALCUTTA. 

Tue issue of the Report of the Calcutta Port 
Inquiry Commission is an event of no little signifi- 
cance to the trading community which it imme- 
diately concerns, while at the same time it is a 
matter of considerable interest to commercial and 
professional men generally, and especially to those 
in shipping circles. The congestion of trade at the 

remier port of the Indian Empire is bound to 
aon a disturbing effect over a very wide area, apart 
from the consideration that d the past few 
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years it has become only too evident that the 
inability of the Port Authority to cope satisfac- 
torily with an ever-increasing volume of commerce 
was seriously impeding the growth and develop- 
ment of the port, and undermining its prosperity. 
The situation has, in fact, become so tntolerabie 
and acute that immediate steps to deal with it are 
—. demanded. 

ollowing upon some preliminary discussions 
with the Seagal Goveiumaah, a conference of repre- 
sentative non-official gentlemen and railway expert 
authorities, summoned by the Bengal Chamber of 
Commeree, in August of last year, strongly advised 
the appointment of a Committee of Investigation, 
and the following seven gentlemen were ultimately 
invited to serve :—Sir Wm. Duke, K.C.1.E. (Chair- 
man), Sir Henry Burt, K.C.1I.E, the Hons. A. M. 
Monteath, J. C. Shorrock, and Raja Reshee Case 
Law, C.I.E., Mr. Anthony G. Lyster, and Mr. H. I. 
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mittees sat and debated in the interval. Quite 
recently there were Committees in 1900-1 and in 
1903, whose conclusions were merely of a negative 
character. A special ‘inquiry’ of 1905 resulted 
in definite recommendations to the Government, 
which never materialised ; had they done so, the 
“gree > vestigation would not have been required. 
t remains to be seen whether the pro now 
ut forward are destined to meet with any more 
avourable fate than that of many of their pre- 
decessors. 

The report is a lengthy one, comprising 75 pages 
of folio size. It would be impracticable to deal with 
all the points raised, and some of them are purely 
commercial and of merely local interest. The 
Committee covered a good deal of ground in the 
course of their investigations: organisation, 
finance, tolls and charges on goods and vessels, 
railway terminal payments, and the like. Apart 


cannot be dredged to a depth ter than 13} ft. 
below low water. Stiesovalt ie emmtent dredging 
operations which are n , seriously interfere 
with the occupation of the hs by shipping, 
and they are largely rendered abortive by the slip- 
ping forward of silt from the banks within the 
jetty face. 

At the docks the defects are in regard to insuffi- 
ciency of accommodation and an unsatisfactory 
entrance arrangement. The qua of Dock No. 1, 
which was formerly adequate for twelve vessels, 
now only suffices for eleven, and sometimes for ten. 
With the steady growth in the size of vessels (the 
average length of the ten largest vessels frequenting 
the port has increased by 100 ft. since 1880) the 

will become more and more restricted, and 
the available accommodation correspondingly dimin- 
ished. The defects of the entrances are even more 





serious and vital. There are two entrances—one a 
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Howard, C.I.E., with Mr. RN. Reed as secre- 
tary. With the exception of Mr. Lyster, the Pre- 
sident of the Institution of Civil Engineers, all the 
members had close association with the port of 
Calcutta and the Province of Bengal, and were 
intimately acquainted with local needs and con- 
ditions. 

This is not by any means the first occasion in 
the recent history of the port on which a commis- 
sion has been appointed to deal with the ever- 
recurring problem of trade expansion and the 
extension of shipping facilities. On the contrary, 
there have been many such committees — they 
have been an invariable resource in times of per- 
plexity — and the only regrettable experience in 
connection with them is that they have not 
always proved an effective remedy for the evils 
they were called upon to palliate. This has not 
been so much the fault of the Committees as 
of the authorities, who, on receiving the Com- 
mittee’s recommendations, have pigeon - holed 
them as the most convenient form of disposal. 
As far back as 1846 a Commission recom- 
mended the construction of a dock for shipping 
at Kidderpore, but no action in this direction 
was taken for forty years, although many Com- 








from these, however, there is a technical side to 
the report, dealing with port improvement schemes, 
and this is the feature which will appeal most 
strongly to engineers. For reasons of space, if for 
no other, we must confine our observations to this 
section. 

Sea-going shipping at Calcutta has hitherto been 
accommodated either at jetties in the River 
Hooghly or at the Kidderpore Docks. The river 
jetties consist of eight berths, with an aggregate 
frontage of 4150 lineal feet, furnished with sheds 
and warehouses for dealing with the import trade. 
A ninth berth, with a frontage of 585 lineal feet, is 
now nearing completion. The Kidderpore Docks, 
dating from 1892, contain seventeen berths for 
general produce and ten coaling-berths. There 
are also thirty-four transit and storage sheds, with 
a total floor area of over 1,000,000 sq. ft. The 
jetties have been particularly conspicuous for the 
degree of congestion prevailing along their front- 
age, and for the inadequacy of their facilities for 
the discharge of cargoes. Only four of them can 
accommodate vessels of 500 ft. length and over, 
and only three are so constructed as to render it 
possible to dredge with safety alongside to a depth 





of 25 ft. below lowest low water. The other five 





lock, 60 ft. wide, with a length of 400 ft. between 
gates, and the other, a simple entrance, 80 ft. wide, 
with a single pair of gates. Both are inadequate for 
the needs of modern shipping. The average beam of 
the ten largest ships using the port is 57 ft. 94 in., 
which leaves an insignificant a of width in the 
lock, while its length (despite the fact that by an 
ingenious contrivance of caissons it can be rendered 
serviceable to a maximum extent of 510 ft.), is 
quite insufficient for vessels even of moderate size, 
which are being built at the nt day. The 
80-ft. entrance lies dae p= angles to the stream, 
and can only be utili at times of slack water, 
and then merely to a nominal extent, as, except on 
the few occasions on which the flood tide approaches 
the level of the water impounded within the dock, 
there is an excessive loss of water in passing ships 
in and out. There is at least one case on record 
where a vessel, too large for the 60-ft. entrance, 
was seriously delayed at the 80-ft. entrance. The 
sills of both entrances only give at lowest low 
water a depth of 19 ft. 6 in., although the docks 
—- are suitable for vessels with a draught 
0 . 

The shortcomings of the docks and jetties were 
recognised long ago, and the recommendations in 
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regard to dock extension put forward in 1906 by 
the then chief engineer to the Calcutta Port Trust 
(Mr. F. Palmer, C.I.E., subsequently Chief Engi- 
neer to the Port of London Authority, and widely 
known as the author of the ‘‘ Proposals for the Im- 
provement of the Port of London”), are practically 
identical with those which now receive the approval 
of the Commission. The scheme, as will be seen 
by the plan on page 93, comprises a new dock 
system on land which has already been acquired 
in the vicinity of Garden Reach, consisting of a 
turning basin or main dock, with a minimum 
dimension of 1000 ft., and two arms or branch 
docks, running approximately north and south, 
with widths of 600 ft. and 700 ft. respectively. 
The depth of the dock is fixed at 35 ft. The en- 
trance is designed to allow continuous docking and 
undocking of vessels throughout the twenty-four 
hours. It is proposed that the lock shall have a 
length of 1200 ft., divisible into two sections of 
700 ft. and 500 ft., by which it will be possible 
to pass either one or two vessels through the lock 
at a single operation, with a corresponding saving 
of time and of water. The width proposed is 90 ft. ; 
in proportion to the length this seems somewhat 
meagre, especially in view of the tendency of naval 
architects to increase the ratio of beam to length. 
In Mr. Palmer’s scheme the width was given as 
100 ft., and this is certainly preferable. Widths 
of 100 ft. or over have been adopted at London, 
Liverpool, Newport, Avonmouth, and Bombay, 
and in the Panama, Kiel, and North Sea Canals. 
It cannot, therefore, be deemed an excessive 
allowance for future developments. The Com- 
mission’s attitude on this point is the more 
strange, in that they fully recognise the neces- 
sity of avoiding the mistake made in the case of 
the existing entrances, where they expressly state 
that ‘‘expansion to meet the future growth of 
vessels has been restricted by cramped conditions.” 
The docks are to be equipped with the usual sheds, 
and railway sidings and connections. No graving 
docks are shown on the plan accompanying the 
report, but it is endenitoed, that two are contem- 
lated to be provided in the position shown in 
r. Palmer's plan of 1906—i.¢., at the end of the 
tongue between the arms. 
he recommendations of the Commission involve 
an immediate expenditure approximating 3,000,0001. 
The Commission advocate the inception of the new 
dock, comprising its entrance and five internal 
berths, together with five riverside berths at 
Garden Reach, a distributing dépét at Beliaghata 
for the delivery of imports from the docks, an 
enlarged junction yard for the reception and des- 
se of railway traffic, and the realignment of the 
a branch of the Eastern Bengal State 
Railway. The Commission are of opinion that it 
would be unwise to incur any large outlay in 
developing the present jetties, and their observa- 
tions in this respect are confined to suggestions 
for relieving the congestion by more efficient service 
and attention to detail, until such time as the 
additional berths are available. They make several 
comments also upon the arrangements at the exist- 
ing docks, more particularly in regard to the coal 
trade 


The navigable channel has not been over- 
looked, and there is a reference to the river 
approaches, the view being expressed :—(a) That 
the prosperity of the port will depend upon its 
capacity to receive the size and draught of vessels 
which navigate the Suez Canal, a condition involv- 
ing a very considerable advance in the measure of 
improvement in the river approach channel ; (b) 
that it will be unwise to rest satisfied with a more 
or less empirical system of — as the sole 
means of river improvement ; and (c) that expert 
opinion will be n to solve satisfactorily the 
physical and economical problems which present 
themselves in connection with the improvement. 

Apart from the immediate concerns of shipping 
and port accommodation, the Commission dealt 
with several questions of an engineering character, 
affecting the town and its external communications. 
They examined, for instance, the proposal to 
reconstruct the Howrah Bridge, and they endorse 
the demand for the construction of a new and much 
wider road bridge over the Hooghly, on the site of 
this existing bridge. They further recommend that 
a new railway ar providing more direct access 
to the docks, should be constructed within the next 
few years. 

Such are, in brief, the principal conclusions of 
the Report. That, ata very early date, steps will 





have to be taken to improve, on very extended | yards 


lines, the accommodation and facilities of the 
quays at the port of Calcutta, if it is to maintain 
unimpaired its prestige and commercial standing, 
is a proposition which no longer admits of any con- 
troversy, and with the re mtations of a highly 
competent body of professional and commercial 
men before them, the Government can hardly 
defer taking action. The report is, however, not 
merely the expression of the opinions of 
the tories ; it reflects the views entertained 
by the | of those interested in the port and 
its welfare. It devolves, therefore, upon the 
Port Trust to press the matter forward for imme- 
diate decision in order that they may continue to 
deserve the encomium _—_ upon them by the 
Commissioners, who a their conviction that 
the Trust ‘‘ have developed their property, gene- 
rally speaking, on sound lines, and with a zealous 
regard to the best interests of the Port.” 








DECREASED ACTIVITY IN SHIP- 
BUILDING. 

Lioyp’s Returns, just issued, show that, in- 
cluding merchant and war ships, there are in course 
of construction at the present time 567 vessels, 
aggregating 2,314,669 tons. This is 8.8 per cent. 
less than at the same date last year, notwithstand- 
ing that there is an increase in the number of 
warships now being built. It must be noted, 
moreover, that many of these warships have 
reached an advanced state of construction, and 
that, from the pure shipbuilding point of view, 
little remains to be done, many of them depending 
altogether on the completion of the guns, armour, 
and propelling machinery. Indeed, within the 
next three or four months there will be 
from the private shipbuilding works to the respec- 
tive navies seven battleships, including the Turkish 
battleships Osman I. and Reshadieh, the British 
battle-cruiser Tiger, and the British battleshi 
Benbow, Warspite, Queen Elizabeth, and the 
Emperor of India. Such a list, apart altogether 
from small war craft, will make a big difference in 
the total warship tonnage on hand. us, although 
Lloyd’s list shows that 90 war vessels, of 592,545 
tons, are building, these do not represent such 
a volume of work as the tonnage would seem 
to show. This applies in equal measure to 
the merchant shipping. Of merchant vessels 
there are 477, of 1,722,124 tons, in course of 
construction. When compared with a year ago, 
this total shows a decrease of 281,000 tons, and, 
when compared with fifteen months ago, when the 
total reached the maximum at any period in the 
history of shipbuilding, there is a decrease of over 
331,000 tons. Thus the fall from the highest point 
is 16 per cent., from the figure of a year ago 14 per 
cent., and from the total of three months ago 
about 8.9 per cent. All the vessels are in a more 
advanced state than was the case three months 
ago, as, owing to the fewness of orders placed 
recently, there is less work to do in the shipbuild- 
ing yards of the United Kingdom. The figures of 
work now in progress, with those of a year ago, 
are given in the accompanying table :— 
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Increase 
—— a or 
No Tons. No.| Tons. Decrease. 
- “ per cent. 
Merchant ships .. 477| 1,722,124 543 2,003,241 -14 
H.M.S. (private yards), 60! 306,030 57, 273,149 +12 
Foreign warships (pri- | 
vate yards) .. --| 16) 152,145; 17 129,300 +17.6 
"563 2,180,299 617) 2,405,690 - 9.4 
H.M,8. (dockyards) ..| 14) 134,370; 14 182,190 + 1.5 
567| 2,314,669 | 631 2,537,880 - &8 
| 


As regards the condition in the various districts, 
there is, so far as merchant work is concerned, a 
decrease all round, excepting only Liverpool, where 
there is an improvement as compared with a year 
ago, but a slight falling-off as compared with three 
months ago. The largest decreases are in those 
districts where general traders are built. As com- 
— with a year ago, the biggest falling-off is in 

underland, where the reduction is 27 per cent., 
the number of vessels on hand now being 45, of 
172,103 tons. Greenock comes next, with a reduc- 
tion of 24 per cent., the number of vessels a 


being 49, of 229,710 tons. Then comes the Tees, wi 
a falling-off equal to 23 per cent., there being in the 





now 42 vessels, of 82,504 tons. The Tyne 
on the other hand, has a decrease of only 8.7 per 
cent., the work there including 66 vessels, of 285,157 
tons. At Hartlepool the reduction is only 3.5 per 
cent., the total vessels building numbering 19, and 
the to e 85,406 tons. Glasgow work, which 
earlier in the year had a slight rally, seems now to 
have dropped considerably, as the decrease since 
March last is equal to about 10 per cent., whereas 
when compared with a year ago the decrease is 
only 5.2 percent. Belfast also seems to be suffering 
from the general depression, and here the 26 vessels, 
of 296,350 tons, in course of construction, mark a 
decrease of 18 per cent. 


LITERATURE. 


> 
The Naval Annual, 1914. Edited by Viscount Hyrue, 
D.C.L., A.IL.N.A. London: William Clowes and 
Sons, 31, Hayniarket, S.W. [Price 12s. 6d. net.] 
Tue ‘‘ Naval Annual” appears this year about a 
month later than usual, owing to the fact that 
Lord Hythe has been devoting his time and 
energies to the furtherance of the federal solution 
of the great politieal question of the day. In his 
preface he states further that the duties of 
editorship have been in part undertaken by Mr. 
John Leyland and Captain C. N. Robinson. Lord 
Hythe has again to be congratulated on the 
maintenance of what is universally regarded as a 
standard work on current naval affairs. This is as 
it should be, because, apart altogether from the 
splendid traditions of the ‘‘Annual”’ established by 
1 Brassey, and now maintained by his son, its 
publication is almost a necessary corollary of our 
position amongst the naval Powers of the world. 
In the review of the progress of the British Navy, 
which forms Chapter I., Lord Hythe has had as 
collaborator Mr. Alexander Richardson, and the 
record is thoroughly comprehensive. It is again 
pointed out that two years is too short a period for 
the completion of the modern battleship, owing 
principally, as shown, to the resources of the armour- 
plate manufacturers being overtaxed, notwithstand- 
ing that there has been very considerable capital 
expenditure, not only to improve the processes of 
production, particularly hardening, but to augment 
the output. Within a few years the amount of 
armour required for each ship has increased from 
about 4500 to over 6000 tons, while the newer 
processes of treatment, whereby 10 to 15 per 
cent. has been added to the resistance to penetra- 
tion by projectiles, involves longer time, more 
expert knowledge, and greater care. In the past 
two years one million sterling has been spent 
by each of two of the large firms, and to-day 
the annual output of the country is 65,000 tons. 
No other country in the world can equal this. 
Chief interest centres in the remarks made in 
regard to the policy of the Admiralty with refer- 
ence to the overseas Dominions. The problem is 
one of great difficulty, because of the desire of the 
Dominions to have in their own possession, or within 
their territorial waters, ships sufficient to ensure 
their local defence; on the other hand,the claims of 
strategy require that ships should be in a position to 
attack the enemy if possible before he leaves his 
port. It must be confessed that there has been a 
considerable degree of vacillation on the part of 
the Admiralty ; irrespective of the wisdom of the 
licy decided upon at the Imperial Conference in 
mdon in 1909, there is some excuse for the 
Colonies insisting on its fulfilment. This policy 
required Australian, China, and East-Indian units 
for the Pacific, the idea being that the battle-cruiser 
New Zealand and a vessel of a similar type, as 
well as the battle-cruiser Australian, should be at 
the head of each of these respective units. So far 
as the two former ships are concerned, the arrange- 
ment has not been fulfilled, and there is some 
justification for the attitude taken up by Australia, 
who consider that, in addition to the vessels they 
have built, two cruisers of the ‘“‘Town” class 
should be added from the Imperial Navy for 
Australian defence. As Lord Hythe points out, 
the whole problem of Imperial defence requires 
the earnest consideration of the statesmen of the 
Mother Country and of the overseas Dominions. 
Larger co-ordination of the efforts made is neces- 
sary, and it is to be hoped that the conference 
which will probably be held in 1915 will enable 
some ent to be come to which will satisfy 
the desires of the Colonies, without interfering 
with the dominant needs of strategy. Lord Hythe 
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also makes the remark that ‘‘it is not reasonable|is satisfactory. The armament of the Arethusa|anyone in an aeroplane or sea-plane. Sound- 
that Canada should be defended at the expense of 


people who are being taxed out of their homes.” 

Mr. John Leyland is again responsible for the 
chapter reviewing the progress of all foreign navies. 
In this, as well as in the chapter on armaments by 
Captain Robinson, much interesting light is thrown 
on the policy of the various Powers regarding the 
gun-power of ships. First, as regards the calibre 
of the main armament, it is shown that several of 
the Powers have followed the British example by 
adopting the 15-in. gun; but it was only in the 
vessels of the 1913-14 programme that Germany 
adopted a gun of this size in preference to the 12-in. 
weapon. To-day Britain has ten battleships with 
12-in. batteries, all complete ; twelve ships with 
13.5-in. batteries, of which ten are complete ; 
and ten ships with 15-in. batteries, of which 
two have been launched. Germany, on the other 
hand, has four battleships with 11-in. batteries, 
all complete; thirteen with 12-in. batteries, nine 
being complete; while only two ships with 15-in. 
batteries have been laid down, and neither of these 
has been launched. The situation regarding battle- 
cruisers is equally illustrative of the progressive 
policy of our Admiralty. The United States in 
their battleships have adopted the 14-in. gun, and 
there is some talk of this year’s ships being de- 
signed for eight 16-in. weapons. ere is no 
indication of heavier guns than the 13.4-in. in the 
French Navy. Russia is fitting twelve 14-in. guns. 
The new ships for Italy are to have eight 15-in. 
guns, and Austria, like Germany, is adopting a 
similar armament. The 14-in. gunis being adhered 
to by the Japanese authorities in their latest ships. 
Of the secondary Powers, Spain in the new ships 
will probably fit eight 14-in. guns. Chili is adopt- 
ing the 14-in. gun; Brazil, like the Argentine 
authorities, has adhered to the 12-in. gun, while it 
is probable that in the new Turkish ships the 
13.5-in. or 14-in. gun will be adopted. The number 
of guns being fitted generally varies with the 
calibre ; with the adoption of the 15-in. gun, it is 
found preferable to mount only eight ; with 13.5-in. 
and 14-in. guns, ten, and in a few cases twelve 
guns are being mounted, as is the cage with the 
13.4-in. guns in the latest French ships. On the 
question of the number of guns in each turret, there 
seems still to be a difference of opinion ; it is some- 
what significant, as pointed out by Mr. Leyland, that 
in the new Italian and the new Austrian ships the 
triple-turret system is to be abandoned, the twin- 
turret being reverted to. But the French, in the 
ships now in progress, have four quadruple gun- 
turrets ; the Americans and Russians are adopting 
triple gun-turrets. The American design differs 
in this respect, that, while in all the other ships 
with multiple-gun turrets, the guns are arranged 
with their axes at the same height above the water- 
line, the Americans have adopted the principle, 
now common with twin-gun turrets, of having the 
No. 2 and No. 3 turrets at a higher level respec- 
tively than the No.1 and No. 4 turrets, so that 
they secure an end-on fire, either forward or aft, of 
six 14-in. guns. There is, however, a growin 
desire to have all the guns at the same height an 
to have a flush deck. 

In regard to secondary armament, the tendency 
is to have as many of the guns as possible for bow- 
on fire, because, as pointed out by Captain Robin- 
son, & 30-knot destroyer attacking a 20-knot battle- 
ship, will approach, when they are steaming in 
opposite directions, at a relative speed cf 50 knots. 
Under such circumstances there is less time for 
ensuring accuracy, and the deficiency must be made 
up byrapidityand volume. On the other hand, where 
a destroyer is chasing a battleship with a view to 
bringing her torpedoes to bear, the relative speed 
is only 10 knots, so that the gunners in charge of 
the torpedo-boat-repelling armament have then 
longer time to ensure accuracy, and a smaller num- 
ber of guns suffices. The secondary guns now 
being fitted are generally of about 6-in. bore. In 
destroyers the tendency is to fit two or three 4-in. 
guns, although Germany still has its faith pinned 
to the 15-pounder. 

The Editor contributes, as usual, a very carefully 
prepared analysis of the comparative strength of 
the fleets. He points out that the balance of 
see is well preserved in Europe now, and 

ritain is holding her own in battleships. In the 
cruiser class we have a great superiority, but cer- 
tainly not greater than is et the protection 
of our enormous oversea trade. As light 
cruisers, however, he does not think our position 





and Calliope class—namely, two 6-in. and eight 
4-in. guns—although respectable for the displace- 
ment, does not, in his view, seem powerful enough 
for dealing with a merchant-cruiser. Although 
the ‘‘ Town” class of cruiser have a s of three 
miles per hour less, he thinks their armament of 
eight 6-in. guns makes them valuable craft, and that 
more of them should have been built, instead of 
some of the light-armoured cruisers. 

The engineering chapter is again contributed by 
Mr. Alexander Richardson, and is on the influence 
on speed of the weights added to ships (aerial, sub- 
marine, or surface) due to guns, armour, and other 
fighting requirements. It is pointed out that an 
effectively armoured barbette, with a pair of 14-in. 
guns, gun-mountings, structural supports, and the 
requisite ammunition, weighs approximately 1100 
tons, while a triple-gun turret weighs 1520 tons, 
and a quadruple-gun turret 1920 tons. Obviously 
having the contention of Admiral Sir Reginald 
Custance in mind, the writer considers the effect 
of the reduction in the weight of broadside armour. 
If the thickness of the main belt on the latest 
ships were reduced so that it would resist 6-in. 
= only, 1000 tons weight would be saved. The 
ength of the ship could then be reduced by 
10 ft. to 12 ft. Saving would also be effected 
in the structural weight of the hull, owing to the 
thinner armour carried. The same speed would 
be realised with 2000 shaft horse-power less, owing 
to the less displacement. Thus the gross reduction 
would be 1550 tons approximately. Were the 
reduction in the weight of armour utilised for 
increasing the speed, half of the 1000 tons would 
be available for the heavier machinery and half 
for the increased length of ship to accommodate 
the more powerful machinery ; the final result 
would be an increase of 14 miles per hour to the 
speed. Another alternative for utilising the 1000 
tons saved in armour would be the addition of a 
twin-gun turret, which could be fitted with very 
little difference in the size or speed of the ship. 
Were it desired to increase the number of turrets 
of the present-day ships from four to five—to 
increase the number of guns from eight to ten— 
the speed of the ship, other things being equal, 
woul he reduced by 14 miles per hour. The 
same problem is discussed in connection with light 
cruisers and destroyers, the advantages of geared 
turbines, superheated steam, and other improve- 
ments being considered. As regards submarine- 
boats, interesting data are given as to the adoption 
of steam-turbines in substitution for Diesel engines, 
and the effect on size, power, and speed of fitting 
12-pounder, 4-in., or 6-in. guns is reviewed. With 
four guns of 4-in. calibre, instead of the same 
number of 12-pounders, the weight of the arma- 
ment with ammunition would be increased by 12 
tons, but the displacement of the ship, in order 
to get the same speed, would be increased about 
100 tons, while the adoption of 6-in. guns, in- 
volving, with their ammunition, a net increase of 
78 tons, would require a gross addition to the dis- 
placement of 200 tons. The difficulty, however, is 
to get higher speeds in submarine-boats, as this 
involves a rapid increase in the weight of machinery. 
Consequently the problem of the future is one 
largely for the marine engineer. Loads on air- 
ships and aeroplanes are considered from the same 
standpoint. 

The subject of wireless telegraphy in the Navy is 
dealt with by Commander C. F. Loring, R.N., now 
inspector of wireless telegraphy to the Post Office. 
The treatment is in part historical. On the Vernon 
alone there are now about twenty officers whose 
duties are solely connected with wireless telegraphy, 
as compared with three or four in 1904, while the 
number of trained operators in the Fleet in 1912 
was over 1100. At the end of 1913 there were 
435 warships and 30 stations equipped with wire- 
less telegraphy in the Navy, as compared with 
42 and 8 respectively at the end of 1900. In 
submarine boats communication can be maintained 
so long as the vessel remains on the surface, but 
when once totally submerged it appears impos- 
sible to establish any connection with the outside 
world. In airships communication is fairly satis- 
factory, though the ranges obtainable are not 
great in comparison with the radius of action 
of the airships. Signals can be sent from aero- 
planes; but owing to the noise of the engine 
exhaust, the rush of air, and such causes as 
vibration, it has been impossible to instal appa- 
ratus for the satisfactory reception of signals by 


proof helmets and other devices are being tried, 
and promise a reasonable degree of success. Wire- 
less et has been under regular observation 
in the Navy since 1909, but, so far, has not attained 
a degree of reliability which would justify ite ado 
tion for fleet work, particularly in view of the 
success of wireless telegraphy. As regards surface 
ships, an admiral in European waters can receive 
instructions from his base, no matter where he is, 
from one or other of the high-powered wireless 
telegraph stations. He can inter-communicate 
directly with his base at ranges of 500 miles 
or more by making special arrangements, and 
he is always in direct touch with any of his 
ships at distances up to 500 miles, according to 
their size. Commander Loring refers to atmos- 
pherics (or X’s) as the most serious difficulty expe- 
rienced in wireless telegraphy. The special diffi- 
culty they give rise to is thus explained by him :— 
‘“*A receiving aerial system can be designed to 
oscillate to one particular wave-length to the 
practical exclusion of all others, but an atmos- 
pheric is too often a purely local effect, and causes 
the aerial system to oscillate with its own period ; 
consequently, no alteration of the local receiv- 
ing tuning arrangements makes any difference— 
the circuits still oscillate to the local disturb- 
ances, and the desired signals of the distant 
station are blurred.” He caused a record to be 
kept for a year of all such disturbances at one of 
the coast stations in the Channel, and he groups 
the disturbances under three heads: ‘‘ moderate,” 
meaning that the signals were unaffected at normal 
ranges; ‘‘strong,” that they were difficult at 
normal ranges ; ‘‘ violent,” that they were impos- 
sible at normal ranges. During the year ran 
were 385 hours of violent disturbances, during 
which wireless communication at normal ranges was 
absolutely impossible. September was the worst 
month, 94 cases being recorded. In addition, there 
were 285 hours during the year when the signalling 
was difficult at normal ranges, and 222 hours when 
the disturbances were moderate and the signals 
unaffected at normal ranges. His experience is 
that, in the north of Europe, atmospheric disturb- 
ances are usually most prevalent in July, August, 
and September. 

There is a very informative chapter on the 
British and foreign aircraft, the work done by all 
nations being carefully reviewed. Great Britain, 
it is pointed out, still holds the lead in seaplanes, 
although the collection is somewhat heterogeneous. 
All nations agree that more powerful engines are 
required in seaplanes, and it may be accepted that 
machines with engines of 300 or 400 horse-power 
will be flying in the course of the next few months. 
Efforts are being made in all countries to reduce 
the vulnerability of airships by subdividing them 
into compartments, and by fitting light fabric 
screens inside, with a view to these being sucked 
into a hole, if made by a projectile or otherwise, and 
thereby closing it. It is pointed out that the aero- 
plane is in a more advanced state of development 
than the airship, but the possibilities of the latter 
are now beginning to be realised outside Germany, 
and all the important nations are taking up the 
work. The writer of a chapter to which no name 
is attached thinks that if aircraft could be fitted 
with water wr and be designed so as to be 
able to alight on the water and to use the pro- 

liers when there was a high wind, a great step 
orward would be made. 

There is a very suggestive chapter by a naval 
officer on naval literature, advocating that capable 
writers should be encouraged by the Admiralty to 
prepare theses on various phases of naval warfare, 
so that students of strategy might have placed at 
their disposal, from the great mass of history, 
accurate lessons from the war experience of the 
past. Mr. John Leyland gives a very interesting 
description of the German dockyards, all of which 
he has visited under conditions conducive to the 
acquisition of a full conception of their equip- 
ment. Admiral Sir John Slade has a chapter 
on the right of capture in maritime war, and 
Captain Robinson deals with the operation of the 
Greek and Turkish fleets during the Balkan war. 
These special chapters, combined with the usual 
lists of ships (surface, submarine, and aerial), 
plans of all the latest ships, Captain Robin- 
son's very complete and well-illustrated descrip- 
tion of the new developments in armour and 
ordnance of all kinds, along with a table of ballis- 





tics of the guns of all nations and makers, make up 
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a volume which is, at least, equal to any of the 
former issues of the ‘‘ Naval Annual,” and higher 
praise, we think, cannot be given. 





THE GERMAN ASSOCIATION OF GAS AND 
WATER ENGINEERS AT MUNICH. 

Unper the presidency of Dr. Reese, Royal Govern- 
ment Surveyor, of Dortmund, the fifty-fifth annual 
meeting of the German Association of Gas and Water 
Engineers was held at Munich, the capital of Bavaria, 
from July 1 to 4. The number of names registered 
on the preliminary attendance list was 1334; the 
final list c.mprised about 1500 names, of which 
about three hundred were those of ladies. 

With due observance of the usual custom, a social 
gathering to inaugurate the proceedings took place on 
‘Tuesday evening, June 30, when the large hall of the 
Hackerbriukeller, in the Theresienhihe, was crowded. 
The reception was given by the ore | of 
Munich, whose welcome was expressed by one of the 
members of the Town Council, by Herr Pschorr, 
President of the Munich Gas Exhibition, and by 
Herr Lempelius, its leading spirit, and Director of 
the German Commercial Gas Association for popu- 
larising the uses of gas. Members of the Committee 
of the German Association were present in large 
numbers, and guests from abroad were represented 
by M. Boutan, President de la Société Technique 
de l’lndustrie du Gaz en France; M. de la Paulle, 
of Brussels, Belgian Association of Gas Engineers ; 
Mr. George Weinberg, of St. Petersburg, Society 
of Russian Water and Sanitary Engineers; Dr. 
A. H. Elliott, American Gas Institute; de Heer J. 
van Rossum du Chattel, Dutch Association of Gas 
Engineers ; Mr. O. Pihl, President of the Norwegian 
Association of Gas Engineers ; Sig. Marcel de Jongh, 
Italian Society of Gas and Water Engineers ; Mr, John 
Bond, Mr. W. E. Price, and Mr. Walter T'. Dunn, Presi- 
dent, Honorary Secretary, and ape foe om vely of 
the Lustitution of Gas Engineers ; and Bailie Thomas 
Paxton and Mr. W. M. Mason, the respective Presi- 
dent and Secretary of the British Commercial Gas 
Association, representing Great Britain. 

On the following morning, punctually at nine 
o’clock, the members were y to commence the 
business of the meeting, held at the capacious 
Bayerischenhof, Promenadeplatz. 

After a very cordial welcome to the delegates from 
abroad, the President, Dc. Reese opened the Congress 
by an address. This was followed by a paper by 
. Lempelius on ‘‘ The Present State of the German 
Gas Industry, and the Munich Gas Exhibition of 
1914.” A paper on ‘‘ Gas and Hygiene ” was = oy 
Professor Dr. M. von Gruber (Royal Privy Council, 
and of the Medical Council of the Municipality of 
Munich) ; ‘‘The Work of the German Gas ustry 
for the Good of the Community” was the title of a 
paper by Mr. E. Kirting, of Berlin. The Report on 
the Question of the International Standardisation of 
Gas-Threads, by Sir William Lindley, of Frankfort- 
on-Maine, was down as the last item of the first day’s 
session, but Sir William unfortunately was prevented 
from attending to read it himeelf. 


The p me of the second session was as 
follows :—(1) ‘‘ Prussian Water Board latione 
in Connection with Town Water Supply,” by Herr 


Kreutz, Government Counsel and Life Member of the 
State Water Board, of Berlin ; (2) ‘‘ The Influence of 
Forests on Water Supply,” by Herr Ernst Henle, of 
Munich; (3) ‘* Removing Manganese from Water,” 
by Professor Dr. Tillmans, of Frankfort-on-Maine ; 
(4) ‘* Removing Manganese from Artesian Well Water 
in the Elbe Valley, and the Dresden Plants in con- 
nection therewith,” by Herr Otto Vollmar, of Dres- 
den ; (5) ‘* Biological Results of Rapid Filtration at 
the Barmer Weir,” by Professor Kolwitz, of Berlin ; 
(6) ‘‘A Graphic Method of Measuring the Electric 
Drive of Pamps,” by Herr M. Gaze, Chief Engineer 
of the Allgemeine - Elektrizitste - Gesellschaft, of 
Berlin. 

The programme, which was considered and discussed 
at some length at the third session, on Friday, 
July 3, consisted of :—(1) ‘* Questions moe on to the 
Prices of Gas ;” (2) ‘‘ Communications on the Subject 
of Gas Heating,” from Dr. Karl Bunte, the Secretary 
of the Association, who is in charge of its experi- 
mental and testing works and laboratory at Carlsruhe, 
a place doing most excellent and useful work. In view 
of the important results achieved, we would suggest 
to the British gas-engineering profession the great 
desirability of forming a similar institution in London. 
(3) ‘* Report of work done during the past year by the 
following Commissions of the lation :—On gas 
meters, on standard threads, on water-works manage- 
ment, on education and experiments, on gas-wor 
management, on light measurement, on pipe 
questions.” We hope at a later date to publish abstracts 
of some of these papers. 

The annual report of the Council was rey and 

eration was given to the Simon Schiele donation 


and to ar ments for next year. The election of 
President, Council, Committees, and Commissions 





took 2 ow ye Dr. Reese, of Dortmund, being elected for 
the third year in succession as President of the Asso- 
ciation. 

On Wednesday afternoon, the Ist inst., the Isaria 
Gas-Meter Works and the Dachauerstrasse Gas Works 
of the Municipality of Munich were visited by the 
members. At the latter was shown one of the latest 
examples of a Munich inclined chamber-oven installa- 
tion. This system seems to bid fair to rival the well- 
known vertical-retort processes, and in places where 
extension of plant is under consideration it will 
doubtless receive due Low labour costs, 
facility of operation, cleanliness, and general efficiency 
are notable characteristics. 

The same evening the special incident of the meet- 
ing occurred—viz., the formal opening of the German 
Gas Exhibition. Its royal patron, His Majesty King 
Ludwig III., was to have performed the ceremony, 
but owing to the tragic assassination of the Archduke 
Francis Ferdinand (who was related to him) and 
his consort the Duchess of Honenberg at Sarajevo, 
on the previous Saturday, it was carried out by the 
Prime Minister, His Excellency Dr. Georg Graf von 
Herthing, who was accompanied by the other Ministers 
of State, and representatives of the naval and military 
services. 

The members of the Association and all the visitors 
have nothing but praise to bestow on the President 
of the Exhibition, and on all those who have been 
responsible for its organisation and realisation. It is, 
indeed, excellent in every particular, but the critic 
from abroad must not forget that the promoters were 
specially fortunate in having at their disposal exist- 
ing buildings which are so well adapted to their 
varied requirements. The buildings, which belong to 
the Municipality, are situated on the Theresienhiéhe, 
and have indeed been designed and erected solely 
for exhibition purposes, and there is usually an exhibi- 
tion in course of installation, or one being held, at all 
times of the year. Beautifully-laid-out gardens, 
open free to the public, surround the buildings, 
and there are cafés, with bands playing, and all the 
other usual enjoyable accompaniments of a Continental 
exposition. 

he exhibits are divided into the following sections: 
—(1) Scientific and historical ; (2) gas-works manage- 
ment ; (3) manufacture of illuminating gas; (4) dis- 
tribution, measurement, and installation ; (5) gas- 
lighting for houses and streets; (6) capacity of a 
cubic metre of as regards light, heat, and power ; 
(7) gee in the kitchen, the household, and the school ; 
(8) bath and other water-heating ; (9) warming of 
houses; (10) gas for industrial purposes; (11) gas- 
engines ; (12) gee for airships ; (13) the treatment and 
utilisation of by-products ; (14) gas (other than coal- 
gas) as applied to various industries. 

The Bavarian Aero Club will hold, in connection 
with the Exhibition, from August 14 to 17, @ balloon 
display, in which the Royal Bavarian and the German 
Automobile Clubs will take part, showing auto-wagons, 
&c., for the conveyance of balloons. 

That part of the grounds leading up to the entrance 
is flanked on either side by a number of tastefully- 
designed pilons, from the summits of which gas flares 
away Greek fashion. In the grounds are some good ex- 
amples of outdoor gas-lighting, on the Graetzin system. 
Amongst the striking exhibits inside is a very fine and 
complete model of a gas works, made by Friedrich 
Schroder, of Munich, which cost about 1000/. It is 
shown in motion, electric motors being employed for 
driving it. Its destination at the conclusion of the Exhi- 
bition is to be the German Museum already referred 
to. Perhaps no better graphic representation of the 
weight of nickel placed in the prepayment gas-meters 
of Berlin during the past ten years could be imagined 
than that which was erected for the purpose in a 
prominent position in the Exhibition. It consisted of 
& magnification of a 10-pfennig piece, about 30 ft. in 
diameter and exactly 1 metre thick. There are also 
shown numerous models of gas plants ; well-produced 
pictures and photographs of various works throughout 
the German Empire ; samples of pipes, vertical retorts, 
and interior lighting most artistically arranged. 

Exhibits by British firms seemed to be conspicuous 
by their absence, although in one case was noticed 
some of the instruments with which Messre. Alexander 
Wright and Co., of Westminster, have won a world- 
wide reputation—namely, their new gravitometer, 
calorimeter, &c. The latter apparatus, of course, will 
now come into great demand as a result of the recent 
Parliamentary Bills promoted by the Gas Light and 
Coke Company, the Liverpool Gas Company, and 
other companies, whereby calorific power is to be taken 
= the test for gas, superseding the test for candle 

ue. 

Another interesting exhibit which claimed attention 
was that from the Association’s testing laboratory and 
training college at Carlsruhe, for intending gas engi- 
neers and chemists, under the direction of Dr. Karl 
Bunte. This exhibit comprised replicas of the appa- 
ratus used in teaching, results of the experiments 


conducted under the supervision of Dr. Bunte, dia- 
grams, &o, 


There were numerous other exhibits 





which might be written upon, but considerations of 
space prevent our noticing them. 

The Association’s annual dinner took place at the 
Bayerischer Hof, on Friday evening, July 3, the 
President, Dr. Reese, occupying the chair. e total 
number present was about seventeen hundred, but 
notwithstanding the immense number of the com 
the occasion passed off in a most enjoyable manner 
without the slightest hitch. 

On the following day (Saturday) there were four 
non-technical excursions available. The German 
Association of Gas and Water Engineers have to deal 
with large numbers at their meetings and excursions, 
numbers with which the technical associations of 
Great Britain are unaccustomed, unless it be the 
British Association. The writer therefore cannot 


-refrain from closing this report with a note of praise 


and admiration on account of the excellent way every- 
thing was arranged and conducted from beginning to 
finish. The representatives of Great Britain ticu- 
larly, about 20 in number, were highly gratified at the 
warmth of their reception throughout the whole course 
of the week’s geenedllings. 





INDUSTRIAL NOTES. 

WE learn from the Board of Trade Labour Gazette 
that employment in June showed some decline on the 
previous month, but was still good generally. The 
pig-iron and iron and steel trades remained almost 
stationary, but employment in the engineering and 
shipbuilding trades slightly declined. In the tin-plate 
trade there was a decrease in the number of mills 
working. The coal-mining, furnishing, boot and shoe, 
and glass trades were not so well employed as in May, 
and there was some falling-off in the textile industries, 
especially in the case of woollen and lace manufacture. 
The buildirg trades showed little change. 

Compared with the high level of a year ago there 
was, on the whole, a decline, which was especially 
noticeable in the pig-iron, iron and steel, engineer- 
ing, shipbuilding, woollen, and lace trades. There 
was, however, some improvement in the printing, 
boot and shoe, and brick trades, and a considerable 
increase in the number of tin-plate mills working. 

Amongst those whose wages were reduced were 
141,550 coal, iron, and shale mine-workers in Scot- 
land, and 34,250 iron and steel workers in the North 
of England, the Midlands, South Wales, and Scotland. 
The principal increase affected 4000 ironmoulders in 
Lancashire. The net result of all the changes reported 
was a decrease of 9600/. in the weekly wages of 
190,000 workpeople. 

The dispute in the building trades in London con- 
tinued throughout the month, and is still in progress. 
The number of new disputes in June was 118, and the 
total number of workpeople involved in all disputes in 
progress was 82,752, as compared with 76,779 in the 
previous month and 122,623 in June, 1913. The esti- 
mated total aggregate duration of all disputes during 
the month was 1,072,900 working days, as compared 
= 1,040,900 in May, 1914, and 1,718,200 in June, 


In connection with the strike last week at the 
Woolwich Arsenal, the Court appointed to inquire 
into the matter has been formed as follows :—Sir G. 
Askwith (chairman), Sir Clarendon Hyde, Colonel 
J. M. Denny (representing the Arsenal authorities), 
Mr. G. N. Barnes and Mr. J. R. Clynes (representing 
the employees). The Court commenced its sittings 
on Monday. The sittings will be in private, and a 
eet will be made to the Secretary of State for 
hogs The men all returned to work on Thursday, the 

inst. 








The Board of Guardians of West Ham last week 
went on strike as the result of the interference of the 
Local Government Board auditor with regard to pay- 
ments for out-relief. The auditor recently requested 
the Board to meet him to discuss certain payments 
made, and on the 9th inst. the Board adopted a reso- 
lution declining to administer further out-relief unless 
allowed to do so at their discretion. The Local 
Government Board pointed out that the auditor was 
required by law to review the expenditure of the 
guardians on out-relief. 

A “‘ recognition ” and anti ‘‘ non-union ” strike has 
developed at Liverpool, where the Mersey Docks and 
Harbour Board has refused the demand of the men in 
the warehouses and engineering departments for a 
conciliation board and the employment of only union 
labour. About 3000 men were called out. The bodies 
supporting the demand for recognition are the Trans- 
= Workers’ Federation and the Engineering and 

hipbuilding Trades’ Federation. About 2000 men 
came out on Monday at Liverpool and Birkenhead. 
There have been threats of sympathetic strikes in 
London if the attempt is made to divert Mersey traffic 
to the Thames. The Board has issued a statement to 
the effect that it is determined to make every effort 
to preserve the liberty of labour and equal rights for 
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all. Alarge numberof the older men have refused to 
strike. The prospects of loss of pensions and other 
privileges are acting as deterrents. The employees of 
the Board on the established list enjoy many advan- 
tages, including continuity of employment, super- 
annuation allowance, liberal sick allowance, and, many 
of them, leave on full pay. At the time of going to 
press the strike had not assumed the formidable pro- 
portions at first promised. 





At s meeting on the 9th inst. the men’s representa- 
tives on the Coal Conciliation Board for the Federated 
Districts of England and North Wales to 
submit to the Board @ proposal for increasing the 
basis rate of miners’ wages 50 per cent. The present 
rates are 50 to 65 per cent. above the 1888 basis. The 
Miners’ Federation proposes to terminate existing 
agreements next year. 





An interesting arrangement has been arrived at in 
connection with questions of demarcation at Mesers. 
Harland and Wolff's Works, Belfast. We quote from 
the United Society of Boiler-Makers and Iron and 
Steel Shipbuilders’ report as follows:—The trades 
concerned shall give evidence before a neutral chair- 
man appointed by the Board of Trade. The firm 
shall also give evidence, and thereafter the trades 
concerned, with the neutral chairman, shall endeavour 
to agree on a decision, in the absence of the firm’s repre- 
sentatives. If the trades concerned fail to agree, then 
the neutral chairman shall give a decision. 





At the Dowlais Collieries of Messrs. Guest, Keen, 
aud Nettlefolds, Limited, about 4000 men struck work 
on Monday last as a protest against the employment 
of about 200 men not belonging to the Miners’ Federa- 
tion. On Wednesday only three men still remained 
outside, and work had been resumed. 





Before the Committee which is inquiring into the 
Prevention of Railway Accidents, Mr. J. H. Thomas, 
M.P., on Tuesday last, asserted that many of the 
accidents were due to “speeding up” and to the pay- 
ment of b muses. Among other recommendations, he 
asked that the Board of Trade should have power to 
enforce the recommendations of their inspectors. It 
has often been pointed out that this could not well be 
done without making the Board of Trade responsible 
for the safety of the railways. 





In an interim report of the Dominions Royal Com- 
mission, just issued, itis pointed out with regard to the 
white labour question in the Transvaal that if two Euro- 
peans replaced three natives at their present pay of 
3s, 2d. per shift, and the Europeans received 10s., out 
of fifty-two producing mines twenty-six would cease to 
make a profit. If the white labourers received 12s. 6d., 
the rate of pay in Western Australia, where living is 
cheaper, thirty-five out of these fifty-two mines would 
cease to pay. It is stated that ‘it is clear that high 
remuneration divorced from certainty and other con- 
ditions essential to a contented and well-ordered life 
cannot be a panacea for industrial discontent.” The 
opinion is recorded that the conditions would be better 
met by the employment of fewer white men, but of a 
superior class, so that they might be +g more 
responsibility in regard to the native unskilled labour 
without fear of the power being abused. 


We notice that in the Associated Blacksmiths and 
Iron- Workers’ Society’s monthly report for June that 
attention is drawn to a recent compensation case of 
some interest. A blacksmith employed by Messrs. 
Petrie and Co., Limited, Rochdale, received an injury 
in 1913 by which he lost the sight of his right eye. 
It was stated for the employers that the man’s average 
—- before the accident of 36s. 10d. per week were 
still being paid, with 18s. 6d. per week compensation. 
The prreny b been offered his ola or other employment, 
but had refused, and the firm asked for an order 
terminating or reducing the compensation. On the 
part of the man it was contended that he was unable 
to perform his former work. Four one-eyed black- 
smiths were called, two of them having met with their 
injuries when over thirty years of age, and attested 
their ability to follow their employment without 
inconvenience. It was decided that the man was able 
to follow his former employment, and that the com- 
pensation must stop. 





The United Pattern-Makers’ Association report for 
June states that at the end of that month 394 members, 
or 4.5 per cent. of the membership, were on the 
vacant-books. The number was 65 above that in the 
previous month. The society has a total member- 
ship of 8628, of which 19 were on strike during June. 
Trade was reported as bad, dull, unquiet, &c., in 

uite a number of places. A wages movement at 

lton and Bury was settled during the month, 
the men acczpting an offer of ls. advance on the 
first pay in July and ls. six months later, with an 
agreement for four years. At Keighley work was 
resumed on July 6 on terms rejected by bailot three 


| weeks previously. The allied trades in the London 
district, whose five years’ agreement expires in August, 
are preparing a demand for an 8s. per week advance. 
The movement is supported by the 
Society of Engineers, Steam-Engine Makers, Elec- 
trical Trade Unions, Bras:-Finishers, and other 
societies. The United Pattern-Makers’ Association 
is contemplating joining the movement under certain 
conditions. 





In the quarterly report of the Cleveland Miners’ 
Association, Mr. H. Dack, President of the Associa- 
tion, states that he is opposed to the policy of building 
up union funds with the idea of financing strikes to 
improve the workers’ position. It had taken Cleve- 
land eleven years after the Durham strike of 1892 to 
—_ the same volume of trade as was being done just 
before the strike, and even to-day some of those 
buyers who formerly took Cleveland iron had not 
been won back. 





The July report of the Steam-Engine Makers’ 
Society states that the number of unemployed was 
only 153 in that month, or 0.9 per cent. of the mem- 
bership, but compared with 108 in the previous month. 
There were 346 members on the sick fund, an increase 
of 70 on the previous month. The branch reports 
show that in most districts trade continues from fair 
to good, though in a few cases it is described as not so 
good, only moderate, or unsteady. 


The building trades’ dispute underwent some 
changes in the week. Preparations are being made in 
the provinces for the national lock-out, meetings being 
held daily with a view to making the necessary arrange- 
ments. The non-associated master builders, who are 
said to number about 300 firms, excluding jobbing 
builders, met in conference in London on Waste 
with the result that a decision was arrived at that 
unless a settlement were reached in the interim, all 
firms represented at the meeting would close their 
works to union labour on August 1. It was also 
decided to appoint a committee to see whether the 
basis of membership of the London Master Builders’ 
Association could be broadened, so as to bring in all 
classes of master builders in the London district. In 
the event of a national lock-out, about 6000 employers 
and a quarter of a million men will be affected. 


There has of late been a grea 
Norwegian labour, and the men have more than once 
resor to violent measures. The most recent 
a of their reckless doings have occurred at 
the Nydalen Works. Ona July 8 more than 800 hands, 
practically the whole staff, left the factory with much 
shouting and disturbance after breakfast time instead 
of resuming work, and this they did without notice 





t deal of unrest in 


The female hands appear to have been the most 
disorderly. The demonstration was principally directed 
against a Swiss engineer. The trouble was at once 


reported to the Norwegian Employers’ Union. 





At the ordi monthly meeting of the Council of 
the Leeds Chamber of Commerce, held on Tuesday, 
the 30th ult., the chairman, Mr. F. J. Kitson, moved 
the following resolution, with which we fully agree :— 
** That the Council of the Leeds Chamber of Cx 0e 
are of opinion that Consular appointments should, as 
far as possible, be confined to men of British nationality, 
who have a knowledge of at least two foreign languages, 
of which one shall be French, and have had special 
training in commercial subjects ; that all appointments 
at the ports and other centres of industry should be 
salasiod ones, and should provide, where necessary, 
for whole-time service, and that the degree of Bachelor 
of Commerce, conferred at the Leeds University, should 
be s qualification for a Consular appointment, but 
should be followed by a course of inspection of works 
in connection with some of the main industries of the 
country...” Heand Mr. Bedford, one of the vice- 

residents of the Chamber, he said, had gone very 
ully into the subject, and were strongly of opinion 
that Consular appointments should be given to British 
subjects, and that whenever possible the practice of 
giving such appointments to foreigners should be 
avoided. They thought also that these appointments 
should be e on merit, and not merely because a 
n happened to was, he 
believed, sometimes deemed sufficient qualification. 

Mr. J. E. Bedford seconded the resolution. He 
urged that there should be a carefully followed 
method of selecting men to fill such positions as that 
of British Consul in foreign countries. In times 
gone by, he was afraid, these posts had been given 
to retired soldiers or to superannuated naval officers. 
Those no doubt were very estimable men, but, from a 
commercial standpoint, unless they had special know- 
ledge or training for the work, they were scarcely 
suitable candidates for such positions. Germany and 
other European nations, who might be said to keep a 
keen eye on commerce, appeared to such 
appointments from a different point of view, and 





a title, whic 





ted | was too f; 


and in the absence of any dispute as to pay or hours. | T®8® 





they took care to appoint only technically ard 
commercially-trained men of the first order. The 
representative of Great Britain in foreign countries 
uently the best available local man. In 
Norway Sweden, for instance, England’s repre- 
sentative was often some enterprising German mer- 
chant. The tendency in such a case was to supply the 
wants of the particular country through Camee 
channels. In connection with the University of Leeds 
there was a Chair of Economics and Commerce, and a 
diploma in connection therewith had been arranged, 
roviding for the degree of Bachelor of Commerce. 
— a — ~~ weg een A was sound, 
at least two foreign must be 
learned, preferably French and Spanis _" 
The resolution was carried unanimously. 





A recent issue of the Birmingham Daily Post 
contains an interesting article on the status of the 
officers in the German army, from which we take 
the following paragraph :—‘‘ . . . How unprofitable 
is the army as a career was shown by an incident of 
this year’s Estimates debate. The Minister of War 
asked for a small vote for financing an officers’ ‘ Labour 
aren already opened. The exchange was to 
find work for penniless retired officers. The Minister 
reported that immediately after the exchange was 
opened 850 officers applied for employment. Any 
employment short of manual labour is sought for, and 
almost any wage is accepted. In 1913 the Minister of 
War circularised chambers of commerce with the 
request that they use their influence with business 
men in order that retired officers might be given 
employment as clerks, &c. This expedient failed. 
The organised clerks | oy om against outside com- 
petition backed by the State. A service journal 
estimates that there are at present 3000 ex-cfficers 

ractically without means who would accept any 
onest work ; and that 4000 are already employed as 
clerks, overseers in industrial works, employees in 
State lotteries, and agents and order-hunters for 
champagne firms, furniture removers, and under- 
takers. From experience German ‘ itizens understand 
this state. Ihave myself had visite from seedy, but 
unquestionably military gentlemen, with cards bearing 
the 1 Leutnant ausser Dienst (Lieutenant in 
Retirement), who brought invitations to buy or hire 
thi Ofven the proposed transactions would have 
yielded the ex-officer at most a few shillings. . . .” 





The report for 1913, recently issued by the Inspector 
of Mines for the Liverpool and North Wales district 
(Mr. A. D. Nicholson), states that —— the year the 
coal trade of the district was remarkably good, and 
regular work and higher prices were the rule. The 
slate industry continued to be in a very depressed con- 
dition, and metalliferous mining could hardly be 
rded as being in a flourishing condition. Under 
the Coal Mines Act there were 218 mines at work, 
83 metalliferous mines (some being on a very small 
scale), while about 386 quarries were worked regularly, 
but almost all the most important quarries showed a 
slight reduction in the number of persons employed. 
The total number of persons ——- in and about the 
mines was 72,540, or an increase of 1483 as compared 
with the previous year. This constituted a record for 
the district. Wi ard to the total output, there 
was an increase of 959, tons, and the total quantity 
of coal and also of all minerals obtained, it is pointed 
out, has only been exceeded by the record year of 1907. 

There was again an increase in the number of coal- 
cutting machines and conveyors at work. Machines 
increased by 33, and the — was 1,522,962 tons, an 
increase of 262,317 tons on the previous _ output. 

The district was free from any large disaster. The 
total number of accidents reported was 328, causing 
the loss of 80 lives and injuries to 266 persons, showin 
a reduction on the figures for the previous year of 1 
in the number of deaths and 39 in the number of persons 


injured. 

No legal proceedings were instituted during the 
year against owners, agents, or managers. The total 
number of prosecutions of workmen by owners 
amounted to 69, as compared with 25 in the previous 
year and 75 in 1911. 





The Imperial Merchant Service Guild has been 
officially informed by the Director of the Labour 
Exchange at Rotterdam that the Municipal Council of 
that city has established at 4, Kaasmarkt—i.¢., in the 
centre of the shipping district—an institution for the 
employment of seamen. The institution will enable 
captains of British and other ships to obtain their crews 
in a quick and impartial way, thereby doing away with 
the services of shipping masters and boarding-house 
keepers, who hitherto obtained a “ye - placing 
seamen on board ships. The city of Rotterdam offers 
assistance to seamen of all nationalities entirely free 
of expense, looks after their ral interests, and 
pays their advance notes in full without any charge 
whateoever. 

The new institution will also undertake to have the 
crews of ships signed on at the Consular office of the 
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nationality towhich the ships belong, and to have the 
men taken free of charge on board at the proper 
time by officials in uniform. Such officials will also 
be on board up to the time the ship sails, during 
the day or night, and will be ready to supply substi- 
tutes if necessary. A small charge per man is to be 
made to owners. 

Captain J. P. van der Does, an old commander of 
the Rotterdam Lloyd, is in charge of the institute, and 
has a staff of officials who have been chosen from 
amongst members of the nautical profession. At the 
head of the institution there is a general director and 
a special advisory committee consisting of shipping 
officials. One of the members of the committee is 
Mr. E. G. B. Maxse, Consul-General of Great Britain 
and Ireland. The consul-generals of other nations, 
steamship inspectors, and the Government dock- 
master of the port, Sir 8. B. Ortt, and a number of 
other shipping officials of the port are also members. 
The institution is provided with a special readin 
and writing-room for the express use of captains an 
officers. 





COMBINED ROAD-ROLLER, TAR-SPRAYER, 
AND SWEEPER. 

In our issue of July 3 we referred to an exhibit at 
the Royal Agricultural Society’s Show consisting of a 
combined 10-ton road-roller, tar-sprayer, and sweeper. 
This was to be seen at the stand of Measrs. John Fowler 
and Co. (Leeds), Limited, and is illustrated in the 
engraving above. In addition to enbodyingall the well- 
known features of Messrs. Fowler’s road-rollers, this 
machine is fitted with a tank under the boiler barrel, 
of a capacity of 160 gallons of tar. This tank is fur- 
nished with a rotary pump chain-driven off the fly- 
wheel shaft. The pump is arranged with piping and 
cocks, so that it can either be used for filling the tank 
or for circulating the tar for mixing purposes, or for 
delivering it to six spraying-nozzles arranged on a 
transverse pipe at the back end of the machine. The 
tank is fittel with 60 ft. of heating pipe fed with 
exhaust steam from the cylinders, or live steam. The 
tar is delivered at the spraying-jets at a pressure of 
300 lb. The machine may be used for tarring roads or 
for grouting new metal, the pressure being high enough 
to force the tar well into the interstices between the 





material. 


The" machine*will'do a length of about 300 
yards in five minutes. The engine is a compound, and 


is fitted for two speeds. The wheels have spring 
scrapers, and a water-sprayer is also provided. The 
brush does away with manual labour in sweeping the 
road. It is lifted clear of the surface previous to 
tarring. 








METALLIC PERMANENT-Way.—Our exports of metallic 
permanent-way do not appear to be making much pro- 
gress ; they amounted in June to 7828 tens, as compared 
with 7994 tons in June, 1913, and 10,258 tons in June, 
1912, while in the six months ended June 30 they attained 
an aggregate of 56,141 tons, as com with 61,955 tons 
and 56,807 tons respectively. In these latter totals ship- 
ments to British India figured for 47,002 tons, 46,037 tons 
and 43,710 tons respectively. 





A RecorD BuiastinG FoR Evrorpr.—On May 30 a blast- 
ing of iron ore took place at the iron-ore deposits of the 
South Varanger Company, Norway, to the works of 
which reference has m made in these columns on 
previous occasions. It was a question of blasting sur- 
face deposits, and by means of 17,000 kg. of dynamite 
180,000 tons of solid ore were dislodged by one single 
blast. This is a record for Europe, and has, as far as 
is known, only been surpassed at the Panama Canal. 
The company is working at six places within the area 
of the deposits, and the ore is loaded on to railway- 
wagons by means of steam-shovels, the largest blocks 
being broken up pF charges. As a result of the 
blast referred to above some 30,000 tons of ore will be 
loaded per month until disposed of. The working at the 
South Varanger deposits and the various installations 
connected with it are being continually extended and 
increased. The concentration works are now finished, and 
will be able to receive and deal with some 150,000 tons 
of ore per month. During the month of June of the 
present year the new briquetting works, with a capacity of 
about 100,000 tons per month, commenced operations. 
The export has during the last few months—since March 
—exceeded 50,000 tons per month, and in that month 
it approached 70,000 tons. The export altogether is 


increasing at a very rapid rate; for 1912 it was about | and 


250,000 tons, for last year about 450,000 tons, and for the 
present year it is expected to exceed 600,000 tons. ree 
steamers—two 11,000-ton ore-boats and one of 7000 tons— 
are regularly engaged in the Continental export traffic, 
more especially to Rotterdam, and five steamers, varyi 

in size from 2500 tons to 5000 tons, are regularly engaged 
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in the English trade; in addition, other boats are occa- 
sionally employed. 





Fast Moror Vepette Boats ror GREEK MINISTRY. 
—Messrs. John I. Thornycroft and Co., Limited, have 
recently completed, to the order of the Greek Govern- 
ment, two fast motor-launches. The boats are driven by 
twin Thornycroft motors, with a combined power of 140 
brake horse-power, giving a speed of ever 15 knots. The 
over-all dimensions are:—Length, 50 ft.; beam, 8 ft. 3 in.; 
depth, 4 ft. 9in. The machinery is situated amidships 
immediately forward of the wheel-house, with reverse-gear 
controls carried up through floer. Electric light is fitted 
throughout the boat, together with a powerful portable 
searchlight fixed on the roof of the wheel-house. A dynamo 
is run off one of the engine shafts, with accumulators 
stowed under the engine-room seats providing the neces- 

current. A small signal-mast is fitted on the fore- 
deck. The fuel is carried in two tanks, one under the floor 
of the wheel-house and the other right aft ; ther they 
have a capacity of 140 ons. The two ts went 
through their trials with satisfaction to the officials. 





Tue British CORPORATION FOR THE SURVEY AND 
Recistry or Suippinc.—The 1914 Register-Book and 
Rules of the British. Corporation Registry, which has 
just been issued, gives a indication of the steady 
growth of its operations, through the number of vessels 
which have been added to the Register during the past 
twelve months, and the additions to the list of owners 
who have adopted its classification for their vessels. 
Comparison with the Rules for 1913 shows a continuance 
of the Society’s policy of maintaining the main features 
unchanged, but adapting details to meet experience. 
Evidence of this is found in the extension of the 
Rules for Periodical Surveys, which require an annual 
inspection of hatchways, casings, ventilators, and other 
protection to openings in the weather-deck, in addition 
to the ordinary special surveys, at intervals of four 
og The construction rules relating to these parts 

ve also been subjected to thorough revision, and 
have been considerably extended. These alterations 
should appeal to shipowners and underwriters as 
acting more directly towards greater security of life 
property at sea. Several other minor modifica- 
tions and amplifications have been made which are 
obvious improvements, and altogether the new volume 
is of great interest and value to the shipping community. 


The classification rules and tables come into force on 


August 1, and will su e all other regulations - 
viously issued by the Coenen = 


ittee. 
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DEVELOPMENT OF INTERNAL -COMBUS- 
TION ENGINES FOR MARINE PURPOSES.* 


By M. Drosns, of Messrs. Schneider and Co., Paris. 


Messrs. ScHnztpER AND Co. have for some years 
specialised in the construction of oil-engines working on 
the Diesel principle. They concentrated their efforts at 
first) on four-stroke-cycle engines specially designed 








purposes. These were vertical and each with a single 
cylinder. One had a stroke of 1 m. (3 ft. 3.37 in.), and 
developed 1200 h.-p. at 150 revolutions per minute. The 
other had a stroke of 0.46 m. (1 ft. 6.11 in.), and developed 
300 horse-power at 400 revolutions per minute. These 
engines were to give an idea of the difficulties in regu- 
lating and running engines of large size or at high speed, 
so that means could be found to remedy any defects that 
might arise. The results enabled the constructors to start 


safely set to work in executing their new designs, and 
to-day they are able to deal with all the intricacies of 
Diesel nes either of the land or marine type, two- 
stroke cycle or four-stroke cycle, vertical or horizontal, and 
single or double-acting. These ines have been highly 
successful, due to the excellence of construction and the 
materials used, the original design of the mechanism, and 
the care taken in perfecting them. 

The following engines constructed at their works are 












































for submarines for the French Navy or for foreign navies, | with confidence on the difficult solution of the problem | worthy of note :— 
but they very soon found that the two-stroke-cycle type | relating to high-speed two-stroke-cycle light engines for| (a) Eight engines of 360 horse-power each, four stroke 
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might be of great use for engines of medium and of high 
power, both as reduction in weight and bulk, as 
well as for improvement in cyclic regularity. They there- 
fore had no hesitation in studying and constructing that 
type of ine, together with the four-stroke-cycle one. 
Being, on he other hand, aware of the fact that it was not 
advisable to start on this new line without precise data on 
the advantages of the two-stroke cycle, derived from their 
own experience, they faced the heavy cost of erecting 
a couple of two-stroke-cycle engines at the works for trial 


* Paper read before the Institution of Mechanical 
Engineers at Paris, July 8, 1914. 


ug.6. rae | 
1500 HP 6-CYLINDER 444 | 

4-STROKE 
CYCLE ENGINE. 










































































































Ny 

















submarines, and placed them in the foremost technical 

ition to solve the problem of the use of large oil-engines 
ee codineny vessels. The experiments took place over a 
period of two years. 

The two-stroke-cycle engines—like the four-stroke- 
cycle—are mostly light engines, of relativel 1 hy A 
power, built for marine work. On the other d, the 
constructors did not lose sight of the development of 
heavy slow-speed engines (four-stroke cycle or two-stroke 
cycle) for cargo-boats, or of horizontal double-acting 
engines of high horse-power for land purposes. Their 
great experience in the construction of engines for land 
| and sea placed them in such a position that they could 
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cycle, with eight cylinders, stroke 0.28 m. (11.02 in.), 400 
revolutions per minute, for submarines of the Laubeuf 


pe. 

(b) Two engines of 700 horse-power each, four-stroke 
cycle, with four cylinders, stroke 0.48 m. (18.9 in.), 300 
revolutions per minute, and two motors of 150 horse- 
power, four-stroke cycle, with four cylinders, 360 revolu- 
tions per minute, representing the main and auxiliary 
engines of the French submarine Amiral Bourgois. 

(c) Two engines of 900 horse-power each, two-stroke 
cycle, with four cylinders, stroke 0.56 m. (22.05 in.), 230 
revclutions per minute, for the cargo-boat France, belong- 
ing to the Société des Navires Mixtes, of Rouen. 

(d) Two ines of 2400 horse-power each, two-stroke 
cycle, with eight cylinders, stroke 0.47 m. (18.51 in ), 
350 revolutions per minute, for the French submarine 
| Nereide. f 
| (e) Six engines of 650 horse-power each, two-stroke 
| cycle, with six cylinders, stroke 0.36 m. (14.17 in.), 400 
revolutions per minute, for a French su i 

(f) Eight engines of 1100 horse-power each, two-stroke 
cycle, with eight cylinders, stroke 0.37 m. (14.57 in.), 400 
revolutions per minute, for submarines of the Laubeuf 





type. 

A) One engine for an electric generating set of 225-250 
horse-power, two-stroke cycle, with three cylinders, 
stroke 0.36 m. (14.17 in.), 300 revolutions per minute. 

It must be remarked that the submarines of the 
Laubeuf type come from Messrs. Schneider and Co.'s 
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naval works. Other engines in course of design or of 
construction may be mentioned :— 

Four engines of 510 horse-power, four-stroke cycle, for 
submarines; one engine of 1500 horse-power for a cargo- 
boat; one horizontal tandem engine, double-acting, four- 
stroke cycle, of 2200-2609 horse-power, for an electric 
——_ station ; and two-stroke-cycle engines of 1100 

orse-power for submarines. 


DESCRIPTION OF THE ENGINES. 


All the engines for submarines, whether four-stroke 
cycle or two-stroke cycle, are extra light. They are 
vertical, single-acting, with trunk pistons. The be 
plates and frames are of cast steel ; the cylinders, which 
are either separate or cast with the frames, are of cast 
iron or cast steel with cast-iron liners. The cylinder- 
cover is of cast steel and carries (for four-stroke-cycle 
engines) the inlet-valve, the exhaust-valve, the injection- 
valve for fuel, and starting-valve. For two-stroke-cycle 
engines the air and exhaust-valves are replaced by 
scavenging-valves. 

The crank and cam-shafts are of medium hard steel, 
which is tempered and annealed, and all the parts sub- 
jected to h wear, such as cams, rollers, valves, pins, 
compressor-valves, &c., are in 8 The air 
inlet and exhaust-pipes (the latter having water-ja>kets) 
are of sheet steel. All parts exposed to heat, such as 
the cylinders, cylinder-covera, exhaust-valve seats and 
exhaust-pipes, are water-jacketed. For the four-stroke 
and the two-stroke engines of —_ size the pistons are 
coolea by oil circulation. The crank-pins and crank-shaft 
beari the cylinders, and other main working ts 
have forced lubrication. The air-compressors, and for 
the two-stroke engines the air-compressors and scavenger- 
pumps (whether separate or forming part of the engine), 
are worked directly off the crank-shaft, which in many 
cases also works the oil-pumps for lubricating and cooling, 
as well as the pump for the water circulation. All these 
devices are practically the same for heavy engines, except 
that for the latter the bed-plates, frames and cylinders 
are of cast iron, and the pistons are provided with rods 
and cross-heads in engines of larger size. 

Fig. 1, page 90, is a view of a four-stroke-cycle 
engine with eight cylinders, of 360 horse-power. Fig. 2 
shows a two-stroke-cycle engine with four cylinders, of 
990 horse-power ; but two stroke-cycle engines of 1100 
horse-power with eight cylinders are constructed. Illus- 
trations of one of the two-stroke motors of 900 horse- 

ower on the cargo-boat France will be found on 

late X XIX. in Evaingerine of October 10, 1913. 


IMPROVEMENTS IN WorkKING Parts. 


Starting and Maneuwvring Gear.—This has been applied 
to all the latest engines with a view to make starting 
and reversing as easy and as quick as possible. There 
are two cams for operating each valve on the main cam- 
shaft, one for ahead and the other for astern running. 
The rocking levers are, however, also controlled by cams 
fixed to a manceuvring cam-shaft, and these cams are 
adjustable, so that in certain positions the rocking-levers 
are thrown completely out of gear with the main cams. 
Thus one can see that by making adjustments to the 
cams on the manceuvring cam-shaft certain valve-levers 
will be thrown out of gear, whereas others will continue 
to bear on their main cams, so that according to the 
distribution required it is ible, when starting, to con- 
nect all the cylinders to the compressed-air supply, and 
then by adjusting the manceuvring cams to cut the air off 
from one or more of the cylinders and f one or more 
with fuel as + The adjustment to the manceuvring 
cams is made by revolving the cam-shaft, and one com- 
plete revolution of the shaft, worked by hand through a 
reducing gear, or by a servo-motor, is sufficient to start 
the engine. In the position corresponding to ‘“‘ stop,” all 
valve-lever rollers are free, so that in order to c 
from ahead to astern drive all that is needed is to move 
the manceuvring cam-shaft to the “‘stop” position, and 
then to move the main cam-shaft longitudinally so as to 
place the ‘‘astern” cams under the valve-lever rollers, 
and then start the engine as explained above. This 
operation, which only takes 10 to 15 seconds, is made by 
successively rotating two small hand-wheels placed side 
by side one after the other. A safety device prevents 
the main cam-shaft moving longitudinally until the other 
cam-shaft is moved to the “stop” position. The whole 
arrangement is remarkably « 

(Whe Se nane 90 ——, , and sbarti ee 
. 3, page are 0 inary type, except t the 
are provided mh a special device to prevent their falling 
into the cylinders if their rods . The fuel-valves 
are = = the ——— ty vont is, My 
straight needles ing through a stuffing-box—or of the 
Swedish t teleneed end worked by rotation. 

Fig. 5 99).—This figure shows the cross-section 
of a cylinder aounaing to a four-stroke-cycle engine, of 
eight cylinders and 510 horse-power. fuel-valve 
oomeg is fitted at the bottom with a ball pulveriser and 
a multiple-hole diffuser. The ba! pulveriser distributes 
the fuel in a very uniform manner with the air that is 
injected, though it offers but lictle resistance to the 
passage of that air one to the balls being round. On 
the other hand, the multiple-hole diffuser allows the 
mixture to be sent in the required direction so as to 
distribute it evenly in the compression chamber, thus 
preventing it from being injected on to any one part that 
might get injured. 

Fuel-Pumps.—One — is provided for eaeh cylinder. 
The plu are specially constructed so as to render 
them pedal tight. Each oil-pump is regulated by 
varying the amount of lift of its suoction-valve, and the 
special feature of the gear for givi 
follows :—(1) regulation ; (2) 
manwuvring cam-shaft (3) Regulation 


this variation is as 
lation from the 
by over-speed. 


bed- | desi 





The hand-regulator, which works on a quadrant, serves 
to late the speed or load on the engine. The regula- 
tion from the manceuvring-shaft comes into play when 
starting ahead or astern, so that the pumps begin to work 


at the right momentonly. Lastly, the speed-limit device 
acts so as to prevent racing. 
Atr- essors.—The air-compressors, Fig. 10 (Plate 


XXIX., of October 10, 1913), either independent or com- 
bined with the scavenger-pumps in the two-stroke-cycle 
engines, Fig. 4, 99, are three-s compressors and 
are seid tiate the crank-shaft. eir valves, which 
are of special steel, extra light and with short lift, are 
so as to give large openings. Their coolers, which 
are multitubular or of the coiled single-tube type, are 
fitted with large water-jackets, and ensure the most 
efficacious = eieiel a i al 

Scavenging - Pumps. — ng to the s » e 
scavenging-pumps, which are worked off the crank-shaft, 
are pens AY wi wes es valves or cylindrical slide- 
valves. Fig. 10, Plate XXIX., shows a pump fitted with 

oerbiger valves. Fig. 4 shows a cross-section of a pump 
with eylindrical slide-valves, and combined with its com- 
pressor, of which it forms the low and intermediate-pres- 
sure part. The slide-valves are driven by eccentrics fixed 
on the main cam-shaft. A sliding-sleeve with feather 
enables the cam-shaft to move longitudinally for ahead or 
astern drive without affecting these eccentrics. 

Oil-Cooled Pistons.—The pistons are in two parts, joined 

ther by long bolts, in which tubes carrying the cooling 
oil work telescopically (Fig. 8, Plate XXIX., and Fig. 5, 
page 99). The piston-head carries segments in cast iron 
or steel which bear lightly against the central part of the 
ry of the piston. The telescopic tubes are provided 
at the bottom with a swivel joint, leaving them free to 
move in any direction, and maintaining a proper oil- 
tightness. The hot oil is returned from the piston toa 
filter, whence it is pumped by a special pump through a 
tubular cooler and Pack into the pistons. 

Forced Lubrication. Splash-Guards.—The bearings of 
the crank-shafts and of the connecting-rods have forced 
lubrication. This is an excellent arrangement for efficient 
lubrication, but the splashing of oil by the cranks is 
undesirable for the following reason :—The oil thrown on to 
the cylinder-walls is sucked past the piston, which causes 
waste, and its partial combustion causes a smoky exhaust. 
These defects are now got rid of by means of special splash- 
guards. These, Fig. 8, Plate X X1X.., are very efficacious. 

Fig. 6 shows a section through one of the six cylinders 
of a 1500-horse-power engine for a cargo-boat, of the four- 
stroke-cycle type, and of low speed, which is now bei 
designed. The pistons are provided with rods and cross- 
heads, and they are cooled by water circulation. The 
frames joining the cylinders to the bed-plate are made in 
two halves, bolted together and so that one half 
can be easily removed, to allow the connecting-rod, piston, 
and cross-head to be taken out. The same 


men 
apply to this motor as have been already descri above. 





THE CHARGING OF TWO-OCYCLE 
INTERNAL-COMBUSTION ENGINES.* 
By B. Hopkinson, M. Inst. C.E., F.R.S. 


Tue performance of two-cycle internal-combustion 
engines is determined very largely by the efficiency or 
otherwise of the of c . In the course of 
less than one-fourth of a revolution the products of com- 
bustion resulting from the previous explosion have to be 
replaced as far as ible by the fresh charge of air, or 
of and air, which is blown in through the inlet-valves 
and drives before it —— the open exhaust-ports 
the exhaust gases. Inevitably some mixing occurs, and 
some of the fresh charge, or of the scavenging air, passes 
away to the exhaust, and is was On the amount of 
this waste depends very largely the performance of the 
engine. Its economy suffers to the extent of the waste 
of fuel. Its weight and cost are affected by the size 
of the charging-pumps, which must be big enough to 
deliver the whole charge of gas and air, including that 
which is wasted. The imperfection of the c i 
cess is probably in large measure responsible for the fact 
that the two-cycle engine, in spite of the obvious advan- 

of double the number of working strokes, has not 
hitherto competed successfully in small sizes with the 
four-cycle type, and even in large sizes has achieved only 
moderate success. 

In considering recently the designs of certain two-cycle 
ones, the authdr was struck by the almost com- 

lete a ce of data of general application on which to 
a in the case of a new design, a calculation of the size 
of pumps required to give a certain mean pressure and a 
prediction of the economy which may be expected. Little 
or nothing has been published as to the amount of the loss 
to exhaust which occurs in existing engines, and there is 
oo Snee Gi © i in the use of such data as 
exist on this point or may e available. In the present 

r an attempt is made to provide a working theory of 
this kind, some experimental confirmation is given of it, 
and methods are s ted for getting more information. 

In the course of the mony J rocess, for each unit of 
volume of air or mixture w igh enters at the inlet 
an — volume of the gas near to the exhaust-ports 
will driven out through those ports, which gas will 
consist partly of burnt products and partly of air 
which has mixed with the products. It is assumed 
that the pressure in the cylinders during the admis- 
sion period is that of the atmosphere; the effect of 





* Paper read at the joint meeting of the Institution of 
Naval Architects, the Institution of Eogineers and Ship- 
a in Scotland, -_ = a Institu- 

tune an pbuilders, at Newcastle-on- 
Tyne, July 8, 1914. 


ts | consideration z = z. 





the disturbance of this pressure by throttling at the 
exhaust-ports, and by the inertia of the gases in the 
exhaust-pipe will be considered later. Denote by z the 
proportion of air by volume contained in the exhaust 
gases. This will be the same as the proportion which is 
contained in the _——_ contents a Bes the exhaust- 
ports at any state of the charging. For this purpose z is 
not the volumetric proportion determined by an ordinary 
analysis ; it is the volume, reckoned at atmospheric pres- 
sure and at the temperature of the air as it comes in, 
contained in a cubic foot of the cylinder volume; the 
balance 1—z consists of burnt products from the previous 
explosion, whose volume is, for this purpose, reckoned at 
the temperature of those products before charging began. 
Obviously z will increase from zero as c Dg goes on, 
and will approach, but never reach, the value unity ; at 
first, when very little air been put in, the ust 
= contain no air; when a large quantity has been 

lown through, the exhaust is almost pure air. The 
total amount of air lost in charging will ual to the 
volume delivered (denoted by z) multiplied by the average 
value of z, and is a if this quantity is 
known at every s © amount of air retained in 
the cylinder is equal to y minus the loss; this will be 
denoted by z. 

Two cases admit of very simple treatment. The first 
is the ideal case of perfect stratification. The air — 
drives the burnt gases before it without mixing wit 
them at all, and there is no loss until the amount of air 
exceeds the cylinder volume. It is quite certain that 
this condition is never even approached in practice. 
Probably the first two-cycle engine ever built, that made 
by Dr. Dugald Clerk in 1880, came nearer to attaining 
this ideal condition than any which has been made since. 
Dr. Clerk, who thoroughly appreciated the necessity of 
ay as much stratification as possible, a very 
long conical combustion-chamber. Even so, there must 
have been a good deal of mixing, and in modern high- 
compression engines (the compression-ratio in the Clerk 
engine was 3) such a construction is impossible. 

second case represents much more nearly what 
actually happens. Suppose that instead of complete 
stratification there is no stratification at all—suppose 
the mixing so complete that the cylinder contents are at 
every instant of uniform composition throughout. Here 
again it is possible to calculate the proportion lost up to 
any stage with complete certainty and accuracy. e 
quantity z now represents not only the proportion of air 
in the gas which is going into the exhaust at any stage, 
but also the proportion then present in the cylinder as 
a whole. It is convenient in these calculations to take as 
the unit of volume the whole volume of the cylinder, and 
x the volume of air which has been retained in the 
cylinder then represents also the proportion of air in the 
whole cylinder contents, so that in the case now under 
In Fig. 1 x is plotted inst y, 

the amount (reckoned in Gee ct wt of = 


which has been injected. en an amount 
Fug.7. 
° Observations on PG 
MFullagarsEngine 3 





&-1-e Quantity o'Acr Retained. 


¥-Quanuy of Air Injected 
has been _—-" oo. present in the cylinder 
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PN, the remainder being burnt products. 
The effect of adding the further dose of air N N! 
is to expel at the exhaust the quantity of air 


N x NN The balance remains in the cylinder, 


MN 
M 


increasing the quantity of air there by pig=fN* 
NN}. So the curve can be constructed step by step. It 
is the well-known exponential curve whose slope at any 
point is equal to the ordinate P M. The relation between 
zx and y (of course, easily obtained mathematically) is 
z=l-e. 


In many engines now in use the mixing is probably 
fairly complete, and the simple formula just given 
ts bir Such are short- 


represents fairly ey what occurs. ! 
stroke Diesel engines with valves in the cylinder-cover, 
and probably also the double-ported engines having the 
prey EE may on ee meng oe _ a . 
te on piston. In ines having tively longer 
cylinders, such as the Oechelhaiiser, there is some stratifi- 
cation of the cylinder contents ; but even here the effects 
of stratification are probably not very great. They are 
of the nature of a correction, and before discussing this 
correction along with others, the necessity of which will 
appear later, it will be convenient to compare the simple 
formula with results actually obtained from an engine in 


the course of some recent trials conducted by the author 

for the Fullagar Engine, Limited, and then to give some 
illustrations of its application to other papers. 
Tests on Mr. Futiacar’s ENGINe. 

he caging question was built to the designs of 

Mr. H. F. Fullagar. It represents an important’ de- 
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velopment in large-power gas-engines, and has several 
features of great interest, but, as Mr. Fullagar will be 
describing it himself, it is only necessary to give here 
such details as bear on the subject of this paper. It has 
four vertical cylinders of the Oechelhaiiser type, coupled 
together in pairs, the upper piston of one being coupled 
by diagonal rods to the lower piston of its neighbour, in 
the manner invented by Mr. Fullagar. The leading 
dimensions of each cylinder are given in Fig. 2. The air- 
ports (there is only one set of admission-ports) communi- 
cate with a large receiver, to which air is delivered by 
an electrically-driven fan. Coal-gas was used in these 
trials, and was admitted by a piston-valve at the centre 
of the cylinder. The valve was opened 5 deg. of crank 
angle before the exhaust-ports closed, and remained o 
for 36 deg. crank angle. The coal-gas was delivered at 
 - pressure by a reciprocating — 

he verification of the formula above given required 
the accurate measurement (1) of the total quantity of air 
delivered to the engine per minute, and (2) of the propor- 
tion of that air retained in the cylinder. 

1. Quantity of Air.—A diaphragm with a circular hole 
was inserted in the air-delivery pipe, between the fan and 
the engine, and the drop of pressure measured by means 
of a water-gauge. The diameter of the air-pipe was 18 in., 
that of the hole in the diaphragm 9in. The current of 
air through the diaphragm was nearly uniform, the pul- 
sations caused by the engine being nearly damped out by 
the large air-receiver. The velocity of the air throu 
the hole was calculated according to the usual formula, 
azsuming 0.62 as the coefficient of discharge. The coal- 
gas was also metered, and the quantity of coal-gas used, 
together with an analysis of the exbaust ve an 
independent measure of the amount of air . The 
— of air delivered to the engine was probably 

etermined correct within 3 per cent. 

2. Proportion of Air Retatned.—For determining this 
samples were taken of the contents of all four cylinders, 
and analysed. The average proportion of carbon deter- 
mined in the samples was compared with the proportion in 
a sample of the exhaust gas taken simultaneously. The 
ratio of the two earbon contents is equal to the ratio of 
the total air delivered to the air retained in the cylinder, 


Y in our notation. 


x 

For the purpose of collecting the samples of the 
cylinder contents, a pipe of very small bore was screwed 
into a hole drilled in the sparking-plug. The other end 
of the hole was closed with a nipple having a small hole 
in it. The pipe communicated with the sampling vessel, 
into which it delivered the gas slowly, a small quantity 
coming in at each explosion. The result of this pro- 
cedure is that the sample consists partly of a mixture 
of unburnt gas and air blown — the pipe durin; 
the compression stroke, and partly of burnt gases whic 
come through during the expansion stroke. Usually 
the proportion of burnt to unburnt was about 2 to 1. 
As the coal - admission - valve is opposite the 
sampling-hole, Foth being at the middle of the len 
of the cylinder, the tendency of the method is to collect 
samples which are a little too rich in coal-gas. But it is 
believed that the error se caused is notlarge. The greater 
part of the sample comes through while the pistons are 
near the in-centre, by which time any stratification of the 
coal-gas will in large measure have disappeared, and will 
moreover be of less importance because of the compres- 
sion of the cylinder contents. 

Samples were taken from all four cylinders simultane- 
ously, and after absorbing the CO, the combustion of the 
residue was completed over palladium, and the further 
yield of CO, obtained. The total CO, gave the propor- 
tion of coal-gas to air in the cylinder contents. A 
simultaneous analysis of the exhaust gases gave the pro- 
portion of coal-gas to air delivered to the engines. A 
check was obtained by estimating the oxygen in the 
exhaust and in the cylinder contents. The analyses were 
made for the Fullagar Engine, Limited, by Dr. Mechie 
and Mr. Hill, of the Wallsend Laboratories. Great 
care was taken 
errors in the estimations, and the author believes that, 
thanks to their labour, the figures now given are of 
an order of accuracy rarely attained in a commercial 
tria!. 

The following is a summary of the results obtained in 
two trials, in one of which the volume of air delivered 
to each cylinder per stroke was about equal to the cylin- 
der volume, in the other about half. In the first case the 
engine had to be run slow, as the fan would not at the 
normal speed deliver a sufficient volume of air to give a 
cylinder-full per revolution :— 


Trial. 


| in | 


200 | 200, 250 














8 ge . revolutions per minute 
Air per cylinder per revolution (by dia- | 
b. ft.. 270 | 2.70 | 





ragm) .. 7“ oe os cub. 1.42 
Air per cylinder per revolution (by gas- 
meter and exhaust analysis) .. cub. ft. 2.86 286 1.38 
Coal-gas per cylinder per revolution (by 
— an ne oe on cub ft 0.189 0.182) 0.163 
r . * 
delivered ngine (exhaust 
Coal-gas > ( | 
analysis) .. ‘ : on -/ 15.1 | 15.7 8.45 
Air p . = 
in linde a 8, 
Suabew cy © contents (analysi 
mean of four cylinders os oa --| 94 | 9.45 7.35 
Air retained, per cylinder per revolution 
cub. ft., 1.78 | 1.72 | 1.20 





The volume of the cylinder when the oe are at the 
out-centre is 2.75 cub. ft. When the inlet-ports are just 
closed it is 2.50 cub. ft. Having regard to the dwell of 
the pistons near the out-eentre, the mean volume during 


by these gentlemen to eliminate all | 835 


the period of injection will be nearer to the former figure ; 
take it as 2.65 cub. fo. 
volumes of air given on lines 3 and 7 of the above 
table we get the value of y and x. They are tabulated in 
the following table, together with the corresponding 
values of x calculated from the formula. 








— Ta. IB. IL. 
= air delivered per cubic foot of cylinder 
volume oe oo ca - . - 1.08 | 0.52 
«x = air retained per cubic foot of cylinder 
volume .. oe * és . we 67 | 0.65 | 0.45 
Calculated value of z (= 1—e-y) . 0.66 | 0.66 | 0.405 
y- (measured) .. es as 0.41 0.48 | 0.07 
y-2(calculated) .. ‘a - on .. 0.42 | 0.42 | 0.115 
Percentage of air lost to exhaust (measured) 38 40 | 13.5 
o 0 calculated) 39 309 | «2 


It will be sean that there is rough ment between 
the calculated and measured figures, sufficient at any rate 
to justify the use of a simple supposition of complete 
mixing as a first approximation to what ocours. On the 


Fig. 2. 
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other hand, the deviation with the smaller amount of 
air is too great to be ascribed to errors of observation. 
The observed loss of air is only about two-thirds of the 
calculated loss. This shows that there are disturbing 
factors which must be taken into account as corrections to 
the simple theory. In trials Ia. and In. these connec- 
tions apparently neutralise each other, producing, as it 
happens, almost exact agreement. Before dealing with 
these corrections, it will be convenient to give one or two 
simple illustrations of the application of the theory to 
practical cases. 

(a) Diesel engine, stroke equal to bore, or slightly 

ter; inlet-valves in cylinder cover. This is a case 
in which the mixing will be nearly complete. Suppose 
that the volume of the air-pump is 1} times the total 
cylinder volume (including clearance space). The volume 
of air delivered, reckoned at the temperature of delivery, 
will be approximately that of the pump, the rise of 
temperature due to the pumping work compensating for 
the volumetric inefficiency o' Ge pase. Hence y = 1.25 
and the volume of air retained (P N in Fig. 1) is 
x = 1—e—-% = 0.71. The volume wasted (y — z) is 0.54, 
or 43 per cent. of the amount pumped. The cylinder con- 
tents consist of a mixture of 0.71 air at 40 deg. to 50 deg. 
Cent. (temperature in aw oe oS 0.29 of 
burnt —s perhaps 500 deg. b. © scavenging 
is far from complete, and the charge would be rather hot 
and the flame temperature correspondingly high, necessi- 
tating a low mean ure in order to avoid over-heat- 
ing. It may be added that no substantial improvement 
can be effected in this respect except by the use of exces- 
sive quantities of air. For instanee, it will be seen from 
the diagram that to reduce the amount of burnt products 
left im the cylinder to 15 per cent. the air-pump must be 
nearly twice as big as the cylinder. 

(b) Gas-engine, with separate gas and air-pumps, using 
producer-gas. In such an engine the pumps and admis- 
sion-valves or ports would be arranged so that as far as 

ible the air goes in first, the gas following it. Thus 
in the Oechelhaiiser the air-ports open first, and a +. 
part of the air is discharged through them before the 
- ports o Then the gas comes in, mixing 
with the remainder of the air. The amount of air 
coming in with the gas in any case can be calculated 
roughly beforehand from the size of receivers and the 
size and position of gas and air-ports; but such calcula- 
tions are — to be much upset by the exhaust back- 
pressure, whose efforts are difficult to allow for, and will 
vary in different cases according to the length of the 
exhaust-pipe. For purposes of illustration, we will 
assume that at full load the volume of air passing the 
air-ports before the gas-ports open is half the cylinder 
volume; and that this is followed by quarter cylinder 
volume of gas and the same quantity of air, and that 
no air enters after the gas-porte are closed. * , 

The volume of mixed gas and air is half the cylinder 
volume. Hence y = }, and the amount of mixture re- 
tained in the cylinder per cubic foot of its volume is 
a2 =1-e-% = 0.304. proportion of the pumped gas 
which is retained and burnt is ~ = 0.79, and the balance 


y 
(21 ee cent.) is wasted to exhaust. Assuming the engine 
to have a compression ratio of 6.5 (ratio of cylinder 
volumes at out and in-centre), it would give an indicated 
efficiency on the basis of the gas actually burnt of 0.37 or 





* With a perfectly free exhaust, this distribution of 
air and gas is possible in the ordinary design of the 
Oechelhaiiser engme ; but the author is of opinion from 
data in his possession that in ordinary practice the dis- 
tribution is not so good. Oards taken from the receivers 
in one case, which is probably typical of many, show 
that the exhaust pressure had not fallen to ee 
when the air-ports opened, so that the air wae held up, 





avd more of it went in along with the gas than is here 
asoumed. 


Dividing this volume into the | 


0.38, say 0.375. The quantity of gas retained and burnt 
| per cubic foot of stroke volume is 0.79 x 0.25 x 4 
= 0,233 cub. ft. If the gas has a lower calorific value of 
140 British thermal units per cubic foot at atmospheric 
pressure and at the temperature in the receiver, the 


indicated mean pressure will be 0.375 x 0.233 monte 
= 66 lb. per sq in., which is a little above the normal 
figure for an engine of this type. Allowing a mechanical 
efficiency of 83 per cent., the practical efficiency (ratio of 
brake power to the lower heat-value of the whole of the 

pumped) will be 0.83 x 0.79 x 0.375 = 0.246, equiva- 
ent to about 10,400 British thermal units per brake- 
horse-power hour. 

In practice two-cycle gas-engines do a little better than 
this, though at the high mean pressure of 66 Ib. per 

- in., it 18 doubtful whether any of them could be 
relied on to uce a brake-horse-power hour for much 
less than 10,000 thermal units. The Oechelhaiiser engine 
with its long cylinder gets the benefit of some stratifica- 
tion. In the Kérting the admission valve is timed so 
ad it — raced 5 eer ek a cod some of the 
charge is thus trapped without an ibility of gettin, 
out. On the other hand, in both A nog these. foviusable 
factors are apt to be neutralised by the exhaust pressure 
holding up the scavenging air. But broadly speaking, 
and subject to corrections of this nature, which, on the 
whole, are small, the simple theory leads to conclusions 
which are in accord with practical results. It may be 
noted in this connection that the Fullagar engine, in 
which there was no waste of gas at all, showed an indi- 
cated efficiency of 0.376, and a brake efficiency of 0.30; 
and the latter figure would reach 0.31 if the mechanical 
efficiency were raised to the normal figure for these 
engines by the use of a more economical method of 
serving the engine with air. 

Effects of Stratification.—In the simple theory of the 
charging process which has been discussed, it is assumed 
that at every instant during the period of admission the 
cylinder contents are homogeneous in composition, and 
that their pressure is that of the atmosphere. In fact, 
there is in all engines some stratification of the cylinder 
contents, the portions near the exhaust-ports being poorer 
in air and richer in burnt products than the average. 
There is also in all cases some throttling in the exhaust- 
comes and exhaust-pipe, and inertia effects in the ex- 

aust-pipe, in uence of which the pressure in the 
cylinder varies duri the admission period. The 
effects of — two an = now be considered, 
beginning with stratification. Suppose that repre- 
sents, as before, the volume of air which re fon 
delivered through the inlet-ports at any stage, and x the 
volume which has been retained in the cylinder, y — z 
having wasted through the exhaust-ports. These 
volumes are reckoned in terms of the total cylinder 
volume taken as unity, and « is therefore the average 

roportion of air (by volume) in the cylinder contents. 
‘hese contents are now, however, not of uniform compo- 
sition, but near the inlet-ports they are richer in air than 
the ave and near the exhaust- poorer. Thus a 
cubic inch of air delivered through the inlet now dis- 
places and drives through the exhaust a cubic inch of gas 
containing @ proportion z of air, where z is less than z. 
The full discussion of the relation between z and x—that 
is, of the amount of stratification—is beyond the scope of 
this paper ; it will suffice to state here that there are 
good @ priori grounds for the supposition that in practical 
cases it is given by an expression of the form :— 


z = 2 {1-d(1—2)} 


where \ is a constant depending on the engine r- 
tions of cylinder, size and shape of germ, be. ) aera 
be seen that this formula satisfies two necessary condi- 
tions: the one that at the beginning of injection the 
exhaust shall contain noair (zc = 0 when x = 0), the other 
that when a large quantity of air has been blown in, so 
that the burnt product have been nearly all cleared out, 
the exhaust shall be practically pure air (z=1 when z=1), 
The constant \, which is characteristic of the engine as 
regards stratification, I propose to call the “ stratifica- 
tion constant.” The greater its value the greater is the 
amount of stratification; and when \ = 0 there is no 
a for then z=2; that ~ the proportion of air 
near the exhaust-ports is equal to the average j 
throughout the cylinder. ™ neem 

Once the proportion of air near the exhaust-ports (z) is 
known in terms of the average composition («), the rela- 
tion between the quantity of air retained (also z) and the 
total quantity injected (y) can be obtained with mathe. 
matical certainty. For the relation between z and x 
given above, it takes the form :— 


1-¢e-~Q+Ay 
l+re-atar 


z= 


This formula applies to such amounts of stratification 
as are likely to occur in practice, for which \ will not 
usually exceed 1. For larger values of \ the expression 
for z in terms of x obviously ceases to be accurate, since 
it would take a negative value unless x is nearly equal 
to 1. The more accurate relation between x and z, to 
which the simple equation given above is an a xi- 
mation, leads to a somewhat more complicated formula 
for x in terms of y, which it is unnecessary to give here, 
as it is not required in any practical case. 

In Fig. 3 are plotted the curves of loss (y — z) calculated 

for various values of \. ut this constant 


from this Semmes 
is known for the type of ne under consideration, the 


—— curve gives (subject to any correction for 
the effects of exhaust-back-pressure) the amount of air 
wasted out of any given quantity injected. It is to be 
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noted that in most cases \ is not much greater than unity, 
and a comparatively rough guess at its value, based on 
experience with similar engines, will give results good 
enough for practical purposes. 
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The points determined from the tests on Mr. Fullagar’s 
engine are noted on the same sheet, from which it will be 
seen that the lower point falls between the curves corre- 
sponding to\ = 0.5 and \ = 1, while the upper, as already 
indicated, falls near the curve \ = 0. 


EXPERIMENTS WITH A WATER MopkL. 


The phenomenon of stratification can be studied very 
conveniently by means of a model of the engine cylinder 
in which water is used instead of air. The model can be 
made to scale, of sheet iron, and is provided with an 
admission-valve at the lower end, which can be opened 
and closed by hand. Through the valve the cylinder 
communicates with a large chamber containing water 


with an air-s above, whose volume is equal to or 
greater than that of the water. Air is pum into the 
chamber until the pressure is 10 or 15 lbs. per sq. in. 


The exhsust-ports at the upper end of the cylinder are 
permanently open, and discharge into a channel, whence 
a shoot leads toa tank. The cylinder is filled up to the 
edge of the exhaust-ports with brine containing a known 
ap nee of salt; this corresponds to burnt products. 

n making an experiment the valve is rapidly opened 
and cl by means of a handle and crank, this operation 
taking in an ordinary case about 1 second. The water 
from the chamber (which corresponds to the air in the 
engine) rushes through the inlet-valve and displaces the 
brine. Samples of the contents of the cylinder and of 
the exhaust-tank are then analysed for their contents of 
salt, and from the analysis the quantity of pure water 
which has passed out through the exhaust along with the 
brine can be estimated. The Kew pry eno corresponds, in 
fact, with that already described as having been made on 
Mr. Fullagar’s engine, in which simultaneous analyses 
were made of the cylinder contents and of the exhaust 


gases. 

The use of water models for ascertaining the behaviour 
of air is familiar to those who are conce: with aero- 
nautics. The resistance of an airship, for instance, can 
be ascertained by towing a model in a water-tank. 
Theory, which has been confirmed by experiments of 
many different kinds, shows that the motions of the two 
fluids will be dynamically similar if the velocities and 
the linear dimensions are so related in the two cases that 


is the same for both, » being the viscosity. For air 


the value of »v is about 13 times as great as it is for water. 
Hence, if the dimensions of the model and ship are the 
same, the motions will be similar if the model is towed 
ry of the speed of the ship. 

In the case of the engine cylinder the matter is more 
complicated, because the hot burnt products which the 
cylinder at first contains have greater viscosity and less 
density than the air which displaces them. oreover, 
owing to the varying back- re in the exhaust, changes 
of density occur in the cylinder contents which can have 
no counterpart in the water model. But subject to these 

ints there cannot any question that the law of 

namical similarity will apply equally to this case. 
That is to say, if producer-gas is injec into a cylinder 


containing cool air (as ha if there has been a pre- 
vious scavenging charge and pomeees a completely 
free exhaust, the loss wil Seer the samé as the 
loss of water in the water m when the same quantity 
of water is injected at y, of the velocity. The period of 
injection of the water will be 13 times as great as that 
of the gas; thus the whole operation can be done slowly 
by simple mechanism. 

Fig. 4 shows the results of a 
ments made on a full-size m of Mr. Fullagar’s 
engine The curve is that corresponding to the formula 
given above for the case where? = 1. It will be observed 
that within errors of observation the observed points 
agree with this curve. This is a satisfactory confirmation 
of the theory on which the formula is based. It will 
also be noticed that the velocity of injection varies 
widely in different experiments, but that there is 
apparently no considerable difference between high and 
low velocities as regards the loss toexhaust. This fact 
is of some importance, because it follows from it that 
similar variations in the viscosity of the fluid would have 
a like small effect. 

On the same diagram are marked the two points show- 
ing the loss of air actually occurring in Mr. Fullagar’s 
engine. It will be seen that in both cases the loss in the 
engine is greater than in the model, though the difference 
is not very great in the case of the smaller quantity of 


number of experi- 





air. The differences must be due to one or both of the 
two factors which have been mentioned as not represented 
on the model; that is, the difference in viscosity and 
density between the air and the burnt ucts which it 
displaces, and the varying pressurein the cylinder. The 
effect of viscosity is certainly small ; that of density may 
be considerable. But in the author’s view it is probable 
that the im t cause of the difference is the varying 
pressure, which is considered in greater detail in the next 


section. 

It is obvious that the use of water models cannot be 
relied on as a means of quantitative investigation until 
further comparisons have been made between engines and 
their models, and even then the disturbing factor of 
exhaust pressure complicates the interpretation of the 
results. But the author believes that it promises to be a 
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useful way of comparing, with little expense and trouble, 
the properties of different forms of cylinder and of ports 
and valves as 8 stratification. For instance, it 
would appear from experiments of this kind which the 
author has made that a cylinder like the Oechelhaiiser, 
whose length is perhaps three times its diameter, is much 
better from this point of view than a cylinder of one- 
third that length, such as a short-stroke engine with 
admission-valves in the cylinder cover. In the shorter 
cylinder none of the many devices that the author has 
tried with the view of directing the motion of the in- 
coming air have availed to produce any stratification. 
But in the larger cylinder it would appear that such an 





arrangement as is shown in Fig. 5, whereby a whirling 
motion is given to the air, has the effect of substantially 
reducing the loss. 


EFrEcT OF VARYING PRESSURE IN THE CYLINDER. 


Both the simple theory and the discussion of the correc- 
tion of that theory for stratification rest on the assump- 
tion that the ure in the cylinder is atmospheric 
during the admission period. As a matter of fact, in any 
actual case this ure will vary, the variations being 
determined partly by the a effect of the exhaust- 
ports, but mainly by the inertia of the column of gas in 
the exhaust-pipe. The surging of this column of gas 
causes the pressure in the exhaust-pipe near the engine to 
rise and fall in a periodic manner, the period depending 
on the length of the pi A full discussion on the 
amount and nature of these variations of pressure is 
outside the scope of this paper, and all that will be 
attempted is a short consideration of their effects, in 
one or two simple cases, on ing of a two-cycle 


7. 
t seems probable that those pressure variations which 
are likely to occur in practice will cause increased loss to 
exhaust. For instance, it may happen that the exhaust- 
pipe pressure is rising when the admission-ports or valves 
are first opened, with the result that at first the injection 
of a cubic inch of air will not be accompanied by the dis- 
of an equal volume of mixed air and burnt pro- 
ducts, but a less volume will be disch When ata 
later stage the exhaust-pipe pressure falls to atmosphere 
-% may be) below oe the excess volume which 
been held up in the cylinder will be discharged. The 
proportion of air in gas which then gves out corre- 
sponds to the whole, or nearly the whole, amount which 
has been injected, and will be greater than it would have 
been had the exhaust come out as fast as the air 
went in. To take an extreme case, sup; that half of 
a cylinder volume of air is put in without anything 
going out of the exhaust-ports at all. The cylinder 
contents will then consist of one volume of burnt pro- 





ducts more or less thoroughly mixed with half a volume 
of air, the pressure of the whole being 14 atmo- 
spheres. Now suppose that the exhaust-pipe re 
falls to 1 atmosphere. The accumulated cylinder con- 
tente, now well mixed up, will at once escape. The 
volume of gas passing out will be half the cylinder volume, 
and it will consist of air and burnt products in the . 
portion of 1 to 2. Thus the quantity of injected air which 
1s lost will be 4 x 0.5 or 0.17 cylinder volame. Reference 
to the curve, Fig. 1, will show that if the pressure 
had been uniform, the quantity lost (in the absence of 
stratification) would be 0.105. This, of course, is an 
extreme case, which could not arise in practice, but 
it shows the tendency of a high exhaust pressure at 
the beginning of admission to increase the loss of air. 

e actual pressure variations in the cylinder of the 
Fullagar engine at a — ef 250 revolutions per minute 
areshown in Fig.6. It will be seen that here the surging 
in the exhaust-pipe is of such a character as to queliens 
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a drop of pressure in the cylinder during the first part 
of the admission period (A to B). During this period 
the gas is going out quicker than it comes in, and the 
exhaust consists mainly of burnt products mixed with a 
little air. Then at B the pressure begins to rise, and 
the air accumulates in the cylinder. At C the pressure 
falls rapidly, and the accumulated cylinder contents, 
which have had plenty of time to mix, are rapidly dis- 
charged, thus reproducing at this stage the conditions 
described in the last paragraph. Moreover, at C the 
cylinder pressure is higher than the air pressure, so that 
some of the cylinder contents (which still contain a 
large proportion of burnt products) will back into the 
receiver; some of the contents of the exhaust-pipe 
must also at this point come back into the cylinder. A 
quantitative estimate of the effect of the variations 
on the loss of air could be made by the use of the 
pneu enunciated earlier in this paper, but would 

a long and complicated piece of work. It will 
be sufficient to observe that the general result must be to 
increase the loss. The holding-up of the air and the 
backward and forward flow in the middle of the admission 
period will mix up the air and products of combustion, 
and will destroy the stratification which would otherwise 
exist. The author believes this cause to be sufficient to 
account for the difference between the results obtained 
with the water model and with the engine. 


Though the theory of the charging process which has 
been suggested in this paper cannot be regarded as com- 
pletely proved as regards details, the author has ventured 


to bring it to the notice of those interested in two-cycle 
engines in the hope of eliciting from them more facts 
about the loss toexhaust. It is to be regarded as a working 
a which may prove useful in the interpretation 
of data, but which will probably require modification 
in its details as more facts are accumulated. This 
remark applies more particularly to the corrections for 
stratification and for varying exhaust pressure. The 
simple theory based on the assumption of complete mix- 
ing and uniform cylinder pressure is, in the author’s 
opinion, a very fair first approximation, which will give 
results of sufficient accuracy in most practical cases, 
and as such he hopes that it may prove of use to de- 


ers. 

“The author wishes to express his titude to the 
Fullagar Engine Company, and to Mr. Fullagar, for 
permission to make use of the results obtained in the 
trial of their engine, and for the facilities which they 
provided in the course of that trial for making measure- 
ments, the commercial value of which was not imme- 
diately obvious. He is also much indebted to his assis- 
tant, Mr. Bird, for his care and zeal in carrying out 
many experiments and designing apparatus used in con- 
nection with this paper. 





ENGLISH ENTERPRISE IN SwEeDEN.—Wxtensive survey- 
ing and investigating work is at present going on in 
Iamtland, Sweden, for account of an English syndicate. 
The two localities in question are Karberget and 
Ankarvattnet; the former, close to the Strém valley, 
contains vast deposits of magnetic ore and copper ore, 
also cornite. At the Ankarvattnet there is a sulphur ore, 
containing copper, the vein being about 40 metres broad, 
and the ore containing about 45 per cent. of sulpbur, 
which means that it is well suited for export. The 
value of the Ankarvattnet, should the calculations cf the 
experts prove correct, will certainly be very considcrble, 
the more so as a place within the northern frontier, 
and about 6 miles distant, is about to have railway con- 


nection with a Norwegian port. 
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BALANCING OF INTERNAL-COMBUSTION 
ENGINES.* 


By H. F. Futuacar, M.A. (Cantab.), of Newcastle- 
on-Tyne. 

Communicated by Witt1am Hanninc, Member, 

of Paris. 

Tue problem of balancing internal-combustion engines 
is in general much more difficult and complex than the 
corresponding problem with steam-engines. The adop- 
tion in the former case of the single-acting cylinder and 
trunk-piston generally necessitates wider crank-angles 
than with steam. If, on the other hand, a larger number 
of cylinders are employed, vibration arises owing to the 
increased length and flexibility of crank-case or framing. 
A further difficulty in comparison with steam practice 
arises from the sudden and violent increase of pressure 
when the charge is fired by a spark, which has nothing 
cemparable in the gradual admission of steam pressure to 
the piston, whilst when the charge is fired by high com- 


mass: this requires that if the engine be driven by some 
external source, the inertia forces due to the acceleration 
of the rotating and reciprocating parts neutralise each 
other and have no external resultant. Balance of mass 
is so well understood by members of this Institution that 
it is nm only to notice very briefly the degree 
attained with ordinary constructions of internal com- 
bustion engine. Balance of the rotating members, the 
crank-shaft and cam-shaft, presents, of course, no theo- 
retical difficulty, provided the crank case is sufficiently 
id to resist the reactions set up. 

_The inertia forces of the reciprocating parts are of two 
kinds: primary forces, such as would result if the piston 
had simple harmonic motion, that is, if the connecting- 
rod was of infinite length ; and secondary forces, due to 
the additional motion resulting from the finite length of 
the connecting-rod. This secondary motion is almost 
exactly simple harmonic in character, but has double the 





frequency. Perfect balance of both primary and secondary 





forces can together be secured only by Lape connect- | 
ing-rods on opposite sides of the crank-shaft (Figs. 1 


Fig.1. ENGINE WITH PERFECT BALANCE OF MASS. 
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Fig.2. ARROL JOHNSON ENGINE.MASS AND 


TORQUE UNBALANCED. 
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Fig.4. ORDINARY 4-CYLINVER ENGINE. SECONDARY FORCES ENTIRELY UNBALANCED. 





pression the compression stroke produces a severe 
reversal of torque in the crank-shaft and reversal of side- 
thrust between the piston or crosshead and its guide. 
But while en the one hand the difficulties of balance are 
greater in the case of the internal-combustion engine, the 
need of perfection of balance is also greater, owing to the 
purpose for which the internal-combustion engine is 
particularly applicable. 

In marine work a very high standard of balance has 
been set by the steam-turbine ; for motor-car and aviation 
purposes an even higher standard is required, for the 
following reason :—When an engine with a very light 
framing is mounted on a light fuselage, the inertia forces, 
which are relatively very large, unless well balanced 
amongst themselves, will communicate vibration to the 
whole hi -dist: fiying is at present largely 
& matter of endurance of the pilot, and vibration, apart 
from its effect upon the engine and fuselage, induces 
fatigue and saps the nerves of the pilot and observer. 

Absolute freedom from vibration involves nce of 
two kinds—balance of mass and balance of impulse. 

Balance of Mass.—Dealing first with the balance of 


* Paper read before the Institution of Mechanical 
Engineers at Paris, July 8, 1914. 











and 2). 
connecting-rods must be attached to opposite cranks ; 
but if the cylinders revolve, both connecting-rods can 


If, as usual, the crank-shaft revolves, the 


be attached to a single crank (Fig. 3). All three con- 
structions can, however, have but limited application. 
The ordinary motor-car engine with four cylinders 
operating upon the four-stroke cyole necessarily has its 
crank in one plane, 180 deg. apart, in order to give reason- 
able uniformity of impulse. In this case the secondary 
forces are wholly unbalanced. When the plane of the 
cranks is horizontal the connecting-rod has moved the 
piston to below mid-stroke by the amount a, Fig. 4, 
which, if the length of the connecting-rod be four times 
the crank radius, amounts to one-sixteenth of the stroke. 
As this displacement occurs twice per revolution, and 
affects all four pistons, the secondary forces set up are 
uivalent to the inertia of a single piston moving the 
whole stroke, but acting with double the frequency. 
With a connecting-rod of the length of five crank, the 
secondary inertia force is four-fifths of this amount. 
When two sach sets of four cylinders are placed together 
in the ‘‘ V”-type engine, the secondary forces of each set 
are unbalanced, and their resultant is 40 per cent. greater 


"= ye 
Fig.3. ROTATIVE ENGINE, ~ 








than either, and acts in a horizontal plane, Fig. 5. _ 
The secondary forces of the four-cylinder engine, 





Fig. 4, result from the fact that the common centre of 
gravity of the four pistons, instead of being stationary, 
as would be the case if the connecting-rods were in- 
finitely long, has a small harmonic motion of double 
frequency. It can therefore be balanced by recipro- 
cating or rotating balance-weights, driven at twice 
the trequency of the main piston. Mr. Lanchester’s 
ingenious method of doing this is to gear a pair of wheels 
carrying balance-weights to the main crank-shaft, which 
drives them at double its speed. As the wheels rotate in 
opposite directions, the components of the centrifugal 
forces of the weights always balance themselves & he 
plane through the axes of the wheels, but have a vertical 
component which balances the secondary inertia forces. 
Such a four-cylinder engine, though with its cranks in 
one plane, will have, asa whole, complete balance of mass, 
but the method involves calling into play two otherwise 
useless forces, with some addition to the weight and 
number of parts. 

With four cylinders operating upon the two-stroke 
cycle, the cranks can, of course, be since at right angles 





Fig 5. “V" ENGINE WITH 8 CYLINDERS. 
ALL SECONDARY FORCES UNBALANCED. 





instead of at 180 deg., and then it is possible to secure 
complete balance of both primary and secondary forces, 
with exception of a couple produced by the secondar 
forces in the plane of the cylinders and crank-shaft, whic! 
tends to rock the engine in a fore-and-aft direction. This 
couple can usually be neglected in practical application. 
Engines with five and six cylinders in line, with either 
cycle, can, of course, perfectly balanced as to the 
rimary, and almost perfectly as to the secondary inertia 
orces. 

To sum up, therefore, the only engine constructions in 
common use in which balance of mass is completely, or 
almost completely, secured by the neutralisation amongst 
themselves of the primary and secondary inertia forces, 
are the rotating engine, Fig. 3, above, the engine with 
five and with six cylinders in line, and the four-cylinder 
two-stroke engine with cranks at right angles. Of course 


|also multiplications of these last three of the ““V” or 


radial-type engine, in which the ats in each axial plane 
are balanced, are completely balanced as a whole. All 
these engines will be vibrationless when driven by an 
external force, '? the crank-case or nang | is 
itself ectly rigid. In practice it is not always 

sible, reibe fo on in very long, to obtain suffiotent 
rigidity. With the light motor-car type, even if the 
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THE BALANCING OF INTERNAL-COMBUSTION ENGINES. 


6. ‘OECHELHAUSER’ ENGINE. 


Fig. 
BALANCE OF IMPULSE BUT WITHOUT SECONDARY BALANCE. 


Fig.7. 





j 
j 


Hi 
U 







































































<~_ = OARS SS 






































orc 


H 
; 
ha x 
) 
| 


i 
il 





















' SCL 





































SS 


SS 


<< 


SV 








= 
=Z5 aa 


SANS 


4077D) 




















crank-case be sufficiently rigid, it is difficult when the 
orank-shaft is long to make it so stiff that the engine will 
not tend to vibrate relatively to its fly-wheel, whose mass- 
centre remains almost stationary. 

Balance of Impulse.—Balance of mass is, however, 
insufficient by itself to produce a vibrationless engine, 
because it takes no account of the violently fluctuating 
pressures in the cylinders, and the consequent strains in 
the crank-shaft and engine framing. To secure freedom 
from vibration, it is necessary so to arrange the cylinders 
in relation to the crank-sbaft that strains in the framing 
are either eliminated, or so balance each other as to have 
no tendency to shift the centre of gravity of the engine 
relatively to its crank-shaft and point of support. 

If in Fig. 1 (page 103) the cylinders are arranged in 
line and fire simultaneously with exactly equal charges, 
there will be no tendency for the engine to move, except, 
of course, to rotate round the crank-shaft. The same 
result is obtained more simply in Fig. 2, which ensures 
equal pressures on the two pistons. Junkers obtains this 
equality of impulse, and, at the same time, a valveless 
two-stroke engine by his well-known arrangement, 
Fig. 6, but this, unfortunately, is unbalanced as to the 
secondary mass forces. The three cranks of each cy- 
linder receive simultaneous impulses once only per revolu- 
tion. The crank-shaft of the two-cylinder engine shown, 
therefore, receives virtually one impulse for every half- 
revolution. It will be seen, moreover, that in this, as in 
all single-acting engines, the pressures on the pistons 
during the compression and explosion strokes twist the 
crank-sbaft first backwards and then forwards, producing 
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Fig.12. ENGINE WITH MASS, IMPULSE, TORQUE AND GYROSTATIC AGTION BALANCED. 
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& severe condition of stress, whilst the reaction of the 
crossheads on their guides also alternate in sign with 
each stroke. : 
If, however, a second pair of cylinders, each with a pair 
of pistons, be arranged tandem on the top of the first 
two, as shown in Fig. 7, each tandem line is then double- 
acting, and the cranks of the two sets can uentl 
be placed at right angles, when balance of sagen 1 
be obtained with primary and secondary mass balance, 
except only as regards the rocking secondary couple in 
the princi plane of the engine. The torque trans- 
mitted to the crank-shaft, and the reactions of the cross- 
s on their guides, will then also be in one direction 
only. This arrangement, however, involves very t 
height and large number of parts, together with an | 
expensive form of crank-shaft, and the same results are 
obtained more simply, and without these objections, in 
the author’s arrangement, Fig. 8. 3 
In this two open-ended cylinders, each with a pair of 
——_ pistons, are placed closely together side by side, 
and the upper piston of one cylinder is connected to the 
lower piston of the other by a pair of external oblique tie- 
rods, as shown, the piston A to the piston D, and the 
— C to the piston B. Anexplosion between A and B 
rives B down and A up, drawing up D by the oblique | 
rods, and giving two equal and opposite impulses to the | 





two cranks. The pistons A and B, in separating, draw 
together the pistons C and D, compressing the cbarge 
betweenthem. The engine operates upon the two-stroke 
cycle, the pistons at the ends of their stroke uncovering 
inlet and exhaust ports, as in the original Oechelhiiuser 
arrangement. ’ 

The complete engine has two such pairs of cylinders, 
and a second pair of cranks at right angles to the first. 
The explosions in the four cylinders, acting upon the 
— pistons, produce eight impulses per revolution, 
which are transmitted to the shaft in equal pairs. The 
vertical forces at all times ce each other, and, as 
in the Junkers engine, are not transmitted through the 
engine frame. : 

On referring to Fig. 9 it will be seen that the pistons 
of each pair are rigidly joined together and form one 
moving part. The centre of gravity of the pistons A 
and D is at the point g, and travels up and down on the 
line pq, whilst the centre of gravity of the other pair of 
connected pistons C and B is at the point p, and travels 
up and down on the same line. Thus the primary forces 
are perfectly balanced, and this is probably the only 
engine in which the centres of gravity of the balancing 
masses have exactly the same locus. 

Secondary forces result from the fact that the common 
centre of gravity of all four pistons and their connecting- 
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rods oscillates on the line pq with an amplitude which, 
with a connecting-rod of the length of five cranks, is 
equal to ; of the stroke of each piston, Fig. 10. This 
force is, however, balanced by the corresponding force in 
the other pair of cylinders which oscillates in the opposite 
phase, and as the two pairs of oylinders are brought 
closely together, the secondary couple, which alone 
remains, is much smaller than in Junker’s arrangement. 
With a six-cylinder engine of this type, even this 
secondary couple is entirely obliterated. — 

The ne engine, therefore, obtains perfect or 
nearly perfect balance of mass, with complete balance of 
impulse. Excepting the small secondary couple above 
mentioned, no vertical forces are transmitted to the 
engine-frame. The only reactions on the frames are 
the horizontal thrusts of the crossheads on their guides, 
which are always in one direction, and are the unavoid- 
able equivalent of the useful torque transmitted to the 
crank-shaft. In smagest, therefore, of the combination of 
balance of mass, balance of impulse, and good turn 
effort, this engine is probably superior to any other 
the reciprocating type hitherto built. ‘ 

A 500-horse-power engine of this type has been in 
operation about a year. It has four cylinders of 12-in. 
305 mm.) bore, and eight pistons with a common stroke 
of 18-in. (457 mm.), connected to a four-crank shaft. It 






































develops 550 brake horse-power easily, and its weight, 
including a fiy-wheel of 30 cwt. (1500 kg.), is under 
214 tons (21,000 kg.). The four Ve connected pistons, 
weigh approximately 2 tons (2000 kg.), and, at normal 
speed of 250 revolutions per minute, when the pistons 
have a mean speed of 750ft. per minute (3.8 m. per 
second), there is hardly any perceptible vibration. Even 
when the speed is increased to 300 revolutions per minute, 
giving @ piston s of 900 fo. r minute (4.57 m. 

r second), vibration is still very slight. At first si ht 
it might be supposed that the oblique rods would involve 
considerable friction, but the angle of the rods is less than 


is actually less than would be the case if each of the eight 
pistons had its own crank and connecting-rods. In the 
500-horse-power engine above mentioned the mechanical 
efficiency, excluding the air and gas-pumps, is over 
90 cent. 
be conditions of balance attained with the cross- 
connected construction of engine above mentioned is all 
that could be required for almost every application of 
internal-combustion engine; but there is still one un- 
reaction of the engine itself—namely, the effort 
of each succassive impulse to rotate the engine back- 
round its crank-shaft, and there is also the gyro- 
static effect of the fly-wheel or propeller which, in the 
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the maximum angle of the connecting-rods, and this friction | 


ENGINES. 


Fig. 13. DOUBLE-ACTING VALVELESS ENGINE WITH FOUR IMPULSES PER SHAFT PER REVOLUTION. 
PERFECT BALANCE OF ALL FIVE KINOS. 


peculiar case of aeroplane engines, it may be desirable 
also to eliminate. 

To Mr. Lanchester belongs the credit of having pro- 
duced the only engine extensively used in which, in 
addition to mass balance, torque balance was secured 
between the working parts of the engine itself. His 
well-known engine, which is shown in Fig. 11, was fitted 
to Lanchester cars about 1996. In this, it is sufficient to 
note, the primary forces were balanced by the balance. 
weights on the crank-shafts ; the secondary forces of the 
pistons balance themselves, whilst balance of torque was 
| secured by the oppositely-rotating fly-wheels. Balance 
of impulse was not obtained. 

An engine which secures perfect balance of all forces is 
| shown in Fig. 12. In this two opposed pistons in a single 

cylinder are connected to two oppositely-moving crank- 
shafts at opposite ends of the engine. he shafts need, 
of course, to be kept in phase by a lay-shaft and screw- 
| gears or by a pitch-chain and spur.gears, though the con- 
nection has to perform no appreciable work under normal 
conditions. is arrangement bas the further advantage 
| that for aviation purposes two propellers can be driven 
ge If of the same area as a single propeller, they 
| will, of course, have a correspondingly less diameter, and 
for the same revolutions have 41 cent. greater pitch 
| ratio, a feature which will considerably increase their 
| efficiency. If two such cylinders are placed side by side, 
|and their connecting-rods coupled to — cranks, 
| these rods will then balance each other. Such an engine 
will have absolutely perfect balance of all forces, masa, 
impulse, torque, and gyrostatic effect. By applying this 
two-shaft principle to the Fulla cross - conn 
cylinder construction shown in Fig. 8 a two-stroke 
| and double-acting engine is age omy in which each 
| crank will receive two impu per revolution. The 
| engine then consists of two horizontal cylinders with four 
| cross-ccnnected pistons, one piston at either ond being 
| connected to separate crank-shafts at either end of the 
e 








ngine. 

A still better arrangement for the same pur 
| shown in Fig. 13, in which a 
| connected pistons is arran 


is 
ir of cylinders with croes- 
in a plane at right angles 
to that of the shaft. Two such pairs of cylinders can be 
| arran side by side, with the cranks at right angles. 
| Small balance-weights will then be needed to the 
| connecting-rods, and four impulses will be transmitted to 
}each crank-shaft per revolution. As the cylinders in 
| either case work on the two-stroke cycle, an air-pump 
| of aome kind is required, and in Fig. 13 the two cross- 
| heads of each upper cylinder are arranged to act as 
blowers, a method which has been found eee 
| These engines have absolutely perfect balance, and con- 
| sequently exert no force whatever upon the fuselage on 
| which they are mounted, except that due to their weight 
and to the useful thrust of the propellers when this is 
taken by the engine framing. All the metal in the 
| ss part of the ine is, moreover, usefully 
| employed to support the engine and propellers, whilst its 
| disposition renders it readily attached to and sup 
| by the fuselage. Such an engine would appear to meet 
the requirements of aviation more completely than any 
| arrangement yet devised, and, quite apart from the 
advantages of being ‘‘ two-stroke” and double-acting, is, 
so far as the writer is aware, the only ai ent 
| hitherto proposed which secures at the same time balance 
| of both primary and ary mass f balance of 
, impulse, balance of torque, and balance of gyrostatic 
action. 





THE PHYSICAL SOCIETY OF LONDON. 

AT the meeting of the Physical Society of London, held 
on June 20, 1914, at the Cavendish Laboratory, Cam- 
bridge, Sir J. J. Thomson, O.M., F.R.S., President, in 
the chair, a paper entitled “ Production of Vi Soft 
Rintgen Radantion by the Impact of Positive Slow 
Cathode Rays” was read by the President. 

Réntgen and his pupils had always held that light 
| waves were identical in nature with electrical waves pro- 
| duced by mechanical means; but there was a gap, on 
| which very little work had been done, between the 
| longest infra-red radiation and the shortest electrical wave 
| that could be mechanically produced. He believed the 
| of this gap to be essential to the 
| study of the constitution of the atom. The work already 

done on X rays had demonstrated the existence of two 
| se te rings of electrons in the atom, one within the 
| other. These rings were responsible for the K and L 
| types of radiation respectively. The L radiation was so 
much softer than the K that if a third ring of electrons 
existed, the radiation from which was proportionately 
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softer than that uf the L type, this radiation would fall 
well within the gap already mentioned. 

In the first experiment described a special form of dis- 
charge-tube was employed. The positive rays passed 
through a tubular perforation in the cathode and im- 
be mn obliquely on a metal target. A pho phic 
plate of the Schumann type was situated at the further 
end of a branch tube in such a position that no solid 
obstacle interposed between the target and the plate. 
When the discharge passed between the electrodes, the 
photographic plate was affected. application of an 
intense transverse electrostatic field between two metal 
pilates situated between the cathode and the target 
completely stopped the effect, showing that this was 
not due to stray radiation reflected from the target, since, 
while charged particles would be swept to one side, 
radiation would not be affected by the field. Hence the 
passage of positive particles from the cathode to the 
target was essential. On the other hand, a strong trans- 
verse electrostatic field in the branch-tube had no effect, 
showing that a radiation was passing between the target 
and the 
by positive particles rebounding down the side-tube 
after impact on the target. 

The properties of this radiation were intermediate 
between ordinary X rays and Schumann waves. They 
were susceptible to reflection by metal surfaces, and their 
penetrating power was very small. They were completely 
stopped by the finest collodion film obtainable. 

tt was shown that the quality of the radiation did not 
depend on the energy of the moving particles which gave 
rise toit, but on the velosity. Hence equally soft rays 
should be produced by cathode particles if these were 
travelling as slowly as the positive rays. A discharge- 
tube was constructed in which the cathode rays, leaving 
the cathode with the ordinary velocity, could be subjected 
to a retarding electrostatic field of variable strength 
before ee pong Sa the target. In this way the velocity 
of impact could be varied over a large range, and radia- 
tions were obtained varying in quality from ordinary 
hard X rays to the so-called Schumann waves. It was 
hoped by the study of these radiations to be able to deter- 
mine not only the number of rings of electrons within the 
atom, but the number of electrons in each ring. 

Discussion.—Sir Oliver Lodge expressed the opinion 
that the work just described was of far-reaching import- 
ance, and he felt confident that the results warranted the 
anticipation that further work would confirm the ex- 
planation foreshadowed by the President. The full 
meaning of the experiments, and the way in which they 
enabled us to estimate the number of rings in the atom, 
was given to some extent in previous papers by the 
President and others. Eventually we would understand 
the argument more fully, and in this way the unravelling 
of the secret of the atom would be materially advanced. 

A paper on “‘ The Homogeneity of Atmospheric Neon” 
was read by Mr. F. W. Aston. 

Dr. A. Russell proposed a vote of thanks to Sir Joseph 
and Lady Thomson for their kindness in taking so much 
trouble to ensure the success of the Society’s visit to 
Oambridge. The vote was carried with enthusiasm. 





At the meeting of the Society held on June 26, 1914 at 
the Imperial College of Science, Dr. A. Russell, Vice- 
President, in the chair. A paper entitled ‘‘On Atmo- 
spheric Refraction and its Bearing on the Transmission 
of Electromagnetic Waves Rownd the Earth’s Surface,” 
was read by Professor J. A. Fleming. 

In this paper the author considers the conditions under 
which true atmospheric refraction would be sufficient to 
carry a ray of light or electromagnetic radiation sent out 
horizontally from any point on the earth’s surface round 
the earth parallel to its surface. It is now generally 


that pure diffraction is insufficient to account for | held 


all the phenomena of long-distance wireless telegraphy, 
but that we have to postulate some action of the 
atmosphere which tends to curve the radiation round 
the earth. The theory of ionic refraction has been put 
forward, which is based on the theoretical conclusion 
that in ionised air the velocity of long electric waves 
is increased e know as a matter of fact that the 
atmosphere decreases in density as we rise upwards, 
and this alone produces a decrease of refractive index 
and an increase in velocity. 

The first part of the paper is concerned with the 
deduction of formule expressing this variation of density 
with heights taking into acsount as far as possible the 
known temperature variation with increase of height. It 
is shown that at a height of 100 km. the terrestrial 
atmosphere must consist substantially of hydrogen and 
helium. An expression is then obtained for the radius 
of curvature at any point of a ray of light sent out hori- 
zontally from the earth’s surface, and it is shown that 
this radius at the starting point is given by the formula 
p = to /(98 A qe’), where uy and gy are the refractive 
index and density at the surface of the earth, and A is 
the Gladstone and Dale constant for the gas which forms 
the atmosphere. From known velues for various gases 
it is shown that for air p is four times the earth’s radius, 
for hydrogen 136 times, and for krypton equal to the 
earth’s radius. Accordingly, if the terrestrial atmo- 
sphere consisted wholly of krypton, a ray sent out hori- 
zontally would be refracted round the earth, and in such 
an atmosphere wireless telegraphy to the Antipodes 
would be possible. The above formule are deduced in 


three ways. It is also shown that for the same atmo- | the 


spheric density and constant A this circular refraction 
wonld result if the earth were twice its 

The question of atmospheric composition is then con- 
sidered in the light of what is known about the auroral 
spectrum. The suggestion is made that perhaps the 
non-valent gases neon and nm are manufactured at 
great atmospheric heights by ¢ discharges occurring 


late, which was not, therefore, merely affected | 2 k 


t diameter. | ch 





in the rarefied hydrogen atmosphere. Also that by their 
ease of ionisation they contribute to produce the ionised 
layer demanded by the theories of Heaviside and Eecles 
to account for the actual achievements of long-distance 
wireless telegraphy. ; ? 

Finally, it is suggested that our earth is perhaps unique 
in being the only planet on which such long-distance 
radi phy is possible. 

Discusston : Mr. Duddell considered it was very diffi- 
cult to follow what was going on in long-distance trans- 
mission. One difficulty was that it seemed probable that 
the heavier gases were absent from the upper atmosphere, 
yet we had to assume their presence either to get the 
refraction effect or the Eccles effect. 

Dr. C. Chree thought Professor Fleming’s paper em- 
pate d the importance of the field comman to meteoro- 
ogy and wireless telegraphy. With regard to the 
relations between temperature, pressure and altitude in 
the atmosphere, aqueous vapour was an element which 
meteorologists had to take serious account of ; its varia- 
bility exercised a great influence on the results within 
m. or 3 km. of the ground. With respect to the con- 
stitution of the upper atmosphere, more or less successful 
attempts had been made of late years to obtain samples 
by means of apparatus sent up by pilot balloons. On the 
theoretical side, there were papers more recent than the 

jioneer one by Sir James Dewar quoted by Dr. Fleming. 
n particular he would call attention to two papers by 
Wi er in the Physikalische Zeitschrift for 1911. A 
fundamental point was whether the auroral spectrum did 
or did not connote a gas different from all hitherto 
isolated at the earth’s surface. Wegener thought it did, 
and believed the unknown gas thus indicated to be a 
very light one, which at great heights was even more 
important than hydrogen. The fact that Professor 
Stérmer’s recent photographic determination of auroral 
heights had in some cases supplied heights well over 
300 km. was evidence that an atmosphere of some kind 
extended to a very great height. The fact emphasised 
by Dr. Fleming that wireless results by day and night 
differed markedly, certainly seemed to support strongly 
his contention that the upper atmosphere played a most 
important part in the phenomenon. A similar conclusion 
had t been drawn in the case of the ordinary diurnal varia- 
tion of the elements of terrestrial magnetism, where nor- 
mally changes were much larger by day than by night, 
and much larger in summer than winter. It had been 
found, however, that while the difference between mid- 
summer and midwinter existed in high altitudes, the 
difference between night and day was there much reduced, 
even at the equinoxes. Systematic wireless observations 
in the Arctic or Antarctic might throw a great deal of 
light upon the whole question. 

Professor G. W. O. Howe congratulated Professor 
Fleming on his interesting and suggestive paper, and 
pointed out that although the upper atmosphere un- 
doubtedly had a profound effect on the transmission of 
electro-magnetic waves over long distances, they were 
still uncertain to what extent long-distance radiotele- 
graphy would be possible without any assistance from 
the upper atmosphere. As successive mathematicians 
attacked the problem, errors were discovered in the pre- 
vious work, and up to the present the effect of the 
correction seemed to have been in every case to increase 
the amount of energy diffracted around the globe. 

Professor C. H. Lees mentioned that in the formula 
(u4-1)/9 = A, the value assumed for « was for sodium 
light, whereas the value required was for \ = 500 metres. 

fessor Marchant mentioned that in some work recently 
published it was shown that the difference between the 
carrying power of signals by night and by day was very 
much greater in summer than in winter. He asked 
within what limits of accuracy Gladstone and Dale’s law 


Professor Fleming, in reply, said that Dr. Chree’s 
remarks were of importance, and the questions raised 
required to be cleared up. In reply to Dr. Lees, he said 
that for all gases the square root of the dielectric constant 
for steady voltage practically agreed with the refractive 
index for sodium light. It would be useful to have the 
known facts as to the nature of the atmosphere collected 
for the use of wireless investigators. 

A paper on ‘“‘ Atmospheric Electricity Observations 
made at Kew Observatory,” by Mr. Gordon Dobson, was 
read by Dr. C. Chree. ; 

The paper gives an account of experiments made to 
determine accuracy of the results obtained with the 
apparatus designed by Mr. C. T. R. Wilson for measur- 
ing the electric conductivity of the air, and the electric 
current passing from the air to the earth. Observations 
were made (1) using the standard instrument on a stand 
according to the usual practice and (2) using an exper- 
mental apparatus level with the ground, which was 
assumed to give correct results. It was found that it 
was to apply a small correction to the results 
obtained with the standard apparatus when used in the 
ordinary way. 

A comparison was also made of the electric conduc- 
tivity of the air as measured by Mr. Wilson’s apparatus 
and that designed by Professor Ebert. 6 results given 
by this latter apparatus appear to be too inaccurate to 

low any satisfactory conclusions to be drawn. 

Discussion. — Professor C. H. said it was impor- 
tant to settle which was the better of the two methods. 
He a the large Langevin ions were at the root of 

trou 


Dr. Chree said the large ions considerably affected the 
arge per unit volume, but he did not think they would 
affect the value of the earth-air current. 





A paper ** Thermal and Electrical Conductivities of 
ous of the Rarer Metals and Alloys” was read by Mr. l 


"A new method of the “‘ stationary temperature” type is 


employed for measuring the thermal conductivitits of 
some ) rarer me including tantalum, molyb- 
denum, rhodium, iridium, and tungsten, at air tempera- 
tures and at 100 deg. Cent. 

It is shown that if a rod of metal is of length J, peri- 
meter p, and cross-section g, then its thermal conduc- 
tivity k is given by 
H2 
k= 

ogh V? 


where H is the heat given per second to one end of the 
rod, V the excess of temperature of this end over that of 
the enclosure, h the heat lost per second from 1 sq. cm. 
of surface when its excess of temperature over that of its 


hp 
qk 
If Zis large, the equation reduces to the very simple 

H2 
pgh V* 
in nearly every case. 

Experimental details and the method of working out 
the results are given, and it is shown that the thermal 
conductivity of non-metals can also be determined in the 
same way. 

Electrical conductivities of the same specimens have 
also been measured, and, for purposes of comparison with 
electronic theories, the values of k/K T have been worked 
out, where k = thermal conductivity, K = electrical con- 
ductivity, and T = absolute temperature. 

Discussion —Professor C. H. thought the method 
extremely useful and simple. Theaccuracy obtained was 
quite sufficient to allow of verification of the ionic theories 
on which the author touched. His figures differed suffi- 
ciently from the theoretical value to show that the theory 
was only approximate in its present state. 

Dr. Harker asked about the uniformity of temperature 
in the air space. The apparatus was horizontal, and if 
the heat supplied to the wire was very great, there were 
bound to be considerable irregularities of temperature in 
the chamber. 

Mr. Barratt, in reply to Dr. Harker, said there was 
sometimes a very slow change of temperature of the air 
in the enclosure, but as the actual experiments, once con- 
ditions had become steady, took only a few minutes, the 
small change in temperature would not matter. More- 
over, this change would affect both the hot end of the 
specimen and the cold one, so that the value of V, which 
was the object of the measurement, would not be altered. 
The same remark applied to the temperatures at the top 
and bottom of the water jacket. Solong as the platinum 
thermometer was kept in the same place the measure- 
ment of V was unaffected. 

A paper entitled ‘‘ Some Investigations on the Arc as a 
Generator of High-Frequency Oscillations,” by Mr. F. 
Mercer, was read by Professor Marchant. This paper 
contains the results of a series of experiments on the 
copper-carbon arc when used as a generator of high- 
ey oscillations. The copper electrode is water- 
cooled, and the whole enclosed in a cast-iron cylinder 
filled with hydrogen under pressure. 

Preliminary experiments were carried out to deter- 
mine the conditions which would give maximum steadi- 
ness of burning, and in the ensuing experiments these 
conditions were adhered to as rigidly as was possible. 

The first experiments deal with the effect of varying 
the arc length, and also the arc current (by changing the 
resistance in series with the arc), on the magnitude and 
frequency of the shunt current The deduction is drawn 
that the effect on frequency arises from a change in the 
resistance of the arc. 

The second experiment refers to the effect on the shunt 
current of altering the ratio of inductance to capacity. 
Keeping the latter constant and varying the former, a 
series of curves are obtained showing that for a given 
capacity there is a certain value of inductance giving 
maximum current in the shunt circuit. 

Experiments were also made to determine the effect 
which the pressure of the hydrogen would have on the 
magnitude of the shunt current. This is dependent on 
the P.D. used. With small P.D.’s the effect is negligible, 
at 1000 volts it is just appreciable, and at 2000 volts a 
marked increase is apparent. Beyond this it is impos- 
sible to obtain readings with any degree of accuracy, as 
the oscillations are very unsteady. 

Discussion.—Professor Fleming mentioned that Mr. 
Bairstow had used an arc under pressure as a source of 
high-frequency oscillations over a year ago. He then 
descri @ more satisfactory method recently used by 
himself and Mr. Coursey. A number of carbons are 
fixed vertically to a metal plate which is suspended 
near the bottom of an iron vessel containing heavy oil. 
The carbons just project above the oil. Over each carbon 
tip is suspended a copper cylinder, the walls of which 
go down into the oil, and the thick top of which is per- 

orated. Arcs are struck by lowering the cylinders until 
they make contact with the carbons, and then raising 
them with a screw. In this way very steady oscillations 
are obtained. 

Mr. Duddell said that the Society was indebted to Dr. 
Marchant, who had come from Liverpool purposely to 
read Mr. Mercer’s paper. Many of the observations 
mentioned in the paper were common knowledge to those 
who had worked with arcs. He would like, however, to 
callattention to the peculiar shape of the curves connect- 
ing the current in the shunt circuit and the frequency 
which the author had obtained, and in this con- 
nection he would like to ask the author whether the 
oscillations were of what are known as the first or the 
second type. If the latter were the case, it might te 
possible to explain the peaks on the curve, and that their 
position would probably depend on the relation between 
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the self-induction in the main circuit and the capacity in 
the shunt circuit. 

Mr. E. H. Rayner asked what was the source of 
supply, and whether large amounts of inductance and 
resistance were used between the arc and source of 
power, as it might be that the character of the curves 
obtained might be modified if the ‘‘ballasting” in this 
part of the circuit were small. He also asked whether 
any attempt was made to load up the oscillating circuit 
with resistance to ae power radiated or otherwise 
employed. Oae would expect some modification in the 
results as compared with a ‘‘frictionless” oscillating 
system. 

"Fades Marchant, in reply, ex his interest in 
Professor Fleming’s generator. The author had found 
that when the power was too great the arc me 
unstable. He thought Mr. Daddell’s explanation was 
probably correct, as the oscillations were of the second 
type. It was noticed that with a big capacity the peak 
was considerably less pronounced. ere was a constant 
inductance in the circuit, and the current was reduced by 
adding resistance. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on several colonial and 
foreign engineering projects taken from the Board of 
Trade Journal. Further information concerning these 

rojects can be obtained from the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, London, E.C. 

South Africa: H.M. Trade 
Africa a that a member of an engineering firm in 
South Africa, which already represents several United 
Kingdom machinery, &c., manufacturers, is nowon his way 
to this country with a view especially to obtaining the 
agency of manufacturers of railway material. Uaited 
Kingdom manufacturers of railway material may obtain 
the name and London address of the gentleman in question 
on , “Tri to the Commercial Intelligence Branch of 
the rd of Trade, 73, Bisinghall-street, London, E.C., 
bub they should address any further communications re- 
garding the inquiry to H.M. Trade Commissioner for South 
Africa, P.O Box 1346, Cape Town. H.M. Trade Commis- 
sioner has also forwarded the text of two Bills dealing 
with irrigation schemes, which have been laid before the 
Union Parliament. The first Bill proposes to authorise 
the Governor-General to make, out of public funds, a 
loan not exceeding 438,000/. for irrigation works in the 
Breede River Valley. The works comprise the construc- 
tion of a diversion dam across the Breede River, and the 
construction of a canal crossing several rivers by inverted 
siphons, as well as all other works necessary to the scheme. 
The second Bill proposes to authorise the Government 
to proceed with the Hartebeestport Irrigation Schems on 
the Crocodile River, in the Transvaal. A reservoir of 
5,100,000,000 cub. ft. capacity is to be formed by the 
erection of a concrete and masonry dam, 160 ft. high, 
at Hartebeestport. H.M. Trade Commissioner reports 
that the East London Municipality, Cape Province, pro- 
poses to borrow a sum of over 12,000/., of which amount 
78141. is to be utilised for the extension of the tramway 
system, covering duplication of the existing track and 
rearrangement cf the overhead equipment, and 775/. for 
electric supply extensions, including high-tension feeder, 
static transformers, and switch-gear. H.M. Trade Com- 
missioner further reports that the Fraserburg Munici- 
pality, Cape Province, is proposing to raise a loan of 
3000/. for the installation of a local water-supply system. 

Italy: The Gazzetta Ufficiale of July 2 announces that 
tenders are invited for the construction of the first sec- 
tion of a _ in the rowstead of Brindisi, which, starb- 
ing from the sand-bank of Punta Riso, in the Island of 
8S. Andrea, goes towards the Island of Traverso. The 
total length is about 500 metres, and the estimated cost 
is put at 4,000,000 lire (about 160,000/.). Although this 
contract will doubtless be awarded to Italian firms, 
nevertheless the carrying out of the works may involve 
the purchase of materials outside Italy. 

Bulgaria : The Lieferungs-A nzeiger (Vimna) of July 5 
announces that the management of the Bulgarian State 
R wilways will shortly be inviting tenders for the supply 
of 25 locomotives and 590 railway carriages, the estimated 
cst of which is 5,000,000 francs (200,000/.). 

Norway: H.M. Consul at Christiania reports that, 
a*cording to the local Press, it is proposed to build a new 
quay, about 377 yards long, at Arendal harbour at an 
estimated cost of 40,0002. It is also reported that plans 
are on foot for the construction at Bévaagen, on Karmésn 
Island, near Haugesund, of a dry dock capable of taking 
large merchant vessels and the ships of the Norwegian 

avy. 

Morocco: H.M. Chargé d’Affaires at Tangier reports 
that tenders are invited by the Moroccan Adjudications 
Commission for the construction of a section, 12 km. 
{about 74 miles) in length, of the road from Rabat to 
Casablanca. The estimated value of the contract is 
181,930 francs (7277/.), and a deposit of 3000 francs (1201. 
is required to qualify any tender. Tenders, accompani 
by certificates of competency, will be received by M. le 
Président de la Commission Générale des Adjudic tions 
et des Marché;, Dar-En-Niaba, Tangier, up to 11 a.m., 
on August 25. The contractor must elect domicile in the 
neighbourhood of the works. A copy of the cahier des 
charges may be seen, and copies of the form of tender to 
be used obtained, Py contractors in the United Kingdom 
at the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, London, E.C. With refer- 
ence to the notice on page 763 of the Board of Trade 
Journal of March 26 last, relative to a call for tenders 
by the Moroccan Special Committee of Public Works for 
the construction of a —— at El Hank, near Casa- 
blanca, H M. Chargé d’ Affaires at Tangier reports that 
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the contract has been awarded, at a reduction of 19.2 per 
cent. on the estimated cost, to a French subject at Casa- 
blanca, whose name and address may be obtained by 
United Kingdom manufacturers of lighthouse material 
and opponent on application to the Commercial Intelli- 
gence Branch, as above. With reference to the notice on 
pages 121 and 122 of the Board of Trade Journal of 
April 16 last, relative to a call for tenders by the Moroccan 
Adjudications Commission for the construction of a 
section of the road from Salé to Kenitra, H.M. C 5 
d’ Affaires at Tangier reports that the contract has been 
awarded, at a reduction of 13.3 cent. on the estimated 
cost, to an Italian firm at Casablanca, whose name and 
address may be obtained by United a exporters 
of road material on application to the Commercial 
Intelligence Branch, as above. 

Costa Rica: With reference to the notice on 120 
of the Board of Trade Journal of January 16, 1913, rela- 
tive to a call for tenders for a concession for the construc- 
tion and working of a tramway from Alajuela to Grecia, 
H.M. Consul at San José reports that no further action 
has been taken with regard to tenders. The matter has, 
however, been discussed in Congress, and a Lagislative 
Decree was issued on May 29 modifying the original 
decree. The principal modifications are that the line is 
to be extended from Grecia to the towns of Palmares and 
San Ramon; that the motive power shall be electricity, 
steam, or any other system of mechanical traction ; and 
that the State will now guarantee interest at 6 Py cent. 
per annum on the capital cost up to a total of 2,000,000 
colons (about 191,300/.). The executive is authorised to 
spend the money needed to have the line surveyed, so 

at fresh tenders may be called for within eight months 
from the publication of the modifying decree—.e¢., before 
the end of January, 1915. 

Portugai: The Diario do Governo of June 29 contains 
a law authorising the expenditure by the Government of 
a sum not exceeding 348,000 escudos (about 66,0007 ) on 
the construction of a railway line from Evora to Ponte 
de Sor, including the construction of a bridge over 
the Raia. Consul at Oporto, in his report on 
the trade of that district in 1913, which will shortly be 
issued, states that it is reported that the specifications 
for the work of carrying out the improvements to 
Leixoes Harbour (see pages 36 and 37 of the Board of Trade 
Journal of July 3, 1913) are all but completed, and that 
the invitation for tenders will not long be delayed. 

Spain: With reference to the notice on page 278 of the 
Board of Trade Journa of November 6, 1913, relative to 
the proposed construction of a broad-gauge railway from 
Saragossa to Caminreal, it now appears from the Guceta 
de Madrid of July 3 that the Bill presented to the Cortes 
by the Ministerio de Fomento in this connection has now 
become law, and that the Government is authorised to 
announce a competition of plans for the construction 
of this line. 

Italy: H.M. Consul at Milan reports the publication, 
in the Sole (Milan) of June 26, of the names of Italian 
firms with whom orders have been placed for the supply 
of rolling-stock required by the Italian Ssate Railways. 
The contracts are for a total value of 56,392,000 lire (about 
2,252,000/ ), and include the supply of passenger-coaches, 
luggage-vans, and -wagons. The above-mentioned 
issue of the Sole may be consulted by United Kingdom 
manufacturers of accessories for railway rolling-stock at 
the Commercial Intelligence Branch of the a of 
Trade, 73, Basinghall-street, London, E.C. 





CATALOGUES. 

Electricity in Coal-Mines.—We have received from the 
British Thomson-Houston Company, Limited, of Rugby, 
a pamphlet bearing the above title and illustratin 
examples of electric-power installations they have carri 
oud in collieries. e illustrations, which are bright and 
clear, show examples of turbo- tors, switch 
electric winding gears, electrical! eee screens, haulage 
gears, pumps, and other plant for work on the surface 
or underground. Nearly all the machinery and apparatus 
illustrated has been designed to comply with the latest 
Home Office regulations governing the use of electricity 
in mines. It is pointed out that recent mining legislation 
has rendered it imperative for those collieries desirous of 
maintaining their outputs under the new conditions to 
instal electrical machinery. 


Pulley-Blocks and Runways.—Measrs. Herbert Morris, 
Limited, of Empress Works, Loughborough, have sent us 
a booklet giving full rticulars of “H.M.B.” spur- 
geared pulley-blocks, which they make with lifting —_ 
cities ranging from 24 cwt. to 5 tons. The blocks are al 
made wit red or ungeared travelling carriages, which 
run on the bottom flange of an overhead steel joist, the 
load being moved ry either by pulling a chain 
or by simply pushing the load. Some examples of over- 
robe runways, overhead travelling-cranes, and other lift- 
ing and transporting appliances, are illustrated. Another 
booklet from this firm deals with electric overhead run- 
ways and trolley-hoists, illustrating several examples. 
Full particulars are given of different types, having lift- 
Ea up to 15 tons; prices are stated in both 

ets. 


Lifts.—Measrs. R. Waygood and Co., Limited, of 
Falmouth-road, S.E., have sent us a copy of an eight- 
page pamphlet illustrating electric, hydraulic, and hand- 
power lifts for —— and goods. The firm’s patent 
** Electroil” lifts are briefly dealt with. These lifts 
are intended for use where it would not be convenient to 
instal an ordinary electric lift, and where an hydraulic- 
power supply is not available. The lifts are operated by 
& direct-acting hydraulic ram supplied with oil under 
pressure from a special form of rotary pump driven by 
an electric motor. The power used is thus proportional 





to the load lifted, and another obvious advantage is that, 
since oil is the ——s fluid, all moving parts are kept 
thoroughly lubricated. Several of these direct-acting 
lifts have installed for the purpose of lifting motor- 
cars, and a few suspended lifts are also being worked on 
the same system. 


Oil-Engines.—From the Westinghouse Brake Com- 
pany, Limited, of 82, York-road, King’s Cross, N., we 

ve received a copy of the latest edition of their cata- 
logue of Cross patent vertical oil-engines. These engines 
were illustrated and described in our issue of January 27, 
1911, on page 113, so that we need only remind our 
readers that they are of the four-cycle high-compression 
type, making use of the heat of compression to ignite the 

arge as it is sprayed into combustion-chamber. It 
should also —- be mentioned that the special feature 
of the engine is that an annular pocket is formed in the 
cylinder walls near the upper end. This pocket, which is 
covered by the piston towards the end of the compression 
stroke, is uncovered early in the working stroke, so that 
the heated and compressed air in it mingles with the 
burning —- in the cylinder, and so completes the 
combustion. It is to this feature that the exceptional 
cleanliness claimed for the engine isascribed. The engines 
are now built in sizes ranging from 7 to 120 horse-power 
for marine or stationary work, and the catalogue gives 
full particulars of the engines and also shows them in 
service for electric lighting, pumping, and other work. 
The firm’s reversing-gear for marine work is also illus- 
trated and described, and drawings and pho phs of 
vessels on which Cross engines have been fitted for pro- 
pulsion are reproduced 


Machine-Tools and Accessories.—From Messrs. Alfred 
Herbert, Limited, of Coventry, we have received sec- 
tional catalogues dealing, respectively, with combination- 
burret lathes, capstan lathes, drilling-machines, and small 
tools and accessories. The turret lathes dealt with are 
the firm’s No. 3 combination type, for bar and chuck- 
work, fitted with single-pulley headstock, dial feed- 
motion, patent draw-in chuck, and many other speci 
features, all of which are described in the ca 7 
They have 8-in. centres, and can machine bars up to 32 in. 
long with one chucking. When the draw-in chuck is 
furnished, bars up to 2% in. in diameter can be dealt 
with ; but without it, bars up to 2? in. in diameter can be 
admitted through the spindle. The catalogue gives full 
particulars of the lathes, and of standard tool outfits for 
use with them. The section relating to drilling-machines 
gives particulars of sensitive drills with from one to four 
spindles fitted with ball-b2arings. These bearings are 
put together in dust-proof housings, with a supply of 
grease which lasts almost indefinitely, so that oiling is 
neither necessary nor desirable. The list also includes 
bench drills, and radial drills with geared spindles, both 
types being also fitted with ball-bearings. The capstan- 
lathe section deals with two sizes having 5}-in. and 
64-in. centres respsctively. Tae smaller size, which 
is driven by a stepped-cone pulley, is capable of taki 
_— bars without the draw-in chuck, or 1}-in. bars wit 
the chuck, while the large size, which has a single-pulley 
headstock, can take 1§-in. and 2-in. bars with and with- 
out the chuck respectively. Full particulars of standard 
tool outfits for bar or ceach-wed on these lathes will 
also be found. The one remaining catalogue section deals 
with Van Dorn portable electric drills, key-seating and 
oil-grooving tools, ‘‘ Eternite” case-hardening composi- 
tion, oil-filters, vices, pipe-wrenches, lathe and drill- 
chucks, stocks and dies, attachments for drilling-machines, 
milling-cutters, gauges, expanding mandrels, and many 
other small tools and accessories for the machine-shop ; 
prices are stated for most of these articles. 


Portable Electric and Pneumatic Tools.—From the 
Chicago Pneumatic Tool Company, Fisher Building, 
Chicago, Ill, U.S.A., we have received two bulletins 
dealing with Duntley portable electric tools. One of 
these bulletins gives particulars of drills and grinding- 
machines for use with direct current at 600 volts pressure, 
and therefore especially suitable for tramway and rail- 
way-track work, as they can be supplied with current 
from the trojley-wire or third rail. A portable tool for 
driving screw spikes, used in railway-track work, is also 
dealt with in this bulletin. The other bulletin gives full 

iculars of a special stand by means of which a port- 
able electric drill can be converted into a sensitive bench 
drill. The stand is made in five sizes, to take standard 
Duntley drills, with capacities ranging from ,', in. to 4 in. 
holes in metal. e have also received from this firm a 
—s « publications ees ae pneumatic rock- 
dri @ percussion ty or mining, quarrying, 
tunnelling, &c. These imolude « special drills for plug and 
feather work, stoping-drills, and sinking-drills for = ~ 
deep holes, as well as drills for ordinary service. In 
these drills the valve consists of a hollow steel ball, the 
travel of which is only send | in. Its movement is thus 
very rapid, so that the drill delivers a very number of 
strokes per minute. A as device for use with 
these drills is also illustrated described. Iv consists of 
an air-jet which draws up water from a bucket near the drill 
and delivers it in the form of a spray round the mouth 
of the hole. Oae other publication still remains to be 
mentioned. This is a bulletin devoted to rotary dril 
operated either by pneumatic or electric power, 
intended for use in coal-mines. They are capable of 
boring a 2-in. hole 6 ft. deep in from one to three 
minutes, according to the hardness of the coal. All 
these bulletins, which are well printed and clearly illus- 
trated, give dimensions, prices, and all other necessary 
particulars of the appliances they relate to. The London 
address of the company is the Consolidated Pneumatic 
- Company, Limited, 9, Bridge-street, Westminster, 
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ELECTRICAL APPARATUE. 


721/13. <A. P. Lundberg, G. C. Lund 
P. Lundberg, and G. . on. Electrica 
Switches. (2 Figs.) December 24, 1913.—This invention has 
reference to electrical switches, and has relation to means or 
arrangements whereby the contact-making and breaking member 
of the switch may be actuated to or from its “on” or ‘‘off” 
position by thedepression of a button, one, or the first depression 
of the button effecting the firstly-mentioned movement, and 
another, or the next depression effecting the secondly-mentioned 
movement. It has already been proposed to actuate switches by 
the depression of a button through links and a pin and slot con- 
nection in such wise that when pressure is — to the button, 
such pressure acts directly on the contact-making member, which 
is caused to move in one direction, the button, links and pin, 
when the pressure on the button is removed, being caused by a 
spring to assume poritions which, when pressure is again applied 
to the button will cause the contact-making ber to move in 
an opposite direction. In conjunction with such mechanism it 
has also been proposed to mount a pair of arms on o te sides 
of the switch ber, and to t their free ends, said arms 
serving as guides for the push-button, and carrying springs which 
serve to return the push-button to its normal posi:ion. e 
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for example, to engines of the Diesel type—working ferabl 

on the two-stroke-cycle, the scavenging system of which is su 

as to permit of the reduction of the number of valves fitted to 
the cylinder-head to a minimum. The object of the invention 
is to provide in such engines an improved form of cylinder-head 
constructed in two parte—one of which is formed asa plate of 
sufficient thickness to take the load of the ——, and the 
other of which is formed as an inwardly-dished element fitted 
into the cylinder and serving in conjunction with the plate to 
carry the valves, the space between the parts f a cooling- 
water space. Referring to the drawings: 8 indicates the cylinder, 
K the combustion space, and L the n piston of an internal- 
combustion engine embodying the invention. The piston may 
contact directly with the inner wall of the cylinder, as shown, or 
the cylinder S may be fitted with a separate liner. Within the 
cylinder 8 is loosely fitted a dished element B, affording, in con- 
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patos with the substantially flat eee cover-plate A of 
(+) steel secured to the cylinder by studs F, a closed water- 
cooling space of shallow dimensions. The dished element is 
referably fitted with packing-rings E, = of copper or 
ronze, and shaped after the manner of piston-rings to ensure 
tightness. Any leakage which may pass the rings E, and the 
wall of the eglinder or liner, is trap in an annular 5 D 
formed in the cylinder wall or in the liner, and is led off by a | 
pipe Y. The dished element B is secured to the plate A by | 
means of studs G, and is formed with an inwardly-projecting 
flange Q spigoted into the cover-plate A, as shown, or with an 
t ly-projecting flange fitting into the cylinder wall or into 
the liner wall, so that these parts form a rigid unit. The fuel- 
injection valve C may be carried by a boss Z formed in | with, 
and, for instance, disposed centrally of, the dished element B. | 
A dditional valve I, or valves, may be fitted adjacent to the 


| 








object of this invention is to adapt the push-button actuati 
mechanism referred to toa tumbler switch of the type in which 
the actuating or tumbler-lever has a knob or dolly at {ts free or 
outer end, and a ball or boss intermediate of its ends, the ball or 
boss being pivotally mounted in a recess or opening formed in a 
bridge member or piece, so that the inner end of the lever which 
end acts upon the contact-making bers, is bet the two 
lege of the bridge member. The adaptation consists in dispe 

with the knob or dolly on the free end of the actuating-lever, 
substituting therefor a slotted cross member to form one part 
of the pin and slot connection before referred to, and mounting 
the two arms connected at their free ends, which serve as guides 
for the me pee and carry the springs for returning the push- 
button to its normal position, at opposite sides of the bridge piece. 








Fig.t. . Fig. 2. 





1 is the usual bridge member or piece of an electrical tumbler- 
switch, having levers and members movable as described, in 
which the actuating-lever 2 is pivotally mounted. In ame tn | 
out this invention, the actuating-lever, instead of being prov 

with a knob or dolly, as is usua!, is provided with a cross-member 
or piece 8, and this cross-member 3 is slotted parallel with its 
length. The dimensions of the slot 4 at its ends are made tly 
greater than the dimensions of the main portion of the slot. 5, 
5 are arms mounted at their one ends on the opposite sides of the 
bridge member 1, and secured thereto by screws 6 or the like. 
The arms 5, 5 extend upwardly in relation to the bridge member 
1, are parallel the one with the other, and at their upper ends 
are secured to a plate 7, centrally of which is a hole 8. 9 is the 
press-button. is button is mounted in the hole 8 in the 
plate 7, and is movable in relation thereto. The button 9 is 
carried by a plate 10, and the plate 10 is mounted on and 
movable in relation to the arms 5, 5. Between the under face of 
the plate 10 and a shoulder or abutment 11, formed or provided 
on each of the arms 5, 5 near the lower ends thereof, is a spring 
12. These springs 12 maintain the plate 10 at the upper ends of 
the arms 5, 6. hen pressure is applied to the bu’ 9, the 
plate 10 is moved in relation to the arms 5, 5 and against the 
action of the springs 12,12 The lower end of the button 9 is 
provided with an extension 13. Thie extension 13 extends 
through the plate 10, and below the piste 10 is connected as by 
a pin with the one ends of a pair of links 15, Hy ends of 


n 
valve C, as shown in the drawings. (Accepted April 15, 1914.) 


MOTOR ROAD VEHICLES. | 

24,549/13. A. M. Arter, E. Arter, and Marshall 
Arter, ted, London. Motor-Propelled | 
Vehicles. [2 Figs.] October 29, 1913.—This invention has | 
relation to motor propelled road vehicles, and has reference, in | 
me lar, but not exclusively, to a motor-propelled road vehicle | 
ving a back axle with combined differential and change-speed 
gearing, such as is described in the Specification of Letters Patent 
No. 28,327, dated December 16, 1911, and a propelling member or 
members intermediate the prime mover and the change-speed 
ng and differential gearing, such as described in the Speci- | 
ication of Letters Patent No. 2818, dated February 3, 1912. It 
has been to enclose the p lling member within a | 
tubular member connected at one end with the casing of the | 
differential gearing and/or back axle, and connected at its other 
end to the chassis by means of a connecting-rod, one point of 
articulation of which was constituted by a ball-and-socket joint 
fixed ly to a transverse member, while the other point of 
articulation was constituted by the front end of the tubular | 
member itself ending in a ball-and-socket joint. This construction 
enables the vertical reactions which are transmitted to the forward 
end of the tubular member to be resisted, and permits angular | 
and longitudinal movements thereof. Now, in the improvements | 
in accordance with this invention, the tubular member is mounted 
at ite forward end in a collar carried by, and between, the one 
ends ofa pair of links, mounted at their other ends on the vehicle 
chassis in such wise as to be incapable of lateral movement rela- 
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tively thereto, the arrangement being such that the forward end | 
of the tubular member can only move relatively to the links and | 
collar in a rotary sense, or in a rotary sense and in an end 
direction. In carrying out this invention, the drive is transmitted 
from the eng'ne to the load through the agency of a propelling 
member 2, as described in Specification No. 2818, of 1912. The 
eas member 2 is driven by the engine through a clutch. 
one member of the clutch is provided with a boss, on which 
are shoulders, between which is mounted a collar connected with 
the clutch-pedal. When the clutch-pedal is actuated the clutch 
ber is moved out of contact with the other clutch member. 





which are connected together by a pin 1€ that ig the 
slot 4. The len of the cross-member 8 and the slot 4 therein 
are such when the contact-making and breaking member is 
in the ‘‘on” or “ off” ition, and the pin 16 is at one or other 
end of the slot 4, the links 15 are inclin th relation to the 
arms 5, 5. When the pin 16 is at one or other end of the slot 4, 
it is in engagement with one of the di ns 4a, and such 
depressions pr< vent slipping or movement of the pin 16 in rela- 
tion to the slot 4, while pressure is being applied to the button 9. 
(Sealed June 25, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


3266/14. Scott's Ship and eering 
: Limited, and J. 
February 7, 


im es. ¥ eB 
1914.—This invention relates to internal-com ion engines— 





The two clutch members are normally maintained in engagement 
by a spring, as well understood. The boss of the first-mentioned 
clutch member is provided with an extension having a curved 


face, and is also provided with a slot, in which one end of the 
propelling member 2 is secured. ol end of the 
member 2 is ited and dina slot 23 formed e end 





of an extension of prolongation 24 of the member 3a of the 
universal joint 3. propelling member 2 is secured in the 
slot 23 by a bolt or pin, which serves to aid in the securing of a 
tube 6. This tube, which may be secured to the extension 24 by 
other bolts or pins, is of a length to extend the full length of the 
propelling member 2, and its other end is in contact with the 
extension of the boss of the firstly-mentioned clutch member, but | 
is not secured thereto in any way. The member 3a of the universal 

joint is slotted, and in the slot work the blocks 19, to which is 

connected pivotally the other member 8) of the universal joint 





to which the propellin b 
pelling member 2 and 
are always maintained 


4 is ted. The 
member 2a of the universal 
in the 
ve 





pro- 
joint 
same line, and when declutching 
takes , the ng member 2 and universal joint 
member 3a move rel: ly to the universal joint member 3). 
The universal joint member 8) is connected to the one end of the 
propelling member 4, the other end of which is connected through 
gearing with the load. In example, the rearward end of the 
ling member 4 carries the small bevel-wheel that gears 
the crown wheel and differential gearing of the back ax'e. 
The back axle and gearing is, as usual, encl within a casing 8, 
and to this casing is rigidly attached the one end of a tube 5. 
The a, member 4 is enclosed within the tube 5. The 
tube 5 forms the torque member, and its other and forward 
end, which extends as far forward as the universal joint 3, is 
carried by links 12. The forward end of the torque meniber 5 has 
asleeve 9 fixed thereto, and this sleeve 9 is embraced at or near 
its outer end by a two- collar 10. In the construction illus- 
trated, the collar and sleeve are such that endwise movement of 
the sleeve in relation to the collar is not poss ble. The collar 10 
has diametrically-arranged bearing-pins 11, and on these pins are 
mounted the one ends of the lirks 12. The other ends of the 
links 12 are mounted on a pin or spindle 18 carried by a 
bracket 14 mounted on and carried by cross-bearers 15 of the 
chassis 16. The links 12 can thus only have a to-and-fro motion 
in the longitudinal plane of the chassis. The lengths of the links 
12 and the position of the spindle 13 are so chosen that the pro- 
pelling member 2 and tube 6 are horizontal, or nearly so, and the 
torque member 5 and links 12 at right angles, or nearly so, to one 
another. (Sealed June 25, 1914.) 


134/13. Bertrams, Limited, Edinburgh, and 

' bertson, Aberdeen. Cen Pam 
{3 Figs.) June 6, 1913.—This invention has reference to centri- 
fugal pumps of the kind adapted to allow for the impeller spindle 
and bearings being removed without disturbiog the suction and 
discharge-pipes, and it of an improved construction of 
this class of pump, specially designed for paper-mill work and for 
dealirg with thic' x pulp, one of the features of the — beirg 
an impeller adapted to give full-way passages for the liquid to be 
pouees, and formed with opening in its sides, and having its 
lades of straight or curved - in cross-section, and made 
integral with such sides, those edges of the impeller or blades 
contacting with the edges being bevelled. In a centrifugal pump, 
ing to this invention, the impeller is adapted to give full 
way for the liquid to be pumped, and is formed with 
openings in its sides and with blades of straight or curved shape 
in cross-section, integral with such sides, those edges of the im- 
peller or blades contacting with the casing being bevelled. In 
carrying out the invention, the impeller a, which is provided with 
a laterally extending boss a!, is mounted upon the end of a 
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shaft b supported in pedestal bearings c,c upon a bed-plate d. 
The bed-plate also supports the pump casing ¢ having central inlet 
opening ¢! on one side and an outwardly-extending tubular bos ¢? 
on its te side. Into this latter the boss a! of the impeller 

rojects to lie within or against a flanged neck-ring or bush / 
be in position by the king gland f1. At the top of the 
casing is the discharge outlet ¢* which is preferably of rectangular 
formation on the inside and circular on the outside, the cross- 
sectional area of the outlet at any point, however, being not less 
than the area of the inlet opening ¢!. The impeller a, the sides 
of which are of open-work formation, as shown in Fig. 2, is 
formed or provided with curved blades a? which extend from the 
inner periphery or wall of the casing towards the centre, their 

ner or terminating at distances from the centre 
equal to the radius of the inlet opening. The blades or vanes a* 
produce channels or troughs of the section, shown at Fig. 3, the 
vertical edges being of sharpened formation or bevelled, and 
thus serving to clean the side of the casing ¢ and prevent the 
pulp jamming between the impeller and casing (Accepted April 

, 1914.) 
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The Scientific Determination of the Merits of Automobiles. 
Reports I. to TX. of the for Motor-Cars at the 
Royal Technical University, Berlin-Charlottenburg. By 
Dr. A. Rrepier. London: The General Oil Publish- 
ing =? Limited, 6, Broad-street Place. [Price 
8. net. 
Waite there has been a great deal of money spent 
on various trials of motor-cars since the start of the 
industry, it is certainly a fact that it has produced 
far less definite scientific information for the ex- 
penditure than in the case of any other trade. A 
large amount has, for instance, been spent in racing, 
with practically no scientific result at all, for it is 
impossible in the case of a race to separate the 
influence of various factors on the result, and one 
of the most important of them—namely, the skill of 
the driver, has no bearing whatever on the subject 
of the merits of the car. The volume now before 
us is therefore exceedingly welcome, giving, as it 
does, very definite information as to the perform- 
ance of several cars. The greater part of the book 
consists of a description of the testing-plant and a 
simple statement of the results obtained with it. 
Certain conclusions are drawn from these results. 
The method of testing adopted is to place the car 
on a test-bed with its wheels resting on rollers 
situated below the floor, these rollers being con- 
nected to dynamos, which can, if desired, be also 
used as motors. The shaft on which the rollers are 
mounted also carries two friction brakes. The power 
at the road-wheels can therefore be measured either 
by the dynamos or the brakes. Further, arrange- 
ments are made for measuring the tractive force of 
the vehicle under test, the front wheels being carried 
on a roller-bed, and the tractive force taken at the 
back axle. This checks the accuracy of the brake 
measurements. Means are provided for measur- 
ing separately the various items of both power 
and loss, and in all cases these measurements 
are taken as nearly as possible in actual running 
conditions. For instance, to get the brake 
horse-power of the motor separately it is not 
dismounted from the chassis and placed on a 
test - bed, but is tested mounted on the chassis, 
where all parts will be subject to the same vibra- 
tion effects, as far as these depend on the motor, 
as will be the case in actual practice. It is con- 
sidered that this gives more accurate results than 
mounting the motor on a rigid test-bench, as in the 
latter case various parts are subject to much less 
vibration. From these tests a balance-sheet is 
made of the total available energy in the fuel and 
how it is expended. These measurements are taken 
for the various speeds with which the car is pro- 
vided and at different revolutions of the engines, 
and curves drawn of the available tractive force. 
Curves are also drawn of the various items of 
resistance. From these the speed of the car can be 
estimated on the flat and also the margin of power 
available for hill-climbing at any given speed. The 
only item not actually measured in this is the air- 
resistance ; but this is calculated, and it is stated 
that the actual speed of the cars tried corresponds 
so nearly to the calculated speeds as to show that 
the assumption of air-resistance is sufficiently 
accurate for practical purposes. On hills, and at 
moderate speeds, the air-resistance is not a very 
large proportion of the available power of the car, 
and therefore will not materially affect the actual 
performance. 
The following cars were tested :— 
30-horse-power Renault touring-car. 
100-horse-power Benz racing-car. 
70-horse-power Adler touring-car. 
Mercédés electromobile. 
35-horse-power Biissing military transport-wagon. 
40-horse-power English Daimler-Knight car. 
Tests were also made of a Mercédés- Knight engine, 





and comparisons are made between the Knight and 
poppet-valve systems. | 
As an example of the results obtained we may 
take the trials of the 30-horse-power Renault, pre- | 
mising that this is a very old type, built in 1905, 
and therefore does not in any way represent 
Renault’s present practice. A series of curves are 
given of the available motor power at various speeds, 
there being a different curve for each of the three 
gears. Below these are curves each showing the 
result of deducting one of the various losses—e.y., | 
transmission, the rolling resistance, &c. The lowest | 
of these, therefore, gives the power available for | 
air-resistance and hill-climbing. The point at 
which this curve crosses one plotted to represent 


the air-resistance is therefore the speed the car 
will attain on a flat road, and at any _ below 
this the margin of power for hill-climbing can be 
ascertained by measuring the distance between 
the two curves. The curves cross at 69 km. (43} 
miles) per hour. 

Ata es of 60 km. (374 miles) per hour the 
balance-sheet of the available energy of the fuel is 
as follows :— 


g 
§ 
al 


Cooling water ... _ iia 
Exhaust gases and radiation 
Exhaust piping 
Silencer ... bee 
Friction of motor 
Driving-gear ... 
Back tyres 
Front tyres... NG inn diet mt 
Friction and air resistance of front wheels 
Air resistance of car ... - ca sis 
. The balance is available for gradients or accelera- 
tion. At the same speed the percentages of losses 
of the available power of the engine without 
silencer are as follows :— 


oP wero RR 
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Per Cent. 

Exhaust-piping a 45 

ilencer... hs ies ; a2 ie 5.2 
Transmission gear... as - «wv Te 
Friction and air-resistance of front wheels 2.6 
Front tyres Me wa ni 4.8 
Back tyres : is 16.2 
Air-resistance of car ... 31.0 


The balance of 23 per cent. of the power of the 
engine is available for gradients and acceleration. 

This car had a motor with four cylinders, 100 mm. 
by 140 mm. (4 in. by 5} in.), having valves 36 mm. 
diameter by 64 mm. lift (14 in. by }in.). The 
compression ratio (total volume + compression 
space) was 4.02. Three speeds were provided of 
a ratio, engine to back wheels, of 10.8, 5.83, and 
3.14, the latter being direct. The tyres were 
875 mm. by 105 mm., the external diameters of the 
wheels, as actually measured, averaging about 
895 mm. 

As a contrast to this, we may take the 70- 
horse-power Adler, which has cylinders the same 
diameter as the Renault, but 150 mm. (5{ in.) 
stroke. The valves are, however, much larger— 
namely, 56 mm. (2} in.), with a lift of 9 mm. (# in.), 
and the compression ratio is 4.76. The top speed 
has a ratio of 2.895, and the back wheels have 
tyres nominally 820 mm. by 120 mm., but which 
actually measured about 816 mm. diameter. 

Curves of performance similar to those of the 
Renault car are given, and show that a speed of 
114 km. (71 miles) an hour should be obtained on 
the flat. The balance-sheet of the effective power 
of the motor is as follows :— 


Per Cent. 
Transmission losses ... = le i oe 
Friction and air-resistance of front wheels 4.7 
Front tyres... es - ak ‘its 4.6 
Back tyres... ~ 26.7 
Air-resistance of car ... 48.0 


In comparing these results with those of the 
Renault, it is to be observed that the speed is nearly 
twice as great, and that the effective power is taken 
for the motor with silencer, whereas in the case of the 
Renault the loss of power from silencing is included 
in the losses. It is stated, however, that the exhaust 
was only “‘slightly silenced,” so the power might 
have been materially reduced by a really effective 
silencer. The weight of this car, with a four-seater 
racing body, including tools and 9 gallons of petrol, 
was 21 cwt.; and with three passengers 25} cwt. 

Want of space forbids our giving further extracts 
from the details of the tests, which cover the greater 
part of 300 pages, all of which are of interest, and 
therefore we are compelled to be content with a 
few general observations. 

The two motors compared above represent two 
different types—namely, the one with com - 
tively small valves and built for quietness, and the 
one with large valves built for power. The Adler, 
of course, gives over twice the power of the 
Renault, the powers being almost exactly propor- 
tionate to the area at the lip of the valves. A 
great part of this increase in power is, however, 
solely due to the fact that the Adler engine will 
run at much higher revolutions. The cars are, 
however, geared to much about the same speed at 
the same revolutions, and therefore this extra 
engine speed of the Adler is only useful at very 
high road s . Thus, at 50 km. an hour (32 
miles), which is much more like the usual 
travelling s of the ordinary motorist than the 
racing 8 mentioned, the Adler engine is run- 
ning at about 1000 revolutions, the Renault at 950. 





Under these circumstances the Adler will give 
about 42 horse-power, and the Renault 22 horse- 
power. Part of the difference is, no doubt, due to 
the better silencing of the Renault, and part to 
the lower revolutions and shorter stroke ; but it 
seems evident that the larger valves have a distinct 
effect even at such low revolutions. Whether the 
rise in power is worth the disadvantages of the large 
valves is, of course, a matter of opinion. The 
Renault being of an old pattern, it is, however, 
reasonable to expect that a more modern type 
would give considerably greater power without 
undue noise. 

Of the general conclusions drawn, one of the 
most interesting points is the loss of power in the 
transmission and the road-wheels. Various esti- 
mates of the loss in transmission have been made, 
some of them higher, some lower, than that shown ; 
but it has not been generally thought that the loss 
in rolling resistance of the back wheels was very 
great. The actual losses between the er zine and 
the rims of the back wheels at 60 km. (37 miles) per 


hour were : English Daimler and Benz, 11 per cent. 
of the brake horse-power of the motor; Renault, 
12.7 per cent.; Adler, 12.8 per cent. At 16 km. 


(10 miles) the Bussing lorry had a loss of 18 per 
cent. It is noticeable that the loss of power in the 
gearing rose with the engine 5 , the loss being 
16 and 164 per cent. in the Adler and Benz respec- 
tively at full motor speed of something over 2000 
revolutions. 

It is curious that although the top speed is direct 
in all four cars tested, the loss by gearing does not 
seem to materially increase on the lower speeds. It 
would have been expected that the loss would have 
been much greater on the lower speeds, as there are 
two extra pairs of gear-wheels for the power to pass 
through. In the Bussing lorry the drive on all 
speeds is through spur-gear, bevel-gear, and chains, 
the requisite reduction not being obtainable on one 
drive, and this accounts for the greater loss than in 
the cars. It appears likely that the loss through 
the fluid friction of the oil in the gear-box is con- 
siderable, and the fact that many of the wheels are 
revolving more slowly on the lower speeds may be 
the reason for the relatively small - in them. 
This points to the advantage of using thin oil in 
the gear-box. 

Another point of interest is the great loss 

through the rolling resistance of the back tyres. 
It will be seen that in both the Renault and Adler 
the loss through rolling resistance of the wheels is 
greater than that through friction in transmission ; 
and, further, that although the front and back 
wheels carry nearly the same weight, the loss is 
far greater in the back wheels than in the front. The 
same effect is observed in the Bussing lorry, and is 
shown to be due to the internal friction of the tyre 
under the deformation produced by the driving 
stress. Diagrams are given showing the loss when 
running light and when transmitting the engine 
power, and it is shown that on the lower s 
when the driving stress gets very high, the rolling 
resistance, when transmitting the power, may be 
ten times that of the wheels running light. is 
very well explains the greatly increased wear of 
driving tyres as compared with those carrying load 
only. 
Whether the conditions of rolling on a drum 
accurately reproduce rolling on a flat road is not 
stated, but there appears no reason why any dif- 
ference should affect the relative resistances of the 
front and back wheels. This difference therefore 
raises a point which should bear further investi- 
gation. 

A rather interesting point is the actual weight of 
some of the cars re i As mentioned, the 70- 
horse-power Adler only weighed 21 cwt. with a 
four-seated body. The racing 100-horse-power 
Benz, having four cylinders 115 mm. by 175 mm. 
(44 in. by 6% in.), weighed 264 cwt. with tools and 
9 gallons of petrol. On the other hand, the Renault 
weighed 31 cwt., and the Daimler, with cylinders 
101.6 mm. by 129 mm. (4 in. by 5 in.), weighed 
28 cwt., of which the chassis weighed 22 cwt. It 
is well known that the ordinary modern four- 
seater car, with cylinders, say, 90 mm. by 120 mm. 
(33 in. by 4? in.), generally weighs well over 24 cwt. 

ile it is doubtless impossible to get the weight 
as low as in a racing-car and have a comfortable 
body, it appears that there should be considerable 
margin for reduction. 

At the end of the book a summary is given of 
the conclusions come to as a result of the trials. 
A great deal is said about the advantages of high- 
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speed motors and the eee of reducing 
weights by the adoption of high speeds. The 
author does not appear to have grasped the fact 
that the greater part of the weight of a motor does 


not consist in the cylinder barrels, but in the crank- 
shaft, crank-case, valves, valve-pockets, &c., and 
that above a certain speed these have to be made 


very much heavier than in the moderate-speed 
engine. Curiously, he quotes the Benz as a proof of 
his contention that weight can be reduced y exces- 
sive engine speed, whereas the fact is that the Benz 
aero-engine, which is obviously made as light as the 
builders can make it consistent with its not break- 
ing down, runs at a very moderate speed. He states 
that the advent of the high-speed engine was delayed 
by the motor-cycle type having failed, but that at 

resent the idghapenh enaine is becoming universal 
or car work. If this is the case, however, it is 
only so as regards Germany, whose contribution to 
the motor-cars of the world has not been a very 
large proportion. The facts are that the early 
French motor-cycle engines had all the essentials 
of the modern high-speed engine, and performed 
exceedingly well, in fact, all high-speed engines 
are, more or less, copies of them. The extreme 
high-speed car-engine has, however, only been 
adopted, even in Europe, where an arbitrary system 
of rating has favoured it. All the larger and more 
expensive European cars are fitted with such gear 
ratios that the engines are run at very moderate 
revolutions at ordinary touring road speeds, while 
the American cars of all kinds have moderate-speed 
engines, and the sale of these is extending rapidly 
all over the world. 

An interesting point is that in the trial of the 
motor-lorry a trailer was also tested, and it was 
found that its rolling resistance was far greater 
than that of the lorry. It is suggested that there 
is room for a good deal of improvement in trailers. 
A considerable amount of space is devoted to a 
consideration of the requirements of the lorry, and 
how they can be met, all of which is of very great 
interest. 

Mention is made in this connection of the advan- 
tages of the worm-drive as a means of simplifying 
the transmission gear. In the Bussing lorry three 
successive reductions were made to get the desired 
gear ratio. With a worm-drive, this could be done 
in one. The author, however, appears not to be 
well acquainted with modern worm-drives. Thus 
he states that the loss in the worm is great, and 
also that it is irreversible. In actual test, how- 
ever, the efficiency of the transmission gear of the 
English Daimler with worm-drive is given as vary- 
ing from a minimum of 84 per cent. on the 
lowest speed to a maximum of 90 per cent. on 
the top. That is to say its efficiency is given as 
being as high as that of the other gears tested. 
With regard to the question of reversibility, this 
depends solely on the angle of the worm, and all 
worm-drives for vehicles are made of such an angle 
that the wheel will drive the worm perfectly well. 
The worm is spoken of as if it were a quite untried 
device for commercial work, but it has been used 
for this purpose in England for six years or more. 

While there are naturally points open to criticism 
in a book dealing with such a large range, there is 
no doubt as to its great value. e contents bear 
witness to an enormous amount of work, and when 
we state that it consists of over 330 pages, with 227 
illustrations, and is, as a whole, very concisely 
written, it will be seen that it is impossible here 
to deal with even a small fraction of it, and it 
should certainly be studied by all those in the 
least interested in scientific motor construction. 





Compressed-Air Practice. By Frank Ricnarps. New 
York : McGraw-Hill Book Company, Inc. [Price 
12s. 64, net.) 

Tue ever-increasing spheres of usefulness of com- 
pressed-air appliances, and ‘he large compressed- 
air and high-pressure gas scheines which have been 
rendered practicable by the increased efficiency, 
capacity, and reliability of the modern compressor, 
of both reciprocating and centrifugal or turbine 
types, render the volume under review of consider- 
able interest. 

The author first makes a few observations as to 
the functions of air in Nature, and then deals with 
definitions and general information—e.g., conver- 
sion tables of weight, temperature and pressure, 
and tables of weight and volume of air at different 
altitudes. The causes of loss of energy between 
compression and expansion are explained by refer- 
ence to adiabatic and isothermal curves. Tables 





and graphic charts are given for the various com- 
utations involved in compressed-air calculations. 

e then proceeds to deal with the uses of the 
indicator, and explains the proper interpretation 
of indicator diagrams and their ing on the pro- 
purtioning of the cylinders of two and three-stage 
compressors. The illustrations include cards indi- 
cated on old machines, and their faults are enlarged 
upon. 

Continuing, the various devices for compressor 
regulation are explained, and their relative advan- 
tages discussed, special attention being given to 
‘*clearance controllers.” The author then mentions 
how the big contracting companies who excavated 
the underground subways in New York were amply 
repaid by the adoption of every refinement on the 
steam and air sides of their com r plants, and 
that, notwithstanding the fact that these machines 
which proved so efficient were available for the 


work of excavating further tunnels shortly after- | p 


wards, the electrically - driven compressor was 
adopted on the score of cheapness, as by this time 
the large electric supply companies of New York 
were in a position to offer cheap power. 

The turbo-compressor, though at present looked 
upon as essentially a large-capacity machine, may 
in the future also compete with the small unit of 
the reciprocating type. A short chapter is given 
to a description of the turbo-compressor and a few 
general considerations of its design and construc- 
tion. The next chapter is devoted to describing 
the Taylor compressor and the Humphrey pump ; 
special reference being made to the Taylor com- 

ressor of 40,000 cub. ft. per minute capacity at 
ed Chutes, on the Montreal River, which sup- 
plies compressed air to the mines at Cobalt. Owing 
to the solution of a greater percentage of the 
oxygen than that of the nitrogen of the air while 
compressed in contact with the water, it is found 
difficult to burn candles in the mines supplied--the 
compressed air was proved by analysis to contain 
only 17.7 per cent. of oxygen, as against the 21 per 
cent. in normal pure air. The Humphrey pump is 
described, and its possibilities when applied to air 
compression ins of water-raising discussed. 

A table giving the power required for the com- 
pression of air at constant temperature and with- 
out cooling is computed, and the various sources 
of loss are considered ; and also tables and charts 
which afford a means of determining the consump- 
tion of steam per 100 cub, ft. of air compressed, on 
a basis of certain assumed steam consumptions per 
indicated horse-power hour on the steam side, are 
given. 

A short chapter follows on ‘‘ Power from Com- 

ressed Air,” and then the function of air-receivers 
is considered, the author favouring a combination 
of after-cooler and water-extractor in one, with 
sufficient capacity (volumetric) to act also as the 
receiver ; he also speaks for an increase in the size 
of receivers above that usually found in present- 
day practice, and describes the unique receivers of 
the plant for supplying air for the driving of all 
the hoists of the Anaconda Copper-Mining Com- 
pany at Butte, Mont., in which the total cap city 
of the receiver vessels is utilised, and an almost 
absolutely constant pressure maintained, by the 
connection to the bottom of these vessels of a 
huge water-pipe connected up with a dam on an 
adjacent hill. 

Continuing, transmission is dealt with, tables 
and formule being given for pipe-resistance for 
air under different pressures, and the advantages 
and limitations of re-heating are enlarged upon. 
Combustion of oil in receivers and pipe-lines take 
place at comparatively low temperatures, on account 
of the high pressure, and combustion of oil is shown 
to have started at 275 deg. when under a pressure 
of 65 atmospheres in the case of a receiver fitted 
with a recording thermometer. The author advo- 
cates the careful use of cylinder oil and the 
frequent cleaning out of receivers and other parts 
in proximity to the compressor, with a view to 
reducing the frequency of such occurrences. 

Compression of gas for distribution is advocated 
in a chapter of considerable length, wherein is also 
made out a plausible case for the abolition of the 
gas-holder by boosting up the pressure in the mains 
and fitting reducers at points of consumption. 
The St. Louis and other high-pressure gas systems, 
and the natural gas transmission, 123 miles in 
length, to Cincinnati, are cited as proof of the 
success of high-pressure gas transmission and dis- 
tribution. The gas in the latter case is drawn from 
100 gas-wells supplied over some 300,000 acres, 





The next two chapters are given to air drills in 
pues. and to the ‘“‘electric-air” drill, the per- 
ormances of the latter during the construction of the 
— Kensico dam for the new water supply to New 

ork City being quoted as an example of the high 
efficiency of this type of machine. Several more 
or less well-known compressed-air appliances are 
described, and data and calculations are given for 
the proportioning of the well-known “air lift” 
for water. Caissons, diving-bells, and allied appli- 
cations of compressed air find a place, capiiiner 
with such apparatus as the air blast in its applica- 
tion to foundation sinking (which is carefully 
described), the sand blast, pneumatic painting, and 
the ‘‘cement gun.” This last is interestingly 
described and explained. 

A chapter on liquid air concludes the volume 
with diagrams and descriptions of the Linde and 
Claude oxygen plants and explanations of their 

rocesses 


To the practical engineer who, though thoroughly 
conversant with his own branch of the profession, 
has not had much experience of compressed air, 
this volume should prove of great value. 
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THE ALEXANDRA DOCK EXTENSION 
AT NEWPORT. 
(Continued from page 37.) 

Havine dealt in our last article with the con- 
struction and general features of the dock extension 
and the new lock, we now propose to say something 
of the gates and their operating machinery, the 
fender-chain gear, and other mechanical appliances 
fitted in connection with the lock., The gates, 
which were constructed by Sir William Arrol and 
Co., Limited, of Glasgow, are of iron and steel, 
with greenheart heel-posts, meeting-posts, and 
sills. A characteristic example is illustrated in 
Figs. 47 to 53, on Plate XVI. The middle and outer 
gates are 49 ft. high by about 56 ft. wide. The 
inner gates are the same width, but 10 ft. less in 
height. Figs. 47 to 53 show one of the deeper 
gates. In general construction the gates may be 
said to consist of a series of girders or decks, of 
form in plan as shown in Figs. 52 and 53, and 
varying from 2 ft. 6 in. to 3 ft. 64 in. apart 
vertically. The girders are placed closer together 
near the bottom of the gate, except that the bottom 
pair are 2 ft. 9} in. apart. The distribution of the 
various girders is shown in Fig. 50. 

At the vertical edges of the gate there are two 
box-frames built up of plates and angles, and 
carrying respectively the heel-post and meeting- 

t. These frames are shown in cross-section in 
Figs. 52 and 53, while one of them, in process of 
being lifted into position for the erection of a gate, 
is shown in Fig. 71, on page 112. As will be seen 
from this latter figure, the frame has a series of 
horizontal webs. These join up with the ends of 
the decks when the main girders are riveted in 
place. The method of building up and the con- 
struction of the gates will probably be better under- 
stood from Fig. 72. on page 112, in conjunction 
with Figs. 74 and 75, on page 113, than from any 
description. The two end frames and the bottom 
pair of girders were first erected, and the various 
girders, from the bottom upwards, then placed in 
position and riveted up. As will be seen from 
Figs. 74 and 75, the girders and the inner strakes 
of skin-plating were first erected, and the spaces 
between alternate pairs of girders afforded con- 
venient access to the interior of the gates during 
erection. These spaces were closed by the outer 
strakes of skin-plating, which were fixed as the 
riveting of the skin-plating proceeded. 

The webs of the girders, which form the decks 
of the gate, are in the majority of cases of lattice 
construction in the two centre els, as shown in 
Fig. 53. Decks G, R, and V, however, are of 
plating throughout, as shown in Fig. 52. These 
decks divide the interior of the gate into water- 





tight compartments. Details of the method of 
joining the box-girders to the end frames will be 
followed from Figs. 49, 52, and 53. The vertical 
and horizontal plates of the two members form 
butt-joints, double cover-plates being placed on the 
webs, and outside cover-plates on the verticals. 
Inside cover-angles are used in each corner. The 
skin-plates, which form the intermediate strakes, 
form lap-joints with the verticals of the end 
frames. Caulking-strips are used over the cover- 
plate joints. The intermediate strake-plates lying 
over the vertical outer plates of the box-girders 
can be caulked completely round their edges. The 
appearance of the curved outer surface of the gates 
with the plating complete is shown in Fig. 77, on 
page 113. The other sides of the gates, which 
carry wood fenders, are shown in Fig. 73, on 
page 112. In connection with these fenders it 
should be noted that any blows which they may 
sustain from a passing ship, when the gate is stand- 
ing open and lying in the recess in the lock wall, 
will be transmitted by the main framework of the 


*| gate direct to the vertical timber fenders upon the 


wall of the gate recess, against which the gate rests 
when fully open. 

A series of manholes are provided through the 
various decks and vertical partitions, giving access 
for repairs and painting. Trunks fitted with ladders 
lead to the two water-tight compartments from the 
upper deck. The manholes in water-tight decks 
are fitted with water-tight covers. The upper 
portions of the trunks can be seen in Fig. 75, on 
page 113. Each gate is surmounted by a platform 
forming the footway, which is clearly shown in 
Figs. 68 and 69, on Plate XVI., and need not 
be described in detail. The flooring is of oak 
planking 4 in. thick. The platform under con- 
struction is also shown in Fig. 77, to which we 
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have just referred. The trunks project from the 
upper deck to just below it, and square covers are 
provided in the flooring. Each gate is fitted 
with an ejector, operated from the high-pressure 
hydraulic mains, for the purpose of removing leak- 
age and condensation water from the interior of 
the water-tight compartments. As stated at the 
beginning of this description, both iron and steel 
have been employed in the construction of the 
gates. All rolled sections are of steel, as are the 
braced decks and the vertical web-plates. The 
water-tight decks and all skin-plates are of iron. 
The supports for the gates are illustrated in 
Figs. 54 to 67, on Plate XVI. Figs. 54 to 60 show 
the upper bearing-bracket and its details. Fig. 54 
isa plan of the complete bearing, while Figs. 55 
to 57 are various sections. Fig. 59 is a plan of the 
anchor casting only, with the upper bearing-plate 
removed. e anchor-casting is secured to the 
well by two 5}-in. tie-bolts, which, as will be seen, 
are bent down, so that they distribute the pull over 
a large mass of concrete. Each tie-bolt carries two 
cast-iron washers, which lock it in position on the 
concrete formation. The distance between the 
two washers is about 18 ft. This length is much 
shortened in Fig. 56, in order to bring the figure 
within the limits of the page. The outer washer 
lies in a pit, furnished with a cover-plate, so that 
it may be got at from the quay. The type of 
washer used is illustrated in Fig. 61; it is 3 ft. in 
diameter. It will be noted that the tie-bolt shown 
in Fig. 56 carries a third washer at its outer end. 
This is a temporary fitting only, and was used for 
putting an initial stress on to the tie-bolts during 
setting up. This was achieved by using hydraulic 





jacks between the washers and the concrete wall. 

e temporary washer is illustrated in Fig. 60. 
As shown in Fig. 56, the tie-bolts are secured to 
the anchor-casting by means of cotters. 

The upper eM’ of the gate, which is shown in 
Fig. 56, is 2 ft. in diameter, works in a stra 
which runs right through the anchor-casting, an 
is secured by double nuts at the ends. The arrange- 
ment is clearly shown in Fig. 55. Above this 
strap-bearing for the gate-pivot there is a pin- 
bearing, 11 in. in diameter, which serves for the 
** crocodile” lever by which the pull or push from 
the operating engine is transferred to the gate. 
This lever is shown in Fig. 69, but is best seen in 
Fig. 75, on 113, and Fig. 76, on the same 

ge. The lever is free from the gate. At its 
inner end it has the independent bearing to which 
we have just referred. At its outer end it works 
between two vertical brackets fitted to the gate 
immediately over one of the vertical bulkheads, 
but is not secured to them. The arrangement is 
well shown in Fig. 75. The connecting-rod from 
the gate-engine is connected to the ‘crocodile ” 
lever at a point about a quarter way along 
its length. e seats for its ring-pin can be 
seen in Fig. 75. The object of the arrangement 
is to obtain a reasonably short stroke for the 

te-engine, and at the same time to apply the 
orce for moving the gate on the vertienl line 
through the centre of pressure, and so minimise 
cross stresses as much as possible. It will be clear 
that as the ‘‘crocodile” lever is swung in or out by 
the gate-engine the gate will follow, owing to the 
brackets between which the outer end of the lever 
works, 

Returning now to the gate supports, shown in 
Figs. 54 to 67, on Plate XVI., little more need be 
said of the upper anchor, as the of the 
11-in. pin-bearing will now be clear. It should be 
peiabed out, however, that this. bearing is carried 
in a cover-plate, which sits in a machined groove 
in the anchor-casting. The complete bearing can 
be removed without interfering with the anchor- 
casting, and the removal of the anchor-strap. will 
then allow the gate to be removed for repairs if 
necessary. The lower gate-bearing does not need 
much comment. It consists of a hollow cast-steel 
socket with a forged steel bearing-plate, which works 
upon a cast-steel pivot secured by lewis-bolts to a 
granite bed-stone in the floor of the gate-chamber. 
The outer end of the gate is supported by a roller, 
which is illustrated in Figs. 63 and 64, on Plate 
XVL., and in Fig. 70, annexed. The arrangement 
consists of a cast-iron carriage with a pivot-pin at 
one end. The pin projects from each end of the 
carriage and fits into two round-ended notches cut 
in the plates which form the sides of the roller- 
box. ese plates are, of course, part of the gate 
construction. The projecting pivot-pin can be 
clearly seen in Fig. 70 @ carriage carries a 
cast-steel roller, 3 ft. in diameter at the centre, 
working in gun-metal bearings. The weight of 
the gute is transferred to the roller through the 
pivot-pin and through a spear-rod 64 in. in dia- 
meter, which bears in a bracket cast on the top 
of the roller-carriage. The is clearly shown 
at the left-hand side of Fig. 64, and can be seen in 
section in Fig. 65. The spear runs up the front 
of the gate through guides which can be seen in 
Fig. 49, and in the general view given in Fig. 77, 
on page 113. At the top the spear terminates in 
a square rod which works between longer guides, 
which again can be seen in Figs. 49 and 77, 
and are detailed in Figs 62 and 63. Slote 
in the square rod and the guides and cotters 
serve to transfer the weight of the gate to the 
spear, from which it is transferred to the roller- 
carriage. The arrangement serves as an adjust- 
ment for wear of the roller-bearin Such wear 
lowers the level of the outer end of the gate a 
little, and tends to,put extra strain on the pivote, 
and affects the water-tightness. By driving in the 
cotters at the top of the spear the gate is lifted a 
little, and the. wear allowed for. etails of the 
track on which the roller works are given in 
Figs. 66 to 68. The rail is of cast iron, and the 
foundation fish-plates are of cast steel. The track 
is held down by lewis-bolts. 

Turning now to the gate-operating machinery, 
attention may be directed to the general plan 
of the lock given in Fig. 4, on Plate X., 
in connection with the first article of this 
series. It will be there seen that for each gate 
there is a long trench in the quay lying at a 
slope to the side of the lock and towards the 
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hauled in by the winch at one end (the other end 
being fixed) until it is stretched more or less taut 
across the top of the lock, as shown in the upper 


nd and charges the gates, it strikes the chain | 
and is checked, so that the chain takes the blow | 
instead of the gates. In order that the chain may | 
not be broken by the sudden shock and to take 
the way off the ship gradually, the relieving gear, | 
to which we have already referred, allows the chain | 
to slip at a predetermined tension, which is main- 
tained during the whole period of slipping, so that 
the ship is slowly stopped. 

The gear by which these operations are carried 
out is shown in the figure. The winch has a 
grooved drum, 3 ft. 6 in. in diameter, driven 
through single gearing from an hydraulic engine 
having two pairs of facing cylinders, with rams 
54 in. in diameter by 9 in. stroke. A hand-brake 
is fitted, and an automatic cut-off gear, which stops 
the engine when the chain is fully hauled in. The 
chain is led to the winch round a sheave, which can 
be seen at the left-hand side of Figs. 88 and 89. 
From the sheave it passes through a tunnel on the 
quay, and finally out to the lock by a hawse-pipe. 
The tunnel connecting the winch and the sheave, 
is of taper form in plan, to allow of the horizontal | 
movement of the chain as it is wound in and travels | 
along the length of the drum. This tunnel has a) 
_ steel plate for a flooring, on which the chain 
ies. The chain between the sheave and the hawse- 
pipe lies in a wooden guide. The two arrangements 
are shown in the section given in Fig. 91. The 
duty of the winch is to haul in the chain from its 
normal position at the bottom of the lock until it 
is stretched across the top. The winch is not 
designed to take the shock of a ship striking 
the chain, and, accordingly, when the chain has 
been hauled in, a chain-stop is brought into use 
which locks it in position. This stop can be seen 
in Figs. 88 and 89. It is fixed at the entrance to 
the hawse-pipe and consists of a fixed cast-iron 
block, anchored to the concrete formation, as 
shown in Fig. 89, and carrying a movable cast- 
steel block in a slot on its upper side. This 
movable block is operated by a hand-lever gear 
from quay-level. hen the chain is being hauled 
in, the block is in its upper position and the chain 
passes freely. When, however, the chain is com- 

letely lifted, the block is moved down. This 
eres the chain, and any movement that the chain 
then makes owing to a ship striking it must be at 
the expense of the relieving-gear on the other 
quay. 

The relieving-gear can be seen at the right-hand 
sides of Figs. 88 and 89. It consists of a pair of 
drums, mounted one above the other in square bear- 
ings carried by side frames in such a manner that 
neither drum can rotate. The upper drum is 1 ft. 3 in. 
in diameter, and the lower 2ft.6in. The bearings 
of the lower drum are fixed in position, but those 
of the upper slide in guides in the side frames. 
A pressure is maintained between the two drums 
by adjustable spiral springs mounted above the 
upper one. The 1 od drum is parallel throughout 
its length, but the lower has flanges at each end. 
The chain enters by a hawse-pipe and makes several 
turns round the lower drum, as shown in Fig. 88. 
Leaving the drum, the chain is coiled in the pit 
behind the relieving-gear, and then makes a few 
additional turns round the lower drum. Its end 
is fixed to a staple in the floor of the pit. This 
arrangement as described *normally does not move, 
but in the event of a ship — the chain 
when it is taut, the relieving-gear slips and the 
chain is payed out by the lower drum under the 
tension induced by the pressure of the top drum 
and the friction of the fret series of coils round 
the lower drum. When the whole of the slack has 
been paid out, the friction of the additional turns 
round the lower drum is brought into play, and 
this, together with the anchorage of the free end 
of the chain in the floor of tae pit, ensures that the 
full strength of the chain is finally brought into use. 
There is one further point in connection with this 

which should be mentioned. When the chain 

as been hauled taut by the winch into the posi- 
tion indicated in Fig. 92, and is then released 
by reversing the winch to return to its original 
osition in the groove, it will tend to pile up at the 
ttom of the lock on the winch side instead of 
distributing itself properly throughout the groove. 
To prevent this, a light chain is attached to it near 





its middle point, as shown in Fig. 92. This chain 
is hauled in by a capstan on the quay, and drags 
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the chain towards the relieving-gear side of the 
lock, so that it settles down properly in the 
grooves. The main chain has stud-links made up 
of 1%-in. material. The gear was supplied by 
Messrs. Glenfield and Kennedy, Limited, of Kii- 
marnock. 

The final feature with which we propose to 
deal in this article is the sluices, characteristic 
examples of which are illustrated in Figs. 93 to 98, 
annexed. These figures show an hydraulic sluice 
and a hand-power sluice. Hand-sluices are fixed 
in all cases as stand-byes to the hydraulic sluices, 
except in the case of the sluices for the culverts 
leading to the future graving-dock. Hand-sluices 
only are fitted at the far end of the discharge- 
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culverts leading from the power-station to the 
dock, and form stand-byes to the hydraulic sluices 
which are fixed upon the delivery-pipe of each 
pump in the power-station. There are in all 
thirty-four sluices. Eight of these serve for the 
control of the supply to or from the power-station 
pumps, in addition to the two hand-sluices, already 
mentioned, at the far end of the discharge culverts. 
The remaining twenty-four serve the double level- 
ling culverts, which connect the pens of the lock 
aa the lock with the dock and river. The posi- 
tions of most of them can be seen from the plan 
of the lock given in Fig. 4, on Plate X., in our 
issue of July 10. The sluices, which are all of 
the same general character, were supplied by 
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Messrs. Sir W. G. Armstro 
Limited, of Newcastle-upon-Tyne. The two types 
are illustrated in Figs. 93 to 98, on page 116. In 
both cases the paddles are of greenheart, 14 in. thick. 
The hand-sluices are operated by a worm and spur- 
gear which drives a main lifting-screw, working in 
a nut in the top crosshead. This crosshead and 
the lower work on guides keyed to the sides of the 
pit. An indicating-rod carried by the top cross- 
head projects above quay-level and shows the 
position of the sluice. The hydraulic sluices are 
operated by a direct-acting ram which is connected 
to a single crosshead. The details of both arrange- 
ments will be clear from the figures. 


(To be continued.) 


, Whitworth and Co., 








SETTING OUT WORK. 

By R. H. Lee Pennewt, Assoc. M. Inst. C.E. 

Tue following articles are intended to form a 
guide to young engineers when they first come on 
to works after leaving college. Men just leaving 
college are probably fairly well grounded in survey- 
ing and the use of the ordinary surveying instru- 
ments ; but the setting out of work differs con- 
siderably from surveying. In the latter operation 
the positions of « x‘sting objects have to be fixed in 


p Fig.1. 





At the theodolite stations A and B, mark off roughly 
the distances A S and B S’. Build temporary theo- 
dolite stations at S and S’, then very carefully set 
out and mark the points S and S’ on the pillars 
built. 

It should be quite easy to see from S to 8’ direct. 
But when the line of sight is depressed, so as to 
mark the points on the line S, 8’, obstructions will 
often be found in the way. Setting the theodolite 
up at S, therefore, and sighting on to S’, set out as 
much of the line as can be seen. Assume the first 
length is set out as far as X (Figs. 1, 2and 3). It 
is now wanted to set outthe length X Y. Since 8’ 
should stand high, it will be visible from X (it is 
important that either S or S’ shall be seen from X, 
as it is very risky to continue the line relying only 
on the Jast points set out). 

The obvious way to set out X Y would appear 
to be to set up on X, sight on to 8’, and then put 
inY. If you do this, you will almost certainly get a 
kink in your line at X ; you may reverse and swing 
the theodolite, and take every possible precaution, 
and yet get a kink at X. Therefore do not set up 
on X, but some little ‘way back from X, sufficiently 
far to have X in focus. There will be no point to 
set up on, but by ranging in the last two points 





V X, you must get as close as you can. Then 


sight on to S’ and down on to X; you will not 
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such a way as to enable them to be plotted on a 
lan, but in the former case objects have to be 
ocated on the ground in certain required posi- 
tions derived from a plan. Setting out work is 
therefore an operation which is the reverse to 
surveying. The present articles are based on a 
short series of lectures given by the author, in 
Cairo, to the students of the Egyptian Government 
School of Engineering. 

To Set Out a Straight Line.—The setting out of a 
truly straight line is a difficult thing to do; it has 
been said that anyone can set out a curve, but it 
takes an engineer to set out a straight line. The 
difficulty is that it is usually impossible to see 
the whole length at one setting of the theodolite, 
owing to gangs of workmen, stacks of material, 
cranes, &c, being on the line of sight. The theodo- 
lite therefore has to be set up more than once in 
order to complete the line it is desired to mark out. 

Suppose the line to be set out is for the parapet 
wall and coping-stones of a long, straight break- 
water. In Fig. 1 suppose P P’ is the building-line 
required. If you set out this line, your points will 
very likely get destroyed or obliterated with mortar 
as the masonry is built ; also, if there is any bull- 
face on the stones, the points will be very awkward 
to build to after the first course is laid. It is there- 
fore much better to set out your line as a parallel 
line to the building-line, and from 1 ft. to 2 ft. from 
it. At this distance it is easy for the masons to 
obtain their building-line with their 2-ft. rules from 
the points set out by the engineer. 

In the figure, therefore, let S S’ be the line it is 
nn gree to set out, within 2 ft. of the building- 

ine, and let A B be the axis-line of the whole work. 
(This need not necessarily be the centre line; in the 
case of a dam with under-sluices it would prefecably 
be on the line of the sluice-gates, but in any case 
all major work should be set out either directly or 
indirectly, the former for preference, from this line.) 

















strike X. Unclamp centre-plate and move the | 
instrument over, and try again until, after sighting 
on 8’, you strike X exactly. 

When your cross-hairs cut both points X and S’ 
you are absolutely certain that your line of sight 
is on the line you require, and you can set out your 
—_ with confidence, even should the theodolite 

slightly out of adjustment. 

To Set Out the Abutments of a Bridge Across a 
River.—This in most cases entails triangulation, but 
whenever it is possible to measure directly, always 
do so. When direct measurement is possible, the pro- 
cedure may be as follows :—In Fig. 4, C D and OU D 
represent the banks of a river, and are, say, 150 ft. 
apart. EF represents the centre line of the approach 
roads of the bridge. It is required to set out the 
abutments. Select any two points S' and S? on 
the centre line E F, keeping these points well back 
from the top of the bank, and build these pointe 
in, in masonry, so as to avoid any fear of them being 
moved. The points must be kept well back from 
the banks of the river, as otherwise pile-driving, 
for example, might affect them by the tremor 
caused to the surrounding ground and so slightly 
move them out of position, or railroads for cranes 
or materials might unavoidably foul them. Then 
with a light steel measuring-wire measure the 
distance between these points as follows :— 

One man holds one end of the wire 1 ft. back 
from the base point. A second man kneels over the 
base point to see that the 1-ft. mark on the wire 
exactly coincides with the point. (This is much easier 
than getting the point and the edge of the handle 
to coincide.) On the other bank an ordinary spring- 
balance is attached to the wire, and on this a man 
pulls hard, the wire passing over the base point. 
Over the low masonry pillar carrying this point the 





— stands with a pencil. (It is assumed that 
only even feet are marked on thewire.) The 


ineer | 
watches the man over the hase point on the far 


nk, 


and when the latter signals ‘‘right,” the engineer 
shouts to his man to read the spring-balance, and he 
himself, with his pencil, marks the position on the 
pillar of the nearest foot-talley on the wire. He 
then reads this talley, and the men slack off. The 
operation should be repeated at least once, the 
man with the spring-balance this time pulling until 
he reads the same tension as before on the balance, 
the engineer marking the pillar as before. 

This operation all finished, the engineer measures 
the distance between the mean of his pencil-marks 
and the base point. This is obviously either an 
addition or a subtraction to the measurement by 
wire. Acorrection for the sag of the wire has then 
to be made by measuring a similar length on level 

round with a standard tape. The tape shculd be 
aid along the ground for a few minutes with a 
thermometer near it, so as to ««rrect for the tem- 
perature of the tape. The steel wire is then 
stretched over the measured le1.,th at the same 
tension as before, and the length noted ; of course, 
the wire must not touch the ground. 

Since the whole length of wire is thus checked, 
any light steel wire will suit the purpose in the 
original measurement (if a proper measuring wire 
is not available), a spot of black paint and a 
scratch mark at the ends marking the measuring 
points. The only difficulty in the whole of this 
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operation is the checking of the wire for sag, which 
will require two sient ohn and plenty of men to 
pull long and steadily. The easiest way is te 
streteh the wire first and mark the length very 
carefully on two wooden pegs, or otherwise, and 
then to measure the length between the two 
points thus obtained, as described above. 

The distance between the two pillars having been 
obtained, and the position of one abutment settled 
upon, the position of the other abutment is fixed 
by measuring back from the pillar. In Fig. 4, 
«x =L—(A +B). 

Remember that when setting out, in order to 
start excavation, it is no use bothering about a few 
inches one way or the other, and that accurate 
setting out is not required until the foundations go 
in. In the case of a bridge, the foundations and 
lower courses of the abutments will probably be 
below water level. Setting out such work will be 
considered later. 

If the river is too wide to measure directly 
across, it is necessary to triangulate it and calcu- 
late the length. Two pillars are built as before, 
and a base line BC measured (see Figs. 5 and 6). 
The measurement of base lines is fully treated in 
most text-books on surveying, and a few notes 
only will therefore be given here. 

Do not try to set out the base BC at right 
angles to the axis. It is much easier to read an 
angle than to set an angle out correctly. In an 
case, read all the angles of every triangle and eac 
angle at least three times, and read continuously. 
Do not attempt to set the instrument back to zero 
each time. 

When measuring the base line, use special base- 
measuring instruments, if possible ; should these 
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not be available, the following notes may be found 
useful :— 

Level off small irregularities in the ground from 
B to C (Fig. 6). Set bricks at from 15-ft. to 20 ft. 
intervals along B C and work them well duwn on to 
an even bed. The bricks should be set to line with 
the theosdolite. 

Take the level of each brick. 

See that the tape when measuring touches the 
top of each brick ; note where each brick occurs, but 
measure continuously ; if any full tape length over- 
shoots a brick, book the length to the brick, and 
start off the brick again. 

Keep the tension on the tape constant with a 
spring-balance. 

Have a very good man at the zero end of the tape. 

Unskilled helpers may be used to hold the tape 
down on to the intermediate bricks by pressing on 
to it with one finger only. If your tape sigs 
between the bricks, more bricks must be put in. 
Having measured your total length B C, correct 
same for horizontal distance. In the first length of 
exaggerated figure (see Fig. 6) :— 

d = difference in level of two consecutive bricks. 
1 = measured length. 
x = required length. 

a = P-d@. 


Having obtained the total horizontal distance, 
next correct for temperature of tape. 

(total distance) x (coefficient expansion) x (tempera- 
ture on ground—standard temperature) =correction. 

Theoretically the temperature correction should 
be applied separately to each length between bricks, 
but the error involved as worked above is negli- 
gible. The standard temperature will probably be 
freezing-point. The tape will therefore be too long. 

This brings us to an important point. Is this 
correction an addition to or a subtraction from the 
length ? 

This depends upon whether you have fixed the 
point C. and are measuring between B and C to 
obtain the distance, or whether you have settled to 

ut C in at a certain distance from B on the 
fies BC. The former measurement is practically 
a survey measurement. The latter measurement 
is a ‘* setting out” measurement. In the first case, 
if you have fixed the point OC, and are measuring 
between B and C to find the distance between 
them, you must add your correction for your tape 
being too long. In the second case, if you wish to 
set out C at any fixed distance from B, you must 
subtract your correction for the tape being too 
long. Taking an example :—For simplicity, sup- 

e the length from B to OC, in the first case, 
appened to measure 600 ft. by the tape. The 
thermometer on the ground registered 82 deg. 
Fahr. The tape was an ordinary steel tape with 
coefiicient of expansion of 0.00000661, and stan- 
dardised at freezing-point ; the correction will be 


600 ft. x 50 deg. x 0.00000661 = 29 in. 


The distance between B and C will really be, 
therefore, 
600 ft. 23 in. 


But in the second case, if you wish to mark the 
station C at exactly 600 ft. from B, and the same 
conditions as above prevail, you must put the point O 
in at.599 ft. 98 in., according to your tape markings. 
Having measured the base-line, measure the three 
angles of the triangle as already described. The 
length of the axis-line between the two pillars can 
now be calculated, and the abutment lines set out 
as before. 

(To be continued.) 





Tae Panama-Pactric Exurpition.—From Septem- 
ber 20 to 25, 1915. there will be an imnortant congress 
of engineers at San Francisco, Cal., U.S.A., in con- 
nection with the Panama- Pacific Exhibition. This 
congress will be presided over by Colonel G. W. 
Goethals, and representatives of a large number of 
cvuntries are expected to be present. The leading 
American technical institutions are co-operating to make 
. a —— Undoubtedl Fay By the most interesting 
eatures of the congress wi the presentation of papers 
dealing with the Panama Canal itself. The uaibeleun 
on this subjest will be ted under twenty-two 
heads, among which are to be a general report by Colonel 
Goethals, and an account of the dry excavation, dredging, 
terminal works, design of locks, &c.; construction of 
same, the poten. dams, foclogy of the Zone, &. These 
reports, all given under supervision of Colonel 
“ is of de ents 

icular work described. They will 
F apn official technical record of 

canal. 


Goethals, will be drawn up by the 
in charge of the 
constitute the 
the construction o 


INDUSTRIAL NOTES. 


A MEETING of members of the Federation of Master 
Cotton-Spinners’ Associations (American Section) was 
held on the 17th inst. at the Cval Exchange, Man- 
chester, with a view to consider a recommendation 
from the General Committee of the Federation that 
between July acd the end of Septemb2r next produc- 
tion should be curtailed to the extent of stopping 1664 
hours. Firms representing 70 per cent. of the Ameri- 
can section attended the meeting. 

Sir Charles W. Macara, President of the Federation, 
opene the discussion, and stated that the object of 
the meeting was to grapple with a state of things 
which, unless resolutely dealt with, would land them 
into difficulties greater than they could possibly 
imagine. As they | vked round the manufacturing dis- 
tricts they saw that looms were stopping in every direc- 
tion, and if spindles were to continue running in the 
conditions which now prevailed they would soon be 
in a state of absolute chaos. He maintained that 
organised effort, with the burden spread over the 
whole trade, was infiaitely batter than any individual 
effort could be, and would effect the purpose they had 
in view—i.e., the restoring of the trade to a stable 
basis, sooner than any iodustrial effurt possibly could. 

Referring to the position of the cotton trade in other 
countries, a statement received from the Secretary of 
the International Federation of Cotton-Spinners was 
read. In this it was stated that the cables received 
showed thatin several cf the countries the lead set 
by England in former years as regards short time had 
been followed. If Lancashire on this occasion adopted 
the proposed curtailment, it would undoubtedly 
stimulate other countries to adopt and extend the 
short-time movement. 

Sir Charles therefore moved :—‘‘ That this meeting 
of members of the American Section of the Federation 
strongly approves of the recommendation of the 
General Committee that spinners of American cotton 
should stop their mills for 1664 hours, exclusive of 
holidays, between July 7 and the end of September, 
and that a circular be issued to ascertain if firms 
owning the necessary percentage of spindles (80 per 
cent.) are willing to curtail production, in accordance 
with the recommendation.” 

The resolution was seconded by Mr. J. B. Tattersall, 
Vice-President of the Federation, who appealed for a 
united effort. It was sed, with one dissentient. 

A circular was then sent to all federated firms, 
appealing to them to support the resolution by filling 
in their voting paper in the affirmative. 





The German textile industry also appeirs to be in 
difficult situation, since a general lock-out of men 
and women employed in the Lusatian textile mills was 
declared on Saturday last, the 18th inst. At Kottbus 
about 5000 to 6000 employed in 50 factories, and at Forst 
10,000 to 12,000 hands employed in 120 factories, were 
locked out. A number of discharged hands belong to 
the towns of Sprenberg, Guben, Luckenwalde, Sommer- 
feld, and Finsterwalde. 

We are informed that Messrs. Lever Brothers, Port 
Sunlight, have increased the wages of several grades 
of their employees. Wages of labourers have been 
raised from 263. to 28s. per week ; process labourers 
will now earn a minimum of 303. ; the wages of girls 
over twenty-one years of age, and counting at least 
three years’ service, have been raised from 14s. to 16s. 
per week ; the wages of youths have also been in- 
creased. 





In our last issue, on page 96 ante, we referred briefly 
to the difficulty which had arisen with the men em- 
— by the Mersey Docks and Harbour Board. On 

riday last, the 17th inst., the Strike Committee 
issued the following statement :— 

In our various letters to the Dock Board up to 
June 4 we merely asked for recognition of the Union 
by the formation of a joint or conciliation board, 
equally representative of the Board and the workers, 
— confident that if that had been granted we 
would have avoided the present trouble. 

The reply of the Board was a direct refusal to meet 
or discuss the question with them. We then placed 
the Board’s reply before their employees at mass 
meetings held on June 28 and July 5. 

At these meetings the members assembled, and after 
discussing the Board’s refusals, unanimously passed 
resolutions demanding recognition of port rates and 
conditions, and at the same time, in view of what 
might take place in case of a further refusal from the 
Board, they decided that the whole of the workers 
under the Board should, in their own interests, be- 
come members of some union, and that those members 
who were at the time in arrears to their respective 
unions, should make themselves full-benefit members, 
in order to secure full support during the strike. 

The result of the mass meetings was forwarded to 
the Board in a letter on July 6, as follows :— 

Gentlemen,—It is the earnest wish of the Engineer- 








Workers’ Federation to prevent a disruption on the 
Dock Board estate. Since our last letter the whule 
of the men employed by your Board have been con- 
sulted, and the followi:g resolution unanimously 


passed :— 

That this meeting of Dock Board employees endorses 
the policy as laid down by the union members em- 
ployed by the Board :— 

1. That a joint board be appointed for the settle- 
ment of all disputes. 
2. That the port standard rate of wages shall obtain. 
3. Agrees that all men employed by the Board shall 
of necessity belong to their respective unions, and 
in the light of eventualities be clear on the books of 
the same. 
They further pledge themselves that if, in the judg- 
ment of their leaders, drastic action is necessary, 
they will support such action by all means in their 
power. 
In view of this we are again iustructed to request 
you to receive representatives of the above Federa- 
tions to discuss the | goo as early as possible. 

(Signed) . GRIFFITHS, 
: JAMES STEPHENSON, 

Joint Secretaries. 

‘“*This,” the statement adds, ‘“‘was in order to 
warn them of the impending trouble, aud appa- 
rently our efforts to save the present situation 
have been wrongly used by the Board to complicate 
the issue. We therefore reiterate that we have nct 
at any time asked or intended to imply, either directly 
or indirectly, that the Board should be responsible 
for anything beyond the fact that the men employed 
by them should be paid wages in accordance with the 
established rule of the port.” 





Later news received from Liverpool at first tended 
to show that matters were improving. The Strike 
Committee had held numerous sittings, and had been 
in constant communication with the Dock Board with 
a view to settle the dispute. At the time of going to 
press we learn that the Committee met again on Tues- 
day to await a communication from the Dock Board. 
This was received, but it did not prove satisfactory to 
the men. 





On Saturday, the 18th inst., the Joint Committee 
of the Engineers’ Socievies distributed among the 
members on Tyneside a communication pointing out 
that the wages of sea-going engineers were less to-day 
than those paid to men holding similar positions 30 or 
40 years ago. Recent experiences had proved to 
them the futility of individual effort, and the only 
means whereby important concessions could be secur: d 
was by the power of combination. 

On the same day there were about 60 steamers, 
including 20 colliers, held up in the Tyne ; these ships 
were unable to g¢t to sea owing to the engineers 
having handed in their notices. Six colliers having 
completed their cargoes before the 24 hours’ notices 
expired, left the river. Some of the men decided to 
leave the boats as they arrived in London, and others, 
who reside on Tyneside, were to return with the 
vessels and terminate their engagements on their 
arrival. The seamen are lending support to the 
engineers, and decline to work with ‘‘ blacklegs.” 

The Marine Engineers’ Association, South Shields, 
have stated that the owners would be unable to secure 
engineers on the Continent even if the veesels were 
towed there, as the British engineers had an alliance 
with the foreign engineers, who were loyal trade 
unionists. 

All shore fitters engaged in ship-repairing work on 
the Tyne ceased work last week, with the exception of 
those employed on oil-tank steamers and on foreign- 
owned vessels. he number of men affected is 
approximately 2000, in addition to about 300 marine 
engineers. The number of vessels held up in the Tyne 
is increasing, and it is expected that the dispute will 
extend to other British ports. 





The following remarks are taken from the last issue 
of the Moniteur Industriel:—One of the French 
Chambers of Commerce recently adopted a resolution 
in view of the excessive number of social laws sed 
by Government. In this the Chamber asserted their 
desire to see improvements made in labour condi- 
tions, but express the view that the number of social 
laws increases every year, and by restricting produe- 
tion or by placing fresh burdens upon it, increase the 
cost of output and the cost of living. The resolution 

roceeds to ‘‘ ask Parliament to show more prudence in 
uture with regard to the adoption of fresh social laws, 
and not to put in force any new regulation concerning 
labour if a similar regulation be not adopted simul- 
taneously by the other industrial nations.” The so- 
called social laws, adds our contemporary, increase 
the price of all necessary articles and react upon those 
they were destined to assist. When the power of 
production of an industry is weakened legislatively, 
and when the taxes with which that industry is en- 





ing and Shipbuilding Federation and the Transport 





cumbered are raised, the cost of living is increased 
and no real benefit is derived from the measure. No 
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measure has yet succeeded in France in checking the 
exodus of labour from the land to the towns ; there 
is an excess of urban workers, and in order that they 
all may live, the power of production of each has to be 
reduced, the wages remaining at the same standard. 
Such methods are ruinous to the nation. 


Since we reported, on page 43 ante, that the Financial 
Committee of the French Senate had rejected the pro- 
1 for the Saturday half-holiday for State — eer 
Pedienent has taken up the matter afresh, and, 
according to our contemporary already mentioned, the 
Senate has voted the reduction of working hours per 
week to forty-nine—i.e., five days at nine hours and 
four hours on Saturdays—for State employees. The 
private firms throughout the country, it is believed, 
will have to adopt the same measure. 





The dispute in the London building trades remains 
unsettled. A large number of the men involved held 
a meeting in Trafalgar-square, London, last Sunday, 
the 19th inst., and announced their intention of carry- 
ing on the dispute until the employers deleted the 
entire clause relating to disability. A minimum for 
the various grades was also demanded. The speakers 
further announced that the disability clause had 
undermined trade union liberty of action with regard 
to the non-unionist element, and although the struggle 
had been in pro for six months they had no 
intention of coming to a settlement until the point 
was satisfactorily dealt with. 





The Home Secretary has issued the draft of an 
Order which he pro; to make under Section 116 
of the Factory and Workshop Act, 1901. The effect 
is to require particulars of work and rates of wage to 
be given to all persons paid by the piece who are 
employed in factories and workshops in which the 
manufacture of articles of metal (not being machinery) 
is carried on, or who are employed in that class of 
work as outworkers. The Order will consolidate 
and supersede the existing Orders relating to the 
making of pens (July 12, 1900), the making of locks, 
latches, and keys (July 14, 1902), the maki of 
chains, anchors, and cart gear (July 14, 1902), the 
making of iron safes (April 29, 1911), and the making 
of files (December 23, 1911). Itis drawn so as to apply 
to the same classes of work (other than the manu- 
facture of machinery) as are covered by the definition 
of ‘‘ metal works” in pa ph (13) of the sixth 
schedule to the Act, with the inclusion, however, of 
workshops as well as of factories. It will not apply 
to any of the other works (e.g., blast-furnaces, copper 
mills, iron mills, or foundries) defined in the other 
paragraphs of that schedule ; nor will it apply to any 
work to which the Order of September 23, 1907, 
relating to the mixing, casting, or manufacture of 
brass or articles of brass, and the electro-depositing of 
brass, applies. 





The Chief Registrar of Friendly Societies has issued 
his Report on Trade Unions for the year endi 
December 31, 1912. From this we find that durin 
the year 1912 thirty-nine unions were added to, an 
thirty-six were removed from, the register ; of these 
latter, twenty-three furnished notices of dissolution, 
eight were amalgamated with cther unions, and in 
five cases the certificate of a | was cancelled 
at the request of the unions. There accordingly 
remained on the register on December 31, 1912, 683 
unions, of which 576 were registered in England 
and Wales, thirty-one in Scotland, and seventy-six 
in Ireland. The 683 unions in question had a 
membership of 2,597,772. In 1903 the unions num- 
bered 742, with a ae ie of 1,575,375; these 
figures show a decrease of fifty-nine unions, and 
an increase of over one million in membership. 
Among the unions showing the largest increase in 
membership during the year 1912 we may mention the 
National Amalgamated Union of Shop Assistants, 
Warehousemen, and Clerks, with an increase of 
42,694 ; the Amalgamated Society of Engineers, 
22,529; the Amalgamated Society of Railway Ser- 
vants, 15,486; and the Amalgamated Society of 
Carpenters and Joiners, 12,600. On the other hand, 
three unions showed a decrease in membership, as 
follows :—The London Carmen’s Trade Union, a 
decrease of 18,405 ; the Dock, Wharf, Riverside, and 
General Workers’ Union, 14,771 ; and the Lancashire 
and Cheshire Miners’ Federation, 9326. Taking the 
unions having the largest membership in the year 
under review (1912), we find the Amalgamated Society 


of Engineers with 143,998 members; the Durham 
Miners’ Association with 136,966 ; the Am ted 
Society of Railway Servants of England, Ireland, 


Scotland, and Wales, with 132,002; the South Wales 
Miners’ Federation with 114,208; the Yorkshire 
Miners’ Association with 99,632; and the National 
Union of Gas-Workers and General Labourers with 
82,135. The total income of the unions in 1912 was 


3,845,841/., 90.4 per cent. of which was contributed by | the 


the members, 4 per cent. by other trade unions, the 
remainder, 5.6 per cent., being interest on invested 


10g | Lister (London), Limited, 3 





funds and contributions from other sources. The 
average contribution per week received from each 
member was 6 5d. The total funds of the unions 
on December 3], 1912, was 5,617,927/., showing a 
decreare of 708,785/. during the year; this decrease 
in funds was due to the coal strike, and applied mostly 
to the funds of the mining group of unions. Taking 
the six unions at the top of the fist, we find that on 
December 31, 1912, the Amalgamated Society of Engi- 
neers had total funds to the amount of 786,320/.; the 
Amalgamated Association of Operative Cotton- 
Spinners, 500,724/.; the Amalgamated Society of 
Railway Servants, 379,025/.; the Derbyshire Miners’ 
Association. 244,022/.; the United Society of Boiler- 
Makers, 227,145/.; and the Associated Society of 
Locomotive Engineers, 169,712/. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 8. 

_ A RETROSPECT of the past six months reveals a very 
irregular course in iron and steel so far as demand 
went. Prices sagged irregularly ; output varied from 
75 to 50 per cent. of capacity. The lower tariff did 
not materially affect conditions. None of the antici- 
pations came true. Export trade, especially in rails 
and pipes, shows improvement. A further growth of 
the export trade is clearly seen. June orders for cars 
foot up about 25,000, which call for 275,000 tons of 
steel, and the roads need much more rolling-stock. 
The total of rail export orders for June reached 
75,000 tons, besides a few small unreported orders. 
Much railroad construction is contemplated in most of 
the countries taking these rails. A supplemental pipe 
order of 10-in. pipes is under consideration for Persia. 
It is definitely known that there would be consider- 
ably more business done if manufacturers were willia 
to sacrifice future possible profits, and take third — 
fourth quarter orders at current quotations. Experts 
in the steel trade see highly encouraging conditions in 
the near future, all based on the very patent fact that 
production is not much more than half normal pro- 
duction, and that demand has been repressed to the 
utmost limits. Everywhere the talk in the steel-using 
industries is over the uncertain trade conditions. 
This uncertainty is largely imaginary. The daily rush 
of small structural steel orders is rather surprising, in 
view of unsettled conditions generally. Much steel is 
wanted for small bridge work. All of the shipyards 
are crowded, and most of them, according to to-day’s 
summary, have upwards of a year’s work. 





Prrsonat.— Messrs. 8. H. Morden and Co., Limited, 
state that their address is now Morden House, Dart- 
mouth.street, Westminster, 8.W., close to St. James’s 
Park Station, ee Railways.—Messrs. Morris 
and Lister (London), Limited, have now taken over the 
sole representation for London and the South of England 
for Messrs. Mickelwright, Limited, of Alperton, in place 
of Mr. Raymond Smith, the late re tative. All 
inquiries, &c., should now be sent to Messrs. Morris and 
and 4, Palace Chambers, 


Bridge-street, Westminster, 8.W 





Tue SeventH INTERNATIONAL AERONAUTICAL CoN- 
GREss.—The seventh International Aeronautical Congress 
will be held between September 27 and October 1, at the 
Lyons Exhibition. The Congress, which will be pre 
sided over by Lieut.-Col. P. Renard, will be held under 
the auspices of the Aéro Club du Rhone et du Sud-Est, 
and of the Municipality of Lyons. Many contributions 
of importance have been promised, from, among others, 
the following authorities:—MM. R. Soreau (France) ; 
Commandant Ma 


thieu (Belgium); A. Sée oa 
Adhbemar de la Hault ( ium) ; t. Costanzi (Italy); 
M. Joukowsky (Russia) ; General de Wendrich (Russia) ; 
M. Rinine (Russia); Ch. Maurain (France), &c. Further 
Particulars may be obtained from the Aéro Club du 
Rhone et du Sud-Est, 4, Quai de la Pécherie, Lyons, or 
of the Commission Permanente Internationale d’ Aéro- 
nautique, 19, Rue Blanche, i 





Tue tate Mra. Henry Jounson.—We regret to have 
to record the death, on the 16th inst., of Mr. Henry 
Johnson, formerly of the Indian Public Works Depart- 
ment. Mr. Johnson was born in 1837, and from 1853 to 
1858 was articled to Mr. J. Hodgson Jones, M. Inst. C.E., 
Westminster, during which time he was engaged on 
water, gas, and drainage works. He then went out to 
India as assistant engineer under Messrs. Brassey, 
Wythes = Te ae, C) ae of = oe 
Bengal ilway, having charge miles o ne, 
including pore Station. In 1862-63 he was 

in a survey of Zemindaries for Messrs. P. 
Watson and Co., Bengal, and then joined the Oudh and 
Rohilkund Railway, and, under Mr. J. E. Wilson, chief 
engi , was first employed on survey, and then as 
assistant engineer on the line between Lucknow and 
Cawnpore. In 1866 he obtained an ome in the 
Public Works Department, and after being in charge of 
road and barrack construction was transferred to the 
Indian State Railways. He had executive charge on the 
north side of the construction of the Chenal Bridge with 

workshops required for its erection. Mr. Johnson 
was a member of the Institution of Civil Engineers, but 
retired from that body some years ago. 





THE LATE MR. ROBERT COCKBURN. 


MAny engineers have learnt, with much regret, of 
the death of Mr. Robert Cockburn, who, like his 
father, had long been closely identified with the design 
and manufacture of steam-valves and other accessories 
for marine engines. Mr. Cockburn had not for some 
time attended so actively to the work, owing to 
illness, but he was able to enjoy life up to the end. 
His death, sudden and unexpected, occurred at his 
residence at Blackdales, Large, on Friday, the 10th 
inst. He was the son of Mr. David Cockburn, who 
instituted the well-known Cockburn valve works 
which are now situated at Cardonald, Glasgow. It 
was at his father’s works that the late Mr. Robert 
Cockburn served his apprenticeship. He continued in 
employment in the same works, and in 1889 the busi- 
nese was transferred to him. Ten years later a private 
limited-liability company was formed, and Mr. Robert 
Cockburn shortly thereafter was ——- sole manag- 
ing director, a position he held until his death. 
Under his yn the business has been from 
time to time en considerably ; it was started 
with a mere handful of men, and now there are 
over 300 workers, the establishment covering 34 acres. 
Mr. Robert Cockburn was buried in Millport, one of 
the Clyde watering places, in which he had for many 
years taken a part in public affairs, rendering useful 
service as a town councillor, and, for a term, as 
provost or chief magistrate. Mr. Cockburn was also 
a member of the Bute County Council, and a Justice 
of the Peace for that county. He is survived by a 
widow and one son and daughter, the son, Mr. David 
Cockburn, being assistant managing director of the 
company. 





‘Torrrpo-Boat-DestTroYeR FLOTILLA LeapEers.—The 
two flotilla leaders recently provisionally ordered of 
Messrs. Cammell Laird and Co. and Messrs. W. Denny 
and Brothers are to be named Kempenfelt and Nimrod 
respectively. 


Tue Corrrr Marxet.—In their report dated the 16th 
inst., Messrs. James Lewis and Son state that Standard 
~ od advanced from 61/. for cash on the 1st inst. to 

. 10s. on the 7th. The receipt of the American re- 
finers’ statistics, giving the home censumptii n for the 
month of June as only 20,637 tons, with an increase in 
the stocks of 9719 tons, induced large realisations, and 
values fell rapidly until 61/. was again accepted on the 
14th. On the 16th inst. the closing quotations were 
611. 2s. 6d. cash and 61/, 11s. 3d. three months prompt. 
Tn the early part of the fortnight, American electrolytic 
copper was freely sold by leading producers at 10s. below 
the price of Standard, enidans quantities being taken 


by American consumers at 134 cents per pound, and by 
European manufacture:s at 63/. 10s. per ton c.i.f.; 1 
cents and 641. being subsequently . With the fa 


in Standard, present values were 13§ eents and 63/. 5s. 
per ton. The total increase in American and European 
stocks during June was 10,995 tons. Production was 
steadily increasing, while consumption in Europe was 
not likely to continue on the same scale as that of the 
past half-year, Supplies to Europe had increased this 
year as compared with last, 33,351 tons, or over 14} per 
cent. European consumption bad apparently increased 
33,220 tons, or yy cent. Eaports showed a fallin 
off of 8195 tons of which was due to reduce: 
shipments to the United States, and 1828 tons to 
diminished shipments of sulphate. European stocks had 
inc 5296 tons, against a decreate last year of 2366 
tons. American stocks had increased this year 6550 tons, 
ae a decrease of 23,436 tons, the production being 
11,583 tons larger. 





Tue Junior InsTiTvTION oF ENGINngERS.—A party of 
members of the Junior Institution of Engineers paid a 
visit last Saturday afternoon, the 18th inst., to the 
Tunnel Cement Works, Purfleet. The party.were shown 
round the chalk quarry, and the mills in which the chalk 
and clay are washed and ground to the thick slurry from 
which the cement clinker is made; they witnessed the 
burning of the clin} er in two rotary kilns, each 210 ft. 
long. They also saw the mills for grinding doal-dust, and 
how the firing of this dust takes place in the kiln; the 
cement-mill in which the cement clinker is ene: the 
cement stores, where the cement is packed by means of 
patent dustless vacuum packers exilors ; and the power- 
station, with water-tube boilers and turbo-generators. 
With regard to the power-house, the 1200-kw. turbo-alter- 
nator is of the A. E.G. impulse type, and a favourable steam 
consumption of 13.8 lb. per kilowatt hour on full load, 
with a cooling-water supply of five gallons per pound 
of steam, has been obtained. An interesting feature 
is the way in which the motors have been assembled in 
special motor-rooms, eo that they are, in a large measure, 

tected from the dust inseparable from cement manu- 
| serene It has by this means been found practicable 
to use open-type motors. A certain amount of dust 
is, of course, inevitable, and the motors have, therefore, 
been provided with special insulation and dust-proof 


bearings, with heavy cast inspection covers. The switch- 
is of a most substantial type thr out, all motors 
ing provided with oil-immersed con -type starters, 


with self-contained resistances. The smaller motors are 
fitted with air circuit-breakers in dust-proof cast-iron 
cases, and the machines with sheet-iron switch- 
pillars containing oi!.switches. 
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200-TON CUTTING-OUT AND FORMING 
PRESS. 


A new form of double-crank press recently brought 
out by Messrs. Taylor and Challen, Limited, of Der- 
went Works, Constitution Hill, Birmingham, is illus- 
trated on the present and opposite pages. The press is 
intended for cutting out and forming fairly long sheet- 
metal articles, such as window frames, troughing, &c, 
It is built up of two side frames, connected at the 
bottom by a heavy coasting forming the bed, and at the 
top by two joists, placed with their websvertical. The 
slide carrying the press tools works between adjustable 
guides on the side frames, and derives a reciprocating 
motion from a crank-shaft above it. These details 
are well shown in the various figures. The lower ends 
of the two connecting-rods, which drive the slide, are 
pivoted to the upper ends of adjusting-studs, which 
are carried through the upper part of the slide and 
through worm-wheels which have a threaded central 
hole. The worm-wheels are driven by two worms 
which are fixed on a common shaft, and are in turn 
driven by « further worm-gear from a hand-wheel. 
The hand-wheel and shaft, with the two main worms, 
can be clearly seen at the front of the slide in Fig. 1, 
while the details of the whole arrangement are shown 
in Figs. 3, 4, and 7. Rotation of the hand-wheel 
operates the two main worm-wheels, and so raises or 
lowers the slide on the adjusting-studs, which are 
prevented from turning during this operation, as they 
are provided with guides at their upper ends, as is 
shown in Fig. 3. The arrangement gives a total 
adjustment of 4 in. in the position of the slide. 

The slide is balanced by a box of counter-weights 
placed on top of the machine. This box is provided 
with two guides, which can be seen projecting above 
it in Fig. 1, in which it is shown in its lower position. 
The guides are also shown in Figs. 2 to 6. The 
counter-weight box is lifted by four vertical rods, 
two at each side, as is best shown in Figs. 1 and 4. 
They work in guides, and are connected at their 
lower ends to a fiat horizontal bar. As will be 
seen from Figs. 3 and 4, the slide is connected to this 
bar by two wire ropes, which pass over pulleys 
pall | on the upper part of the framing. It will 
be clear from the figures that as the slide falls the 
counterweight rises, and vice versd. This balancing 
arrangement takes all back-lash out of the slide, 
so that it does not drop when cutting through a 
plate. This considerably prolongs the life of the 
cutting edges of the tools. The balancing is also of 
advantage in connection with the adjustment of the 
slide, as it allows it to be moved either up or down 
with equal ease. 

The crank-shaft is driven by a cut spur gearing, of 
which the spur wheel can be seen at the left-hand side 
of Fig. 1. The pinion is fixed on the driving-shaft, 
which runs along the back of the machine, and carries 
the driving-pulley at the other end. A fly-wheel is 
fixed to the pinion-shaft at the right-hand side of the 
machine. It is provided with holes in the rim for 
barring when setting up. The whole of the driving- 
gear is well shown in Figs. 2to7. The driving-shaft 
runs at. 160 revolutions per minute, the gearing 
ratio is 6 to 1, and the press makes about 26 strokes a 
minute. As will be seen from several of the figures, the 
machine is provided with fast-and-loose pulleys and a 
belt-shifting hand-lever. This gear is only used when 
the machine is first started, or when it has to be 
stopped for some time. 

or the intermittent starting and stopping, which 

is necessary for the removal of a formed piece of work 
and the insertion of a new blank when the press is 
working, a gear altogether independent from the belt- 
shifting gear is provided. This is controlled by two 
hand-levers, both of which have to be operated, so 
that there is no possibility of the workman starting 
the press when one of his Rents is in such a position 
that it may be crushed by the down-coming slide. 
The oe operates a clutch situated in the 
boss of the large spur-wheel. This clutch consists, in 
essence, of a spring-controlled key sliding in a slot 
formed in the shaft which carries the spur-wheel. 
The position of the key is controlled by a eliding cam- 
plate, which embraces the shaft, and, in turn, the 
— of the cam-plate is controlled by one of the 
and-levers through the intermediation of a push- 

and-pull rod. The cam-plate and push-and-pull rod 
oan seen at a and b, in Figs. 4 and 6. When 
the press is stopped for the invertion of a new blank, 
the crank-shaft will be standing with its cranks on the 
top centre, but the driving-shaft and spur-wheel will 
be running. The spring-controlled key will under 
these circumstances lie entirely inside the slot in the 
shaft. The moving of the cam-plate by the hand- 
levers, however, frees the key, so that it flies outward, 
under the action of a spring behind it, and engages 
with a notch in a hard-steel bush in the spur-wheel. 
As a result, the spur-wheel drives the crank-shaft 
and the press starts. When it has made a single 
stroke, the key will again slide out of gear, and the 
presse will come to rest with its cranks on the to 


centre ready for the next stroke. Normally the press 
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Fig. 1. 


is stopped by tae workman releasing the hand-levers 
after the blow has been given; but even if he holds the 
levers over, the press is still stopped by a knock-out 
gear, which is described below. 

The double hand-lever mechanism is best shown in 
Figs. 4and 5. The starting-lever proper is that which 
is operated by the workman’s right ot and which 
can be seen standing out from the right-hand end of 
the press at c in Fig. 4. This lever operates the push- 
and-pull rod, which works the clutch, through a 
bell-crank lever, shown at d, in Fig. 4. The lever 
is attached to the bell-crank lever by a link e. The 
vertical arm of the bell-crank lever engages an arm 
which projects from a boss f secured to the push-and- 
pull rod, as is best shown in Fig. 4. The operation of 
the arrangement will be clear. When the hand-lever is 
pressed down, it rotates the bell-crank lever, and— 
subject to the control of the second hand-lever 
described below—pulls the push-and-pull rod d longi- 
tudinally, so operating the clutch and starting the 
ry When a single stroke has been made, the 

and-lever is released and falls back to its first position 
under the action of the weight shown in Figs. 4 and 5. 
At the same time the cam-plate of the clutch slides 
back, so that the clutch-key comes out of gear and the 

stops with its eonke on the top centre, as 
fore explained. 

The second hand-lever, which has to be operated by 
the workman’s left hand to start the press, is shown at g, 
in Figs. 4and 5. As will be seen, it is pivoted to the 
frame near its top end, and at that end is formed into 
a ring which engages with the end of a horizontal rod h. 
The rod, which is arranged so that it can slide 
horizontally, carries the bell-crank lever d at its 
other end... The position of the rod is controlled by 
@ spring, and matters are so arran that when it is 
in its natural position the bell-crank lever lies in a 
different plane from the projecting arm on the boss /. 
As a consequence, if under these circumstances the 
hand-lever ¢ is Jepressed, the upper arm of the bell- 


p | crank lever misses the projecting arm on the boss /, 





and the starting-clutch is not operated. To start the 








GENERAL VIEW oF PREss. 


i it is necessary that. the workman should first 
ring the bell-crank lever d into the correct position 
by operating the leverg. Still holding this lever with 
his left hand, he has then to operate the hand-lever c 
with his right hand. As 4 consequence, both his 
hands are occupied, and it is imposible for one of 
them to be left in a dangerous position on the table 
of the press. 

There is yet another feature in this starting-gear to 
which attention should be directed. As has analy 
been referred to, the movement of the press is con- 
fined to a series of individual strokes, the action eee | 
necessary for the cutting out and forming for whic 
it is intended. Normally, as before explained, the 
workman releases the hand-levers after the moving 
slide has made a blow. If, however, he fails to do 
this, the press is still stopped by the action of a strik- 
ing-peg which is qustell by the brake-disc k. This 
brake-dise is mounted on, and rotates with, the crank- 
shaft. When the press has made a stroke and the 
slide is just completing its upward movement, the 
striking-peg occupies such a position that if the start- 
ing levers are still being held in the starting position, 
the peg strikes a second projecting arm on the boss /. 
This boss is free to rotate, and, as a consequence, as the 
striking-peg comes in contact with it the boss is moved 
round, and the first projecting arm comes out of 
engagement with the bell-crank lever d. Asa result 
the push-and-pull rod b is released. the clutch a comes 
out of gear, and the press stops. It cannot be started 
again until the workman has brought the two hand- 
levers back to the “‘ off” position and re-engaged the 
bell-crank lever with the first arm of the boss /. The 
brake-disc k, in addition to carrying the striking-peg, 
acts as a continuous brake and prevents the press 
running away. It ensures that it shall always instantl 
stop with the cranks on the top centre when the clute 
@ comes out of gear. 

The driving- pulley of the press is 38 in. in 
diameter and has a 6-in. face. The mean power 
required is about 10 horse-power ; but for individual 
motor drive a 20-horse-power motor is recommended. 
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The stroke of the slide is 4 in., and the maximum 
vertical height between the bed and slide 154in. The 
bed is 6 ft. 6 in. wide between the side frames, and there 
are openings 18 in. wide in the frames to allow of work 
being passed endwise through the machine. The press 
is capable of exerting a pressure of 200 tons, and has a 
total weight of 18} tons. It has a total height of 
12 ft. 2in., and occupies a floor space of 12 ft. 3 in. by 
7 ft. 10 in. 
patent flanged tubes, shown in three stages of 
formation in Fig. 9, illustrates the class of work the 
machine is well fitted for. The piece of tube formed 
is 6 ft. long, so that it can easily be dealt with on the 
bed. It is formed in two operations, the two sets of 
tools being set up side by side in the machine. The 
strip is fed in from the front, and is formed in the 
first dies to the (J shape shown in Fig. 9. It is then 
ssed on to the second set of dies, and the 1}-in. tube 
is completed. It is then removed endwise through 
the hole in the side frame of the machine. The 
material of the tube is 16 8.W.G. The dies that are 
used in forming it are shown in position on the 
machine in Figs. 2 to 5. The dies for the first 
process, in which the (J shape is formed, are well shown 
to the right in Fig. 3. The form and purpose of the 
male oat female dies themselves will be obvious from 
the figure, and require no comment. Attention may, 
however, be directed to the ejector arrangement, by 
which the formed [J shape is expelled from the lower 
die. This consists of a series of six ejector-studs, 
which are operated by six vertical rods attached to 
a girder carried below the table. The girder is 
attached to the machine-slide by two long studs, and 
moves up and down with it. The arrangement is 
clearly shown in Figs. 3and 4. The finishing dies are 
shown to the left in Fig. 3 and in some of the other 
figures. The tube is closed round a rod which lies 
over the lower die and below the upper die. The rod 
is not shown in Fig. 3, but is indicated in Fig. 5. It 
is secured at the Toft-hand end of the machine toa 
balanced lever, as shown in Fig. 2, and is also balanced 
longitudinally by a weight fixed to the projecting end, 
as shown in Fig. 4. These arrangements allow the 
rod to be swung upwards out of the way when the 
partially-formed blank is being moved from the first 
sot of dies to the second. When the tube is com- 
pleted it is removed endwise through the frame of 
the press, as before explained. 








FERRO-CONCRBTE ARCHED BRIDGE OVER 
THE GUMTI RIVER AT LUCKNOW, INDIA. 

AN interesting example of the uss of ferro-concrete 
in bridge construction is afforded by the new bridge 
over the River Gumti at Lucknow, which was recently 
opened by His Excellency the Viceroy, This struc- 
ture, illustrated on page 124, replaces the Newabi 
Bridge at the Machli Bawan, which was built in 1780 
by Asafud-dowlah, Nawab Wazir of Oudh. 

The old bridge was constructed of nickunk in lime, 
and consisted of twelve small spans, with a centre 
spwn of 50 ft. Some ten years ago the piers showed 
signs of settlement, and the arch of the centre span 
cracked badly ; as all attempts to deal with the 
settlement of the piers were ineffectual, it was decided 
to demolish it, and it was removed in 1907. The old 
bridge crossed the river at a considerable augle, and 
as it was considercd useless to attempt to deal with 
and use any of the original piers, a site for the new 
bridge was selected come 100 yards up-stream, where 
the diverted roadway crosses the river at right 
angles, and provides a direct approach to the 
newly-completed King George’s Medical College and 
Hospital. 

The preliminary design for the new structure was 
pas by Major Crookshank, R.E., and included 

ve spans of 75 ft., the piers being 84 ft. from centre 
to centre. The preliminary estimate for this bridge in 
brickwork in lime amounted to 155,300 rupees (10,353/. ). 
The detailed estimate was prepared in the chief engi- 
neer’s office, and owing to slight alterations in the 
design was slightly increased to 158,000 rupees 
(10,533/.), and work on the foundations was com- 
menced in 1910 

Each pier is founded on three circular cylinders, 
which are carried down to the hard kunkar-clay layer 
at a depth of about 33 ft. below the river bed. The 
foundations for the abutments consist of three pairs of 
octagonal cylinders, also carried down to the kunkar- 
7 level. 

he pier foundations are 14 ft, in width, and the 
piers and abutments are carried up to 15 ft. above the 
foundations. The level of the springing of the arches 
is at ordinary flood level, which is, however, 10 ft. 
below the level recorded during the extraordinary 
flood of 1904—the highest ever recorded at Lucknow. 

At the breaking of the monsoon in 1912 the founda- 
tions had been completed and all the piers and abut- 
ments brought up to springing level. It was then 
decided to redesign the superstructure and to replace 
the heavy brick arches by reinforced-concrete ribs. 
The alteration in design was entrusted to Mr. A. C. 
Verrieres, C.I.E., and a revised estimate for 280,850 





rupees (18,723/.) was sanctioned by the Government. 
The original elevation was adhered to, but the weight 
on the piers was considerably reduced by the substitu- 
tion of seven concrete ribs in each span in place of the 
solid masonry arches. 

The construction of the ribs will be understood from 
a reference to the engravings on page 124. Each 
rib is 2 ft. thick and 2 tt. 6 in. deep at the crown, and 
6 ft. 6 in. on the springing face. Exch rib is reinforced 
with eight 1}-in. square steel bars, four at the upper 
and fur at the lower edge, connected by stirrup-bars 
of 4-ia. round steel. The proportions of the concrete 
were | part of Portland cement to 2 parts of red 
sand from the Jumna Valley, and 4 parts of crushed 
stone. 

The centering for the two spans on the north side 
was formed of solid sand, as the river-bed was dry 
on that side during the period of construction. The 
sand being formed to the rise of the arch, a single 
layer of brick in mud was laid on the sand to the 
actual radius of the under side of the ribs. The channel 
of the river had formed under the second arch from 
the south end of the bridge, and for the centering of 
this span rows of salw piles were driven, and a 
superstrueture erected on these, formed of braced and 
framed strats, with a floor of sleepers to receive the 
riba. The centering for the remaining two spans on 
each side of the channel was formed by filling the 
space between the piers with earth and sand up to 
springing level. Upon these earth-beds pillars were 
constructed in rough brick and mud to carry the 
wooden shuttering of the ribs. 

The construction of the ribs proceeded simulta- 
neously in all the spans during the hot weather of 
1913, and the last rib was completed on July 28. 

The main ribs are tied together by vertical cross- 
oo of ferro concrete, 9 in. thick, and varying in 

epth from 2 ft. 6 in. to 5 ft. These are reinforced b 
}-in. steel rods. There are eight cross-girders in eac 
span, and they are placed immediately beneath the 
spandrels. 

The whole of the superstructure above the arches is 
of brickwork in lime, with red sandstone facings. The 
decking for the roadway is carried on jack-arches 
springing from steel joists resting on the spandrel 

illars. The roadway is 22 ft. in width, with a 6-ft. 

ootpath on each side. 

It will be seen from the perspective view (Fig. 1) 
that a considerable amount of ornamental work has 
been added tothe superstructure. This has been done 
in order that the design of the bridge may harmonise 
with the adjacent buildings of the Medical College 
and Hospital. 

Mirzapur stone has been used to a considerable 
extent in the construction of the kiosks, minarets, 
and blustrading of the bridge, while ornamental iron 
brackets on each kiosk have been fitted with 100- 
candle-power electric lamps, supplied with current 
from the power-house at the Medical College. 

The total cost of the bridge was 282,548 rupees 
(18,836/.), which only slightly exceeds the revised 
estimate for the work. In comparing the cost of the 
bridge having ferro-concrete ribs with the first estimate, 
which contemplated the adoption of brick arches, it 
must be borne in mind that in the Gangetic Plain the 
cost of brickwork is exceptionally low, owing to the 
cheapness of labour and the general availability of 
brick earth and native kunkar lime (ordinary straight 
brickwork costs usually 7 to 8 rupees (10s.) per cubic 

ard); while the cost of ferro-concrete is correspond- 
ingly high, owing to the scarcity of timber for center- 
ing and the high cost of Portland cement of good 
quality, which averages 5/. 53. per ton imported and 
delivered at a distance from the coast. 

The steel rods used in the construction of the 
Lucknow bridge were manufactured in India by the 
Tata Iron and Steel Company. 

The whole of the work | design and construction 
of the bridge was carried out by the Indian Public 
Works Department, the officers employed on the 
reinforced-concrete euperstructure being Mr. E. J. 
Powell, superintending engineer, and Captain J. A. 
Graeme, R.E., executive engineer, Medical College 
Division, under Mr. W. Gunnell Wood, chief engineer 
to the Government Roads and Rivers Branch. 





British ASSOCIATION FOR THE ADVANCEMENT OF 
Scrence.—This Association has issued the programme of 
the visit of members to l’Association Frangasise pour 
lV Avancement des Sciences. A congress is to be held at 
Havre from Monday, July 27, to Sunday, August 2, 1914. 
The programme includes addresses by M. Jules Sieg- 
fried, Deputé, Président du Comité Local; M. Armand 
Gautier, Membre de I’Institut, Président de |’ Associa- 
tion Francaise ; Sir William Ramsay, K.C.B., F.R.S., 
Membre Etranger de |'Institut et de lAcademie de 
Médecine, Past President and Representative of the 
British Association ; M. Perrot, Professeur 4 l’Ecole de 
Pharmacie de Paris, Secrétaire; and M. Perquel, Tré- 
sorier de l’Association Frangvise. Various conferences 
and visits to places of interest have been arranged. Full 
particulars can be obtained from Mr. O. J. R. Howarth, 
Assistant Secre' of the British Association, Burlington 
House, London, W. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was dead idle, and no transactions were 
recorded. Cleveland warrants were quoted by sellers at 
51s. 6d. cash and 5ls. 8d. one and three months. The 
afternoon session was also idle, and Cleveland warrants 
were easier, with sellers Peo 5ls. 44d. cash, 51s. 6d. 
one month, and 51s. 7d. three months. On Friday morn- 
ing the market was steady, but once again there was 
little doing, as buyers were absent. The holiday feeling 
prevailed, and no dealing took place, and closing sellers 
quoted Cleveland warrants at 5ls. 44d. cash, 5 d. 
one month, and 5ls. 74d. three months. The market 
was cl in the afternoon for the annual Fair 
holidays, and remained so until Tuesday morning. 
When business was resumed the market was nominally 
steady, but idleness again prevailed. Sellers of Cleve- 
land warrants quoted 51s. 5d. cash, 51s. 7d. one month, 
and 51s. 74d. months. In the afternoon business 
was again at a standstill, and quotations for Cleveland 
warrants were the turn weaker, with sellers naming 
5ls. 44d. cash, 51s. 6d. one month, and 5ls. 7d. three 
months. The market ~ to-day (Wednesday) with 
a fairly steady tone, and one lot of Cleveland warrants 
chan om at 51s. 44d. cash, and closing sellers 

uoted 51s. 5d. cash, 51s. 64d. one month, and 5ls. 7d. 
px months. The afternoon session was a blank as 
regards business, but the tone remained steady, and 
sellers of Cleveland warrants quoted 5ls. 5d. cash, 
5ls. 64d. one month, and 5is. 7d. three months. 


Sulphate of Ammonia.—No change of any kind has 
taken place in the sulphate of ammonia market during 
the past week, and prices are steady, the current quota- 
tions i per ton, Glasgow, and 11/. 2s. 6d. per ton, 
Leith, both for prompt lots. 


Scotch Steel Trade.—The Scotch steel trade is quite 
idle at present, owing to the holidays, the weather 
for which has really been splendid, over the West of 
Scotland, at any rate. Not pe | does silence reign 
supreme in the works, but the selling departments are 
also very quiet, as little is being done in the way of 
booking new business. Inquiries are scarce, and contracts 
on offer are being largely snapped up by the agents for 
foreign manufacturers, at prices which local makers cannot 
look at. The holiday notices in some of the establish- 
ments intimate that work will be resumed on Monday 
next, but a restart then is rather doubtful owing to the 
unsettled state of the coal industry, and from the - 
vailing conditions it looks as if Monday week would be 
the more general date. The export trade is dull, and 
those lots which are being secured here are mainly for 
consumers who have a special preference for the Scotch 
article ; even at the best the tonnage is not heavy. Prices 
are steady. The half-year has m & poor one, and 
the => eg for the second part of the year are far 
from bright. 


Malleable-Iron Trade.—Since the various malleable- 
iron works closed for the holidays there has been very 
little inquiry, and also very little fixing up of new busi- 
ness. The foreign competition has told heavily on the 
local makers, and the past half-year’s work will not show 
up too well. 


Scotch Pig-Iron Trade.—Although there are actually 
no very visible signs of improvement in the Scotch pig- 
iron trade, some hold that the outlook is not so clouded 
as the majority make it appear. The threatened fight 
in the coal industry gives little cheer, and, despite 
that, prices have certainly an easier tendency when 
anything decent presents itself. The —— are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
66s.; Calder, Gartsherrie, Summerlee, and Langloan, 
66s. 6d. (all —— at pm ryt Gl (ad 
Ardrossan), 70s.; Shotts (at Leith), 66s. 6d.; and Carron 
(at Grangemouth), 67s. 





Trapr.—The Wolseley Tool and Motor-Car Company, 
Limited, announce that the name of the company has 
been changed to Wolseley Motors, Limited. 





Tae “ Buctetin or THE ImpeRiaL Instrrute.”—The 
current quarterly issue of the “‘ Bulletin of the Imperial 
Institute” (No. 2 of 1914) contains, pune the reports of 
recent investigations by the scientific and technical staff, 
the results of examination of samples of soils from Nyasa- 
land, of penguin guano from the Falkland Islands, and 
of flax from the Africa Protectorate, where, it is 
thought, there is every prospect of the cultivation of this 
fibre becoming established in Nyanza vince. Other 
wae relate to cocoa from Nigeria, copals from British 

est Africa, essential oils from various countries, and 
cohune nuts from British Honduras. A special article 
by Mr. W. Small, M.A., B.Sc., Botanist of the Depart- 
ment of Agriculture, Uganda, deals with coffee cultiva- 
tion in Uganda. It appears that coffee is now the 
staple crop of Euro planters in Uganda. The 
oe pe extended, and a large increase in the ex- 
ports of coffee may be looked for in the next few years. 
An article on ‘The Utilisation of Fish and Marine 
Animals as of Oil and Manure ” (Part I., Oils), 
discusses the composition and uses of fish oils, their 
sources and pre} tion, and also describes the present 
position of the whaling industry. Fur farming in ada 
and the tin resourcesof Malaya and India are dealt with. 
It is interesting to note that considerably more than half 
of the world’s supply of tin is produced within the 
British Empire ; the output in 1911, the latest year for 
which final figures are obtainable, was: British Empire, 
60,197 tons ; foreign countries, 54,051 tons. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The hard-steam market 
is showing a stronger tendency. Shipments are on a 
substantially larger scale, and a heavy tonnage is going 
into consumption in the armament worksand in the gene 
engineering trades. The only sign of weakness is in the 
demand from the lighter trades, where quietude reigns 
following a period of pressure. Collieries occupy a stron 
position, though forward business is not being ar 
with the freedom that might be expected, seeing that small 
concessions are being offered on last year’s contract rates. 
A moderate trade is passing in housecoal. Though greatly 
restricted, the output is quite sufficient to meet a slow 
demand from the South Yorkshire district and from the 
South. Prices are still on the easy side. A fair tonnage 
of gas fuels has been despatched, chiefly on works contract 
account. Slacks are steadier. Weakness in the Lancashire 
demand is not so conspicuous. Coke sags. The extent 
of over-production is still great. Quotations :—Best 
branch hand-picked, 15s. to 163.; Barnsley best Silkstone, 
12s. to 13s.; Derbyshire best brights. 11s. 6d. to 12s. 6d.; 
Derbyshire house, 10s. 6d. to 11s. 6d.; best la nuts, 
10s. to 1ls. 3d.; small nuts, 9s. to 10s. ; Yorkshire 
hards, 11s. to 12s.; Derbyshire hards, 10s. to 11s.; best 
slacks, 7s. to 8s,; seconds, 5s. to 6s.; smalls, 2s. 6d. to 3s. 6d. 


Tron and Steel.—A- period of marked stagnation in the 
raw material market has been followed by brisk buying 
of spot lots and some little inquiry on contract account. 
A be contracts have been arranged, but they are at 
exceptionally low figures, and only cover a brief period 
of delivery. In view of the low state of stocks, makers 
are hopeful of a revival in prices at any moment, and 
with this in view they are not disposed to a 
long-dated contracts at rates which are only barely 
remunerative. That consumers are not at all perturbed 
by what the immediate future will bring forth is 
shown by the way in which they are allowing sub- 
stantial contracts which will involve many months 
work to go uncovered. Foundry iron is by far the 
brightest medium. Reaction in forge qualities has con- 
tinued for so long that a slight improvement is hardly 
noticeable. A fair tonnage of hematite is being delivered 
at the big steel-making and engineering works. For 
special qualities the demand is good. iron does not 
make much headway. The South Yorkshire Makers’ 
Association has decided to retain the basis quotation of 
71. 5s. A big quantity of foreign material is going into 
local consumption for the manufacture of cheap finished 
goods, for which purpose makers declare that the price 
of locally-produced semi-finished material renders its 
uge prohibitive. Though seriously affected by the heat, 
the steel output does not fall far short of the average 
for this time of the year. But for a diminution in export 
requirements there would be little difference from the 

ition which obtained in the recent ‘‘ boom” period. 
Not only with the United States, but with Japan, British 
India, and Canada are exports seriously down. Com- 
paring the net returns for the quarter just ended with 
the figures for the yoy | period in 1913, the 
total decline in exports from Sheffield to the United 
States was 57,512/. The chief cause of this decline was 
the shrinkage in steel exports, which fell from 166,788/. 
to 126,225/., a decrease of over 40,000/. Declines were 
also shown in shears and edge and other tools. The heavy 
eqgeaning ame are well employed and have a hopeful 
outlook. ilway steel is 
and for Australia. Several big contracts on home railway 
and tramway account are in hand, including points and 
crossings for Doncaster and a heavy tonnage of axle forg- 
ings for London. Firms engaged in the uction of 
munitions of war are as busy as ever. It is stated that 
Messrs. Vickers, Limited, have secured an order for the 
supply to a foreign Power of 300 garrison artillery guns 
of 6-in. calibre. Activity in the lighter trades is not so 
pronounced. Makers of agricultural tools are experiencing 
afair season. Businessin alloys and steel billets is quiet. 





ContTracts.—We are informed that the Sirius Auto- 
genous Works Company, Stratford, London, E., have 
secured the order from the Schmidt’s Superbeating Com- 
pany, Limited, for a complete oxy-acetylene welding 

lant for their new works at Trafford Park, Manchester. 

he — is of the same capacity as that recently sup- 
wer y the Sirius Company to the British Westinghouse 

lectrical and Manufacturing Company, Limited, Man- 
chester. These plants will be the two largest automatic 
acetylene generators in this country.—Messrs. Stothert 
and Pitt, Limited, Bath, have just received an order 
from the Hull Joint Dock Committee for twelve electric 
cranes, and also a further order for four cranes for a new 
wharf on the Medway. All these cranes are fitted with 
their new ‘“‘ Toplis” patent horizontal luffing gear. 





British Coat Exprorts.—The exports of coal from the 
United Kingdom in the first half of this year—the ex- 
pression ‘‘coal” a and patent fuel—amounted 
to 36,146,907 tons, and when to this ie added coal shipped 
for the use of steamers engaged in foreign trade, the 
aggregate for six months becomes 46,329,064 tons. 
has accordingly leaving our shores this year at 
the rate of 92,658,128 tons per annum. The correspond- 
ing movement in the corresponding period of 1913 was at 
the rate of 94,270,348 tons per annum, and in the corre- 
sponding iod of 1912 at the rate of 70,445,222 tons per 
annum. The princi exports to June 30, this year, 
were :—Russia, 2,009,789 tons ; Sweden, 1,800,093 tons; 
Norway, 1,247,501 tons ; Denmark, 1,389,551 tons ; Ger- 
oe 4,202,651 tons; France, 6,818,125 tons; Spain, 
1,756,681 tons; Italy, 4,533,077 tons ; Egypt, 1,636,842 
tons ; and the Argentine Republic, 1,825,940 tons. 


being made for South America’ 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The slight improvement 
manifested in the inquiry for pig-iron during the week 
has steadied quotations. Though the orders have not 
been for large quantities, they have served to lend hope- 
fulnees to the sellers’ outlook, eee weer we | that the 
present output of iron is not being absorbed by current 
requirements. The quotations for Cleveland warrants 
are 51s. 34d. cash buyers, and 5is. 44d. to 51s. 5d. sellers. 
No. 3 g.m.b. realises 51s. 6d. per ton; No. 1 is 53s 6d. ; 
foundry No. 4 is 51s. 3d.; and forge No. 4 is 50s. 9d. 
per ton. There is not a great deal doing in hematite, 
which is maintained at 59s. per ton. For Rubio ore, 50 
r cent. quality, 17s. is the prevailing quotation. Blasbt- 
urnace coke is 17s. 6d., medium quality. delivered at 
Tees-side furnaces. 


Iron Trade Statistics.—The quarterly returns of the 
Middlesbrough Chamber of Commerce, issued this week, 
show that at June 30 last there were within the port of 
Middlesbrough 50 blast-furnaces in operation, out of 77 
built, as compared with 60 in blast and 77 built for the 
second quarter of a year ago. During the past three 
months the production of pig-iron in Middlesbrough was 
595,000 tons, 355,000 tons of which was Cleveland iron 
and 240,000 tons hematite, spiegel, basic, and others ial 
irons. For the previous quarter the output was 630,000 
tons, of which 330,000 tons was Cleveland, and 300,000 
tons hematite, &c.; for the second quarter of a year 

the make was 715,000 tons, 415,000 tons bei 
eveland, and 300,000 tons hematite, &c. The to 
output of pig-iron for the half-year amounted to 
1,225,000 tons, of which 685,000 tons were Cleveland, 
and 540,000 tons hematite, &c. Shipments of pig-iron 
from the port of Middlesbrough during the first six 
months totalled 546,940 tons, against 527,826 tons in the 
same — last year. The imports of foreign ore into 
Middlesbrough during the quarter reached 490,768 tons, 
as com with 519,045 tons during the previous 
quarter and 608,749 tons during the second quarter of 
1913. The total for the half-year was 1,009,813 tons, as 
compared witha total of 1,195,983 tons for the first half 
of 1913. The total value of goods other than coal and 
coke exported to foreign and Colonial destinations from 
Middlesbrough during the quarter was 2,730,720/., a 
decrease of 645,241/. on the previous quarter. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 81,426 tons, 
all of which is No. 3 quality. Since the beginning of the 
month the stock has been ino by 3137 tons. Ship- 
ments of oo from the Tees are on only a moderate 
scale. To date this month they average 2182 tons per 
working day, the total despatches being returned at 
41,475 tons, 37,092 tons of which have gone from Middles- 
brough, and 4383 tons from Skinningrove. To the same 
date last month the loadings were given at 49,988 tons, 
or a daily average of 2737 tons, and for the correspondi 
part of July, a year ago, the clearances reached 61, 
tons, or an average of 3212 tons per working day. 


Manufactured Iron and Steel. — More encouraging 
accounts are given of the different branches of manu- 
factured iron and steel trades. Specifications are coming 
in better. Inquiries for joists and constructional work are 
heavier, and prices for exportare hardening. An order for 
2000 tons of rails has been booked by the North-Eastern 
Steel Company for Southampton, at 6/. 18s. per ton, a 
German tender for6l. 12s. being rejected. It is expected that 
orders for 58,000 tons of rails will be placed in this district 
shortly. Principal market quotations stand :—Common 
iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 
7l. 15s.; packing iron, 5/. 5s. ; iron 47° 61. 15s.; 
iron ship-angles, 7/. ; iron ship-rivets, 7. 5s.; iron girder 

lates, 7/. 5s; steel bars (basic), 6. 5s.; steel bars 
et Y 61. 5s.; steel ship-plates, 6/.; steel ship-angles, 
51. 15s.; steel boiler-plates, 7/.; steel joists, 6/. 12s. 6d.; 
steel strip, 6/. 5s.; steel hoops, 6/. 10s.—all less the 
customary 24 per cent. discount; cast-iron columns, 
7l. 7s. 6d.; cast-iron railway chairs, 4/. 5s.; light iron 
rails, 7/.; heavy steel rails, 5/. 15s. to 5/. 17s. 6d.; steel 
railway sleepers, 7/.—all net at works ; galvanised corru- 
gated sheets, No. 24 gauge, in bundles, 11/. f.o.b.—less 
4 per cent. 





Messrs. Henry HOouuincprake AND Son, Limiren, 
Strocxrort.—On Saturday, the 18th inst., this firm of 
ironfounders, brassfounders, engineers, and general mill 
furnishers celebrated its centenary. It came into exist- 
ence just one hundred years ago, and has grown from a 
small foundry into a most modern concern, thoroughly 
well equipped for a number of different branches of 
manufacture. 


AMERICAN RaILRoADs.—The railroads of the United 
States, with annual traffic revenues exceeding 100,000 
dols., comprised 242,657 miles of line last year, as com- 

with 238,220 miles in 1912. The traffic receipts 
in 1913 were 3,125,135,000 dols., as compared with 


Coal | 2,826,958,000 dole. in 1912, The working expenses in 


1913 were 2,169,968,000 dols., as com with 
1,959,094,000 dols. in 1912. The number of passengers 
carried last year was 1,033,679,000, as compared with 
994,372,000 in 1912. The quantity of freight carried was 
2,058,035,000 tons, as compared with 1,818,795,000 tons. 
The number of locomotives owned was 63,375, as com- 
pared with 61,276 ; and the number of cars was 2,445,508, 
as compared with 2,368,942. The aggregate number of 
persons employed upon the lines last year was 1,815,239, 
as compared with 1,799,931. The average rate of divi- 
dend last year upon outstanding stocks was 4.28 per cent. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Admiralty steam coal has been firm and 
scarce. Good secondary qualities have shown a tendency 
to harden for forward loading, but they have shown no 
improvement for amy shipments. House coal has 
exhibited ecarcely any change, and the came may be said 
of coke, patent fuel, and iron ore. The best Admiralty 
large has made 20s. 6d. to 22s. ; best secondary descriptions 
have brought 18s. 6d. to 19s. 6d. ; other secondary quali- 
ties, 178. 3d. to 17s. 9d. ; best bunker smalls, 20s. 3d. to 
20s. 6d. ; and cargo smalls, 7s. 6d. to 8s. 3d. perton. The 
best household coal has been quoted at 19s. to 20s. ; 
households have made 17s. to 183. ; No. 3 Rhondda large 
has brought 17s. 6d. to 17s. 9d.; and smalls have been 
quoted at 12s. to 12s. 6d. per ton. No. 2 Rhondda 

has realised 12s. to 13s. ; and No. 2 smalla, 8s. to &s. 6d. 
per ton. Special foundry coke bas made 25s. to 29s. ; 
good foundry coke, 20s. to 23s. ; and furnace coke, 17s. to 
19s. per ton. As regards iron ore, Rubio has been quoted 
at 16s. to 16s, 6d. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

More Welsh Coal.—Mr. A. W. Brown (at one time a 
working collier in the Forest of Dean) has struck a good 
workable seam in the Tranchard vein in the Crossways 
Iron Mine Gale. The seam is 2 ft. 2 in. in thickness, 


Foreign Coal Contracts.—The Greek Government has 

d orders for 35,000 tons of best Admiralty large, 

,000 tons through a London firm, and 5000 tons through 

a Cardiff house—deliveries to be made during the next 

two months. Tenders for 20,000 tons of bituminous 

smalls required for the Belgian State Railways have 

ran) between lls. 3d. and 13s. 2d. per ton, according 

to the place of delivery. The tenders sent in amounted to 
165,000 tons. 


Gloucester Wagon Company.—The directors of the 
Gloucester Railway Carri and Wagon Company, 
Limited, report that the profit on the past year’s trading, 
after making provision for depreciation, was 80, 1331 
The disposable balance, after deducting an interim 
dividend paid in February, amounted to 69,995/. The 
directors to transfer 10,000/. to the reserve fund, 
which will then amount to 160,000/., and they recommend 
a dividend for the pact half-year at the rate of 10 per 
cent. per annum, making 10 cent. for the year. A 
balance of 41,601/. is carried forward. The company 
now repairs and maintains 26,631 wagons. 





Tue Mevuse.—Works are contemplated for improving 
navigation on the Meuse. It is pro to construct 
additional sluices, at an estimated cost of 160,000. Four 
tenders for the works have been received ; the lowest is 
that of Hottat and Sons, of Brussels (134,680/. ). 





Hvu...—A scheme prepared by the Hull city engineer 
for a floating landing-s at tion Pier, Hull 
was submitted to Mr. A. C. Hurtzig, who has forwarded 
@ report unfavourable to the project. A sub-committee 
had passed a resolution instructing the town clerk to 
forward Mr. ay St ny to the general manager of 
the Great Central Railway, and to inquire whether he 
would be prepared, with the Great Central Company’s 
engineer, to meet representatives of the Hull City Coun- 
cil in London at an early date to discuss a scheme for 
providing improved accommodation at the pier. The 
property committee of the Hull City Council has autho- 
rised the Hull 7 engineer to prepare a rough sketch 
showing how such improved accommodation could be 
provided. 


_ German Pic-Inon Propuction.—The production of pig 
in Germany and the Luxembourg in June amounted to 
1,531,313 tons, as commsees with 1,609,748 tons in June, 
1913. The total of 1,531,313 tons was made upas follows: 
—Casting pig, 248,608 tons ; Bessemer pig, 30,699 tons ; 
Thomas pig, 1,021,623 tons ; spiegel and steel pig, 192,753 
tons ; and puddling pig, 37,630 tons. The monthly pro- 
duction to June 30 this year compared as follows with 
P ering production in the corresponding period 
o! to 





1914 1913. 

Month. Tons Tons 
January .. 1,566,505 1,611,345 
February .. 1,445,511 1,498,877 
March... 1,602,896 1,929,463 
April j 1,534,429 1,588,701 
ay . 1,607,211 1,643,069 
June . on rs 1,531,313 1,609,748 

The aggregate output to June 30, this year, was accord- 





Sreet Car PaTents.—We are informed that a patent 
case of some importance has recently been decided in 
the United States, in the Court of Appeals of the Dis- 
trict of Columbia. The patent in question was one filed 
in 1906 by Mr. W. R. McKeen, relating to the construc- 
tion of steel box-cars. The first two box-cars built on the 
system involved were turned out from the Union Pacific 

ops in Omaha, 1906 and 1907. Since that date the patent 
has been con before Examiners - in - Chief, 
Commissioner of Patente, and the Court of Appeals, 
District of Columbia. The decisions settle the validity 
of the patent, which was therefore issued on June 19 last. 
The patent is for all-steel box-car construction. Such 
cars are rapidly coming into use in the United States, 
and are proving suitable to the requirements of modern 
traffic conditions. It may be pointed out, for instance, 
that while the wooden box-car is a constant source of 
annoyance in _ traffic, owing to leak through 
parts damaged by severe service, the steel box-car will 
carry grain with practically no loss. 
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FERRU-CONCRETE ARCHED BRIDGE OVER THE GUMTI RIVER AT LUCKNOW. 
MAJOR CROOKSHANK, R.E., AND MR. A. C. VERRIERES, C.LE., ENGINEERS. 
(For Description, see Page 122.) 
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EFFECTS OF SHORTER WORKING 
HOURS. 


In no recent labour dispute has the influence of 
trade-union methods on national industry been 
so clearly illustrated as in that which threatens a 
complete stoppage of work by all miners in Scot- 
land, if not throughout the United Kingdom. 
There is practically no justification for the attitude 
of the Scottish miners, whether consideration is 
given to its effect — the men themselves, upon 
trade unions generally, or upon national interests. 
Miners’ wages have, in many cases, for a long time 
been determined on a sliding scale with reference 
to the prevailing prices of coal, and the present 
wage in Scotland, which is 7s. per day, is 75 per 
cent. above the rates of pay in 1888. Decreased 
activity in practically every industry has involved, 
or threatens to involve, a lessened demand for coal, 
with the result that prices are diminishing, and 
there is great probability that the rates of pay will 
decrease. The miners of Scotland therefore took 
the extreme step of arranging that instead of 
working for 5 or 54 days a week, as at present, 


they—or at least a large proportion of them—would | Th 


adopt a four-day week, with the avowed object of 
so restricting the production of coal as to bring 
about an increase in the average selling price. 
In fulfilment of this policy it was pro that 
Monday next should be an idle bat but the 
owners decided that if the men abstained from 
work on Monday, all the miners in Scotland 
would be locked out. The men asked the 
Miners’ Federation of Great Britain, in such event, 
to declare a national strike, and this request was 
considered at a special conference at Southport 
last Tuesday and Wednesday. The Federation, 
however—although their president also occupies a 
similar position in the Scottish Federation—did not 
seem dis either to to a general strike 
or formally to support the miners of Scotland in 
their demands. n the other hand, the Scottish 
Federation have decided, obviously as a result of 
this week’s meeting in Southport, to abandon the 
four days per week programme. Should wages be 
reduced by the Conciliation Board under 7s. per 
day, the Scottish miners are authorised to strike 
immediately, and a ballot is to be taken of the 
whole country on the question of a national stop- 

e in support of the men in the North. Itseems 
improbable that such a stoppage will be agreed to, 
and, in any case, the Scottish miners have no 
definite ntee of immediate assistance. 

This brief statement of the case might pass 
without further comment, because it carries with 
it condemnation of the policy of the workers of 
the North. It is, however, so characteristic an 
example of the general trend of trade-union reason- 
ing that some further reference may be made to it, 


26 | in the hope that light may be thrown upon the unten- 


able attitude now assumed much too frequently. We 
have said that the policy is ruinous for the workers 
concerned. The chairman of the Scottish Federa- 
tion contends that if the wage falls below 7s. per 
day it would be ‘‘ nearly impossible for miners to 
live decently.” The best commentary on this is 
that the average time worked per week at present 
is five days, giving 35s. per week, whereas the full 
time would be six days, rendering possible a weekly 
wage of 42s. At the present time the men must be 
living decently on a wage considerably less than 7s. 
= day, otherwise they would work the full week. 

oreover, the proposed restriction of the days of 


40| labour to four per week would have brought the 


ave remuneration down to 28s. This, too, 
would have given the workers three days per week 
of leisure, and idleness in such circumstances 
involves more expenditure to ‘*‘ kill time.” 

We have at opportune times contended for 





liberal remuneration for labour, but this in itself, 
in the national interest, requires high industrial 
efficiency. Leaving aside for the moment the 
question whether short time or the artificial 
restriction of output in any country can be effica- 
cious in maintaining a higher average price for 
a product such as coal, it must be i 
that the amount of wage which can be paid 
to workers is in a large measure dependent upon 
the efficiency of the plant. The cost of production, 
and therefore the — selling price of a com- 
modity, is dependent upon three factors. The 
first, in point of importance, is the efficiency of 
the mechanism p in the hands of the worker ; 
the second is the continuity with which the workers 
use this plant, and, consequently, the volume of 
the product per unit of time and of labour cost ; 
and the third is the success of the management, 
not only in the working of the mine, but in the 
dis of the products in keenly - contested 
markets. If 10,0001. be paid over by the workers, 
the capitalist, the community, or even by Syndi- 
calists, for the installation of mechanical appli- 
ances to assist manual labour in the process of 
production, a return on this money must be found, 
and the greater the volume of output per unit of 
time the easier will it be to afford a high wage for 
the worker, in addition to an adequate return upon 
the money invested. If, on the aa hand, 10, a 
worth of machinery is utilised for four days per week 
instead of six days per week, with a consequent 
diminution of the tonnage, say of coal produced from 
a mine, 33 per cent. greater charge must be made 
against each ton of coal to provide on-cost charges 
and the same return on the 10,0001., in addition to 
the satisfactory wage. Herein lies the crux of the 
question of economy in production. Shortenin 
of hours must increase the cost of production, an 
consequently cannot conceivably, in a competitive 
market, gain for the workers a higher rate of wage. 
is argument applies to all workers in every 
factory. Instead of the wages varying with the 
selling price, according to the present application 
of the sliding scale, we should prefer to see them 
vary with the amount of time worked by each 
operative. The man who works six days per week 
is, other things being equal, more efficient than he 
who works only four or five days per week, because 
he enables a higher output to be obtained from the 
mechanical cgntlennes at his disposal and enables 
the incidental permanent charges to be spread over 
a wider field. If the arrangement were not too 
complicated, we shouid like to see the sixth day of 
a man’s weekly work paid at a higher rate than the 
fifth day. 

Memory is short, and the workers of one genera- 
tion never accept the experience of their prede- 
cessors. It is anaxiom that experience which is not 
directly expensive is seldom fully appreciated. In 
1894 the Scottish miners struck ihe. and appealed 
to their co-workers in England for assistance in the 
belief that if their object were attained those of the 
south would profit. The southerners profited 
because they continued at work producing coal 
which found its way to Scotland. At the same time 
they refused to make a formal strike allowance. 
The voluntary contributions worked out at a trifle 
over 1s. per man per week to those concerned in 
the Scottish strike Mr. R. Chisholm Robertson, 
a past-president of the Scottish Miners’ Federation, 
brings back to memory at the present juncture 
this salient lesson ; he points out that the move- 
ment in Scotland now has been forced a long way 
along the road of disaster without any definite 
arrangement with the Miners’ Federation of Great 
Britain to ensure co-operation or a definite scheme 
of help. Indeed, he goes further, and predicts that 
history will repeat itself. He says that, ‘‘ as in 
1894, the miners of England and Wales will con- 
tinue to work, take full advantage of the markets 
of the Scottish coal suppliers, give voluntary doles 
—not full lock-out allowances—the Scottish general 
public will be put to inconvenience and loss, and 
in pee and disaster the Scottish miners will be 
given another cruel lesson of the value of disregard- 
ing the teaching of dire experience.” Similar 
lan might be used in practically every strike. 
Mr. Chisholm Robertson himself enforces the point. 
‘“*If the Scottish miners had a monopoly of the 
home and foreign markets, they could, by restric- 
tion of output, raise prices to a high level—toa 
level determined by the necessity of general pro- 
ducers and consumers. To the extent that they 
have not a monopoly of supplying coal, the 
restriction must be abortive and, both imme- 
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diately and in the future, be hurtful to their 
interests.” As it is, ships are deserting the Clyde 
ports in anticipation of the lock-out or strike, and 
are taking their supplies from the English and 
Welsh, and even the German, ports, for foreign 
markets. At the present time no country, not 
even Britain, can said to have a monopoly 
in any branch of manufacture or production, and 
thus, when work is stopped, those seeking supplies 
necessarily look to other countries, whose workers 
profit by the cessation of production, ial or 
otherwise, in this country. Commercial relation- 
ship thus established under emergency conditions 
has the habit of becoming permanent, and conse- 
quently each strike closes many doors for the 
reception of the work of the producers on strike. 

Not only the men, but unions thus suffer seriously. 
In the report of the Chief Registrar of Trade Unions 
for 1912, which has been issued this week, it is 
shown that the miners’ strike of that year cost 
the miners’ union over one million sterling, while 
other unions, in paying unemployment benefit, lost 
very heavily. The unions in the transportation 
group, for instance, paid out 125,0001., or more 
than ten times as much as in the previous year ; 
two of the railwaymen’s unions, 100,000/.; and the 
engineering unions, 40,000/., due entirely to this 
one strike. And yetit is doubtful if any advantage 
accrued even to the miners’ union. 

Even greater and more widespread effects always 
result to the nation from shorter hours. An effective 
example is that of the colliers, because coal is one 
of those products which is universally utilised, and 
any change in the price affects every citizen. The 
ostensible object of the Scottish coal-miners’ action 
was to increase the selling price. If they had 
achieved their purpose, the loss would have fallen 
upon every citizen, either in his work or in his home. 

e loss, too, would have been immensely greater 
in its aggregate effect than any gain which the 
miner might have secured ; because not only would 
the coal-winner have been paid an inflated wage, 
since he would have worked shorter time, but addi- 
tional loss would have been involved owing to the 
mechanical appliances at the mine being idle over a 
considerably longer period per week. The user has 
to pay, as the maintenance of the selling price in 
Scotland at an artificial level would have minimised 
the influence of competition ; coal imported from 
England or Germany would only have been sold at 
about, or slightly less than, the “ demanded by 
the home producer. Again, as the increased charge 
for coal at every factory would have involved higher 
cost for steam power, the effect would have been to 
enhance the cost of production of all manufactures. 
In turn, this would have consequently added a 
handicap to Scotch producers in the competitive 
markets of the wen g and would have resulted in 
less demand for labour in other industries. These 
are truisms well understood by all who take time 
for reflection, but the trade unionist of to-day is too 

rone to neglect the national interests, and there- 
fem every opportunity should be utilised for 
enforcing these economic truisms. 





FUEL - BRIQUETTING INVESTI- 
GATIONS. 

Tue manufacture of fuel-briquettes is now well 
established as a commercial process on the Continent 
of Europe, and, so far as the demand periits, in 
Great Britain. But in the United States, in spite 
of the vast fields of lignite, or brown coal, which 
are available, the industry cannot be said to have 
attained a proper foothold. Up to 1912, in fact, 
there were only twenty-four American plants in 
operation. For this reason the Government 
arranged an exhaustive series of experiments on 
the briquetting of Americal fuels, and a mass of 
useful information has been collected. The results, 
which are given in great detail, are published in 
Bulletin No. 58 of the U.S.a. Bureau of Mines, 
and cover a period of eight years’ work, from July, 
1904, till July, 1912. 

Briquettes are made by compressing the finely- 
ground material into solid blocks, under a suffi- 
ciently high ressure. The blocks, if made from 
lignite suitably treated, are then cohesive, with- 
stand handling, and keep their shape in the fire. 
But with anthracite, bituminous, and sub-bitumi- 
nous coals, and even with certain lignites, cohesive 
blocks cannot be made without the use of a suitable 
binding material to keep the particles ther. 
More binding material is required with anthracite 
than with bituminous coals, but peat, like lignite, 





can be briquetted by pressure alone. The binder 
which has been most commonly in use up to now is 
pitch ; but, unfortunately, briquettes made with 
this material are very smoky in burning. Hence 
many of the United States experiments have been 
devoted to discovering suitable substitutes. In this 
respect the chief difficulty which has been encoun- 
tered is that smokeless binders are generally not 
waterproof, and can be made so only at a more or 
less prohibitive cost. As shown by the experiments, 
however, the difficulty is not an insurmountable one. 

The use of briquettes, so far as anthracite and 
bituminous coals are concerned, lies in the utilisa- 
tion of the fine or small coal. Although some fine 
coals coke when burning, most of them remain in 
their natural state, with the result that the dust 
clogs the draught, or falls through the bars with 
the ashes. Well-made briquettes, on the other 
hand, retain their form in the fire, and allow of a 
good air circulation being established. It follows 
that, where the difference in price between lump 
and fine coal is sufficient, they can be manufactured 
and sold at a profit. Other advantages which 
briquettes possess over ordinary coal are that they 
burn to a fine ash without clinker; the stoker’s 
work is easier ; the evaporative power, owing to the 
higher calorific value of the binder and the loss of 
moisture, is increased ; more resistance is offered to 
the weather ; and the risk of spontaneous combus- 
tion is eliminated. 

In the case of lignite, which requires no binder, 
and in its natural state contains a high percentage 
of moisture, the advantage of briquetting requires 
no demonstration. A series of tests reported in 
the United States bulletin shows that, where 
the moisture content of the samples varied from 
33 per cent. to 42 per cent., from 24 per cent. 
to 32 per cent. was removed in briquetting, and 
the heating value of the fuel was increased by from 
36.5 per cent. to 52.4 per cent. 

These experiments are of the highest importance 
to Americans, but, in view of the smallness of our 
lignite supplies, do not possess the same interest 
for us. The principal European lignite fields are 
located in Germany and Austria-Hungary. In this 
country, where chiefly bituminous and anthracite 
coals are produced, it is with the working up of 
the ‘‘ smalls” of these coals that we are concerned. 
Our output is smaller in proportion than that of 
other European countries, for the reason that 
briquettes have not been adopted to any great 
extent in our locomotives and steamships. 

The plant required for making briquettes from 
anthracite or sub- bituminous coals includes a 
coal-elevator, pitch-cracker, pitch-elevator, mea- 
surer, mixer, disintegrator, compo-elevator, vertical 
heater, briquetting-machine, and briquette-con- 
veyor. The coal is fed into the elevator direct 
from the wagons, and the pitch, after going 
through the cracker, falls into the boot of the 
pitch - elevator. Both are then discharged into 
the mixer and measurer, which consists of two 
screw-conveyors—a large one for the coal, and 
a smaller one for the pitch. The pitch falls 
from the smaller conveyor on to the coal in the 
larger conveyor below, and so becomes mixed 
with it. The compo is then elevated and dis- 
charged into the vertical heater, which forms 
commonly a part of the briquetting-machine itself. 
In the heater the mixture is heated up, either by a 
steam-jacket or by the injection of live steam, 
preferably superheated, and is at the same time 
more intimately mixed by revolving beaters. The 
semi-plastic material is finally fed into the moulds 
of the briquetting-machine, which are arranged on 
either a vertical or horizontal table, and a system 
of levers press it from both sides into rectan- 
gular blocks, under a pressure of about 2 tons per 
square inch. Facilities are provided for filling 
and discharging the moulds, for giving a rotatory 
feed to the table, and for varying the pressure. 
For the smaller eggette or ovoid briquettes, which 
are now in many cases replacing those of rectangular 
shape, a different type of machine is used, and the 
moulds are formed in the peripheries of rollers, 
which press on tangential feed-slides. In the 
case of lignite and peat briquetting, the material 
is forced through a tapered tube in a continuous 
stream, and is cut off by a wire cutter into cylin- 
drical briquettes of the required length. Portable 
plants for railway use have also been designed, and 
a typical example was described in ENGINEERING 
for April 3, 1914. 

The English plant, by Messrs. William John- 
son and Sons (Leeds), Limited, used in the 





American experiments, was substantially as above 
described, except that it was modified in several 
respects to meet the needs of the experimenters. 
The principal alteration made was in the measure- 
ment of the coal and binder. To ensure absolute 
accuracy, this was effected by the use of ——— 
scales, instead of by differential conveyors. In the 
first American plant, by the Renfrow Briquet 
Machine Company, St. tak horizontal heating 
cylinders were used, fitted with worm-conveyors, 
instead of beaters, Otherwise the arrangement 
closely resembled that of the Johnson plant. But 
in the case of the second American machine, by the 
American Compressed Fuel Company, Chicago, a 
different design was adopted. After being 
measured, the coal was dumped into a steam- 
jacketed mixer, where the pitch, which had pre- 
viously been melted and measured, was mixed with 
it. The mixture was then fed into a roller-press, 
and formed into briquettes of the eggette type. 

For lignite, a German plant by the Maschinen- 
fabrik Buckau Actien-Gesellschaft, of Magdeburg, 
was used. The lignite, before entering the tube- 
press, which created a pressure of 14,000 lb. to 
28,000 lb. per square inch, was treated in a set of 
crushing rolls, a rotary drier, sieve, auxiliary crush- 
ing-rolls, and cooling-plates with scrapers. The 
equipment also comprised a small hydraulic hand- 
press for making preliminary experiments. 

The experiments were divided into three periods. 
From 1904 to 1907 the work was carried on at St. 
Louis, and the Johnson, American Compressed 
Fuel Company, and Renfrow machines were used. 
From 1907 to 1910 at Norfolk, the Johnson and 
Renfrow (improved) plants were employed, together 
with a German Schlickeysen peat-machine. And 
at Pittsburg, from 1910 onwards, the experi- 
ments were confined to the German lignite plant 
and to the smaJl hand-press, although the English 
machine has been placed on its foundation. 

The physical tests to which the briquettes were 
subjected were called the ‘‘drop” and the ‘‘tum- 
bler,” the absorption, density, weathering and 
compression tests. In the first, the briquettes 
were dropped on the floor, and the pieces, which 
were held hy ascreen with 1 in. square holes, were 
dropped again. This procedure was repeated five 
times, and the weight of the pieces, which, after 
the fifth drop, would not pass through the screen, 
was determined. In the tumbler test a weighed 
quantity of the briquettes (about 501b.) was 
rotated for two minutes at 28 revolutions per 
minute in a sheet-steel cylinder. The parts which 
were held by a l-in. screen and a 10-mesh sieve 
were then weighed. The absorptive qualities of 
the briquette were tested by weighing, and the 
rate of absorption each day, and the time required 
for the absorption to become complete, or for the 
briquette to disintegrate, were determined. The 
density was taken by means of a Nicholson hydro- 
meter, and the weather-resisting qualities were 
assessed by observations extending sometimes for 
as long as 286 days. For measuring the crushing 
strength a 200,000 lb. Olsen testing-machine was 
employed, although it is stated that the amount of 
handling which the briquettes will stand is given 
more accurately by the tumbler and drop tests. 

The chemical tests included analyses and mois- 
ture tests, and extraction tests, usi carbon 
bisulphide as a reagent, were made to Sitemaine 
the percentage of bitumen in the raw and the 
briquetted fuel. To determine the evaporative and 
burning qualities, the briquettes were burned 
under a stationary boiler. Special tests were 
also made on locomotives and on a torpedo-boat, 
and in domestic furnaces and foundry cupolas. 
The locomotive tests show that the evaporative 
efficiency of briquetted as compared with raw 
fuel is greater ; that firing is easier ; and that both 
the clinker and smoke produced are less. On the 
torpedo-boat it was found that there was no gain 
in smoke production, or in efficiency, but that the 
work of the stokers was lightened, and the boiler 
capacity increased. The domestic furnace tests 
— that, for the low temperatures common in 

ouse-heating boilers, pitch is an unsuitable binder, 
as it volatilised and escaped unburned, or became 
deposited as tar. It also gave rise to too much 
smoke. 

In the experiments the question of what binder 
can be used has naturally been investigated in 
great detail. The coal-tar pitch binders at present 
employed briquettes which are water-proof, do 
not crumble during transport, leave little ash, and 
can be manufactured at a reasonable cost. Uther 
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binders, notably cereals and ‘‘sulphite pitch” 
(selpech) have an advantage over pitch, inasmuch 
as they are smokeless in burning, but they are un- 
fortunately not water-proof, so that the briquettes 
crumble after exposure to the weather. Such 
briquettes can easily be rendered water-proof, but 
the cost has hitherto been considered prohibitive. 
The American experimenters, however, state that 
their investigations on this head show that the 
discovery of a cheap water-proofing process is not 
an impossible achievement. And the patentee of 
Middleton’s starch binder declares that he has 
already solved the problem, using 2 per cent. of 
cereal and 4 per cent. of tar, against, in the ordi- 
nary process, 8 per cent. of pitch. The cost of 
manufacture, he claims, is cheaper than in the 
pitch process so long as the price of pitch is above 
42s. 6d. per ton. He states that the fuel, after 
exposure to the weather for several weeks, shows 
practically no deterioration. 

In addition to detailed experiments with various 
kinds and percentages of pitch, the bulletin reports 
the testing of a large number of other binders. 
These include creosote, asphalt, petroleum (both 
of parafiin and asphalt bases), lime, clay, wax tail- 
ings, and sludge ; various wood products, such as 
resin, tara, wood pulps, and sulphite liquor ; 
various sugar-factory residues, such as beet pulp, 
lime cake, and the different molasses; starches, 
slaughter-house refuse, and petroleum products. 

In the tests of pitches it was found that the 
pitch obtained from the distillation of petroleum 
gas-tar gave the best results, although other pitches 
distilled from by-product coke-oven tar, illuminat- 
ing-gas tar, and producer-gas tar proved quite satis- 
factory. Water-gas pitch, another binder tested, 
has an advantage over ordinary coal-tar pitch in 
that the proportion of free carbon present is only 
10 per cent., as against as much as 30 to 40 per 
cent. with the ordinary material. The free carbon 
is useless as a binder, and acts merely as a diluent 
of the bituminous matter. In all pitches it is 
important to select a material that is not too hard. 
The actual hardness required varies with the time 
of year and the climate ; but, generally speaking, 
it was found that pitch which becomes brittle when 
dropped into water at 55 deg. Fahr. is of the correct 
texture. The harder pitches have been robbed of 
the creosote and lighter oils during distillation, so 
that pitches from which these oils have been dis- 
tilled off should be avoided. It is also better for 
briquetting purposes that the pitch should be 
prepared in this way rather than by distilling all 
the oil, and then reducing the pitch with the naphtha- 
line and creosote oils, as is' sometimes done. As 
an example of the disadvantage of using the harder 
pitches, it may be said that in one experiment with 
a pitch of this kind, 13 to 18 per cent. was found 
necessary to make good briquettes, while, when a 
pitch with the proper amount of light oils was 
tried, 6 to 9 per cent. proved sufficient. Other 
experiments show that from 74 to 14 per cent. of 
volatile oils is the correct proportion to give the 
proper binding qualities, and that from 6 to 9 per 
cent. of pitch of this kind will make good briquettes 
from most bituminous and anthracite coals. To 
mix with a non-coking coal 10 to 20 = cent. of a 
coking coal is better than increasing the percentage 
of pitch. 

f the other binders tried it was found that 
clay, lime, cement, magnesium oxide, plaster-of- 
is, acid sludge, sugar-factory residues, slaughter- 
ouse refuse, and wood products are all unsatis- 
factory, although some of the last-named give good 
results in combination with other binders, and 
seem for that reason to deserve further investiga- 
tion. Wax-tailings give fair results, but are not 
considered altogether satisfactory, while crude 
petroleum, although answering well, is deemed 
unsuitable for working on a commercial scale. 
Resin, used in conjunction with pitch or petroleum, 
and a percentage of lime to prevent smoking, 
makes a good binder; but here, again, the cost 
makes commercial application impossible. As- 
phalts are also rather too expensive in most 
places, and give only fair briquettes, but asphaltic 
tar was found useful as a water-proofing material 
in briquettes made with starch. 

In fact, the only really good binders besides pitch 
were found to be starch or flour, and sulphite pitch. 
None of these is water-proof, but a careful study 
was made of water-proofing processes, and, as atated 
above, it is believed that a successful and inexpen- 
sive process can be discovered. When using corn 
starch only 2 to 4 per cent. is required with ordinary 





coals. The briquettes made with this binder were 
found to be smokeléss. They held their shape 
well in the fire until completely consumed, and, 
although the heat value of the binder is small, it 
leaves no ash. Messrs. Yeadon, Son and Co., of 

. are, we understand, constructing a plant 
for Russia to briquette lignite, with a binder made 
of finely-ground meal and mazut, and a small pro- 
portion of pitch. 

Sulphite pitch, also known as cell pitch, is made 
from the waste liquors which are produced in the 
sulphite process of manufacturing paper pulp from 
wood. Until recently these liquors had no com- 
mercial value, and their proper disposal was a 
serious matter, since, if ~s ed into rivers, 
they polluted the water and killed such fish as 
were contained in it. In making the pitch, the 
liquor is concentrated to a syrup in a sextuple- 
effect evaporator, and solidified into pitch as a 
thin film on two rotating steam-heated drums. 
With some coals, less than half the quantity of 
cell pitch is uired as compared with ordinary 
pitch; but with others, in the American experi- 
ments, the percentage necessary was the same for 
each material. German experiments, on the other 
hand, incline to the smaller value. Briquettes 
made with this binder are smokeless and odour- 
less, and the price of the material, if there are 
cellulose mills at hand, is low. In the Pollacsek 
process, used by the Hungarian Government for 
its collieries, sulphite liquor is employed, and from 
3 to 5 per cent. is found to give good briquettes. 
The briquettes made with sulphite pitch can be 
rendered water-proof by drying at a temperature 
of 300 deg. Cent., or by the addition of certain 
chemicals, the nature of which at present is not 
divulged. With the latter process, the cost of 
water-proofing is estimated at Is. 6d. per ton of 
briquettes. It is thought at present that the sul- 
phite process will be more useful for anthracite 
than for bituminous coals, but that it also will be 
widely employed in preference to pitch in bri- 
quetting ores for smelting. 

The cost of manufacturing briquettes in England, 
exclusive of materials, is estimated at about 1s. 6d. 
per ton of briquettes, and, using 8 per cent. of pitch, 
the cost of the binder will be about 3s. per ton of 
briquettes. The cost of the binder, using 2 per cent. 
of cereal and 4 per cent. of tar, will be about the same, 
on Middleton's process, when the cereal costs 71. 10s. 

rton. In Germany the cost of making lignite 

riquettes, including all materials, works out at 
7s. 6d. per ton, the lignite being taken at $d. per 
bushel. 

There is evidently a large field for the develop- 
ment of this industry, and the briquetting of ores 
for smelting, which has not been investigated in 
the American experiments, is likely to even 
more important than the briquetting of coals. Not 
only iron, but copper, nickel, and other ores can 
be made into briquettes with advantage. 





THE TURKISH NAVAL CONSTRUCTION 
WORKS. 

Ix December last the Ottoman Government 
granted a concession to the two great naval con- 
struction firms, Messrs. Vickers, Limited, and Sir 
W. G. Armstrong, Whitworth and Co., Limited, 
for the re-organisation and complete control of the 
docks and arsenals at Constantinople, to fit them 
immediately for the repair and refit of naval and 
mercantile ships, and, as soon as possible, for the 
building of all types of vessels. All the prelimi- 
nary work has been completed, practical operations 
have commenced, and it is therefore possible to 
give some idea of the scope of the work. The 
new company have taken over the dry docks at 
Constantinople, with the existing workshops there, 
and the arsenal at the Golden Horn. At the 
former, which has a very extensive water frontage, 
there are three graving-docks, one of then 513 ft. 
long and 62 ft. wide, with a depth of ae on the 
sill of 29 ft., while the corresponding dimensions 
of another are 400 ft., 72 ft., and 35ft. It will be 
obvious that these were not sufficiently large to 
take the present-day battleship, and the con- 
cessionaires have lost no time in ordering a floating 
dock, which is to have a lifting capacity of 33,000 
tons. This will be moored at a new establishment 


on virgin soil on the southern shore of the Gulf of | Me’ 


Ismid, some 50 miles from Constantinople. Here 
large workshops are to be erected to undertake 
repair work on the ships while in dock. It is con- 
templated that the tron-workers’ shed, for in- 


stance, will be 250 ft. by 150 ft., the engineers’ 
shop 250 ft. by 100 ft., and the woodworkers’ shop 
150 ft. by 100 ft.; but in all cases these buildin 
will be so arranged that they can be fran ~ 4 
while provision is made for shipbuilding berths. 
A wharf for the importation of material is being 
constructed. A new town is arising, and it is 
worth noting that the rent is to be from a sixth to 
an eighth of the wages paid. Indeed Ismid pro 
mises ultimately to be a very important naval base, 
the anchorage being specially satisfactory. 

Repair work is in progress already at the exist- 
ing works, the graving-docks being adequate for 
the great majority of merchant vessels frequenting 
Constantinople and trading through the Bosphorus. 
and as no adequate repairing facilities exist in this 
region of the Mediterranean, the advent of the 
Armstrong and Vickers firms is welcomed by the 
mercantile marine interests. The buildings, both 
at the docks and arsenal, are substantial masonry 
structures, but the roofs require extensive repair. 
The machinery equipment is moderately good, but 
not powerful or efticient enough to deal with the 
overhaul of modern turbine and gun-mounting 
machinery. There is, therefore, in progress a 
rearrangement of the departments and a large 
amount of new machinery is being ordered. All 
such machinery is to be exempt from customs duties. 
There are three building-berths at the works, but 
the declivity is too great, so that they will be 
reconstructed and lengthened. 

The intention as regards new construction is 
to hasten slowly : destroyers will first be under- 
taken, then scouts, and probably in two years or 
so second-class cruisers, followed by battleships 
of all classes. Similarly, the Ottoman Government, 
while eager to o ise a personnel of Turkish 
officers, have pl few restrictions on the Eng- 
lish companies, being content to repose full con- 
fidence in them. Thus the majority on the Board 
of Directors will always be British, for the first 
five years the chairman wil) be English, for the 
second ten years Turkish, and thereafter an 
English and Turkish director will preside for 
one year alternately. Two Commissioners are to 
represent the Ottoman Government, but they 
have no vote; their’s is a watching brief, for 
it will be understood that all work done for the 
Ottoman Government is to be paid for on the 
time and material principle, plus establishment 
charges and a fixed profit of reasonable amount 
from the point of view of both parties. Of course, 
as many native workers as possible will be em- 
ployed, but there are no stipulated limits, as is 
often the case under analogous contracts. The 
staff is almost entirely British. Apprentices are 
to be trained and evening classes instituted, 
and at the end of ten years 50 per cent. of the 
entire staff are to be Ottoman subjects. The 
hours worked are to be nine and a-half per day, 
and the wages of Ottoman workmen range from 
2s. 2d. per for labourers to 4s. 6d. for platers 
and blacksmiths, the great majority getting about 
3s. 8d. per day. The concession is for a period of 
thirty years, and during that period no other works, 
company, or private party, whether Ottoman or 
foreign, will be granted any concession or authori- 
sation for the working of docks or naval or 
military construction works in Turkey. The im- 
portant outstanding feature is the will of the 
Ottoman Government to encourage British enter- 
prise, to ensure a fuller influence for Britain in 
the Near East, and closer association with British 
shipping and industry. 





JAPANESE INSTITUTION OF 
ARCHITECTS. 

On June 6 and 7 last the Japanese Institution of 
Naval Architects held a meeting at Tokyo under the 
arg cm | of Vice-Admiral M. Kondo, one of its 

ice-Presidents. On this occasion, in addition to 
papers being read, visits were made to some works 
of interest in Tokyo and to the Taisho Exhibi- 
tion, now being held there. There was also a 
social gathering at the close of the meetings. The 
princi — read were as follow :—‘* The Sal- 
vage of the Umegaka Maru,” by Mr. M. Haramiishi, 
Engineer to the Miteu Bishi Dockyard and Engi- 
neering Works, Kobe ; ‘‘A Self-Recording Strain- 

ter,” uy Professor 8. Terano, and Assistant 
Professor T. Yamamoto, both of the Tokyo Imperial 
University ; ‘‘ Ramsbottom’s Packing-Rings,” by 


NAVAL 





Mr. Kenji Nakagawa, Engineer to the Mercantile 
Marine Bureau, Department of Communications ; 
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‘* Standardisation of Experimental Data of Engine | 
Fuels,” by Engineer-Captain Miyagawa, I.J.N.; and | required were 


The tripods, platform, and other parts not 
i then removed, and a cofferdam, 


“* Safety at Sea,” by Professor F. P. Purvis, Tokyo | 242 ft. in length, was constructed and made water- 


Imperial University. The last of the papers just | tight. 


Precautions were taken to prevent the bow 





damage was done. As the amount of water 
aboard was reduced, a list of 12 deg. to port was 
experienced. The cofferdam and other temporary 
structures were then removed, the list thereby 


mentioned we print in full on page 140 of the | from rising prematurely. The pumps, d&c., were | lessened, and the pumping continued until, on 
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THE *‘ Umecaka Marv.” 


present issue ; of three others we now propose to 
give summaries. 


Tre SaLvaGE or THE *‘ Umecaka Marv.” 


This ship belonged to the Japanese Volunteer 
Fleet, and was sunk in September, 1912, in the 
Straits of Moji. The paper acknowledges the 
assistance rendered in the raising of the ship by 
Mr. A. P. Macfarlan, special officer of the Salvage 
Association, London, and describes the work of 
salvage as carried out by the author’s company. 
The ship lay on her port side on hard sand, in 
6 to 9 fathoms at mean tide, the starboard side 
forward being just awash at ebbtide. The strength 
of current in these straits is given on the chart 
as 24 knots, but is probably more. Salvage work 
was commenced in November, 1912. 

In order to get the ship on a level keel the rooms 
between the Sater del and boat-deck were first 























made water-tight in seven sections, and buoyancy 
obtained at this part of the ship by pumping them 
clear of water. Three tripods, each 40 ft. high, 
were next erected on the starboard side of the 
hull and were suitably stayed by guys, the arrange- 
ment of these being shown by Figs. 1, 2, and 3, 
annexed. To the tops of the tripods tackles were 
connected capable of exerting a pull of 50 tons at 
the top of each tripod, the tackles being attached 
to three 6-in. wire cables, which were led off a con- 
siderable distance and connected to three groups of 
anchors suitably disposed. The centre group con- 
sisted of two 3-ton and two 2}-ton anchors, while 
the outer groups each consisted of two 3-ton and 




















one 24-ton anchors. 

The falls from the tackles were led to the salvage 
steamer Arima Maru, and to a large rock-breaker, 
which were equipped with the necessary hauling 
plant, and these vessels again were connected to 


the Umegaka Maru. bg a mer occupied by the | adjusted until they consisted of the following :—Ten 
-breaker, together with | centrifugals, 8 in. to 12 in.; two specials 
the arrangement of the moorings and the tackle | two pulsometers, 10 in. 


Arima Maru and the 
generally, are clearly shown by 


e plan, Fig. 2. 
To assist the 


righting forces thus applied two 


ground and the port sheer-strake, and, in addition, | the shi 


weight in the form of sand-bags was applied to/| practically level keel. 


the starboard side. 
first operation was successfully carried out, and | holdi 
the ship brought to a level keel on March 19, 1913. | from 





final operations were commenced on 
By judiciously drawing from the different connec- 


200-ton hydraulic jacks were placed between the | tions through the eng ae and pulsometers 
ily to 


the stern dragged, and the shi 
er position, but was checked before any 


Fig. 5. 


Figs. 4 anp 5. A Sexr-Recorpinc Strearn-Merer. 


May 18, the maximum draught was brought to 
, 18 in.; | 24 ft. ; the ship was then towed to a safe mooring 


Using these appliances the |in Moji Harbour, and, after small repairs, was 


the surface ona| The instrument described in the 


There was a danger at one/|fessor S. Terano and Assistant 
After due adjustments, the|time of the current taki 





y 15, 1913. | finally towed by easy stages to Kobe. 


A Setr-Recorpine Strram-Merer. 


per by Pro- 
rofessor T. 


charge ; the anchors | Yamamoto is an outcome of Mr. Stromeyer’s well- 
swung |known arrangement made self - recording, and 
applicable to launching observations in the first 
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instance, but also ultimately to the recording of making the indicator a little heavier and stiffer. | against A by a small spiral spring C set in balance 


stresses at sea. The authors hold that while Mr. A general diagram showing the arrangement of the| with the long tube D; the 


er end of D is 


Stromeyer’s idea was an indicator almost weightless instrument is given in Fig. 4, and a photographic | connected to the micrometer E, which is also 








(4096.F) Run wv Feet. 





(4096.6) Distance in Feet. 


Fics. 6 to 9. Dracrams or Launcuine Stresses FROM Seir-REcoRDING 
Srrarn-MEtTER. 


and inertialess, they had found that at the time of | view in Fig. 5, page 128. From these views it will 
the launch of a ship changes of strain were so slow | be seen that there are two sliding blocks A and B ; 
and gradual that practically no shocks have to be A is fixed to the stand of the instrument, and 
provided for; they are therefore justified in| through it to the ship’s structure, and B is held 
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Fies. 10 ro 15. Exeerments on Ramssorrom 
Piston-Rinas. 


attached to the ship’s structure. Small triangular 
ooves are cut in the faces of A and B, and a 
ife-edged hard-steel pin F is inserted between 
them; an aluminium needle G, attached to the 
pin F, and carrying a light pen P at ite end, 


| . 
| registers on the drum Q, covered with smoked paper, 
|the relative movement of the blocks. Another 


pen 8, fixed to the stand, traces a base line. The 
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relative movements of A and B (due, for instance, 
to strain in the ship’s structure between F and E) 
are thus magnified and recorded ; the micrometer 
E allows a scale to be made for accurate calibration. 
For use in connection with launching observations, 
two more pens, T and R, give time and the distance 
run by ship. 

Three of these instruments have now been made. 
They have been used at the launch of the Anyo 
Maru, Sakaki Maru, H.J.M.S. Kirishi and 
H.J.M.8. Haruna, with results shown in Fi s. 6 
to 9, page 110. In the Anyo Maru (460 ft. by 60 ft. 
by 32 ft. 6 in.) the instrument was placed on the 
upper deck, with length FE = 5 ft. A maximum 
compressive stress of 1.57 tons per sq. in. (taking 
E = 13,400 tons) was recorded at a position a little 
after that of lift at stern, by calculation (Fig. 7). A 
Stromeyer’s indicator alongside showed 1.47 tons 

rsq.in. In the Sakaki ru, of the Volunteer 

leet (358 ft. by 46 ft. by 26 ft.), the instrument 
was placed on the bridge-house ; the record (Fig. 8) 
shows 0.5 ton per sq. in. compression at 70 ft. run, 
0.4 ton tension at 200 ft., and maximum compres- 
sion 1.3 tons ata position 30 ft. after lift at stern, as 
calculated. In the cruiser Kirishima (27,500 tons) 
two instruments were used, one placed on the flying- 
deck, the other on the tank top. Some peculiarities 
in the record of the latter seem due to local strains, 
and some failure to give a proper record affects the 
maximum reading of the former; but maximum 
compression of the latter is well shown (2.75 tons), 
and the sudden change from tension to compression, 
and vice versd, just as the ship left the ways is 
recorded as simultaneous (Fig. 9). Her sister-shi 
Haruna gives a more satisfactory result, wi 
maximum tension 3.8 tons. The vertical vibra- 
tions (about 60 per minute), occurring immediately 
after the ship left the ways, are well repre- 
sented by the variations in the recorded strains 
(Fig. 6). 

Ramssorrom Packine-Rinos. 

In this paper the author describes experimental 
investigations into the distribution of pressure 
round the ring ; (a2) when the inner circle is concen- 
tric with the outer ; (8) when it is eccentric ; and 
(1) when the rings are turned once only ; (2) when 
they are tightened after the first turning with a 
strong belt and returned. In addition he suggests 
a modified design of ring, with the inner surface 
formed of two half-circles differing slightly in their 
eccentricity from one another, as well as from the 
outer surface. Fig. 10, page 129, shows this design 
(upper part the chain line) in comparison with 
Unwin’s theoretical curve.* Mr. Nakagawa’s experi- 
ments were made as follow :—His a tus con- 
sisted of two cast-iron straps SS, Fig. 11, having 
inside diameter 64 in., turned to a true circle; 
another ring, having 64 in. outside and 6 in. inside 
diameter, was cut into a number of separate pieces 
or blocks BBB. The Ramsbottom ring to be experi- 
mented on was inserted inside the blocks B 8 B 
and the strap SS screwed up, the eondition thus 
approximating to a ring inside a cylinder 6 in. in 
diameter. The force needed to move each of the 
blocks BBB was then ascertained by a simple 
mechanism (lever and weight) ; as no lubricant was 
used, this frictional force was taken as a measure 
of the pressure exerted at the several blocks. The 
Ramsbottom rings upon which Mr. Nakagawa 
experimented had all a depth of } in., and a mean 
thickness of ,',; in. ; excess of outside diameter of 
ring over cylinder diameter, } in. Several diagrams 
are given, and of these, four only are reproduced 
on page 129, viz. :—Fig. 12—Ring with inner and 
outer circle concentric, once turned; Fig. 13— 
Circles ,; in. eccentric, once turned; Fig. 14— 
Circles concentric, double turned ; Fig. 15—Ring 
with two half inner circles, one ,; in., the other 
#y in. eccentric from the outer. 

The radii vectors of the curves drawn on these 
diagrams represent the pressures in the various 
cases. Uniformity of pressure is obviously the 
ideal condition to be aimed at ; zero values at one 
part of the circumference mean enhanced values at 
others, and the author points out that in Fig. 15 
there is no zero value. 





THE REACTION OF A STEAM-JET. 

Wuen a jet of steam issuing from a nozzle is 
delivered in a fully-expanded condition, there is 
no difficulty whatever in deducing the reaction of 


"* See ‘Elemente of Machine Design,” 1902 Edition, 
Part II., pages 250 and 251. 








the jet from theoretical principles. In such case, 
the final velocity of flow and the weight delivered 
per second can both be easily calculated, and the 
reaction is then given by the expression :— 
wv 

g 
where R denotes the reaction in pounds per square 
inch, v the final velocity of the steam in feet per 
second, w the weight delivered in pounds per 
second, and g the acceleration of gravity. 

In fact, if « be the ratio of the initial pressure 
to the final, P the initial absolute pressure in 
pounds per square inch, and + the index in the 
usual equation for the adiabatic expansion of steam 


—viz., P v’ =constant, we have— 


1 
R= 27 -P((>)- 5 )* 
¥y-3 x x 


which if 7 be taken at 1 reduces to 


9 
1 \jo_ 1 
R= 9P/ ( « =)* 
where a denotes the area of the jet insquare inches. 
So long as x does not exceed a certain limiti 
value (approximately 1.73 in the case of steam 
this equation gives accurately the theoretical re- 
action of the jet, the actual figure found in practice 
being, of course, always a little less owing to the 
loss of velocity which results from nozzle friction. 
It has, however, long been known that if the value 
of x exceeds the limit stated the steam, as delivered 
from a convergent nozzle, may be very far from fully 
expanded, and the calculation of the reaction to be 
expected in such case then becomes somewhat more 
complicated, but, as we shall show, can neverthe- 
less be deduced fairly simply. The matter is of 
some importance, since in not a few nozzle experi- 
ments, of which data have been published, the 
steam has completed its expansion after it has 
cleared the nozzle. The velocity of efflux cannot 
then be deduced directly from the observed reac- 
tion, which, in fact, gives the final velocity of the 
fluid, and not its velocity at the plane of disc " 
Obviously, the expansion which occurs after the 
jet has cleared the nozzle will take place in all 
directions, and contribute much less to the axial 
velocity of the jet than the amount properly due. 
The losses thus occurring do not seem fairly 
attributable to the nozzle, but rather to the misuse 
of it in improper conditions. Some few experi- 
menters have attempted to correct their results 
accordingly, but in such cases as have come under 
our notice have done so incorrectly. Confining our 
attention to the case of a convergent nozzle, the 
reaction theoretically due in the case where the 
final pressure of the steam is less than 0.58 P is 
given by the relation :— 


R = R + (0.58 P — p)a, 


where R denotes the value of R when p (the ex- 
ternal pressure) is equal to 0.58 P. 


« (1) 


Taking y as ; this ‘‘ critical” reaction has the 


value :— 
R = 0.65 P a. 
So that— 
R=(123P-p)u. (2) 


eS for example, that P be 200 lb. absolute 
and p be 14.7 lb. absolute, whilst a = 1 sq. in. 
Then the reaction from a jet flowing under this 
iawn tangy ge from a convergent nozzle would 

y equation (2) be 232.7 1b. On the other hand, 
were the jet fully expanded on delivery, as it might 
be in a frictionless divergent nozzle, the reaction 
would be 272 lb. 

The rule given as equation (2) can be proved by 
the following considerations. Let there be a 
cylindrical nozzle-box of cross-section A, having 
formed in its front cover a converging nozzle 
of which the outlet has the areaa. Let P be the 
pressure inside the box, and p the external pressure. 
At the outset let p be equal to P, and afterwards 

ually reduced. As the external pressure is 
iminished, ‘‘ news” of the change in the external 
status is transmitted back along the jet to the 
interior of the box, where the conditions adjust 
themselves accordingly. At the outset each suhee- 
tion in the external pressure is followed by an 
increase in the velocity of efflux, which finally 
attains the velocity of sound when the external 
pressure is 0.58 of the internal. The speed with 





which ‘‘news” of a change in the external condi- 
tions is transmitted back along the jet is, however, 
also the speed of sound; hence once the velocity of 
efflux attains this limit the steam in the interior of 
the box can never get to ‘‘ know” of any further 
diminution in the external conditions, and any 
such further diminution can therefore in no way 
affect the condition of things inside the nozzle-box. 

Now the back thrust on this nozzle-box arises in 
part from the internal pressure and in from 
the external. On the back cover there is a pres- 
sure equal to P A. On the front cover the area 
exposed to pressure is A — a; but over this area 
the pressure is not uniform, since it is disturbed 
by the flow of the fluid to the nozzle, part of the 
pressure which in the static condition would come 
on this cover being, in fact, balanced by the 
curvature of the stream-lines. Hence the average 
pressure on the area A — a is not P, but some 
smaller pressure P. Thus the contribution to the 
total reaction made by the internal pressures is 
PA — P(A — a). 

At the same time the external pressure contri- 
butes the amount ~— pa, where p denotes this 
external pressure. 

The total reaction is therefore given by the 
relation— 

R=PA-P(A-a)—pa 
an equation which must hold universally. 

So long as p is more than 0.58 P, each change 
in p is followed by a change in P; but after this 
critical value is attained P remains unaltered, how- 
ever much more the external pressure may 
diminished, and the contribution to the total 
reaction made by the internal pressures becomes 
constant ; but, as equation (3) shows, the reaction 
will continue to increase in virtue of the term p a. 

We can, therefore, when the critical value is 
exceeded, write the reaction in the form— 


R=R- pa, 
where R is the value given by (4) when p = 0.58 P. 
Putting R = 0.65 P a we get equation (2). 


- (3) 





NOTES. 
Swepen’s WaTERWAYS. 

Tue Swedish Waterfalls Board has pro to the 
Government the a of a special committee 
for the purpose of investigating several important 
issues in connection with the country’s internal 
waterways. This, in the first instance, refers to the 
eastern section of the canal and lake route which 
connects the east and the west coast, going right 
through Sweden. The western portion of this 
waterway, the Vinern-Kattegat, has long ago 

the survey and project stage, the exten- 
sion of the Trollhitta Canal is approaching its 
completion, and in the year 1916 Lake Vanern will 
be accessible for vessels of 4 metres draught. It 
seems at present possible that an improved con- 
nection between the two lakes Vanern and 
Véttern might be preferable to an extended 
waterway between the latter lake and the Baltic. 
Then there is the canal connection between Lake 
Hijalmaren and Lake Molaren, a link in the 
so-called t Svea Canal, which has been under 
consideration for a lengthy period. The Water- 
falls Board therefore advocates a thorough inves- 
tigation of the main issues connected with exten- 
sions of Swedish canals, technical and otherwise. 
This plan was brought before the Riksdag in the 
year 1900, but it was then urged that the works 
on the western section ought first to be pushed on 
with, so as not to bring about complications between 
the different og gees The Waterfalls Board 
now recommends the appointment of a special 
committee, with the right to obtain information 
from various authorities and to call in experts. 


Rattway Returns ror THE Untrep Kinepom. 


Returns have been published during the week 
with regard to the working of the railways of the 
United Kingdom in 1913. These figures are only of 
& preliminary nature. More complete and accurate 
data will be, as usual, forthcoming with the annual 
report still in course of preparation. In addition, 
this year, there is the fact that several of the items 
are compiled, owing to the changes required by the 
Act of 1911, on bases different from those hitherto 
in use, so that these fi of themselves can 
only be of restricted value. In view of these facts 
we defer commenting on the working of the 
railways in 1913 until the publication of the com- 
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plete returns, as has been our custom in the past. 
In the meantime we give the chief of the pre- 
liminary figures now issued. The total capital of 
the railways is 1,543,331,000 , of which 199} mil- 
lions are nominal additions. The mileage is now 
23,718, the total track mileage, including sidings, 
being 55,438 miles. The number of passengers car- 
ried last year amounted to 1,228,316,000, exclusive 
of season-ticket holders, of whom there were 595,000, 
calculated on an annual basis. ‘The goods handled 
amounted to 371,571,000 tons, of which 226,528,000 
were coal, coke or patent fuel, and over 72 millions 
of the remainder other mineral traffic. The total 
engine mileage represented 627,779,000 miles, of 
which 435,346,000 miles were performed in actual 
train- working, the balance being in shunting, 
assisting and light mileage. The total receipts 
amounted to 139,253,0001., of which 124,750,0001. 
were derived from actual railway working, the 
balance being from steamers, canals, harbours, 
hotels, &c. The total expenditure amounted to 
87,242,000/., leaving a net income of 52,011,0001. 
Of the total expenditure, 78,803,000/. went on 
railway working proper. It is to be noticed 
that while the receipts from steamboats amounted 
to 2,579,0001., expenditure in this direction 
amounted to 2,434, The receipts from canals 
amounted to 1.1 millions, while expenditure 
amounted to 0.75 million. On docks, harbours, &c., 
the expenditure was 2,458,000I., against receipts of 
3,734,0001., and on hotels, refreshment-rooms, &c., 
the expenditure was 2,639,0001., compared with 
receipts of 3,195,000. 





ALMAN .cK.—Messrs. W. T. Glover and Co., Limited, 
have sent us a copy of their almanack for the ensuing 
twelve months. essrs. Glover’s almanack runs from 
July 1 to June 30. It is almost too well-known to need 
description, though for the sake of those still unacquainted 
with it we may say that it is of the pull-off variety, with 
a slip presenting each day some information, either 
pictorially or by other means, of interest to the engineer. 





Tue Late Mr. Horace Jonn MAnnerine.—Mr. H. J. 
Mannering, M. Inst. C.E., who was born on June 24, 
1844, died on the 9th inst. at Purley, Surrey. Mr. 
Mannering was connected with the London, Brighton, 
and South Coast Railway, having been articled for five 
years to Mr. F. D. Banister, formerly chief engineer to 
that company. At the close of this period he was 
appointed an assistant in the company’s office, and in 
August, 1872, was promoted to tho puitien of chief 
assistant engineer. He was in responsible cha of 
many of the construction works on the railway, and per- 
sonally supervised the construction of the Cliftonville 
spur-line, the Chichester and Midhurst Railway, and the 

ttersea, Streatham, and Victoria wideninge. Mr. 
Mannering was admitted to the Institution of Civil Engi- 
neers aS an associate member in 1876, and was trans- 
ferred to the class of member in 1897. 





Tue ALTIOR Process or Die-Castinc.—The National 
Alloys, Limited, Ilford, London, E., have recently 
brought out an impreved process of die-casting for 
aluminium alloys, which possesses several interesting 
features. The process is for use with aluminium alloys 
of a specific gravity of 2.85. The alloy recommended ie 
Ivanium, which has a tensile strength of 12 tons, and 
6 per cent. elongation on 2in. This alloy is guaranteed 
not to disintegrate, and it is not affected by sea-water, 
&c. The casting-machine has a gas-heated melting-pot 
lined with refractory material and provided with a cover. 
Extending from the cover to within a short distance of 
the bottom of the pot is a tube of refractory material 
connecting with a neck-piece fixed above the cover and 
surrounded by a burner. Above this neck-piece is fixed 
a plate, to which the bottom half of the die is fastened. 
The plate, which is hinged and can be thrown back by a 
worm and spur-gear, also carries the standards and cross- 
frame for a large vertical quick-pitch screw, to which the 
upper part of the die isfastened. Between the lower die- 
E te and the neck is a slot, in which works a sprue-cutting 

r. The action is as follows:—After fixing the dies the 
sprue-cutting bar of hardened steel is pushed over, so that 
communication between the inside of the pot and the die 
is prevented. An inert gas is then admitted to the pot 
above the metal, and a high pressure maintained inside 
the pot. When the metal is melted and the sprue- 
cutter pulled over so as to bring a hole in it fair with 
the hole communicating with the die, metal is forced 
out of the pot up the tube and neck into the die. The 
cutter-bar 1s then pushed over, cutting off the connection, 
and the upper half of the die raised by the quick-pitch 
screw. The casting is removed automatically, and the 
die is returned to its origimal position. The piece of 
alloy is punched out of the cutter-bar, and on pulling the 
bar over again a fresh supply of metal is forced into the 
die. It is claimed for the machine that the metal is 
kept hot right up to the time of entering the die, while 
the dies themeelves, being mounted on the pot, are also 
always kept at a suitable temperature. The whole cover 
with the die-frame may be swung back, if necessary, by 
bevel and worm gears. The pot is provided with plu: 
for mixing the metal and with a filling-hole, while it is 
surrounded by a casing of refractory material. 





THE GERMAN ASSOCIATION OF GAS AND 
WATER ENGINEERS AT MUNICH. 

In continuation of our report (see pege 96 ante) of 
the fifty-fifth annual meeting of the German Associa- 
tion of Gas and Water Engineers, held at Munich from 
the Ist to 4th inst., we now give summaries of the 
communications which were presented at the meeting. 


Tue German Gas LnpustrRy. 


After the annual report of the Committee had been 
dealt with, Herr Lempelius presented his paper on 
‘* The Position of the Games Gas Industry and the 
Munich Gas Exhibition, 1914.” Giving a reply to the 
question as to the advisability of holding such an 
exhibi'ion, he stated that the results of the work of 
the promoters had conclusively shown that they were 
correct in the view that the undertaking would prove 
successful. The comprehensive collection of exhibits 
demonstrated the vigour and resource of the Ger- 
man gas industry. After the manufacture of gas 
came its application to the purposes of lighting, 
cooking, heating, and many industries. As showiog 
the scientific progress which had been achieved, the 
author pointed out that with the first retorts fifty 
men were required for manufacturing 30,000 cubic 
metres ; now, by the employment of vertical-chamber 
ovens, the number was reduced to five. The improve- 
ment in the conditions of living resulting from the 
intelligent use of gas was very marked ; the elimina- 
tion of smoke and soot were inestimable boons to the 
community. 

Gas AND Hycrenk. 

The next paper was oe Medizinalrat 
Professor Dr. Max von Gruber, who had taken for his 
subject ‘‘Gas and Hygiene.” The adverse criticism 
on the use of gas as an illuminant in dwelling-houses 
had necessitated the carrying out of experiments having 
for their object the investigation of the question as to 
the influence which gas exerted on the atmosphere of 
dwelling-rooms. With the assistance of the German 
Association uf Gas and Water Engineers, a number of 
tests had been conducted at the Munich Hygiene 
Institution, under the direction of Dept.-Ing. Dr. 
E. Schilling, Dr. R. Ries, and Dr. Schumann. Most 
of the determinations were made between March, 1912, 
and October, 1913, by Dr. Ilzhoefer. They would be 
published in the Archiv fiir Hygiene. Dr. Ahlborn 
was responsible for the bacteriological experiments. 
To obviate the possibility of any change of weather 
affecting the experiments, the investigations on gas 
and electric lighting were made simultaneously in two 
different rooms of the same size (57 cub. m.), under 
precisely similar conditions. The roof and the walls 
were perforated with a number of small tubes, so that 
pressures could be registered. 

The gas-lamps were provided with ‘‘ multiplex ” 
lighters actuated from the laborat.ry. The mixing 
of the sir was ensured by the use of electrically- 
driven fans. Air could be taken from sixteen places 
at three different heights in each room ; at the same 
places temperatures could be measured by means of 
@ resistance thermometer situated in the laboratory. 
It was not eovege | to go inside the experi- 
mental room during the couree of an experiment, 
as all the records could be taken from the outside. 

S.immarising the results of the experiments, it was 
stated that they went to show that a great number 
of the evil features hitherto attributed to gas were 
disproved, and others were shown to be exceedingly 
small and unimportant. No trace of sulphurous 
acid could be found, nor any trace of carbon mon- 
oxide, even after burning 10 cub. m. of gas in 67 
hours. 

Experiments were conducted simultanevusly with 
gas and electric lighting under conditions which were 
unfavourable to the former. They showed that the 
greatest difference in temperature was 1.6 deg. Cent., 
and the largest difference in increase of moisture was 
10 per cent. In general the difference in temperature 
between the two rooms was less than 1 deg. Cent., 
and that of the moisture less than 5 per cent. The 
ventilation of the unheated, unlighted, or electrically- 
lighted untenanted room was, on the average, not 
quite one-third of the room content—i.e¢., 18 cub. m. 
per hour. By gas lighting it was two-thirds—i.c., 
38.4 cub. m. per hour. The ventilation of the un- 
papered room was about 17 per cent. more than the 
— one. 

no the discussion on this paper, Geheimrat 
Bunte, of Karlsruhe, animadverted on the unimport- 
ance of the substances which till now had been re- 
garded as dangerous adjuncts to gas-lighting. The ex- 
periments of Professor Gruber showed that gas lighting 
could undoubtedly fill all the requirements of hygiene. 
Direktor Goéhring, of Stuttgart, drew the conclusion 
that gas lighting did not contaminate the living-room, 
but that it improved the conditions of habitation ; 
while Direktor Schonburg, of Gelsenkirchen, expressed 
the belief that ventilation with gas lighting could be 
much improved by the introduction of special ventila- 
tion chimneys. These had already been introduced at 
Berlin and Potsdam. 





Professor Gruber, at the close of the discussion, 
warned his audience against overheating the dwelling- 
room, and maintaincd that there was no relation 
between ges-lighting and the forming of mould, &c., 
as had only recently been again stated. 


Tue Aims or THE GERMAN Gas INbUSTRY. 


**The Aims of the German Gas Industry ” was the 
title of the next aper, its author being the well-known 
and able Chief Direktor Ernest Kirting, of Berlin. 
He referred in complimentary terms to the three sister 
organisations of the Association—namely, the Central 

ce for Gas Publicity, the German Commercial Gas 
Association, and the Training and Research Institute 
at Karlsruhe. As to the latter, the author was most 
appreciative in his remarks, and alluded to the great 
debt the gas industry in Germany owes to Bunte. 

One of the chief works of the Institute was the 
immense number of coal determinations it carried out. 
As every year millions of money were spent on coal, 
it was obviously of the first importance that know- 
ledge of its composition should be exaet. Dr. Bunte 
and his assistants had taught them to convert the 
analysis into a matter of shillings and pence, and 
experience had shown that cheap coal was often the 
dearest in the end. 


Tue History or tue LArGE Gas-ENGINE. 


Sir William Lindley, being detained at Baku, where 
he is engaged on his large water-works scheme, the 
report on the standardisation of screw-threads was not 
presented. In its place a paper on ‘‘ The History of 
the Large Gas-Kngine” was given by General-Direktor 
Dr.-Ing. von Oechelhiiuser, in which was summarised 
his twenty years’ work. When the electrical power- 
station at Deesau was erected in 1886, he tried to 
meet the new competition by the use of gas-motors 
for the provision of power. The largest then were 
only of 60 horse-power, and they naturally could not 
compete with the larger electrical units. By means 
of an experimental engine he sought new principles 
on which to bare the large gas-engine by increasing 
the limits of inflammability of gas and air mixtures. 
This was obtained by means of a methcd of gas-injec- 
tion which he called ‘‘ dynamic firing,” in contradie- 
tinction to the method of firing the static gas. For this 
he employed electrical firing instead of the usual fle me, 
and so was able to use poor mixtures with high compre - 
sion. This was combined with the two-stroke Ber Zz 
motor, which seemed to offer the greatest probability 
of producing a large-power engine with the small st 
cylinder dimensions. For this purpose, in conjunction 
with Hugo Junkers, ke founded in 1890 the « xperi- 
mental station for gas-motcrs of Oechelbiuser and 
Junkers in Dessau. The remodelling of the Benz 
engine did 1ot produce the desired result, ai.d it was 
therefore decided in 1892 to break away from the then 
known gas-enginer, and produce th +e of 100 horse- 
power double-cylinder two str ke cycle. 

The compression ard explosion pressures were in- 
creased to the then unknown extent of 16 and 68 
atmospheres respectively. The cylinder cross-section 
was only about 1} times larger than that of the four- 
stroke engines of that time, the gas consumption being 
lower. In 1893 the manufacture of these ergines was 
taken over by the Berlin Maschinenbau-(ieeell: chaft in 
Dessau, and 190 effective horse-power was obtained 
per cylinder. In 1896 the author, inspired by' the 

gestions of Ludwig and Liwe, again applied him- 
ff to the production of the large ey -¥ by burn- 
ing blast-furnace gases (which y Bs at time had 
been used uneconomically to heat boilers) direct in the 
gas-engine. The first experiments in June, 1896, were 
so promising that an order for three engines of 
600 horse-power was obtained by the Berlin Anbal- 
tische Maschinebau Aktien, lischaft, in Dessau, and 
these were erected in Hirde on May 12, 1908, under 
the direction of Professor Wagener. An indication of 
their technical and commercia epeetrase was given 
in the figures of Civil-Ingenieur Fritz W. Luhrmann, 
of Osnabruck, according to whom 3 marks were saved 
on every ton of raw iron, representing & ible saving 
in Germany in 1898 of 21,000,000 marks, and in 1913 
of 58,000,000 marks (say 29,000,000/. ). 

The Union Electric Company and Mesers. Siemens 
and Halske helped to introduce the new gas-engine 
into Germany and abroad. The firm of Borsig 
and the Ascherslebeuer Engineering Company also 
took part, together with the British firm of Beard. 
more and Co., of Glasgow, with a total introduction 
of about 85,000 horse-power. The t engine, of 
about 1800 horse-power (in one cylinder), built by 
Borsig in 1904, was erected at the works in Glas- 
gow, where it is now giving results. The limit 
of power of a gas-engine has probably not been 
reached with 1800 horse-power per cylinder ; never- 
theless, with the advent of the steam-turbine the 
further construction of these engines had been given 
up. 


su 
se 


Gas CHARGES. 
Herr Direktor Johrum’s paper on ‘‘Gas Charges,” 
which followed, contained some interesting and useful 
information on the cost of manufacture and expenses 
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of an increased propaganda. The common method of 
dividing the annual total cost of production by the 
yearly output was, he held, only satisfactory if suffi- 
ciently specialised, and, in the fixing of the prices of 
gas used for special purposes, it failed completely. 


Gas Heatina. 

Dr. Karl Bunte, of Karlsruhe, then gave his paper 
on “‘Gas Heating,” in which he specified the principles 
on which gas-ovens should be judged. The efficiency, 
which, in modern construction of stoves, is 85 to 95 

r cent., was not now of such importance as the 

ulfilment of strict hygiene and practical requirements. 

The cleanliness of gas, its ease of application, and 
absence of smell and soot, had ensured its place in the 
kitchen and in water-heating. In London, at the 
present time, about 14 million gas-ovens were in use, 
the increase in one year being 10,000. Doctors and 
hygienists were greatly interested in their use as an 
important factor in the purification of the London 
atmosphere. i 

In Germany, where heating by the old-fashioned 
stoves was still largely practised, the substitution of a 
good gas-heating appliance was very important. The 
newest forms of these were shown in the Munich Gas 
Exhibition. From the point of view of national 
economy it was probably better in the darkest and 
coldest part of the year to convey heat in the 
form of coke to central ovens, instead of increasing 
the price of gas by conveying it in gaseous form in 
such large quantities for a short time. For heating 
purposes ager change of weather, and for rooms not 
frequently used, gas had, however, great advantages, 
owing to the ease of putting it into use. A combina- 
tion of central heating with gas heating had been 
instituted for the changeable part of the year, to help 
central heating in its weakest point. Gas heating, 
therefore, after surmounting commercial, technical, 
and by ienic difficulties, was now in the happy posi- 
tion o Covten friends on all sides who were interes 
in its development. 





“WHAT IS HARDNESS?” 
To Tue Eprror or ENGIngeRine. 

Srr,—In your issue of last week Mr. Albert F. Shore 
contributes some notes on the value of hardness tests, and 
more particularly an unbiassed account of the principles 
governing the measurement of hardness by his own 
apparatus, the scleroscope. 

T hove m interested in this instrument for many 
years, and during that time have frequently had occasion 
to compare the results of the scleroscope test with those 
of other standard tests for hardness. 

1. What Mr. Shore states regarding the principle of 
the instrument is in accordance with the view expressed 
by me in a paper communicated to the Institution of 
Civil Engineers*—namely, that the scleroscope measures 
the coefficient of restitution between the material to be 
tested and the hammer, m the conditions are such 
that permanent deformation is produced. If the co- 
efficient of restitution is represented by ¢, then 


The height of rebound _ 
The height of fall 


2. The coefficient of restitution falls below unity (or, in 
other words, the rebound is less than the fall), because— 

(a) Energy is dissipated by the rapid rise and fall of 
stress. 

(b) Energy is absorbed in the permanent deformation 
of the metal. 

In the scleroscope the second of these factors is inten- 
tionally See but if the elastic limit of the 
material tes’ is very great, the relative effect of (b) is 
reduced, and a greater proportion of the total effect 
is produced by (ah. 

‘ake, as an example, the behaviour of plate-glass 
(though this is not quoted to disparage the instrument, 
as Mr. Shore suggests). The rebound given by the 
magnifier hammer agrees with that calculated from the 
coefficient of restitution, and no mark is produced on the 
glass at the point of impact ; with the universal hammer 
the stress is greater, and the glass is almost invariably 
shattered. With the magnifier hammer the above factor 
(6) is entirely eliminated. 

Any treatment which raises the elastic limit of a metal 
or alloy alters the relative importance of these two 
factors in determining the rebound ; the loss of energy 
due to the second cause is not only actually less, but is 
smaller relatively to the total loss. This probably has 
some influence in determining the fact that the sclero- 
scope shows a relatively greater increase in hardness by 
such treatment than most other standard methods. 

3. Under the conditions of che test, the greater the 
resistance to permanent deformation, the greater th 
efficient of restitution ; hence this property may be used 
as & measure of hardness. 

The physical constant involved in the sclerosco 
ever, is not ¢ for the material tested only, but ¢ between 
the ial and the hammer ; and the latter is greater 
or less than the former according as the material is softer 
or harder than the hammer. Hence the scleroscope 
might be expected to give results a little too high for soft 
material relatively a little too low for hard. But the 
exact relation is not so simple; it depends also on the 
elastic constants of these substances, and I have, I think, 


e, 


how- 


* Proceedings of the Institution of Civil “Ragineors, 
vol. clxxxi., 1910 (iii.), pages 478 to 489, 
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shown, in the paper referred to, that where the sclero- 
scope gives results for relative hardness agreeing with the 
sclerometer and Brinell methods, there is a simple rela- 
tion between the ‘‘hardness number” and the elastic 
constants. z 

(i.) This relation appears to hold for metals in the cast 
or annealed state. 

(ii.) It does not bold for wood, rubber, glass, and other 
material for which the scleroscope was not designed. 

(iii.) It does not hold good after the material has under- 
gone any treatment which affects the hardness without 
greatly affecting the modulus of elasticity. For example, 
the quenching of steel or of aluminium-bronze, or the 
cold-working of metals and alloys, has a marked influence 
on the hardness, and very little on Young’s modulus; 
and, as a matter of fact, increase of hardness so produced, 
measured by the scleroscope. is found to be relatively 
greater than if measured by Brinell’s method. : 

The above remarks are merely intended to amplify 
what Mr. Shore has said, and to point out a few pecu- 
liarities which the principle of the scleroscope involves. 

I may say again that nothing could be further from m 
intention than to dis the instrument, whic 
appears to be admirably suited to a variety of practical 
and scientific purposes. 

Yours truly, 
. H. Greaves. 

University College, Cardiff, July 22, 1914. 





THE REPUBLICS OF CENTRAL AND SOUTH 
AMERICA. 
. ; To THE Epitor po rane. : 

1k,—In your impression of April 17 appears a long 
and, in general, appreciative review of my book, ‘‘The 
Republics of Central and South America” (Dent and 
Sons), which, however, contains some extremely erroneous 
statements and conclusions, to which, perhaps, you will 
permit me to reply. 

Your reviewer says: ‘‘A leader of thought, as Mr. 
Enock is, should ange = a firmer grasp of commer- 
cial principles.” But, unfortunately, your reviewer im- 
poses upon me opinions to which my book certainly does 
not give utterance. He thinks that I s it an antago- 
nism to foreign capital investment in Latin America, 
and that I propose that the inhabitants tnereof ‘‘ should 
be allowed to work out a Socialistic Utopia ;” and that 
dividends should not go out of the country. These 
remarks show that your reviewer cannot have read the 
book with sufficient care, or that he (in common with so 
many more) is too ready to apply that “‘ blessed word” 
‘Socialism ” to any arguments dealing with the organisa- 
tion of national resources in the intérests of the people 
of a country. 

I do not speak against the operation of foreign capital 
in Latin America. As an engineer and economist | am 
fully alive to the necessity of employing such, and I have 
pointed out the benefits performed thereby, and the 
opportunities for further development. 

at I have inveighed against is the debased economic 
condition of the Jabouring classes of these lands—a 
condition due almost entirely to their oppression and 
exploitation by the native land-owing and plutocratic 
classes. Let us take the example of Mexico, which, like 
Peru and some others, I know very well. What are the 
conditions? Out of a population of 16 millions (more or 
less), 85 per cent. are unable to or write—are simply 
peons (practically slaves), live in mud huts, insufficiently fed 
and clothed, have no vote, carry on no occupation profit- 
able to themselves, own no land, and have no stake in 
their country. 

Here, Sir, you have, indirectly, the reason of the 
present terrible condition of that country: the ruination 
ef part of that excellent brown (or red) race of America, 
by which alone the American tropics can be developed. 

In varying degree the above economic condition covers 
nearly all the Central and South American Republics 
except Argentine and Brazil, and even there the Indians 
are grievously exploited. (Brazil is, perhaps, the best 
exeeption. ) 

Now what part does foreign capital play in this extra- 
ordinary social system, under which the people are, in 
some instances, worse off than they were under their 
native Aztec and Inca, and other indigenous rulers, 400 
years ago’ It has conferred great benefits on the various 
countries under survey, in the building of railways and 
other public works. But these benefits filter down 
in very small d and in many cases not at all, to 
the labouring and illiterate classes. 

It may be replied that it is no concern of forei 
enterprise to consider the sociological condition of the 
people. But it will be found in the future that this 
element does gravely concern the foreign investor, and 
(putting all other motives on one side) his possession, 
concession, and dividends will be jeopardised if he 
neglects it. 

_ I cannot trespass on your space, Sir, by going further 
into the matter here, but whatever I have said in my 
k is in the nature of friendly advice. Foreign com- 
panies operating in Mexico and Central and South 
America (Great Britain alone has 1000 millions sterling 
invested therein) would do well to study the oe 
of their native employees. It would pay them to 
out “sociologists” on their staffs, to insist on fair pay, 
sanitary housing, and sufficient food. The neglect of 
these matters, and any form of exploitation, will in- 
evitably lead, sooner or later, to the repudiation of con- 
cessions by the growing democracies of Latin America. 
foreigner in these countries is generally welcomed 
and , but this is not always the case, and it is 
to be recollected that some serious abuses have been com- 
mitted in the name of foreigners. 
Tn conclusion, perhaps I may be permitted to advance 





a plea for the study of what, in my address to the Royal 
Society of Arts recently (which was supported by 
Milner, in the chair), I ventured to term a ‘‘ new science” 
of “‘human geography ;” dealing with the more reason- 
able adaptation of mankind to its economic environ- 
ment in 

Yours 4 


C. R. Enock, C.E., F.R.G.S. 
Valley Croft, Northwood, Middlesex, 
Jane 29, 1914. 


[The foregoing letter was forwarded to the writer of 
the review, and his reply is appended. —Ep. E. | 





To THe Epiror or ENGINEERING. 

Str, —If I make any comment upon Mr. Enock’s letter, 
it can only be with the view of emphasising more strongly 
the extracts to which Mr. Encck objects. I have cor- 
rectly conveyed the im ion he left on my mind, and 
if I have misunders the author, it is not from any of 
the reasons he suggests. I understand the whole of his 
chapter on “Sociology and Future” to be directed 
against capitalistic methods, and to constitute an attack 
on the manner in which concessions have been granted 
and used. Tocome to particulars, we are told (page 507), 
“* A growing democracy may protest that it had no hand 
in these bargains and proclaim that it cannot abide by 
them; that the increment from its docks, railways, 
plantations, mines, and public works must belong to the 
community, and not go to form dividends for foreign 
shareholders.” Couched in however guarded language, 
we have here a veiled approval of repudiation of existing 
obligations, and a tolerance of the subversion of the 
—— that should guide commercial transactions. 

‘co people “who have not the stolidity of the 
British or the European,” whose temperament is more 
mercurial and whose education and moral training are 
backward, it is more than unwise to su t ‘‘that from 

rotest to confiscation might be a relatively facile step.” 

he author may be justified in encouraging cottage indus- 
tries and in condemning the existence of industrial 
centres. Such an opinion is not an axiom, it is open to 
discussion, and, similarly, one might admit as a general 
principle ‘‘that the systematic and scientific organisation 
of a ae noo oe be in = —— of the 
people collectively” (page 516) is sound, and yet not 
as to the manner A which the principle should be euplied 
in practice. When we read of the growth of an anarchistic 
element in the city of Buenos Aires, when strikes are 
frequent at the docks on the Pacific Coast, when the 
nitrate workers of Chili are a the same menacing 
machinery, we can only regret that a writer of Mr. 
Enock’s ability and influence should in any way appear 
to ——— lawlessness and discontent by the use of 
language which may be regarded as inflammatory. 

Yours truly, 
THe WRITER OF THE REvirw. 





LARGE SUCTION-DREDGERS. 
To THE EprTor oF ENGINEERING. 

Srr,—In your issue of the 19th ult. we notice an article 
headed ‘* The Simons Suction-Dredgers.” 

On page 852 reference is made to the suction-dredgers 
used at Liverpool by the Mersey Docks and Harbour 
Board, including the Brancker and the G. B. Crow, made 
in 1895 and 1897 respectively by Messrs. Simons, and to 
other vessels of later date, the largest being of 10,000 tons 
hopper capacity. 

these, the suction-dredger Coronation was built in 
1903, and has a pumping capacity of 4200 tons of eand per 
hour, and the plant consists of two centrifugal dredging 
pumping-engine sets built by us, and arranged one on 
either side of the vessel. e other dredger, built in 
1903, the Leviathan, has 10,000 tons hopper capacity, and 
the plant consists of four triple-expansion centrifugal 
dredging pumping-engine sets, which were aleo built by us. 
Yours faithfully, 
Gwynvnes LimItep, 
. W. Wivxes, Secretary. 
Hammersmith Iron Works, London, W., 
July 15, 1914. 

{We publish Messrs. Gwynnes’ letter, but we may 
point out that the dredgers Brancker, G. B. Crow, 
Coronation, and Leviathan were not built by Messrs. W. 
Simons and Co., with whose practice we dealt in our 
article referred to. We erroneously attributed to Messrs. 
Simons the order for the Brancker and G. B. Crow. The 
complete record of the evolution of sand-pump dredgers 
for the ——- Dock and Harbour Board was given in an 
article, describing and illustrating fully the Coronation, 
= eae, vol. Ixxix., pages 301, 464, 570 and 671. 
—Eb. 





NormMansBy Iron Works Company, Limiren.—The 
annual rt of the Normanby Iron Works Com- 
pany Limited, to be presented at the general meeting at 

iddlesbrough on July 29, shows a total of 85411. 18s. 2d. 
for disposal]. The dividend for the year on the ordinary 
1s 6 per cent. 





Unrrep States Street Corporation.—The unexecuted 
orders on the books of the United States Steel Corpora- 
tion’s subsidiaries at the close of June amounted to 
4,032,857 tons, showing an increase of 34,697 tons, as 


com with the corresponding aggregate at the close 
of May. The improvement in the tonnage was antici- 
pated, the placing of new orders having shown some 
activity. e total of 4,032,857 tons compares with a 


corresponding aggregate of 4,282,108 tons at the close of 
December, 1913; 5,807,317 tons at the close of June, 
1913 ; and 7,932,164 tons at the close of December, 1912. 
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MOTOR-LORRIES. 


Im in Motor -Lorries: Self-Loading; also 


Driving and Steering through All Wheels.* 
By M. Brix (of Messrs. Schneider and Co., Paris). | 


Heavy lorries are coming more and more into use, and 
the following is a description of an arrangement which 
introduced recently in France with a view to 








Fic. 











the lorry need not be detained for a —— time at the 
loading and unloading places. Say one of the trolleys 
is being loaded at a point a, and another is being un- 
loaded at a point b ; the lorry departing from 6 leaves an 
empty trolley at a and takes a loaded one to }, returni! 

again with an empty one. The operations of loading an 

unloading are performed by means of an open ti!ting- 
truck C, which is pivoted at the back of the chassis, and 
which serves as an inclined plane. The particulars of 





1. 





Fic. 2. 


Fig. 3. LOADING 




















simplifying and saving time in the operations of loadi 
ond wnleoling. ™ - 


Szir-Loapinc Moror-Lorry. 


_ This vehicle is designed to transport loads which have, 
in the first place, been placed upon the trolleys P, Fig. 1, 
above. These are hauled up on to the chassis by means 
of a capstan worked by the motor itself. 


* Paper read before the Institution of 
Engineers, at Paris, July 8, 1914. 








| the different parts of the lorry and its accessories are as 


follow:— The chassis, except in a few particulars, is 
similar to that of the Paris motor-omnibuses. It differs 
from the latter in that the front seat is made to 


carry 
bonnet sides have to be lifted so as to | Th 


three persons ; 
free the inside flaps, and the frame plates are cut short 
behind the back axle so as to allow the truck C to tilt. 


By this method | The framework ¢ serves to connect the lorry with the 
| trestle G, which forms a part of the loadi arrangement. 
Mechanical | The capstan is placed on the left of the chassis; it 


| Carries a steel drum d, worked by a couple of bevel-wheels 


driven by a chain, the driving-pinion of which is mounted 
loose on the front end of the change- lay-shaft. A 
dog-clutch worked by a lever throws pinion in gear 


and runs the capstan. A safety ratchet prevents running 
back when the clutch is disengaged, or if chain 
breaks. The tightness of the chain is adjusted by a 
stretcher, which is reached by removing the cover-plate. 
To lubricate the capstan the top cover must be removed, 
and oil supplied through the two holes in the drum d. 
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Tilting-Truck.—This consists of side members j (Fig. 2) 
firmly braced in the centre at E, and also at the back, 
about which the whole tilting-frame rocks. In front these 
side members are not connected, but are strengthened by 
stays. In running order they bear on brackets m fixed 
to the longitudinal frame of the vehicle. In the crutch of 
the fork formed by the stays rollers are arranged for 
guiding the ropes when the truck is tilted. J 

.—In order to facilitate the operations of loading 
and unloading, the back of the truck, when tilted, rests 
on a trestle G, the position of which, with reference to 
the vehicle, is secured by the metal framework which 
hooks on to the back of the longitudinal frames of the 
chassis at c and g. This trestle forms an extension to 
the inclined way produced by tilting the truck. At each 
loading or unloading dépot a trestle and frame must be 
provided, so as to save carrying them on the vehicle at 
every journey. 

Loading.—The vehicle must be backed approximately 
centrally to the trolley P, and the trestle fixed in its 
proper position by means of the frame H. The rope J is 
then hooked on, and the truck C tilted till its back end 
rests on the trestleG. If the trolley P is empty or only 
lightly loaded (up to 2 tons, for instance), the rope J is 
arranged with a single purchase-block. One end of 
the rope is made fast to the central hook r of the tilting- 
truck, and thence over the roller in the crutch of 
the fork of the tilting-truck, over a hinged snatch-block 
arranged centrally on the chassis at the same height as 
the capstan, and then takes several turns round the 
drum d. Twoor three turns are sufficient for the empty 
trolley, and four turns for a load of 2 tons. Above 2 or 
3 tons the cable is given a double purchase by the use of 
pulley-block M, Fig. 4, on this page. The free end of 
the rope is made fast to the front of the chassis, and the 
pulley-block hooked to the central hook r of the truck, 
and four turns of the rope are taken round the capstan 

The motor having been started, the capstan is 
engaged in gear by means of the lever to the left below 
the seat. A slight pull on the free end of the rope ensures 
the a into place of the loaded trolléy. Two men are 
necessary for the operations of loading and unloading, 
the one who is seated in the driver’s seat being under the 
orders of the other ; it is necessary that the driver should 
be ready to stop the operation by slowing the engine or 
de-clutching in the event of the strands marrying on the 
capstan-drum ; this can only occur if the barrel is allowed 
to — rusty and the rope is caked with mud. When 
the truck tilts, one or two turns of rope can be taken off the 
barrel, and the operation completed with two turns _? 

Unloading.—1. Quick U: ing.—The trestle G should 
be set up, and the frame H hooked on. Then the men 
push or lever back the trolley P from the cleats along 
the — R (Fig. 2) until the truck C tilts over, when 
the trolley P rolls off and stops after rolling a short dis- 
tance on the ground. To start the trolley backwards, the 
capstan and the wire rope K may be used, the rope being 
hooked at s (Fig. 1) and the cables pass round the pulleys 
O and N, and then twice round the drum of the capstan. 

2. Slow Unloading.—To effect this, the men must hook 
the cable at r and lever the trolley back, keeping the 
cable taut; this may be done by taking two turns round 
the capstan drum and slacking out the free end, the cap- 
stan being, of course, locked. 

3. Unloading in Bulk.—The loose cross-bar T at the 
back of the trolley should be removed; the trestle G 
is not required. e chain U to the right, at the front 
of the truck (Fig. 2), must be hooked on to the front 
hook s, on the right of the trolley. When this is done, 
the men tilt the truck over. The back of the truck then 
bears on the ground while the trolley P is retained on 
the truck C by the chain U, and the load falls out in 
bulk on to the ground. If necessary, the vehicle is 
drawn forward clear of the load. 


Moror-Lorry Drivinc AND SrTeerine sy Aut Four 
WHEELS. 

A arrangement and plan of this motor-lorry is 
shown in Fig. 5. © box containing the motor and the 
machinery is situated between the two axles, and the 
driver’s seat is arranged above this. The motor is on 
the left side of the chassis. The gear is contained in a 
steel box, which serves to brace the frame-plates together. 





e main —_- cn peel allow = = -shaft ud a 
motor to through and to carry the clutch- ini 
the phd, omg The gear-box is fitted with four speeds 
forward and a reverse at each ; it contains a 
clutch for working the capstan. Two Cardan joints con- 
nect the -box with the two differential of the 
front and back axles respectively. The road-wheels are 
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driven by means of internal racks, which are fixed to 
them, through pinions carried in bearings resting in the 
stub-axle forgings. = — + driven by a 
joints arranged coaxially wi steering-axes 0! 
stub-axles, so that they can follow the wheels with the 
steering movement of the stub-axles. The front and back 
axles are identical in design, as also are the road-wheels, 
which are interchangeable. A compensating lever con- 
nects the front ends of the two front springs to enable the 
vehicle to travel over uneven ground. The car carries a 
platform at the back and one at the front, both of which 
are fitted with sides and ends. This permits of the 
platforms being so loaded that the load on the wheels is 
equalised. The principal particulars are :— 


Main Characteristics. 


Length ... ae 19 ft. 0.4 in. 
Width over all -_ = 
Wheel-base... Rs xe 
Gau a aa oes : oo. a a 
Diameter of wheels ... Soo Sa wo 
Double pneumatic tyres... oh 120 mm. 
Outside diameter of turning circle 42 ft. 7 in. 
Horse-power of motor at 1000 revo- 

lutions per minute... a sia 40h 
Bore of cylinder iin 4.91 in 
Stroke ... a ve 5.61 ,, 
Weight empty sn 5.4 
Weight in running order 1.4 


The following table shows the working conditions. The 
speeds correspond to 1000 revolutions of the motor per 
minute ; this rate can be increased to 1200 revolutions. 


Distribution of Load. 


Front wheels .. 3.5 tons 

Back wheels .. . on ee 3.9 tons 
Load on Driving- Wheels. 

At half total weight .. “n 3.69 tons 

At one-third total weight .. 2.46 tons 
Gear Ratios and Speeds. 

Diameter of driving-wheels . . 3 ft. 3.37 in. 

Bevel-gear ratio ae ~ 13/46 teeth 

Reduction at the road-wheels 15/62 teeth 


First. | Second. | Third. | Fourth, 





Speed in miles per hour (1000 


revolutions) ee L8 8.5 5.9 10.6 
Ratio of » 8... oe 1 1.97 3.3 6 
Oaleulated efficiency .. ea. @ 80 80 80 
Tractive effort in tons --| 29 1.5 0.90 | 


0.49 


Performance of the Car when Running on Good Roads and 
Bad Roads. 


























Roads. | . 
Load Carried, 1.9 Ton. 
—— ~~ Load Oarried, 1.9Ton. | 544 Hauled, 14.6 Ton 
Hard. | Soft. 
Cees See ota Load, 7.3 Tons. |Total Load, 16.5 Tons. 
a ba | |mpect.| || pee 
44.00 Lb. | 88.18 us. | te | | Mies Tractive| ,; Miles 
ir i0n. r ion. er or er 
- ” Effort. 3 Hour. & Hour 
gradient | gradient | tons | tons 
per cent. | per cent. 
Level — 0.15 ith | 12.43 0.45 |4th| 10.66 
2 | Level 0.3 ith 12.43 0.9 (3rd 5.9 
4 | 2 0.45 ¢éth) 12.43 1.35 [2nd| 4.04 
6 | 4 0.6 3rd 7.15 18 |let| 2.18 
8 6 | O75 8rd 7.15 | 2.26 | let 2.18 
10 8 0.9 3rd 6.21 | 2.7 lst 2.18 
iz | 10 1.05 2nd) 4.04 | Capstan 
“6 6|ClodD 1.2 2nd) 4.04 a 
16 6| «14 ©) «6| «(2.85 ond 4.06 re 
18 16 1.5 and) 4.04 | ‘ 
2 || «Bb 1.65 Ist} 218 
26 23 1.99 Ist) 218 
80 28 24 | let 2.18 | 
ia = . 
Petrol Consumption. . 
Miles per 
Gallon. 
Empty ... a hen (about) 7.24 
Loaded (1.9 tons) han i a 5.76 
With carried load of 1.9 tons and to 
load of 14.6 tons ; (about) 1.89 


These figures are for a well-maintained and well-driven 
car running on roads in fair condition. 


Approwimate Weight. 
Tons. 
Lorry empty (in running order) 5.4 
Maximum | wae ot an 1.9 
Total fini - = apes, ieee 
The capstan can work at four different speeds according 


to the notch occupied by the -0) lever. These 
correspond to ro nn. f of ifs ane fo and 70.8 in. 
second. Only the first and second speeds appear to 
of practical use. The capstan can give a tractive 
effort of about 3 tons, using the first second 8 
with four turns of rope. latter is of hemp, 12 in. in 
diameter; breaking load, 7.4 tons; weight per metre 
(39.87 in.), about 2} lb. The equipment of tractor 
consists of: (2) A hemp rope, 60 yards long, provided 
with a spliced hook at one end—wound on the box-cover 
of the capstan ; (b) Steel extension ropes, about 22 yards 
long, for hauling from distances over 55 ith 


reached and the load made to advance in stages. The 
extension ropes are wound at the back of the seats; (c) A 
oe po eS Nie 

spikes for anc’ uring ing opera- 
tions ; (¢) Non-skid chains for the wheels ; (f) Two small 
portable bridges for getting over trenches; (g) A hand- 
spike, crowbar, shovel, pick, chai blocks, &c., for 
various purposes, as required. 





SOME RECENT IMPROVEMENTS IN CASE- 
HARDENING PRACTICE.* 


By Henry L. Heatucore, B.Sc., Coventry. 


Ir is nag yn Me of the question for any one man— 

especially if he be a works’ chemist and beset daily with 
demands only adequately to be met by omniscience—to 
attempt to give a comprehensive account of recent im- 
provements as suggested by the title of the present paper, 
since for the most part these are known only to the 
hardening staff of the several works where they have been 
evolved, and very few filter through to publication. Not 
much information on the subject chosen is to be found in 
the English literature ; and the best way for the author 
to treat it appears to be for him to give an account 
of what has m done at Radge-Whitworth works; of 
how the problem ts itself, and how a solution has 
been sought ; hoping that a frank statement may elicit 
from other members some account of their own experi- 
ences and recent improvements. 
__ Even to the casual visitor and the superficial observer 
it must be obvious that, generally speaking, the machine- 
shop is ages in advance of the hardening-shop. In the 
machine-shop are to be found highly differentiated 
machine-tools, each the last word in scientific design and 
construction, embodying the best engineering knowledge 
and skill of many nations. The tools, as often as not of 
high-speed steel, and the grinding-wheels are both the 
outcome of special research in different branches of 
chemical industry. The men are well trained and well 
paid, and the organisation of the shop is another testimony 
of the stage of development arrived at. Not only are its 
tools, its plant, and its employees of superior e, but 
its output is subjected to strict —— by skilled men 
using instruments of precision. Needless to say, this 
reacts on the shop.as a whole, and makes for rapid 
rectification of faults and a high standard in every part. 

Compare this state of affairs with that prevailing ina 
— hardening-shop some years 2g0. 

nstead of a well-lit, well-ventilated, and comparatively 
clean shop, we find a dark, grimy shed, something like a 
miniature gas-works, unbearably hot and reeking with 
cremated ox-remains and fishy oil. Here a of men 
pound a dusty black mixture into iron pots round some of 
the articles that have just come from the machine-shop 
or automatic-shop; there another gang, equally grimy, 
but more oily, wield tools that Tubal Cain may have 
used—their plant, crude furnaces, uncontrolled save by 
the unaided eye. 

Not only were their tools and plant crude, their 
materials and labour were crude too. The labour em- 
ployed was anything but skilled, and the case-hardening 
compositions savoured more of quack medicines than 
British Pharmacopceia preparations. What little viewing 
was done threw little or no light on the causes of distor- 
tion, softness, or cracks. And this was the shop to whose 
tender mercies much of the machine-shop output was 
handed over, there to be made or y 

This, then, was the problem: to raise this outcast, 
isolated, and forlorn process of chemical industry to the 
dignity and standing of machine-shop practice; to 
investigate the materials it employs, and throw light 
on their mode of action ; to provide simple means of con- 
trollimg the furnaces and of measuring the resultant hard- 
ness and resistance to shock; in a word, to do for the 
hardening-shop what science and industry had already 
done for the machine-shop. 

An Improved Pyrometer.— We started out at the 
furnace end and decided to instal pyrometers, but were 
soon met by the fact that an efficient pyrometric outfit 
for a battery of thirteen mufties is an expensive thing, 
especially for an industry where the competition is so 
keen and the work so varied. Moreover, it threatened to 
cost something to keep it in working order; and, on 
second thoughts, it seemed very questionable whether 
thermo-electric and resistance pyrometers would be suit- 
able for a system starting with a hot furnace full of cold 
— or for ascertaining the temperature of an isolated 
article. 

The Féry instruments were then unknown, so the 
author started investigations at the Rudge-Whitworth 
h Laboratory, with the object of ascertaining the 
temperature of red-hot ies from their colour. On 
examining the spectrum of a red-hot piece of steel it was 
found to elongate at both the red and violet ends, and to 
increase im intensity all along as the temperature rises. 
This suggested the possibility of ascertaining the tempera- 
ture of red-hot bodies by means of a direct-vision spectro- 
scope provided with 4 graduated scale (also used by 
Hempel), but it soon became evident that the difficulty of 
seeing just where the green ended precluded the possi- 
bility of anything approaching accuracy, and the extension 
of the red end was not sufficient for the purpose. Attempts 
were made, by screening off the brighter parts of the 
spectrum, to render the green or blue end more distinct, 
but it was found that the end point varied considerably 
with the same observer, and that many eyes cannot 
focus a sharp image on the retina when pure blue or green 
rays are transmitted. 

ig. 1 represents the spectra of red-hot steel in air, 








yards. 
these ropes distances of 66 yards to 109 yards can be 
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as seen by the author. The ordinates are estimated and 
the abscissz measured. 

Fig. 2 is a diagrammatic representation of two super- 
posed spectra of red-hot s one representing @ higher 
temperature than the other. The difference between the 
radiation at the two temperatures is D. If we could 
separate this difference from the radiation C common to 
both and measure it, we should be in the best possible 

ition for ascertaining the temperature of red-hot 

ies—much better than, for instance, by comparing the 
radiation C withC + D. This su that a solution 
just capable of absorbing all the coloured rays from steel 
at, say, 760 deg. Cent. would transmit the excess 
intensity and extra wave-lengths of the rays emitted at 
800 deg. Cent., and the object would be visible. This 
was found to be as expected, and a long series of experi- 
ments was carried out to try and produce solutions and 
mixtures of solutions or emulsions, the absorption of 
which closely followed, both in range and intensity, the 
radiation curves for steel at different temperatures. 

The Selection of Dyes.—Light from an acetylene flame 
was passed through the coloured solutions, organic and 
inorganic, and of various concentrations, then analysed by 
troscope, and the absorption spectra plotted; but 
fficulty and endless work involved in determining 
the intensity (or degree of absorption) of the various 
colours © it commercially necessary to be content 
with an approximation to the required curve. 

In conducting these experiments the author found that 
the eye is certainly more sensitive to small variations in 
the region of the dark red than in any other region, and 
this led to choosing dye solutions that transmitted an 
excess of red. A mid feeble light, yen yd “ —, 

pears grey or grey n. is is said to ue to 
the rods of the retina ty more sensitive to light than 
the cones. As soon as the intensity becomes sufficient 
the cones respond and give the impression of colour. 
When the observer is looking through one of these dye 
solutions the object is either invisible or very faintly 
visible, and it is found that the change from this grey or 
greyish green to dark red is far s r than the change 
to any other colour tried—particularly the greenish blue 
at the end of the spectrum of steel at 700 deg. to 1000 deg. 
Cent. It is found that, with solutions of this kind, a 
difference of temperature of 5deg. Cent. can be detected; 
that is to say, an excess of 5 deg. Cent. sends sufficient 
radiations to the eye (D in Fig. 2) to render the object 
visible through the solution in question. Different ob- 
servers are found to agree closely as to the temperature, 
showing that the error due to the different sensitiveness 
of different eyes is but little greater than the experi- 
mental error. With untrained observers the error may 
be 10 deg. Cent. 

Permunence of Dye Solutions.—Having found a range 
of solutions capable of absorbing the rays emitted by red- 
hot steel at various temperatures, and at the same time 
suited to the peculiarities and conditions of the eye, the 
author proceeded to ponte the permanence of the 
various mixtures in the dark and under the action of 
light; also their behaviour in contact with retainin 
vessels such as glass and india-rubber. Some were found 
to decompose on keeping, some changed in colour, some 

recipitated ; others were found to soluble in glass. 

me were found to withstand the action of light, in 
contact with glass and india-rubber, without any ap- 
parent change. Professor Campion has independently 
confirmed the stability of some of the dyes chosen by the 
drastic test of exposing two pairs of cells to full sun- 
light for over a year. He found no deterioration in the 
solutions. 

Calibration of Dye Solutions.—The chosen solutions 
were then calibrated by viewing the end of a steel 
cylinder heated in an electric furnace and taking the 
temperature of the steel at the moment it ceased to 
appear visibly red by means of a platinum platinum- 
rhodium thermo-couple pushed close up to the back of 
the cylinder end. To remove any possible error due to 
the ig ayn of the junction being perhaps not 
exactly the same as that of the visible end of the 
cylinder, the calibration of the couple was effected by 
melting a number — substances of known melting- 
point on a minute ledge en the flat end. For tempera- 
tures above the scope of this arrangement the thermo- 
couple was dispensed with, and the melting of, for 
instance, nickel and platinum observed through the 
cells. This is, however, hardly the occasion to enter 
into details regarding the calibration and the precautions 
taken to ensure accuracy and some approximation to 
**black body ” conditions. 

_ Design and Method of Use.—In one of its forms the 
instrument (Fig. 3) has a stereoscope-like eye-shield to 
uard the eyes from extraneous light. Instead of two 
there are two pairs of dye solutions well protected 

by caps, which also serve to keep the light out. This 
form is suitable when some particular temperature is 
required. For instance, the case-hardening temperature 
is now controlled by employing an instrument like this, 
with one of containing dye solution adjusted to 
900 deg. it. and the other to 925 deg. Cent. If the 
pots are visible through the 900 deg. pair and invisible 
through the 925 deg. pair, the temperature is considered 
correct. There is no need to remove the eyes while the 
pairs are ; this is done by sliding the aluminium 
carrier to one side or the other. For reheating work, and 
for hardening tools, a single pair is all that is necessary. 
The ening temperature is attained as soon as the 
work appears just visibly red. For double reheating two 
Pairs are, of course, necessary—e.g., 760 deg. and 880 - 
Cent. The cells can be interch: and are readily 
detachable, so one instrument can be used to ascertain 
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| with accurately-fitting glass ends, held together on rubber 


any temperature, provided the object be visibly red hot. 
The actual container is a glass tube less than 1 in. long, 
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rings by two telescoping brass tubes. In form the cell is 
much like a short polarimeter tube. The caps on the 
aluminium slides are provided with springs to prevent 
the cells falling out. 

In another form the instrument is adjustable and is 
either monocular or binocular. In these the dye solution 
is contained in expansible cells, and a rang2 of absorp- 
tive powers obtained by altering the length of the column 
looked through. The first of this form was made with 
two thick glass ends and a length of inner tube from a 
bicycle tyre. On squeezing the f ends together, the 
rubber sides bulge outwards. ig. 4 is an example of 
the present form ; the actual container is enclosed in this 
tube, which is provided at one end with an eye-piece 
shaped to fit the eye and nose, and at the other with a 
screw-end, which lengthens the cell until the added part 
is — to just absorb the light corresponding to area 
D in Fig. 2. 

The temperature is then given by the scale engraved on 
the tube, much as a micrometer is read is form is, 
perhaps, not quite so accurate as the form with each cell 
specially made to one temperature, and according to a 
National Physical Laboratory report the error ~ a 
+ 10 deg. Cent. Within the experimental error from 
700 deg. to 1150 deg. Cent., the temperature in d 
Centigrade to which the column corresponds is a linear 
function of the length of the column of the dye solutions 
selected. In this form the instrument is 3 in. long by 
14 in. in diameter and is very handy. 

This method of determining temperatures is a zero 
method, and is therefore, ceterts parsbus, more accurate 
than one involving a comparison of colours. Furthermore, 
the critical point occurs when the eye is shaded from 
extraneous light—that is, when the pupil is dilated and 
the retina is in its most sensitive condition. In judging 
temperatures by the unaided eye errors are caused by :— 

1. Extraneous light falling on the eye. 


a perforated screen between it and the instrument. One | 


way to make an observation is to adjust the instrument to 
@ lower temperature than that expected, and then, by 
sliding darker cells into position, or by unscrewing (if 
the —— — , = the image until it La — 
to appear coloured. @ temperatures engra’ on the 
cell or the body of the instrument will then indicate the 
temperature of the hot body, provided that the conditions 
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periphery inwards. The composition of case-hardening 


materials varies very widely. following table shows 
the range of variation in seventeen commercial *‘ compo- 
sitions” tested :— 


TaBLe I.—Range of Variation in Seventeen Commercial 


a Per Cent. 
er 

Moisture 2.68 to 26.17 
Oil eee 0.17 ,, 20.76 
Carbon (organic) 6.7 ,, 54.19 
Calcium phosphate 0.82 ,, 74.75 
Calcium carbonate . 12 ,, 11.67 
Barium carbonate nil ,, 42.0 
Zinc oxide : nil ,, 14.5 
Silica .. be nil ,, &14 
Sulphates (SO,) trace ,, 3.45 

um chloride nil ,, 7.88 
Sodium carbonate. nil ,, 40.0 
Sulphides(S) .. on os nil , 28 


When these experiments were commenced the mixture 
of barium carbonate, a cent., and charcoal, 60 per 
“>. 8 by Guillet eae Soa ee forward, 
and it was customary to use case- ening compositions 
once only or perhaps twice. Another deewbadk experi 
enced in commercial yy for instance, with pots 
10 in. high by 10 in. in diameter, was the difference in the 
depth of tration near the middle and the outside of 
the pot. me compositions showed as much as 150 deg. 
Cent. difference in temperature between the inside and the 
outside. The author accordingly set out to improve :— 

1. Permanence, and to obviate loss of activity and 
co’ uent wastefulness. 

_ 2. Permeability to heat, and to obviate unequal heat- 
| ing and casing. 

| Permanence —The a that this loss of carbu- 
rising power was due to loss of nitrogenous constituents 
was confirmed by the author’s early experiments. 

Spent hardening mixture may contain 12 per cent. 























OotsIpE VIEW. 


Insipe View. 


Fic. 3. Pyrometer ror Osservinc Two TEMPERATURES. 


Fi ug. 5. RISE OF TEMPERATURE OF CHARCOAL 
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2. The difficulty of remembering close shades of colour. 

3. Errors of judgment in pe | the image of the 
colour observed with a series of mental images of colours 
previously seen. 

All these chances of error are eliminated by an instru- 
ment of this kind. No extraneous light falls on the eyes 
and no recollection is required ; the ener has simply 
to look through, wait about half a minute until his eyes 
have become accustomed to the darkness, and then see 
whether the object is visible as a dark-red patch or in- 
visible. Hardeners seem to prefer to use their eyes for 
telling the temperature. and these instruments provide 
pyrometric equivalents for limit-gauges and screw micro- 
meters, and at the same time screen the eyes from the 
glare and heat of the furnace. : 

_The readings are admittedly dependent on the sensi- 
tiveness of the eye ; if this varies from person to person 
the temperature readings will vary accordingly, be’ 
lower the more sensitive the eye. As already stated, 
these variations do not affect the accuracy momentously, 
and from actual experiments carried out with this and 
with another optical pyrometer working under very 
similar conditions, the author feels compelled to believe 
that the variation in sensitiveness, under the actual 
working conditions of these instruments, is not nearly 
So great aa might be expected. 

If the object be a large one, it is advisable to interpose 





Fig.6. RISE OF TEMPERATURE OF DRY 
CHARCOAL OF VARIOUS SIZES. 


-4 


Temperature*Cent. 





20 W@W 60 80 W0120 40 
Time Minutes. 


of the test are as nearly ‘‘ black body ” as those obtaining 
when the calibration was effected. Fortunately, red-hot 
iron and steel surfaces have an emissivity of nearly unity, 
so the error is not large, and can generally be neglected 
for industrial Furthermore, any error from 
this source will not prevent the instrument giving com- 
parative readings under similar conditions, which is all 
that is necessary in repetition work. ‘ 

These instruments have been applied with satisfactory 
results to the heat treatment of steel, carburising, reheat- 
ing, annealing, and hardening tools of all kinds. One 
has outlasted two thermo-electric pyrometerr, and it is 
the author’s opinion that a pyrometer which indicates its 
own temperature may convey some idea of the tempera- 
ture of the work, but will never be the hardener’s friend 
to the same extent as one of the forms of optical pyro- 
meter which can be focussed on the article iteelf. 

Case- Hardening Compositions.—Having ided a 
simple and effective device for ascertaining the tempera- 
ture of red-hot bodies, the author set about investi- 
gating case-hardening compositions—their nature, mode 
of action, and effect. Obviously for carburising to occur 
(1) the heat must first penetrate to the steel and raise it 
to the gamma condition ; it must (2) liberate and maintain 
a supply of the carburising ingredients ; (3) the peripheral 
layers of the steel must combine with (or dissolve) these 
ingredients ; and (4) the carbide must diffuse from the 














Fic. 4. ADJUSTABLE FORM OF PYROMETER FOR 
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organic carbon (total carbon, less carbon in carbonates), 

and yet, under similar conditions, have far less carburisi 

power than fresh material containing less carbon. Su 

sey mixture gives indication of only traces of nitrogen. 
wo 


similar compositions, one having a much ter 
carburising power than the other, gave the following 
results by the Kjeldahl test :— 
Composition. Nitrogen 
Per Cent. 
Good 2.72, 2.60 
Bad .. 0.61, 0.47 


Indirect evidence of the influence of gases ( ibl 
nitrogenous) evolved from the mixture is afforded by the 
results of the following comparative tests, which show 
that it is possible to carry off the carburising oor f aw 
current of coal-gas in much the same ny hat oil is 
removed by steam distillation (see Table II.). On the 
other hand, aoe gases which contain no ni 
compounds may carburise mild steel (see Table III.). 

Experiments extending over a considerable time and 

of compositions have confirmed the following sup- 
position :—1. The depth of case depends chiefly on the 
temperature the steel attains and the duration of the hot 
condition. On these factors depend the rate and extent 
of the diffusion of the carbon or carbide. 2. The concen- 
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SOME RECENT IMPROVEMENTS IN CASE-HARDENING PRACTICE. 














Fic. 8. Exectrric WetpeR ARRANGED FOR 
Temperinea Case-HARDENED ARTICLES. 
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Fie. 9. Mopirrep Automatic CentTRE PuncH 
FOR TesTiInG ResIsTANCE TO Impact. 
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Fie. 10. Quaprant ScLeRomMETER FoR Testinc Harp anp Sort Bars; Two-Fite Form. 




















Fie. 11. Quaprant ScLEROMETER ; PorTaBLe THREE-FILE Form. 


























Fie. 12. ‘Quaprant ScLeRoMETeR; PorTAsLe 


Tarez-Fite Form ; DetacHep From StTanp, 


Fie. 13. Quaprant ScLEROMETER ; ADJUSTABLE THREE-FILE Form. 
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Taste II. 


Composition : 50 per cent. bone-black ; 25 per cent. bone-dust ; 
25 per cent. oil. 








| 


. Without Coal- |With Stream of Coal-Gas through 
Experiment. Gea. A 

















Mixture. 
No.1 { ;Oaee, 0.0374 in. ; Oase, 0.0296 in. ; 
~ saturated unsaturated Slow st 
No. 2 Case, 0.045 in. ; Oase, 0.038 in. ; room 
. satura! a greg = 
Case, 0.043 in. ;  Oase, 0.024 in. ; 
No. 8 { satura unsaturated } Faster stream 





Time, 2 hours ; temperature, 900 deg. to 925 deg. Cent. ; 
rods, } in. round. 

















Fig. 14. Quaprant SCLEROMETER FOR TESTING 


Frat SuRFAces. 


, 





Taste III.—Case-Hardening in Gases. 
Temperature about 880 deg. Cent. Rods, } in. round. 





| 





Gas. | Results. | Case. 
Acetylene, puse,| Acctytene completely de-0,0064-in. thick ; un- 
3 hour | composed ; carbon de- satura 
| posited on specimen _ 

Acetylene, 1 vol.;Specimen coated with 0.0117-in. thick; un- 
coal-gas, 3 vols. ; carbon | saturated 

1 hour | 

Acetylene, 1 vol. ; Do. Do. On one side, 0.0147 
coal-gas, 12 vols. ; in. thick; unsatu- 
1 hour rated 

Acetylene, 1 vol. ; Do. Do. On one side, 0.0117 
coal-gas, 20 vols. ; in. thick ; unsatu- 
1 hour rated 

Acetylene, 1 vol. ; Do. Do. \Only where carbon 


coal-gas, 40 vols. ; | deposited 0.0117 in. 
1 hour thick ; 


Coal-gas bubbled 
through carbon 
disulphide; 1 hour 


unsatu- 


INo case; layer of 
sulphide formed 


Do. Do. 


loss of heat from furnace-walls when the pot is introduced, 
These “exhaustion” tests have been made in pots 


&e. 














Fic. 15. Quaprant ScLEROMETER FOR TESTING 
Concave SURFACES. 








Fic. 18. Swrnernc Hammer ARRANGED FOR TestTiING Smatt ROLLERS. 


tration of the carbon in the case depends chiefly on the 
“‘ activity” of the mixture, or rate at which it or its pro- 
ducts part with carbon to the steel. 


with temperature, but usually increases as the tempera- 
ture rises and with the time. 3. The duration of the hot 
condition for a given time of heating depends chiefly 
upon the permeability to heat of the case-hardening com- 
position. 

Exhaustion Tests.—Comparative depth of penetration 
has been the subject of a number of investigations, but is 
so much dependent on factors other than the case- 
hardening composition that the author has sought for some 
other test. The one finally adopted is to take a known 
volume of the composition, and ascertain the volume of 
the ‘‘case” that can be got from it without replenishing. 

The ratio total volume of case: initial volume of case- 
hardening material affords a indication of the effi- 
ciency of the composition, and is not so dependent as a 
single penetration measurement on other factors, such as 
size of pot, number and size of the articles it contains, 


The concentration | 
of carbon in the surface agers may increase or decrease | 





of various sizes, but usually in nickel-plated-steel tubes 
7 in. long by 14 in. in diameter, and heated in a laboratory 
muffle for 14 to 2 hours, starting with the muffle hot. A 
fresh piece of mild steel, such as @ in. round, is used for 
each heating. and the period is that required to give, at 
900 deg. to 930 deg. Cent., a case deep enough for com- 
etal use—viz., 0.015 in. to 0.065 in. Transverse 
sections are examined microscopically, and the mixture is 
conside to be exhausted when ferrite bands can be 
seen between the pearlite grains at the periphery—that 
is, when the case is unsaturated. With most commercial 
case-hardening mixtures it is usual to find that the peri- 
phery is unsaturated after six or seven heatings of 2 hours 
each. The results of testing some experimental mixings 
are to be found in Table IV. 

An Improved Case-Hardening Composition.—The last 
mixture in the above tuble is eminently suitable on the 
score of permanence, and can be used over and over 
indefinitely, provided that the inevitable waste involved 
in commercial usage is made up from time to time with 
fresh composition, and that the ingredients are well 









incorporated and in the proper proportions. The author 
was led to combining charcoal with potassium carbonate, 
sodium carbonate, and — hydrate by the results 
of tests on charcoal. is rapidly loses its carburising 
power. It also contains traces o tassium carbonate, 
which would react with red-hot charcoal and produce 
carbop monoxide. 

Incorporating a little potassium carbonate with ex- 
hausted charcoal is found to restore at once its carburising 
power and make it give up its carbon more readily than 
the original chescedl The same is true when potassium 
hydrate or sodium carbonate is incor b 

That the carburising power of such mixtures is due to 
nitrogenous compounds or cyanides is unlikely. 


soaked in a 5 per cent. aqueous solution of sodium car- 
bonate and dried, after three heatings contained :— 
N Peat (kieldahil) 
it - 
Oyanides |. = 


Yet this gave a saturated case even after the tenth, 
eleventh, and twelfth heatings. 

The author bas not fully investigated the nature of 
the reaction, but comparative tests show that charcoal 
in an atmosphere of carbonic oxide does not give quite 





Tasie IV. 


Mixture. 


Ratio Total Volume 
of Uase : Initial 
Volume of Mixture. 
Anthracite 75 per cent., oil 25 per cent. .. nil 
Anthracite 95 per cent., potassium car- 


bonate 5 percent. .. ee os 0.0042 
Coke soaked in 10 per cent. aqueous 

solution of potassium hydrate .. ai 0.0048 
Anthracite soaked in 10 per cent. aqueous 

solution of potassium hydrate .. - 0.0061 
Anthracite per cent., calcium cyana- 

mide 10 per cent. .. de os ne 0.0109 
Cc ne .. - es ee se 0.0122 
Anthracite 90 per cent., bone black 10 per 

cent. .. ee ee oe oe oe 0.0138 
Wood charcoal. . io a ee i 0.0140 
Charcoal 90 per cent., crushed bone 10 

per cent. .. on op we oe 0.0262 
Wood charcoal 90 per cent., calcium 

cyanamide 10per cent. .. im 0.0831 
Wood charcoal 90 per cent., crushed bone 

10 percent. .. - - ee sa 0.0368 
Bone black... “ - és 0.0405 
Leather charcoal . ‘ - en 0.0405 
Wood charcoal 90 per cent., bone black 

10 per cent. .. , ‘ os ee 0.0451 
Oharcoal soaked in 20 per cent. caustic 

potash 90 per cent., crushed bone 10 per 

cent. .. os - ee e os 0.068 
Wood charcoal impregnated with soda ash 0.116 


the same result as the charcoal and alkali mixture. Under 
similar conditions charcoal alone gave an unsaturated 
case ; chai and carbon monoxide gave a more satu- 
rated but still unsaturated case; and the charcoal and 
alkali gave a saturated case. 

Permeability to Heat.—Having found a composition far 
more pe in its properties than any then in current 
use, the author pro ed to investigate the factors con- 
cerned in permeability to heat. Most commercial mixtures 
consist of, or contain a large proportion of, small particles 
which itseems reasonable to expect will block up all the 
interstices and prevent the free pas of heat, for it has 
been shown that the heat conductivity of insulating 
materials depends chiefly on their air spaces. To test this 
point, granular charcoal was employed, and two model 





case-hardening pots were made, 5 in. high, 3.7 in. in 
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diameter, and 0.04 in. thick, made of sheet 
welded ther. contained the charcoal 








TaBie V. 
Moisture 
| weight of " Pieces per 
— tents. Charcoal. Gramme. 10 Deg-C. 
me) grammes, 7 per cent. 
1 215 Would not pass through sieve 36 6.30 
| | §& meshes per linearinch | 
2| 200 (Passed through 6 but not, 130 6.17 
| — 7meshes per linear 
no 
8 215 Passed through 7 but not 450 6.28 
| ' through 30 meshes per 
linear inch 
296 ~ 6.03 


Passed through 30 meshes 
per linear inch | 
Two striking points are brought out by these results :— 
1. The arrest of temperature at the centre at about 

100 deg. Cent. while moisture is being drived off. 

2. The effect of size of grain, and particularly of dust, 
upon the duration of the arrest. __ 

the saine samples were again heated the tempera- 
ture rose much more quickly (see Fig. 6). The absence of 
any arrest is, of course, due to the moisture having been 
expelled during the previous tests. Needless to say, the 
temperature at the core of a hardening-pot will not 
remain at 100 deg. Cent. for nearly three hours if the 
heating is done in a red-hot muffle; but the author has 
observed that there is an arrest, and another when 
other volatile matter begins to be given off, when the 
model pots are filled with oily bone-black and heated in 
red-hot lead at about 850 deg. Cent. : 

A mixture which can be used over and over again 
possesses the great advantage that moisture, oil, and 
other volatile constituents have, for the most part, been 

ready expelled by the previous ——_ This is illus- 
trated by the results plotted in Fig. 7. © curve on the 
right refers toa mixture of bone-black and bone-dust, and 
the middle one to the soda-ash and charcoal mixture, 
consisting of three parts used to one part not usd, freed 
from all small particles and dust by means of a sieve with 
round holes, 0.08 in. in diameter. The two mixtures were 
heated at the same time, the curve on the left showing 
the rise in temperature of a similar empty pot. 

To see if these results represented anything of com- 
mercial importance, the author carried out some tests in 
pote 10 in. high by 10 in. in diameter, with coarse and fine 
mixtures having the same composition. The same number 
and bed of “rides were ed in each pot, + & — 

ieces, 14 in. by 4 in. square, were placed near Pp 
and bottom and at the middle of the pot. The pots 
were then heated together for five hours, the maximum 
temperature being about 925 deg. Cent. These test- 
pieces were reheated to 760 deg. Cent. and quenched in 
water to show the depth of the case. 

Table VI. represents the results :— 

Tasie VI. 








Fine. 
in. | 
0.025 
0.08 
0.02 
0.025 
0.08 
0.03 











Top 
Middle 
Bottom .. 


em 


The figures denote the depth of case. 


In another test done on a commercial scale the author 
compared the mixtures referred to in Fig. 7. The test- 

ieces were placed at the middle only. The pots were 

in. high by 9 in. in diameter, and heated for four hours 
side by side, the maximum temperature being about 
925 deg. Cent. One pair of test-pieces was then ted, 
as in the previous comparison, and the other sectioned 
and examined microscopically :— 

Taste VII. 

oe ee _. a. Charcoal. Size as No. 2, Im- 


Third Spent Bone. Size as freknated with Soda Ash. 


No. 3. Not Free from Dust. 
in. care in. 
Hard 0.01 Hard .. 0.03 
Soft 0.015 | Soft .. 0.04 


The figures denote the depth of case. 


Eiianes in tok pean ak een 
able improvement in manence it 

to heat. is remained to cleat whether this vend 
position” imparted a suitable percen of carbon and 
amy uniform results from day to day. . W. T. Flather 
t a > ee oe Saceenenatinns of cen 
in the successive layers case, and was good enough 
to carburise some bars of Ubas steel in his standard pot, 
and under his standard conditions, but using the dost-fres 
impregnated with soda ash. 


one part fresh already referred to. The results of the 


, three parts used to | the 





carbon determinations (made in the Research Laboratory) 
are to be found in Table VIII. The bars were § in. in 


diameter and 6 in. long, and were carburised 4 hours at} hand, 


925 deg. Cent. Successive lay: 0.0025 in. thick, were 
tu off all along, the end 4 in. being left on to avoid 
end effects. Some of the carbons were determined by 
a, and the others by the colour test, using the 
ormer as : 


Tastz VIII. 
Carbon Carbon Carbon 
p.c. i p.c. 
Surface layer 1.050 llthlayer .. 0.750 22nd layer 0.395 
2nd layer .. 1.020 12th ,, . 0.695 24th ,, 0.365 
y i .. 1O0L6 18th ,, . 0.655 26th ,, 

4th ,. .. 1010 14th , - 0.630 28th ,, 0.315 
6th ,, 1,000 15th , . 0.595 30th ,, 0.305 
Cth ,. 0.950 16th ,, . 0.685 32nd ,, 0.305 
=e 0.880 17th , . 0.535 34th ,, 0.275 
8th ,, 0.840 18th , . 0.605 36th ,, 0.255 
9th ,, 0.830 19th ,, .. 0.480 88th , 0.227 
10th ,, 0.810 20th ,, -- 0,440 40th ,, 0.205 


The even gradation of the carbon content from surface 
to core is noteworthy. In a test on a commercial scale, 
extending over twenty-nine days, test-bars 1 in. in dia- 
meter were covbuntess along with ordinary work at 900 
deg. to 925 deg. Cent., the mixture being replenished once 
or twice a week to make good the inevitable waste. The 
bars were cooled in the pots, and the surface layer turned 
off as above and analysed, with the following results :— 


Tasie IX. 


Per Cent. Carbon. 
New mixture... we 0.967 
End of first day .. 0.909 
» fourth day na 0.981 
» twenty-ninth day 1.06 


The author considers 0.9 to 1.1 per cent. carbon satis- 
factory, and preferable to less than 0.9 per cent. The 
cementite does not appear to form lamine unless the 
percentage of carbon is greater than 1.05; and for work 
that has to be ground a slight degree of supersaturation 
at the surface is considered necessary. Charred leather 
at 1000 deg. Cent. imparts about 1.3 per cent. carbon, at 
925 deg. Cent. about 1.2 per cent. carbon, and Guillet’s 
composition (barium carbonate, 40 cent. ; wood char- 
coal 60 per cent.) at 925 deg. Cent about 1.2 per cent. 

These analyses disclose the average carbon content of 
the layer in question, but they do not give any evidence 
of uniformity. A priori it is quite possible that such 
large grains may produce local inequalities in the degree 
of carburisation. To test this point, the author has 
employed the colouring solution, also the scleroscope and 
sclerometer referred to later. Even when the case on 
1-in. bars of Ubas steel was not more than 0.012 in. deep, 
the colour developed showed no indication whatever of 
local paucity of carbon. [The author exhibited a bar 
carburised in mixture made with No. 1 sized grains of 
charcoal (see Table V.).] It is uniformly hard all over, 
even after grinding off the outside layers of the shallow 
case. Had there been lack of uniformity from this cause 
it would have made itself evident also in the micro-sections 
of rods done in the exhaustion tests. This uniformity 
doubtless connotes a gaseous agent for conveying and 
maintaining the supply of carburising agent. rs 1 in. 
in diameter, bound together, then carburised, separated, 
and quenched, are quite hard, even when no particles of 
the mixture could possibly have touched the steel. 

It will be readily understood, therefore, that a compo- 
sition of this kind, replenished regularly with a small 
proportion of fresh mixture, is capable of giving very 
uniform results. On account of its low specific gravity 
com tive ~ = ¥- yh sy oil, and —, = 

eating-up period is a 8) er pro’ ion of the to 
time, so that less judgment is wb myo allowing for the 

e Pee ms mnt J of the hardening plant 
and staff is corres ingly increased, and the steel too is 
all the batter for the shorter —. 

An Improvement in Tempering.—The use of hot tallow 
and lead for tempering is, of course, well known ; but 
the application of an electric welder, which, the author 
believes, was a by V. A. Holroyd, presents 
some novel and advantageous features. It is jicularly 
useful for local softening or tempering (Fig. ¢ page 136), 
and, unlike tempering in tallow, the core of the article is 
left softer than the outside. This is specially advantage- 
ous for case-hardened articles. The operation is a very 
quick one, and the surface is left quite clean. 

Methods of Testing Hardness.—So far as the author is 
aware, very little work has been done to provide com- 
mercial means for testing the suitability of case-hardened 
articles. The practice of examining test-pieces carburised, 
heat-treated, and hardened along with each batch is, of 
course, sound as far as it goes. The Shore scleroscope 
and Brinell test have their spheres of usefulness. But 
still the file is the instrument most used, perhaps 
rightly, for it does give an idea of the resistance the sur- 

of the article offers to abrasion under pressure, 
which is what most articles are case- ened to with- 
stand. This and the Brinell test are, the author believes, 
the instruments in commonest use for testing case-har- 
dened work and test-pieces. 

For small articles the modified centre punch illus- 
trated in Fig. 9, 136, is particularly suitable for 
rapidly getting a working idea as to whether the case is 
above the minimum permissible depth. It is an ordinar 
6-in. Brown and Sharpe automatic centre punch to whi 
the author has fitted a screwed-on container for holding 
a }-in. bicycle ball, as shown in the upper illustration. 
The hard point has been removed the container 
Saas, = = ee The ball protrudes just suffi- 
ciently to prevent the container comi 


size of pots, &c. 


into contact with 

the article under test. This is very 1 for large as well 
as small artic'es, and its readings appear to refer more to 
case and less to the core than t obtained with a 


Brinell testing-machine, 





An Improved Sclerometer.—On account of the variable 
element in testing resistance to abrasion with a file by 
snd, the author sought to devise means for i 
friction under a given load. A pair of “scissors,” with 
files in place of was found 6 to be cumbersome, and 
the weight of the article introduced variations according 
to the position the scissors were held in. Small flat 
articles can be placed on the top of a file, and the hard- 
ness gauged by raising one end of the file and observing 
the angle when the article slides. This led to placing the 
article under the file so that its weight causes relative 
motion, which motion ceases (if not too rapid) when the 
frictional forces are great enough. This instrument 


0.330 | (Fig. 10) is for testing round surfaces. A soft bar holds 


the top file up so that it makes an angle of about 70 deg. 
with the bottom one. The actual angle is indicated by 
gures engraved on the slotted quadrant. A hard bar 
will not hold the file up uatil the angle falls to about 
15 to 20 deg. A hardened and tempered bar gives read- 
ings between these angles according to the degree of 
temper. 
Figs. 11 and 12 illustrate a portable form adapted for 
measuring the hardness of parts that cannot be brought 
under the first form. With this it is as easy to meacure 
the iness concerned in resisting abrasion as it is to 
weigh with a spring balance. Another form adapted to 
take larger articles is made with three A files, so that the 
outer two can be moved further apart at will (Fig. 13). 
For concave surfaces, such as the ball-races of motor-car 
ings, a different type (Figs. 14 and 15, page 137) is 

employed. Its essential part is a short piece of round file 
which, with its two ends resting on the bearings, slides 
down one side, or is deflected as the bearing is rotated. 
The angle taken up depends on the hardness and conse- 
quent friction, and is measured on a graduated quadrant. 

For fiat surfaces a short file is mounted in a holder 
which slides along a smooth bar until friction arrests the 
motion (see Fig. 14). 

_ The reading~, ceteris parabus, are within considerable 
—_ independent of the diameter of the test-object. 

t 


radius of test-object = O A = OB. 
half length of upper file = C M. 
le between the files. 
weight of object. 
W = weight of upper file. 


Consider the equilibrium of the test-body. 
Resolving along CO, Fig. 16, we have— 


(F + F’) cos 5 = (N + N’- w). sin 5, 


Sen 


a F+F 
2° NGN-w 
Taking moments about O, we have— 
Fa = F'a, 
Fae. 


Resolving vertically, we have— 
N’ = Noosa + Fsina +w. 
Substituting we get— 


2F 
tan * = . 
™9 N (1 + cosa) + F sina 


Putting = pw, the coefficient of friction, we have— 
tan % a 2h 
2 1+ cosa+psina 
which shows that the readings are independent of the 
weight and diameter of the test-body, provided the co- 
efficient of friction does not vary with the diameter. 
When used in the vertical ition the investigation is 
somewhat different. Consider the equilibrium of the 
connected files in Fig. 17. 
Resolving along CO, we have— 


+ (F + F’) cos 37 (N + N’)sin 5 +2W. 
The sign of the first term depends on whether C moved 
down or up just previous to equilibrium. 
By symmetry— 
F = F’and N = N. 
Substituting we have— 


+ F cos 3 = Nein § + W, 
or - 
oe 
ks + # C08 = sin 3 + N’ 
a : _w 
ee #?* Ree 
Consider the equilibrium of one side. Taking moments 
about C— 
W.lsin * = N.acot *, 
2 2 
ane * 
yee te ee Pee - a, 
a 2 2 a a 
~s 


Substituting in the expression containing 1 we have— 


aW coy 
° 2% a 
W lL. sin 9° 5 


a 
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Whence ‘ 


E 


a a " 
a= 4-7" sin2S 

In this case, therefore, we should ye the angle to 
be independent of the weight of the and test-body 
and to increase as its diameter decreased, the effect of 
the variation being less the longer the file. 

Experiment shows that the angle is slightly affected 
by variation in the diameter, but in the opposite direc- 
tion to that indicated above. 

The results obtained with waendy 
in diameter, are recorded in Table X. 


TaBLe X. 


treated bars, 1 in. 





| Guten | Shore 
| Sclerometer. | Scleroscope. 


deg. 


1-In. Bars Ubas Steel :— 
As received ae ii ws ng 
As received. Oarburised five hours, 
cooled in pot .. - - oul 69 
As received. Oarburised five hours, 
reheated to 760 deg. Cent.,) 
quenched in water .. wa “a 
As received. Carburised five hours, 
reheated to 760 deg. Cent., tem-| 
pered one hour at 300 deg. Fahr. | 
As received. Carburised five hours, 
reheated to 760 deg. Cent.. tem- 
pered one hour at 400 deg. Fahr. 33 
}-In. Bars Ubas Steel :— 
As received ove = on oe 63 
As received. Carburised five hours, 
cooled in pot .. ne a es 60 
As received. Oarburised five hours, 
reheated to 760 deg. Oent., 
quenched in water .. ao oa 
As received. Carburised five hours, 
reheated to 760 deg. Cent., tem-| 
pered one hour at 300 deg. Fahr. 
As received. Carburised five hours, | 
reheated to 760 deg. Cent., tem-| 
pered one hour at 400 deg. Fahr. 





deg. 
75 


20 


28 


18 





26 


36 


a 


Both the quadrant sclerometer and Shore sclerosco 
ed lower readings for smaller diameters. With the 
ormer the difference is greater for soft, and with the 
latter for hard, bars. This is probably due to the file 
teeth in the one case, and the falling weight in the other, 
throwing up steeper ‘‘ramparts” round the depression 
when the surface is less convex. 

For commercial testing of hardened work and within 
wide limits, the error due to varying diameter is negligible 
in the case of the quadrant sclerometer. That the instru- 
ment is very sensitive is shown by the way it detects 
= degrees of tempering. Several are in lar use 
at both of the Rudge-Whitworth works, where they have 
to a large extent superseded the cruder hand test with 
ordinary files. They are handy and my and capable 
of dealing with large quantities of work in a short time. 
Instead of files, carborundum or alundum sticks or 
pencils may be employed, but files give very good results 
and last many months without showing any errors due to 
wear, provided they are Be ony made and appropri- 
ately before use. arious standards have been 
adopted for different articles, and the angle should come 
between the specified limits in order to the viewer 

Production of Colowrs on Hardened Work to Facilitate 
Viewing.—Many articles, such as cups and cones, cannot 
be ae tested with a scleroscope or sclerometer 
on account of their shape. Realising the need for some 
method which would enable articles of all sorts to be 
tested in bulk, the author turned his attention to the 
production of colours on hardened surfaces which would 
afford an indication of the nature of the steel Mery ay 
such surfaces. The ama solutions employed by the 
metallographer are unsuitable for commercial application, 
some because of their inflammability, others because they 
will not flow evenly over a somewhat oily or greasy 
surface. A suitable solution which has been found to 
give satisfactory results consists of — 








Alcohol - 1 litre 
Distilled water ~ “ 
Nitric acid, pure .. . 100 cub. cm. 


_ Articles ground or polished after yon ae pt and 
immersed in this for } to 1 minute are stained brown 
or light blue where the structure is martensitic, dark blue 
or dark grey where there is troostite, and hardly stained 
at all on ferrite or pearlite. 

_By treating hardened articles in this way, before 
viewing, the inequalities are rendered visible, and can 
readily be detected. The fact that the whole of the 
surface is tested, and not merely the parts touched by 
the file, sclerometer, or scleroscope, is an enormous 
advantage for commercial purposes. The test reveals at 
once spots that have been splashed before quenching. 
and contain troostite, also superficial tempering due to a 
glazed surface on the grinding-wheel or to excessive pres- 
sure. It does pee coupons to be possible to obtain a calori- 
metric scale of hardness in this way, but when a number 
of articles are dipped at the same time the eye readil 
detects those that have a different appearance, and all 
that is then necessary is to check the odd ones with a file 
or sclerometer. This test is also suitable for tools and 
complicated articles that cannot conveniently be tested 
with an instrument. It also shows the a of case if a 
part is left on and ground away, and should prove useful 
= ascertaining whether an article has been properly 

m q 

The swinging hammer shown in Fig. 18, page 137, is the 
outcome of another attempt to replace the variable mus- 
cular force of the tester by the constant force of gravity. 
Instead of a skilled viewer wielding a hammer a boy utilises 





this simple instrument, which consists of an ordinary 


hammer swinging on a su h a bushed 
hole i le. The cary aod lock which carries 
So eee nes : Qe ee 
lor recei . if necessary, clam parts 
tested. ib tes teen found waar nal tee testing small 
parts, such as the rollers of motor-cycle engine- 
the blow being controlled by observing the angle on 
graduated quadrant behind the hammer. 

Tn this paper to a close the author takes the 
Sey of thanking the directors of Messrs. Rudge- 

tworth, Limited for permission to publish the in- 

formation it contains. 





THE INFLUENCE OF MOLYBDENUM UPON 
THE CORRODIBILITY OF STEEL.* 


By J. Newton Frrenp, D.Sc., Ph.D., and C. W. 
MARSHALL, Worcester. 


In two recent communications Mr. Thomas Swindent 
has given the results of a very thorough investigation of 
the influence of molybdenum upon the physizal properties 
of steel, and it occurred to the present authors that the 
results might be made still more — by a careful 
investigation of the influence of molybdenum upon corro- 
dibility. gy desire to express their heartiest thanks to 
Mr. Swinden for kindly providing them with samples of 
his steels with which they have been able to carry out the 
investigation detailed in the paper. They also desire to 
express their indebtedness to Howell and Oo., 
of Sheffield, who kindly supplied them with carbon steels 
Nos. 1, 5, and 9, to serve as types. 





300 cub. cm. of water, and shielded from light. After 
forty-six weeks the steels were removed, scraped free 
from rust, and dried in a steam-oven. They were then 
weighed, the loss in weight being taken as a measure of 
the corrosion. 

2. Salt-Water Tcsts.—These experiments were carried 
out in an exactly similar manner to the tap-water ones, 
= liquid corrosive medium being 3 per cent. salt 

ution. 


3. Sulphuric Acid Tests (0.05 per Cent.).—In these 
experiments the corroding hquid consisted of a solution 
of 0.5 gramme of sulphuric acid in 1000 grammes of 
water. The liquid was frequently renewed. 

4. Sulphuric Acid Tests 10.5 per Cent.).—In these ex- 
—_ the corroding liquid consisted of a solution of 

grammes of sulphuric acid in 1000 grammes of water. 
The liquid was frequently renewed. 

5. A Wet and Dry Tests.—In these experiments 
the steels were laid upon a perforated disc of paraffin 
wax suspended in a metal bath, which was alternately 
filled with water and emptied, as described in a previous 
paper.* The steels were thus exposed to alternate wet 
and dry action. 


Discussion of the Results.—An examination of the 
table makes clear the following points :— 

1. Molybdenum up to 4 per cent. does not a to 
exert any marked Cancee upon the corrodibaity of 
steel when mae to tap water, salt solution, and dilute 
sulphuric acid. : 

2. The results of exposure to 0.5 per cent. sulphuric 
acid are almost identical with the mean corrosion factors 
obtained by the exposure of the steels to the other four 


Taste I.—Tue Corroprsinities or MOLyspENUM STEELS. 




















| 
| ‘Tap Water Salt Water. | Wet and Dry (0.08 r Cent, Acid) Mean (0.5 per Cent. Acid 
| Molyb- (46 Weeks). | (42 Weeks). (14 Weeks). &S Weeks). Oorro- | (10 Weeks). 
ry Oarbon. | d 4 | | gion | 
0. *| denum. : a, RR Pay ose 
Loss in |Corrosion | Loss in |Corrosion | Loss in |Corrosion | Loss in | Corrosion | Factor. Loss in | Corrosion 
| Weight. Factor. | Weight. | Factor. |Weight.| Factor. |Weight.| Factor. | Weight. | Factor. 
| | ' | ———— 
per cent| per cent | 
1* 0.14 0.0 0.6478 100 =| (0.6493 100 =| (0.6267 100 | 0.6906 100 | 100.0 | 2.8781 | 100 
2 | 0.195 | 1030 0.6184 95 | 0.5252 81 | 0.6500 104 | 0.5888 100 | 95.0 | 2.7990 | 97 
3 | 0.246 | 2176 | 0.6598 102 | 0.6494 | 100 0.7968 127 | 0.6314 90 105.0 | 2.8906 | 100 
4 | 0.190 4.110 0.6540 101 | 0.6684 | 103 0.8234 131 0.5834 99 108.56 | 2.9872 104 
6* 0.40 0.0 | 0.6470 100 =| 0.7292 112 0.8732 59 0.6182 105 940 | 2.9077 103 
6 | 0.445 1.054 0.6200 | 96 0.6846 | 105 0.7090 113 0.5600 97 108.0 | 2,9868 | 104 
7 0.442 2.181 0.6398 99 | 0.6102 | 94 0.9776 156 0.5588 96 111.0 | 2.9726 | 108 
8 | 0.487 4.009 0.6840 106 0.6436 99 = | 0.9030 144 0.5040 85 108.5 3.0736 107 
9* | 1.04 0.0 0.6616 102 0.7660 | 118 =| «(0.2756 44 0.6312 107 98.0 | 3.1117 108 
10 1.215 1.096 0.6623 102 | 0.7016 | 108 =| 0.7224 115 0.6044 102 107.0 8.1657 110 
ll 1,210 2.108 0.6790 105 0.6812 105 0.7900 128 0.6046 102 110.0 3.38204 116 
12 | 1.060 4.019 0.6862 106 0.6272 97 0.9486 151 | 0.6046 102 114.0 | 3.1286 109 











* The results in these horizontal rows are the mean of two sets of experiments. 
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Per Cent Molbdenum. 


All the steels were tool-turned and cut into cylinders 
1.4cm. in diameter and 4 cm. in height, and weighed 
approximately 40 grammes. The surfaces were rendered 
perfectly smooth with emery. 

The analyses of the steels were as follow} :— 








Steel Molyb- | Man- | Phos- 
No. Carbon. | genum. ganese. | Silicon. | Sulphur. phorus. 
r cent | per cent per cent| per cent rcent (per cent 
1 Pols et P0.839 | PO.187 P0.086 |" trace 
2 0.195 | 1.030 | 0.218 | 0047 0.025 0.016 
8 | 0.246 | 2176 | 0.216 | 0.064 0.026 | 0.015 
4 0.190 | 4.110 | 0.242 | 0,036 0.020 0.017 
5 0.40 | 0.0 0.357 | 0.084 0.042 
6 0.445 1.054 | 0.230 | 0.087 0.026 0.014 
7 0.442 2.181 | 0.270 | 0.075 0.025 0.015 
8 0.487 | 4,009 | 0.292 | 0.038 0.024 0.016 
9 1.04 0.0 0.253 | 0.081 0.039 | 
10 1.215 1.006 | 0.450 | 0.124 0.082 0.017 
ll 1.210 2.109 | 0.288 | 0.071 0.028 0.015 
12 1.060 4.019 | 0.230 | 0.039 0.020 | 0,016 








Five series of experiments were carried out, and the 
results are, for the sake of easy comparison, grouped 
together in Table I., above. In calculating the corrosion 
factors for each series the loss in weight of steel 1 is taken 
as 190. 

1. Tap-Water Tests.—The samples of steel, resting on 
dises of paraffin wax, were placed in beakers containing 





* Paper contributed to the Iron and Steel Institute, 
May, 1914. 7 al 

+ Carnegie Scholarship Memoirs, 1911, vol. iii., page 66; 
1913, vol. v., page 100. 

+ With the exception of the carbon steels Nos. 1, 5, 
and 9, the analyses are those given by Mr. Swinden, 
loc. cit, 





corroding agencies listed in the table. This is interest- 
ing, because it so frequently happenst that the solubility 
of steels in the — “4 solutions of sulphuric acid gives 
entirely unique results, which are quite untrustworthy 
guides as to the behaviour of the metal towards neutral 
corroding agencies. : 

3. The test variation in the corrosive factors is 
= = the wet and Coy teste, the resis aap of Se 
8 greatly increasing wid! percentage of car 
see steels 1, 5, and 9) The molybdenum, on the other 

d, tends to increase the corrosion very markedly. 
The pointes are clearly brought out by the curves in Fig. 1. 
It is difficult to say what conclusions we are to arrive at 
from this, but if, as the writers believe, the wet and dry 
tests correspond most closely to the conditions under 
which steel ordinarily es in practice, it is clear 
that, from the corrosion point of view, molybdenum is an 
andesirable constituent of steel if present to a greater 
extent than 1 per cent. q : ; 

These conflicting results emphasise still more forcibly 
the ‘necessity of determining the corrosion of iron and 
steel under conditions closely similar to those which the 
metal will be subjected to in practice.”§ 





AMERICAN PerroteuM.—The United States Geological 
Survey reports that the production of petroleum in the 
United States in 1913 was 248,446,230 as com- 
pared with 222,935,044 barrels in 1912. The greatest 
production in any single State was in California, which 
yielded last year 97,764,000 barrels. Oklahoma ranked 
second with a yield of 63,579,000 barrels; and Illinois 
third with an output of 23,893,000 barrels. Oklahoma 
is quite a new State, having been carved during the last 
few years out of the Indian Reser vation, and ite increas- 
ing yield of petroleum is simply marvellous. The 
248, 416,230 barrels representing the aggregate yield of 
last year may be analysed as follows : — Appalachian 
group, 25,921,000 barrels; Lima and Indiana, 4,773,000 
barrels; Illinois, 23,893, ls; Mid - Continent, 
84,920,000 barrels ; Gulf, 8,542,000 barrels; California, 
97,764,000 barrels; Colorado and Wyoming, 2,595,000 
barrels; and other localities, 34,000 barrels. Petroleum 
is a mine of wealth to the Americans. Last year the 
value of the production was 237,121,000 dols.; in 1912 
the corresponding aggregate was no more than 164,213,000 
dols. It follows that the value increased in a single year 
to the extent of no less than 72,908,000 dols. 








¥ of the Iron and Steel Institute, 1912, No. I., 


f Ibid., 1913, No. L., page 397. : 
t Contrast the results of Chappell, sbid., 1912, No. I., 


page 270. . 
§ Journal of the Iron and Steel Institute, 1912, No. I., 
page 258, 
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SAFETY AT SEA.* 
By Professor F. P. Purvis, Tokyo Imperial University. 


A coop deal has transpired since the reading of my 
paper before this Society in November, 1912. Principally 
the International Convention on Safety of Life at Sea 
has performed excellent work and made thoroughly 
practical enquensions and rules. In addition, the boat 
question, and subsidiary matters connected with it, have 
been attacked in a whole-hearted manner that promises 
well for a workable solution. The problems ef an inner 
skin on the one hand, and of longitudmal subdivision 
with access through the dividing bulkheads on the other, 
have been advanced by a application on the 
largest scale. Fire-proof bulkheads above the ‘‘ margin 
line” have been made the subject of an article in the 
International Convention ; and the Aquita’’1 stands as at 
least one instance of their practical appli + ion (see Mr. 
Peskett’s recent Institution of Naval 
I shall therefore restrict my present communication to 
the discussion of a few matters which do not seem to me 
to have received quite sufficient attention. My earlier 
paper refers to several of them, and part of my present 
work will be to review my position in relation to what 
has since transpired. 

Take first the matter of an inner skin, which has 
obviously so much to recommend it. In discussing the 
advantages of this structural addition I suggested that: 
‘*A detail, worthy of some consideratioa, would be 
whether the connection between the inner skin and the 
web-frames should not be rather slight, the inner skin 
being stiffened by independent frames; injury to the 
outer skin and the web-frames would then not necessarily 
involve any part of the inner skin, which might, even 


with such serious damage as the Titanic’s, escape intact.” th 


The drawings which have appeared in recent periodicals, 
representing the arrangement for the inner skin of the 
Britannic, do not show that the end I had in view has 
commended itself to her designers; stringers of a very 
substantial character + yon to connect inner and outer 
plating in a way which would make interaction certain 
under given conditions. I think the matter is well 
worthy of further consideration in future designs. 

Another matter in my earlier paper has not at present 
been taken up either by the International Convention 
or, a8 far as I have seen, in the design of any modern 
merchant ship. This matter is the ss: or rather 
the practicability, of transverse bulkheads without water- 
tight doors. 
out that: ‘In Atlantic ships, as exemplified by the 
Titanic or Mauretania, there seems no difficulty ina - 
ing that each stokehold has its own bunkers; in suc 
case the necessity for corporeal communication along the 
level of the stokehold floor does not seem absolutely 
urgent.” The practical difficulties that would arise from 
such an arrangement I know are very great; I endea- 
voured to deal with them. The class of ship, again, in 
which this would be even possible is a very small one, 
as counted by units. Measured by other standards it is, 
perhaps, the most important in the world ; exceptional 
treatment would, therefore, appear to be not unreason- 
able. Results obtained in this very limited class might 
lead to the extension of the principle to other classes, 
but that does not call for immediate discussion. 

The value of water-tight decks has received attention 


during or ear from many students of the general 
subject. r. Hillhouse read a paper last June at the 
summer meetings of the Institution of Naval Architects, 


and in it used the words: ‘* Water-tight decks form an 
exceedingly valuable form of subdivision.” In the dis- 
cussion on this Dope Sir Archibald y appears to 
have accepted the statement, but laid stress on some 
of the difficulties. My own contention a year and a half 

was as follows:—‘‘In collisions with other steamers 
the area of damage is not at all restricted to the under- 
water portion of the ship; the impact which might be 
expected to tear open the ship’s side would also tear 
away a large portion of any deck near the water-line ; 
the stringer-plate certainly would be carried away for 
practically the same length as the damage of the outside 
skin; for that length, therefore, the transverse bulkheads 
would be called upon to play the same part whether the 
water-tight deck were fitted or not.” 

That contention, I think, still holds good. Mr. 
Peskett, in his recent Institution of Naval Architect’s 
paper dealing with the Aquitania, takes account of 
certain portions of deck gs serviceable for the exclusion 
of water; but this he does to a very limited extent, and 
in view of other features of construction to which he 
attaches importance. Even then I do not think he meets 
the objection which I have stated above; the onus of 
proof would still lie with him. The International Con- 
vention, in Article 30, calls for further study in this and 
other matters. 

Turning now to another of the International Con- 
vention’s lations, a quesiion is raised which is 
not, I think, solved in a manner entirely satisfactory. 
Article XV., paragraph 8 (a) provides as follows :— 
**When the number of water-tight doors in the main 
transverse bulkhead at or about the stokehold level in the 
machinery space exceeds five, excluding the water-tight 
doors at the entrance of tunnels, all water-tight doors 
situated below the load water-iine shall be capable of 
being simultaneously closed.” (The context shows that 
they are to be closed by power.) My objection to the 

rovisions of this article is the large number—five doors. 

here are many steamers in this and other parts of the 
world with the boiler-room bunkers far too small for 
their needs; a large oross-bunker forward of boilers, 





* Paper read at the Japanese Institution of Naval 
Architects, June 7, 1914. 


r.uitects’ paper). | po 


Dealing with a very limited class, I pointed | * 





either permanent or reserve (sometimes both permanent 
and reserve bunkers), is absolutely necessary; to 
the coal to the boiler-room there is a door or doors 
which can be shut water-tight. In some steamers 
is a passage or tunnel from the boiler-room bulkhead to a 
light bulkhead ay ee eee ee from reserve ; one 
water-tight door is considered sufficient, and it is placed 
at the boiler-room end; the bunker and reserve bunker 
openings are closed by light plates only. Where there is 
no such passage, and the door in boiler-room bulkhead 
opens at once into the reserve bunker, little is done, in 
some - to op the coal clear of the door and the 
door slides. While visiting one or two steamers on 
recent occasions I have asked the engineers in cha 
the question how long, in case of emergency, it would 
take to close the door—working, say, from the grati 
above. The answer has been “about 10 minutes.” 
It is to improve this state of things that I think some- 
thing more should be done; surely every effort should 
made to reduce this time interval toa minimum. The 
preferable method of doing this would be to substitute 
operation by power for operation by hand. In my earlier 
paper I made a suggestion with to the above- 
mentioned tunnel to extend its usefulness on the side of 
safety. Recognising that s tion as introducing too 
many difficulties for practical adoption, it seems to me 
that Article XV., paragraph 8 (a) of the Regulations 
might well be modified to make it compulsory even 
when there is only one door in the water-tight bulkhead 
dividing boiler-room from hold in front, that that door 
be o ted by wer, directed either from the 
bridge or from some other suitable place. If this were 
done there would still be the necessity of keeping the 
coal clear of the door-slides ; but on this point the gu 
lations are clear; Article XV., paragraph 5, provides 
at :— 
‘* In the case of water-tight bunker doors satisfactory 
arrangements shall be made by means of screens or other- 
wise to prevent the coal from interfering with the closing 
of the doors.” f 

Thus in future, one of the elements of time in closing 
should be effectively dealt with. My proposal is meant 
to deal with the other. ; 

In this connection, or partly in this connection, I 
should like to call attention to what indeed is thoroughly 
understood—viz., the fact a the Convention yi the 
most part restricts its findings to passenger shi 
Clause II. defines the ships in on as ‘‘merchant shipe 

- which carry more than twelve oe, The 
restriction was probably quite unavoidable ; as simplify- 
ing the problems involved it is eminently reasonable. 
But it may well become one’s duty to take a wider field 
of view ; the safety of cargo ships deserves consideration 
not much less than that of passenger ships. The regu- 
lations applicable to the one class ought in many in- 
stances to be applied to the other. In the matter I 
have just been discussing, for instance, many cargo- 
ships, as well as passenger ships, have the door com- 
municating between boiler-room and space in front. 
Such ships designed in the future would probably 
be influenced by the Regulations, both in this matter 
and in others to which the ulations apply. Any 
discussion of the latter thus mes of increased 
importance. Applicable in the first instance only to 
passenger ahi, they will cértainly indirectly affect 
cargo ships. © most important of them will prob- 
ably in course of time, in most countries, be definitely 
extended by law to cover the latter class as well as the 
former. The Regulations of the Convention may, in this 
respect, be considered as the first of two steps ; the second 
is yet to be taken. 

here is much room for discussion and consideration ; 
and there is no doubt that in whatever is done, in what- 
ever it is found possible to do, for the safety of ships, 
passenger and cargo ships alike, this country—Japan— 
will ever be ready to take its share. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several colonial and 

— eg projects taken from the Board of 
¢ Journal. Further information concerning these 
— can be obtained from the Commercial Intelligence 

ranch, Board of Trade, 73, Basinghall-street, London, E.C. 

New Zealand : Extracts from the local Press have been 
received from the office of H.M. Trade Commissioner for 
New Zealand, from which the following information is 
taken :—The ratepayers of Wairoa have sanctioned a 
loan of 4000/. for the extension of the electric-lighting 
system of the town. The Whangarei Harbour Bosrd has 
page of a scheme involving the expenditure of 
69,0002. for harbour extension, and additions are con- 
templated which will considerably increase this amount. 
As the Board’s borrowing powers are limited to 10,000/., 
it has been decided to obtain Parliamentary sanction to 
increase the amount to 100,000/. In the meantime, a poll 
is to be taken on the question of raising a loan of 10,0000. 
to complete the work already in hand. 

Morocco: H.M. Chargé d’Affaires at Tangier reports 
that tenders are invited by the Moroccan Adjudications 
Commission for the construction of a section, 10.32 km. 
ot 64 miles) in length, of the road from Rabat to 

blanca. he estimated value of the contract is 
759, 186, francs(30,367/.), anda deposit of 12,500 francs (500/. ) 
is required to qualify any tender. Tenders, accompanied 
by certificates of competency, will be received by M. le 
Président de la Commission Générale des Adjudications 
et desMarchés, Dar-En-Niaba, Tangier, up to 11 a.m., 
on tember 5. The contractor mustelect domicile in the 
neigh hood of the works. A copy of the cahier des 
charges may be seen, and copies of form of tender to 
be used obtained, by contractors in the United Kingdom, 


there | the British Vice-Consul at Bari 





at the Commercial Intelligence Branch of the Board of 
Trade, 7: hall-street, London, E.C. 

Italy : The following information is from the report by 

he Brit i on the le of that 
district in 1913, which will shortly be issued :—The work 
rs a with the —— of the a 

queduet is progressing in a satisfactory manner, an 
in all probability the Provinces of Bari and Foggia will 
obtain the water by the end of 1914, and the Province of 
Lecce about a year later (see pene 518 fof the Board o 
Trade Journal of August 29, 1912). In accordance wi 
the Government contract, the whole work must be com- 
pleted by August 6, 1916. The main chan i 
the water from the springs of the River Sele to Apuli 
that is, all the way from the Tyrrhenian to the Adriatic 
side of the Italian Peninsula—is now almost completed. 
It hae a length of 132 miles, and undoubtedly represents 
the most difficult part of the work, so that the successful 
execution of ee yor can now be considered as practi- 
cally assured. 0 less than 75 sloping tunnels, some as 
— as 10 — long, were pues for crossing the 

ppenines and Mu: ountains, and enormous siphons, 
or lage tubuler batiges up to 200 fh high. hed to bs 
constructed across the valleys. From the main channel 
the water will be carried in minor conduits to 128 
large reservoirs situated in the vicinity of the principal 
towns and communities. The total length of these 
conduits will be about 1000 miles, and another 450 
miles of pipe-line will bave to be laid in the interior of 
the towns, making in all 1550 to 1600 miles for the whole 
aqueduct, including the main channel. The main channel 
is built in stone with cement plaster, its section is oval, 
average height, 84 ft.; width, 74 ft. ; ient, from 0.40 to 
0.25 per 1000. © minor conduits (with diameters vary- 
ing from 40 in. to 5 in.) are of cement or cast-iron tubes ; 
cast-iron pipes will also be used for the town conduits. 
A contract for 45,000 tons of cast-iron pi for ship- 
ment to Bari, Barletta, Brindisi and Taranto has 
been placed recently with an American firm. The 
quantity of water to be supplied by the company 
varies from a maximum of 20 gallons per day to inha- 
bitants in the large centres, to a minimum of 10 gallons 
per day in boroughs of less than 10,000 inhabitants. In 
all inhabited places small public fountains with a daily 
water consumption of at least 5500 ons must be set up 
in the proportion of one fountain for every 2500 inhabi- 
tants. For private persons the price of the water has 
been fixed at from 1s. 4d. per 1000 gallons in the large 
centres to 9d. per 1000 gallons in the minor communities, 
and for industrial pur: from 10d. to 34d. per 1000 
gallons, according to the importance of daily require- 
ments. The quantity of water not requi by the 
inhabited places may be sold for irrigation and agricul- 
tural purposes at the rate of 5d. per 1000 gallons. 

Spain: The Gaceta de Madrid of July 6 states that the 
Compaiiia itana de minas La Caridad, of Azual- 
collar, has nm granted a 99 years’ concession to con- 
struct and work a secondary railway line from Azual- 
collar to Cuchichén. An interest on the working of the 
line is guaranteed by the State. A deposit of 12,489 
pesetas (about 462/.) must be paid by the concessionaire, 
as a guarantee, into the Caja General de Depdsitos. 
Work must be started within three months of the date of 
the ting of the concession, and must be completed 
within eighteen months of the same date. The Gaceta of 
J “4 10 announces that a Royal decree has been issued, 
authorising the Ministerio de Fomento to acquire, with- 
out the formality of calling for tenders, three cranes, 
which are to installed at the port of Alicante. The 
same issue of the Gaceta also notifies that the concession 
for the construction and working of a strategic railway 
from Pamplona to Logrojfio, via Estella (see page 760 of 
the Board of Trade Journal of March 26 last), has been 
awarded to the Sociedad Minera Guipuzcoana. 





HypDR0O-AEROPLANE StTaTions 1N SwepEN.—The first 
Swedish hydro-aeroplane from the works at Sédertelje has 
now been delivered to the society, which has taken this 
matter in hand, and it will be stationed at Saltsjébaden ; 
the society in question intends to present a number of 
these machines to the Swedish State to be stationed along 
the entire Swedish coast. 





Oor Locomotive Exports.—There is every probability 
that 1914 will be a good year in connection with our loco- 
motive exports, the value of the engines shipped in June 
having been 308,359/., as compared with 246,524/. in June, 
1913, and 194,109/. in June, 1912; and in the six months 
ending June 30, 2,083,751/., as compared with 1,252,899/. 
and 1,049,861/. In the first half of this year Argentina 
imported British locomotives to the value of 568,348/., as 
compared with 298,884/. and 209,261/. The colonial 
demand in the first halves of the last three years was 
as follows :— 


Colonial Group. re wy 
British South Africa.. 43,539 «54,556 —=-185, 852 
British India ..  .. 845,078 406.278 «210,858 
Australia 291,666 182,746 «192.367 


The prosperity of the Anglo-Indian Railway interest, by 
reason of the great growth of traffic, has naturally had the 
effect of rendering necessary large imports of additional 
locomotives—imports which are still continuing. The 
existing state of affairs in South Africa leaves something 
to be desired ; bus.the progress of the Antipodean de- 
mand is highly satisfactory. The Australian railway net- 
work is cmeodily growing, to the advantage of British 
locomotive-makers as well as Australian colonists. There 
has been a good market this year for British locomotives 
in Argentina, although Argentine railways have been 
rather under a cloud, in consequence of dealin es in traffic. 
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12,639/13. H. Leitner, London. Charging Accumu- 
lators. [1 Fig.) May 30, 1918.—This invention relates to im- 
pr rovements in means for reversing the connections between a 

attery of accumulators which it is desired to charge and a 
generator which is subjected to constant reversals, as, for 
example, in petrol electric vehicles in which a dynamo supplies 
current for an electric-light circuit in conjunction with a battery 
of accumulators. According to this invention, the system of 
charging accumulators in which the current is rendered uni- 
directional comprises a charging dynamo which is subject to 
reversal, a polarised or discriminative relay, one member of which 
is wound with fine wire connected in shunt across the bru-hes of 
the dynamo, or some part of the dynamo circuit which is subject 
to reversal, but, preferably, not to great fluctuations of voltage, a 
commutator directly operated by the polarised or discriminative 
relay, an electro-magnetic rocking contact reversing switch con- 
nected across the dynamo circuit, one or other of the magnets or 
solenoids of which is energised by ‘the position of the commutator, 
as determined by the discriminative relay according to the 
direction in which the dynamo is running, and an automatic 
cut-in and cut-out having series and shunt windings. A is the 
dynamo, the polarity of which is liable to reversal, and B is the 
battery of accumulators. a is the permanently polarised field- 
magnet of a small motor constituting the discriminative relay, 
and 6 is the shuttle armature thereof, the armature being capa’ e 
of a rocking movement through an angle of, say, 90 deg., and 
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being wound with a fine wire winding or coil b!, which may be 
across the main brushes of the dynamo, or across any other con- 
venient part of the circuit the polarity of which is subject to 
reversal with the dynamo and which is, preferably, not subject 
to great fluctuations of voltage. c is the commutator attached 
to the armature }, the commutator c having three contacts d, ¢, 
and /f. C is the electromagnetic reversing switch comprising the 
two solenoids g and h, the former of which is connected with the 
contact d of the commutator by the wire d!, whilst the latter is 
connected with the contact d thereof by the wire e! ; the remain- 
ing contact f of the commutator is cog ym d connected with 
one pole of the dynamo, as shown by the wire D is the 
rocking contact reversing switch, E is the usual cut-in and cut- 
out device inserted between the battery B and the dynamo A. 
When the armature ) and commutator c on 8 aa = 
direction, the contacts d and f of the ~~ * will be 
that the solenoid g will be energised, as the circuit “arough | it ‘s 
completed by the wire f2 to the opposite pole of thedynamo A to 
that which is in connection with the contact /. The ee 
of the solenoid g places the reversing switch D in one ition. 
Similarly, by connecting the contacts e and /, current is supplied 
another posi- 
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to the solenoid h, whereby the switch D is placed in 
tion, as, for example, that shown in the drawing, the < one position or 
the other determining the reversal of the connections between 
dynamo A and battery B, as 1s well understood. (Accepted 
May 6, 1914.) 


5831/14. W. Judd, B. Davies, and the Eastern 
Telegra: pany Limited, 
{t Fig.| April 25, 1913. This invention relates to improvements 
in methods of telegra: hy bmarine subterranean 
cables and is adapted 
signals through long cakieo having electric . 
able values. In the Applicants’ system of signalling, described in 
application No. 9768, of 1918, the dots, as tee by the dot-maker 
atthe nending end are as perfect as those gi ven by the transmitter 
Se antes end. The dote are quite unaff by a moderately 
uplex balance. Not until the balance disturbance is such as 


poy en ay Ln from the centre of the true zero on to 
either marking or current can the dots be disturbed. The 
dots are relayed with as if from a 
jag oy pon ea mee 2 eoaen: y are liable 


putuetes To ed ray Ae aE ay om hme A 
‘o rem par’ te 

dash in qespeleten ter Sane S Se eee 

The invention consists in an interpolator comprising a 





single-coil winding to — @ transient current is applied at 
intervals corresponding to the dashes by a source of electromotive 
force suitably connected a circuit with the coil, a condense: 


r, and 
relay contacts. In the form illustrated, an inductance [8 is joined val 


in series with the winding of a post office or other suitable 
relay p 0° and an adjustable non-inductive resistance r*. This 
cireutt is is joined up to the ends of a non-inductive resistance r7. 
e force lied to the relay circuit is thus in 
Ree with the current tin the cirenit containing this resistance. 
~~ t3 of the interpolator normally rests against a | 

ak toon part of the main circuit of the interpolator. 
tooal ot circuit of the interpolator is connected up to a cesvection: 
coil ¢ wound with the main receiving-coil m through a con- 
denser s° and a battery b4. In operation, consider a permanent 
current of the dash sign to flow in the non-inductive resistance r7 
with the tongue ¢% resting on the stop d®. The electromotive force 
due to this current acts on the circuit containing the induct- 
ance [§ and the resistance r§ in series therewith. current in 
this circuit will rise in accordance with the time constant. This 


























being opened to the atmosphere. The cock is then closed, and 
the gas is turned on. Any upward movement of the density bell 
17 due to an increase of the density of the gas above ite normal 
ue Causes downward movement of the main bell 2, thereby 
bringing the stop 8 into a lower position, and thus 
the governor-valve 6 further from the orifice 9 at the e 
of the main supply pipe 3. 
and the pressure in the main increases, the first tendency is to 
force the main bell 2 and whew pe 8 upwards, reducing the area of the 
a as in the veual f enue gree, See which on 


ly constant volume of of flow 
pressure in the main. The twogoverning actions p tomy oo faaes 
variations of pressure in the main for variations of density 


are independent, and may take place simultaneously. (Accepted 
May 6, 1914). 


10,677/13. Vickers, Limited, London, and G. Bour- 
Internal-Combustion bustion Engines. (2 wo 
May ‘6, 1913.—This invention relates to oe starting gear 
internal-combustion ny Be more ly those weeacd 
for use with aeroplanes, h ee — ‘imilar machines, 
and the chief object of this invention is to pear improved 
means by which the engine-crank can be turned by the driver 
into a suitable position for starting, without necessitating the 
driver leaving the position he povteen A} when piloting or drivin 
the machine. According to this invention, the starting t 
carries a worm that on tion of the shaft first screws into mesh 
with a worm-wheel suitably geared to the engine crank-shaft (in 
some cases through a free-wheel device), then when fully in 
mesh drives the worm-wheel on continued rotation of the shaft, 
& reverse rotation, after the engine is in starting position, freeing 
the worm from the worm-wheel. A is the worm ; ; Bis a worm- 
wheel geared to the engine crank-shaft ; C isa worm-shaft made 
in two ,» connected together by @ screw connection ¢ and 
moun to slide and turn in the sleeve D carried by the bracket 
a; E isa Hy te nut, carried in the sleeve F mounted in the 
ts;G@ is a spring-catch. On the part of the worm-shaft O, 
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time constant, together with the “‘ bias” of the relay p 02, are so 
arranged that the current thus rising shall cause the tongue 8 to 
break with ite normal stop d* at the end of an interval - 
sented by adash. In the act of be meen this contact as comtaat 
at ¢ is made, whereby the 8 is from the 
battery b4, and a transient current is thuseent into the correction- 
coilc. This transient current is arranged to be such as to brin; 
the tongue ¢! of the dash-maker quickly to the true zero, whic! 
is arranged to occur —_ at the end of the dash interval. The 
interpolator tongue ¢%, having broken ite own main circuit, 
returns to its normal position on d3, o> same time dis- 
g the condenser s* and insulatin b4, So long as 
a eaens of the dash-sign flows in r7 80 the tongue ft! be 
brought to zero at the end of every —_ "it's a spacing current is 
received its only effect is to cause the tongue ¢? to press more 
firmly on d%, and no further action takes place. When dote are 





received the tongue ¢* will remain quietly on d, for the reactance 
of U8 is so great that the dot current, owing to its hi frequency, 
fails to penetrate in sufficient strength to effect the post office 


relay. (Accepted May 6, 1914.) 
GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
Py J. F. Simmance and J. Abady, London. 
Governors. (4 Figs.) July 11, 1913.—This invention 


A to improvements in governors for regulating the flow of 
gas, the or density (or both) of which may vary from 
time to The en ys are in the construction and 
quanqeuenh ‘of the v whereby it is possible to obtain 
greater sensitiveness and ier access to the important 
which the accuracy and sensitiveness of the governor depends. 
The invention consists in mounting the bell at the end of a 
balance- 80 as to be instantly removable, and mounting the 
governor-valve and lever inside the bell so as to be an 
removable when the bell has been removed. The main su 4. 
pokey vob a . 2 ~ ttt, — na : 
tank 4, the supply pipe 3 being u rom the bottom o 
the tank 4 through the liquid. The then flows by a discharge- 
Pipe! 5, ng downwards through the bottom of the tank 4, and 
burner, calorimeter or other al in which it is 
aad The governor proper is placed inside the main bell 2 at 
a convenient height above the pe of the liquid. The governor- 
valve 6 is meunted at one end of the governor-lever 7, the other 


8 on 


ai 


20 





end of which bears a stop 8 eteees with tage inside 
the main bell. The governor-valve 6 is immediately above an 
ee See eae ane aie es 
above the orifice regulates the rate of 


governor-lever is supported on a ‘‘ geometric bearing 
upper end of the supply- The » tus for S utealising 
e density of the gas is arran as follows :—An 
aux! supply of the gas is permitted to flow aw bya pipe 
Ia tn wats eg foe by Sp nie Seem 
. lows by a 1 
The of & 19 in which the prac uid a 
gas then passes along a horizon pe 4, 
is the top of a long v pi 


tanks 
25. Before the gas 





adjacent to the spring E, is the escrew-threaded portion c!, of 
equal pitch to the worm A, and ad to engage the spring, ‘the 
coils a which form the thread of a nut into which the screw cl 
can screw. The sleeve F receiving the spring E is provided with 
the cap f! against which the spring abute. At the o = end 
of the shaft © (from which end the connection to the starting- 
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handle passes) is the screw - threaded part c®, shown as a 
double screw, the threads of which form a ratchet. The 
stud g of the catch G engages this ratchet-screw when the 
shaft is moved towards the left. In the position of the parts 
thown in the drawings, the worm has already been e: with 
the wheel B ready for the startin; n, been 
brought up against the end of the sleeve D, which forms a stop 
| aegemy further ee to the right. Further turning of 

the shaf on which the worm A is keyed, causes the worm to 
rotate the worm-wheel B slowly in the direction of the arrow, and 
thus, th the free wheel or other gearing from the wheel B 
to the engine-shaft, to turn the latter until the he oy = of ~ TY or 
more of the engine or 


-cylinders is com 
The operator then reverses the rotation of the shaft O, oe the 
result that the screw c! e the -nut E and the shaft 
and worm are serewed to the left, wi on the wheel B. 
so that the engine is left in condition for . The ignitien- 
circuit is left open until the worm has cleared worm- 


wheel, a convenient a device alia closed | on 
the worm oa oo tion. The 
firing-circuit is then ready to elmeisted di taroueh a button or 
switch when the operator desires to start the ne. The move- 
pam th a ph Led Rk 2 to 
-catch G, so that when the 
any movement to the 

nto contact with ite wheel. 


shatt'is is pm it is a 
right, which would bring the =n 
(Accepted May 6, 1914.) 


9371/13. BR. P. R. Embury and R. H. 
Coven’ jectiles. (4 Figs.) April 21, 
at ay 2 base or nose percussi y 
which the detonator to 
it are contain: 


8. Bacon, 

1913.—This 
ion fuzes of the kind in 
ve the initial es and the needle 
in a closed chamber secured in the body 
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the cup. of the gun no movement 

takes place. On impact, however, the chamber is crushed over 
the flange of the detonator holder, and the needle e! fires the 
detonator, the flash ing round the cup of the holder and 
through the perforations }°, firing the fuze. In case of a 

ture explosion of the detonator, the flash is retained the 
chamber, and no ill effect follows. As shown, the chamber can 
be further retained in the safety position by means of a centri- 
fugal bolt f, which is secured in the usual way by a projection 
on a pin g fixed to a copper disc g®. On d the pin g 
is forced forwards, carrying the projection out of engagement 
with the bolt f. (Sealed July 2, 1914. 


MACHINE AND OTHER TOOLS, SHAFTING, dc. 


9483/13. The Hon. Sir C. A. Parsons and A. Q. Car- 
Newcastle-on-Tyne, and 8. 8S. Co Walisend- 
on- Gear-Catting Machines, (7 Figs.) April 22, 1913. 
—This invention relates to the method and means for cutting teeth 
in od wheels described in Patent Application No. 29,380, of 1912, 
and com an improvement thereon, and has for object to con- 
struct such wheels with a higher degree of accuracy than is 
obtainable with the usual p at pr t adopted for cutting 
gear-wheel teeth. In application for Letters Patent No. 29,380, 
of 1912, a method and means are described for distributing in 
spirals irregularities in the work due to local irregularities in the 
parent gear iby the periodic co lence of the irre- 
gularities in the work with the irregularities of the parent 
rotating the same were destroyed, this result being attained by 
—— relative creep between the work and the parent gear. 
e present invention consists in an improved a) tus for 
cutting gear teeth comprising a work-carrying table, a ring, 
the axis of which is non-coincident with the axis of the table, 
driving means engaging the ring to rotate it about its own 
axis, and means upon the ring adapted to engage means upon and 
to impart motion to the table, whereby the necessary 
shift of wy of errors between the several toothed pairs rotating 
the work is obtained. The invention further consists in an 
apparatus for cutting gear, comprising a work-table carrying a 
ring of teeth, a ring member having two sets of teeth and con- 
strained b: igote or the like to move about an axis not coin- 
cident wi e axis of the table, with one set of teeth at one 
point of its periphery in engagement with the teeth of the table, 
these two engaging sete of teeth having slightly different pitch- 
circle diameters, and a | worm or its equivalent en; ng 
the other set of teeth of the ring, whereby in successive revolu- 
tion of the work-table periodic correspondence of the irregu- 


of the fuze, but ie normal! vented from moving by a on 
yg "the g tte chamber « 
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larities formed in 


the work with the 

toothed pairs driving the work is 
the invention into effect, according 
driving worm-wheel which takes the form of a ring a is con- 


larities in the several 
estroyed. In carrying 
to one form, a main 


strained to move about ite own axis by such means, for instance, 
asa spi; b, and is provided with teeth, preferably of fine 
pitch, which, in this form, are situated upon an inner peri 
of the ring. The work-table d carrying the work j is mounted in 
bearings ¢, and its position is eccentric with relation to the 
worm ring a, its centre line A A being so disposed, however, in 
relation to the centre line B B of the latter, that teeth formed 
upon a pe 4 the table d engage with the teeth on the 
worm-ring a. e worm-ring be rotated by the 
teeth on 
e work-table d 
ee ment of the teeth of the ring with the 
teeth of the work-table, the rate of rotation of the work-table @ 
being greater than that of the worm-ring @ on account of the tooth 
circle of the ring being of larger diameter than the tooth circle 
of the work-table. e pitches of the worm teeth and of the 
teeth of the worm-ring and the diameter of the pitch circles of 
the work-table teeth and the ring teeth are so chosen as to give 
sucha relative creep—viz., an acceleration of the work-table in 
re ation to the worm-ring as will give the desired variation in 
hase of the errors, chiefly of those errors which arise from 
neccuracies of the worm and worm-ring teeth. Slight inac- 
curacies in the teeth of the ring and the teeth on the work-table 
are rendered ineffective by the large arc of en ent of these 
teeth. po is —— - the worm — be aye in — 
proximity to the point of engagement between the teeth of the 
ring ond the teeth of the work-table by which means error 
due tospring of the ring ais eliminated. (Sealed July 2, 1914.) 


MINING, METALLURGY, & METAL-WORKING. 


878/13. B. Brett, J. 
ee gS ers. [2 Figs.) Novem- 
ber 12, 1913.—This invention has for its object to construct an 
improved lifting mechan for automatic drop- mers and 
the like of the ds in which a ved friction-drum and a 
guide-pulley for the hammer-lifting belt or the like are secured 
toa vovelving a pair of arms loosely mounted on the. 
shaft have tween them a lever which carries friction- 
blocks for the drum. The present invention com 
the comin with one of the arnis of ing-controlled lever 


end of the operating lever j, actuates the latter in the direction 
for releasing the friction-blocks h from the grooved drum }, 
whilst a hand- m attached to the other end of the operating 
lever j provides the means whereby the operative can control the 


tor ey and the like of the kind in which the valve has longi- 
tudinal movement imparted to it by the motive fluid and an 
angular movement imparted to it by means of a mechanical 





action of the mechanism. Preferably the hand-rope is coiled 
around a small pulley m fixed to the shaft, in order that by the 
utilisation of coil friction a relatively small force applied to the 
end of the rope will cause the application of a large force to the 


























end of the operating lever. A sensitive control is thus ob.ained. 
Fig.{ 
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The link & is preferably made in two oppositely screw-threaded 
parts connected by a coupling-nut to provide for adjustment of 
the length of the lever. It will be understood that in action the 
engaging of the blocks A with the drum b, by a pull on the ro 

m, causes the latter to carry with it, through a certain enguine 
distance, the arms ¢ and /, the leverg, and their associated parts. 
This causes the upper end of the belt or lifting ropes to be carried 
round the pulley c, and the weight on the lower end to be lifted 
to aco nding distance. Release of the weight is effected by 
releasing the hand-rope, so that the blocks / can disengage the 
drum b under the action of the spring !. (Accepted May 6, 1914.) 


12,9523. C. D. McCourt, London. Furnaces. 
(2 Figs.) June 4, 1913.—This invention relates to furnaces, kilns 
or the like for the oes. Se. or other heat-treatment of 
bodies and materials, and reference to that type of furnace or 
the like wherein it is required to keep the gases of combustion 
from coming into contact with the body or material undergoing 
heat-treatment, as, for example, in the manufacture of carbon 
electrodes, case-hardening operations, and the heating or calcin- 
ing of pulverulent material. In a furnace or the like, in accord- 
ance with this invention, the a material that is to undergo 
heat-treatment is contaimed within a closed chamber, and is sub- 
jected to heat-action internally by transmission through the walls 
of tubes or traversing the chamber, and externally on all 
sides by tenminnen through the walls of the chamber, said 
chamber and the furnace body being provided with removable 
closures that give access to the full length of the chamber, and 
are such, or so arranged, that heat is transmitted to the body or 
material through the chamber closure. 1 is the furnacestructure 
of any convenient formation or design, and having therein a 
chamber 2. The chamber 2is separated from the side walls of the 
furnace structure 1 by the flues 4. The flues 4 are in communica- 
tion the one with the other through the chamber 2 by means of 
relatively thin-walled tubes 3 or passages. The tubes 3 are 

uped or arranged at intervals along the chamber 2. The 
er of the chamber 2 is, preferably, several times its width, 
and the tubes 3, as shown, traverse the chamber 2 in the direction 
of ite shorter dimension. The tubes 3 are mounted at their ends 


Fig 


8 





in the side-walls 6 of the chamber 2 in such manner as to admit of 
their ready renewal, and for this purpose the holes in the walls 6 
may communicate with , which, when the tubes 
have been inserted, are luted or bricked up. Access to the 
chambers for the whole length thereof, for the purpose 

charging and discharging, is obtained by cover-slabs 7 which 
bridge adjacent fiue walls, thus forming with the flue roofs 8 a 
more or less continuous roof over the entire furnace. Chambers 2, 


as described, are, —— with a relatively thin floor 
9, composed of fire-clay q ies supported on di 10, 
80 as to leave a space below which the furnace gases pass 


from one flue 4 to the next flue 4(as well as by way of the tubes 3), 
pope by ye bottom of the walls 6 of the chamber 2 
passage of the gases from the flues. The ends of the 
chamber 2 also are preferably composed of relatively thin-walled 
fire-clay quarries 11, from the outer or end wall of the 
furnace by distance-pieces 12, the furnace gases being also allowed 
to pass from one flue 4 to the next flue 4 through the space thus 
created. body or material or packed into the 
chamber 2 is covered with fire-clay q es 13 luted in round the 
edges with vy, a emall space being left between the quarries 
the cover-slabs 7 of the chamber for the of the ace 

le for the 
transmission to the 

be increased by employing relatively thin- 
walled quarries 14, let into the side-walls 6 as panels, these panels 
being renewable from within the chamber. (Sealed June 25, 


1914.) 
PUMPS. 





9350/13. James Simpson ond Co. Tamiees, Newark: | will 


on-Trent and London, and ton, New 
Balderton. 





Pumps. (6 Figs.) April 21, 1913. —This inven- 
tion relates to combined distributiog a auxiliary piston-valves 





perated by a moving part of the pum The object 
of this invention is to provide a valve which, while pin = 
the functions of a combined distributing and auxiliary-valve, shall 
overcome the disadvantages of such valves heretofore 5 
A piston-valve, made in accordance with this invention, controls 
the main fluid solely by longitudinal movement by means of seg- 
mental channels or Lay on the circumference of the valve, 
there being no internal fluid-pressure chambers in the valve. The 
cylinder a contains the piston b, to which is attached the rod c. 
A bracket d connected to the rod c by cotters ¢ is attached to one 
end of a link /, the other end of the link being attached to one 
end of a lever g, pivoted at h to a bracket rigidly fixed to the 
cylinder casting. The opposite end of the lever g is forked, and 
carries in bearings j a transverse rod, the rod being enlarged 
sufficiently at its centre to permit of a hole being formed therein, 
Se = which passes a m connected by a knuckle-joint n to 
the valve-rod 0. The rod m may be screwed, or other provision 
made whereby the tappets p may be adjusted, one above and one 
below the transverse rod, on the m. The valve-rod 0 has 
disposed upon it within the steam-chest ¢ a transverse portion r. 
This transverse portion r, being held in position on the rod o, 
rides in bearings ina forked member u. The valve-chest cover 
has formed upon it a guide disposed between the horns of the 
member u, which oo lateral movement of the forked 
member. The forked member is provided with a tongue 2 pro- 
truding in the reverse direction to the horns, and in a plane at 
right angles to them, the tongue z being to transmit 
radial movement to the valve y. The valve y with 
cut-off portions 1, 2, 3, and 4, fitting within the cylindrical wall of 
the valve-chest g, and with cut-away portions 5, and 6, 6 serving 
as porte, bridging strips 7 being provided to prevent live steam 
from escaping from the cut-away portion 5 into a cut-away 
portion or pocket 8, and so to the exhaust. The portions of the 
valves at 6 and 6 are not cut away around the whole circum- 
ference of the valve, but have segmental portions fitting the 
interior of the valve chest for controlling auxiliary inlet _— 
10 and exhaust ports 11 in the valve chest, auxiliary 
ports 12 being also provided in the valve to work in conjunction 
with the exhaust ports 11. The function of these auxiliary 
ports being to control the longitudinal movement of the valve. 
A slot or recess 13 is vided in the valve te accommodate 
the tongue x of the forked member u, the recess being suffi- 


ig. Fig. 3. 
































a 
6, 
-C G 
Oo): -+-s 
f re 
©) d ‘” 
(9350) 





ciently long to allow of the movement of the valve. Space 
portions are formed in the valve to decrease its weight. The 
valve chest is provided with a steam inlet 15 and exhaust pas- 
sage 16. Communicating with the top end of the cylinder and 
opening into the valve chest are pilot _ 17 and main port 18, 
and communicating with the lower end of the cylinder are pilot 
-— 19 and main port 20, each controlled by the valve y. To 
lescribe the operation of the valve, let it be aesumed that the 
piston b is at the top of its stroke in the cylinder a, the bracket d 
— the link f will therefore have raised the end of the lever 
g and depressed the transverse rod, and so have moved the 
lower tappit » downwards, drawing down with it the rods m and 
o. The downward movement of the rod o will have caused the 
member uv, by reason of its tongue x, to have moved the valve v 
in a semi-ro' clockwise direction. The position of the 
valve will therefore be that it is at the extreme limit of its 
right-hand movement within the valve-case, ard turned to 
its fullest clockwise direction. In this position the right-hand 
auxiliary port 10 will be uncovered by the right-hand segmental 
— 9 and open to steam, the right-hand exhaust port 12 
ving turned out of communication with its corresponding 
exhaust port 11. The condition of the left-hand auxiliary ports 
for this position of the valve will be that the inlet port 10 is 
closed to steam by the segment 9, and the exhaust ports 11 and 
12 will be in comm 


nication and open to exhaust. The main 
port 18 from the end of the cylinder will be open to exhaust, 
owing to the on 3 of the valve having moved to the right 
and opened communication between port 18 and cut-away po! 
8 of valve. The portion 1 of the valve will have the 
pilot 17 to steam. The 20 will be uncovered by 


port 19 will also have been u by 

valve to steam. As steam enters the righthand saael the valve- 
chest through the port 10, the valve is forced towards the left- 
hand end of the chest, and opens the main and pilot ports, which 
were closed by the right-hand movement of the valve, and closes 























ENGINEERING, Jury 31, 1914. 








THE ARMAMENT SPANISH BATTLESHI]ppspA 


THE SOCIEDAD ESPANOLA DE oon N 


( Fo: . Page 


OF GUN 
AFT BARBETTES ONLY 


| 
| 
| 
| 
| 
| 
| 
| 
| 
‘9 
“6 : 
| 
VOICE PIPES 
| TRAINING 
| | 
|\GUN 
\ 


am 


| 
| ° 
» 
.-—— 


| 
--——-—+----> 
BAnats 1 EA (FORWARD) 
” (STARBOARD) 
(PORT) 
(AFT) 


ne ST 


= 
= 





% 
6 


) 


27-2 
26°10 
20 


(FORWARD) 28 
(STARBOARD) 


en 
g& 
OG 


HANDING M, 


: 


OF MAGAZINE 


SPRING GUIDE 


MAGAZINE FLOOR 


SLir 
TRO 


SHELL BIN 








PLATE XVII. 








———$ 


IIPSPANA;” THE 12IN. GUN BARBETTE MOUNTINGS. 


ONSTfON NAVAL, FERROL AND CARTAGENA. 





Descrifhy Page 143.) 


3 PDR.(47%)Q F. GUN 
FORWARD 44FT BARBETTES ONLY 


F tq.7. 


PLATFORE FOR 3 POR. 











----2 6—--» 





& 
7 : 
7 PS 
: 8 
5 
rR DECI 
A. 
= we iy; 
oa aR DodrioPen | 
_— 3 WASH oun TANK 
3 oe 
3 
Hie 
sch 
NB S&S 
QF <aoQ 
s . 
4 ee 
i 
N DECK 
—————— 





| 
| 
| 
| 
| 
| 
Y 








CORDITE 
HOPPER 


ELASTIC ROLLER RING 












































JuLY 31, 1914.] 








ENGINEERING. 


143 








THE ARMAMENT OF THE SPANISH 
BATTLESHIP “ESPANA.” 


Tue first of the new battleships for the new navy 
of Spain, being constructed by the Sociedad Espa- 
fiola de Construccion Naval, at Ferrol Dockyard, 
under the technical advice of a British committee, 
embracing representatives of the firms of Messrs. 
Armstrong, Brown, and Vickers, has just com- 
pleted the trials of her gun-mountings, and these 
have given unqualified satisfaction, alike as regards 
the guns, their mountings, and the structure of 
the ship. The tests made disclosed no weakness 
in any respect. By the permission of the Spanish 
Naval Autherities at id we are enabled to 
publish on Plate XVII., and pages 144, 145, and 
156, drawings of the guns and gun-mountings, in 
supplement to the illustration of the ship which 
we gave in ENGINEERING, vol. xcvi., page 175. 
Before describing the armament of the vessel, it 
may be said that the Espaiia, like her two sister- 
ships, Alfonso XIII. and Jaime I., has a length 
of 435 ft., a beam of 78 ft. 9 in., and a dis- 
placement of 15,460 tons at a draught of 254 ft. 
The machinery, which has also been built at Ferrol, 
is of the Parsons turbine type, with Yarrow boilers, 
the designed power being 15,300 shaft horse-power, 
to give a speed of 19} knots, a rate of speed which 
was exceeded on the trials of the Espaia. The 
vessel is effectively armoured, the main belt being 
of 9-in. K.C. armour, while the more vulnerable 
parte of the gun positions are protected by 10 in. 
armour. 

For a ship of the size, the vessel has a formidable 
armament, as follows:—Eight 12-in. (30.5-cm.) 
50-calibre breech-loading guns, mounted in pairs 
in barbettes; twenty 4-in. (10-cm.) 50-calibre 
breech-loading guns, mounted in casemates; two 
3-pr. (47-mm.) 50-calibre quick - firing semi- 
automatic guns on upper-deck mounting; two 
3-in. (76-mm.) 17-calibre quick-firing guns, with 
landing mountings ; and two rifle-calibre Maxim 
guns on naval mountings. 

The following table gives the ballistics and prin- 
cipal particulars of these guns :— 





12 


Calibre .. ws in. 4 | 185 | 8 
Length of bore ie - 600 201.16 98.9 61 
Total length of gun .. » | 616.5 | 208.35 92.6 55 
Maximum pressure in cham- 

ber .. tonspersq.in.) 19 | 18 17 | 11.4 
Weight of projectile.. Ib.| 3850 31 3.3 | 11.68 
Total weight of gun, in- tons c. | t. c. q. Ib.| c. q. Ib.) c. q. Ib. 

cluding mechanism --| 64 13/213 20)/58 14; 30 7 
Muzzle velocity ft.-sec. 3000 | 3000 | 2800 1231 

» energy ft.-tons) 53045 1935 | 180 123 





The following are the striking energies and 
penetrations of the 12-in. and 4-in. guns at various 
ranges. The 12-in. penetrations are for capped 
projectiles and K.C. plate, the 4-in. for uncapped 
projectiles and hard-steel plates :— 




















12-In. Guns. 4-In. Guns. 
Range. |—_—— 
Energy. Penetration. | Energy. | Penetration. 

metres ft -tons in. | ft.-tons in. 

8,000 40,490 21.6 | 730 4.0 

5,000 83,440 18.8 | 370 2.5 

7,600 26,140 15.8 215 1.7 
10,000 20,645 13.3 _ —_ 
15,000 13,140 9.6 } _ — 
20,000 10,055 | 8.0 = 





The gun trials took place on June 30, when the 
ra peal gaan to sea from Ferrol in a condi- 
tion ready for service. On behalf of the Spanish 
Admiralty there were present Rear- Admiral Moreno 
Eliza, Ly eet ceagge Barriere, General Gallardo, 
General Gonzalez, and Colonels Marabotto and 
Fernandez, while the ship was in charge of Captain 
Carranza. Sir Trevor Dawson and Captain Paynter 
represented the firms of Mesers. Armstrong and 
Messrs. Vickers, who were responsible for the arma- 
ment. First, the 3- pounder guns on the top of the 
forward and after barbettes were fired horizontally 
and at maximum elevation. Following this, two 
rounds were fired from each of the ten 4-in. guns 
on the starboard side of the ship, one round being 
with the gun horizontal, and the other at 4 deg. of 
depression ; the angle of training in each case was 
different. Ten similar guns on the port side were 
also fired at various degrees of training and eleva- 
tion. In every case the results were thoroughly 
satisfactory. The test of the 12-in. guns was 
then proceeded with. In the forward barbette 
the right-hand gun was fired when horizontal, but 
trained 40 deg. on the starboard beam, while 


the left-hand gun was fir:d at 4 deg. depression 
and at 45 deg. on the starboard beam. In the 
case of the starboard barbette guns, the right-hand 
gun was fired with 4 deg. of depression and 40 deg. 
training on the starboard beam, while the left gun 
was fired horizontally at 45 deg. training on the 
starboard beam. In the case of the port barbette 
the right-hand gun was fired horizontally at 
130 deg. of training, while the left-hand gun was 
fired at 4 deg. depression and at 135 deg. of train- 
ing. In the case of the after barbette the angles 
of training were also 135 deg. and 130 deg. respec- 
tively. In every case the gun and mounting were 
found to be in thoroughly satisfactory order, and 
the velocity attained was 3000 ft. per second. 
Finally a salvo was fired by electric circuit from all 
the guns on the port side of the ship—namely, 
eight 12-in. guns and ten 4-in. guns. All the guns 
were trained at full elevation, a condition which 
was decided upon as constituting the most severe 
test, not only of the gun-mountings, but of the 
structure of the ship. The firing was absolutely 
instantaneous, and a thorough examination of the 
vessel afterwards showed that there was not the 
slightest damage done to the ship’s structure. The 
workmanship reflects the highest credit on the 
officers and workmen of the Sociedad in the Ferrol 
Works. 

The guns are of steel construction. The breech 
mechanism of the 12-in. gun, illustrated by Figs. 1 
and 2, page 144, is of the latest pattern, giving con- 
siderable increase of power when closing the breech, 
and is arranged to be operated either by hydraulic 
or hand gear. The hydraulic gear is actuated by 
a three-cylinder hydraulic engine situated in the 
mounting and connected to the hinge of the breech 
mechanism by bevel gearing and a horizontal rotary 
telescopic shaft, lying parallel to the gun axis. On 
this shaft is keyed a spur-pinion in gearing with a 
pinion on the same axis as the worm. This in turn 
engages with the worm-wheel on the hinge-bolt 
and actuates the breech mechanism, first turning 
the breech-screw and then swinging the breech 
mechanism open. The hand-gear for operating the 
mechanism consists of a hand-wheel on the mount- 
ing connected by bevel gearing to the horizontal 
rotating shaft, and working through the medium 
of the worm and the worm-wheel. The clutch 
gearing on the mounting is contained in a metal 
casing. The clutch is placed between the hydraulic 
bevel-gearand the hand bevel-gear. This clutch is 
thrown out of action at any time by means of a 
hand-lever, and is arranged so that it may instantly 
be put into hydraulic or hand-gear without in- 


-| volving any danger of having both these gears in 


operation at the same time. Seventeen turns of 
the hand-wheel are required to operate the breech 
mechanism, 12.2 to unlock the breech, and 4.8 to 
swing the breech mechanism out to the fully open 
position. 

The breech-screw is mounted on the stem of a 
carrier and retained by interrupted screw-threads. 
One of the chief features of this mechanism con- 
sists in the application of a mechanical couple for 
the rotation of | the breech-screw. In breech mecha- 
nisms as at present generally constructed the 
breech-screw is rotated by a turning moment, which 
has been found to set up considerable friction, owing 
to the tendency of such moment to cause axial dis- 
placement of the breech-screw. By the application 
of the couple this difficulty is obviated, and the 
whole of the available turning force applied to the 
breech-screw is utilised in seating the obturator. 
The rear face of the breech-screw is provided with 
two studs diametrically opposite to each other. 
Around these studs are fitted two sliding-blocks, 
which engage with corresponding holes in a lever- 
plate, having a long grooved arm. The lever-plate 
1s pivotally mounted on the same axis as the breech- 
screw. It is not, however, directly pivoted on to 
the stem of the carrier on which the breech-screw 
rotates, but is mounted on a sleeve surrounding 
of the stem of the carrier to the rear of the breech- 
screw. The interior of the ring of the lever-plate 
is slightly elongated with respect to the outside dia- 
meter of the sleeve, and the holes in the lever-plate, 
into which are fitted the sliding-blocks on the studs 
of the breech-screw, are made slightly longer than 
the blocks themselves ; and, furthermore, a greater 
clearance than is usually allowed is made between 
the breech-screw and the stem of the carrier on 
which it turns. This arrangement, together with 
the clearance just enumerated, absolutely ensures 
that any small inaccuracies in the manufacture of 





these parts of the mechanism are automatically 


adjusted, and also that the breech-screw is mechani- 
cally quite independent of the lever itself, except 
by its engagement through the studs with their 
sliding-blocks. 

Engaging with the groove of the long arm of the 
lever-plate is a roller-pin projecting forward from 
a short crank mounted on the carrier. The form 
of the groove in this arm is such that the maximum 
possible power is exerted when seating the obtu- 
rator. The pivot of the short crank is provided 
with a roller-bearing to eliminate as far as possible 
the friction of the toggle-joint action of the crank 
before the final operation of seating the obturator. 
The arrangement of the crank with respect to the 
groove in the long arm is such that a locking-point 
is formed when the breech is closed. On the crank 
are spur-teeth, which gear with similar teeth 
formed on one end of the intermediate pinion, 
which is mounted on a short horizontal shaft, and 
having at its other end a bevel segment which gears 
with a bevel-wheel keyed to the hinge-bolt of the 
carrier. The hinge-bolt of the carrier is operated 
by the worm and worm-wheel gear at its lower 
end by the hydraulic or hand-operating gear. 

An improved form of lock-operating gear has 
been instituted, consisting of a series of links con- 
necting up the locks to the crank. By this gearing 
considerable increase in strength has been obtained, 
and it has been possible to utilise pin-joints in the 
place of the old cam-grooves. In addition to this, 
a safety device has been introduced, consisting of a 
rod mounted in the carrier, engaging at one end, 
by means of a roller, with a cam on the crank, and 
at the other end with a retracting-lever, which is 
pivoted on the box-slide and engages with the 
striker or firing-pin of the percussion or electric 
locks respectively. This gear enables the striker 
or firing-pin to be withdrawn from the primer, 
prior to any motion being given to either the locks 
or the breech-screw, and only permits the striker 
or firing-pin to come into contact with the primer 
after the breech-screw has been locked and the 
locks perfectly centred in their firing position. 

The mechanism is provided with separate electric 
and percussion-locks. The special features of these 
locks may be briefly enumerated as follows :—The 
same box-slide is used for either electric or percus- 
sion lock. Fitted on the box-slide is a spring tube- 
retainer, the office of which is to prevent the tube 
being jerked out when slamming the breech. An 
extractor is mounted on the box-slide, and is 
formed in two parts. It is specially strong, and is 
of a new form, arranged so that during the opera- 
tion of the lock-frame a fine incline acts on a 
prolonged toe of the first part of the extractor, 
and powerfully wedges out the primer previous to 
its id ejection by the engagement of the lock 
with the second part of the extractor. The box- 
slide is provided with safety-slides, which are used 
for both the electric and percussion locks. The 
percussion lock is fully cocked automatically on 
opening the breech, and has a ‘‘ floating” needle 
arranged so that in its normal position the point of 
the needle is slightly within the face of the lock- 
frame, thus providing an additional point of safety 
to that of the quick-retracting device. Both the 
electric and percussion locks have spring guide- 
bolts, which couple the lock-frames with the links 
actuating lock, which are mounted in the carrier. 
These spring guide-bolts are so arranged that, 
should it become necessary to eject the primer 
owing to missfires or any other cause, the lock- 
frame may be drawn sufficiently to one side to do 
this without it being necessary to open the breech. 

The 4-in. gun, with its mounting, is illustrated in 
Figs. 3 to 5, on page 145, while a view of the gun 
being loaded is given in Fig. 11, on page 156. 
The mounting is of the usual centre-pivot type, 
with iage and pedestal, elevating-gear being 
placed on the left-hand side of the mounting only, 
and training-gear on the right-hand side of the 


part | mounting only, while the speeds of these gears is 


such that no difficulty is experienced in keeping the 
gun on the ape notwithstanding the higher rate 
of the speed of the opposite target or the rate of roll 
of the ship. The carriage, which is of the usual 
form, is provided with trunnion - locking » 80 
arranged that the guns can be quickly run inbvard 
when not in use, by means of overhead gear or by 
deck-bogies. The springs for returning the gun 
to its firing position are contained in a case which 
is situa on the top of the cradle; and the 
hydraulic recoil-buffer, which is arranged to give 





an approximately uniform pressure throughout the 
length of recoil, is placed on the under side of the 
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cradle. The latter is fitted with a control device, 
so that the gun when running out will be brought 
gently to rest. The mounting is provided with a 
casemate shield, which is secured to the carriage, 
the shield being of such a diameter that the maxi- 
mum amount of protection is afforded to the gun- 
layers and also to the mounting. Sights are fitted 
to the es on the ‘‘follow the pointer” 
system. The sights are of the day-and-night sight 
pattern, and are cross-connected, so that simul- 
taneous movement for range and deflection is 
ensured. The sight - dials are electrically illumi- 
nated for night use, and calibration-gear is fitted 
to compensate for loss in muzzle velocity due to 
wear of gun and temperature of charge. Platforms 
are provided on both sides of the mounting, that 
on the left-hand side carrying the sight-setter and 
elevating number, the training number being 
carried on the right-hand platform. 

The breech mechanism for the 4-in. quick-firing 
guns is similar in principle to that of the 12-in. 
already described, with the following exceptions : 
—Owing to the lightness and small size of the 
breech-screw it is found unnecessary to apply the 
mechanical coupling principle, so that the grooved 
arm is in this case made in one piece with the 
breech-screw. Instead of the worm and wheel- 
gearing the complete operation of opening and 
closing the breech is performed by the single 
motion of a hand-lever. All the other mechanical 
advantages, however, are retained. The firing- 
locks, electric and percussion, are interchangeable 
with those of the 12-in. mechanism, having all the 
characteristics of safety, and being actuated in a 
manner similar to that already described for the 
larger guns. An addition to the mechanism, how- 
ever, is made in the introduction of a bronze shot- 
tray, which, as shown in the illustrations, slides 
across the breech-face and is brought automatically 
into loading position by the breech mechanism as it 
is swung open. 

The breech mechanism of the 3-pounder (47-mm. ) 
semi-automatic guns consists of a vertical sliding- 
block, which is automatically brought into the open 
or loading position during the running out of the 
gun after recoil. The breech-block slides vertically 
in the material of the gun at the rear of the 
chamber, and is actuated by a crank pivoted on the 
under side of the gun-breech, the other extremity 
of the crank engaging with two grooves cut in the 
block. A powerful extractor is pivoted on the 
under side of the gun, having two upward arms 
with projections which engage with the rim of the 
cartridge-case, and two downward-projecting toes 
which engage with a prepared surface on the breech- 
block face when the latter is opened. The axis- 
pin, on which the crank is mounted, is hexagonal 
in section, except in its bearings, and runs from 
one side of the gun to the other. At one end is a 
specially-formed cam, which comes into engage- 
ment with a pawl pivoted on the mounting. On 
the other end of this axis-pin is a bush, and secured 
to it is a powerful clock-spring, the whole of which 
is covered by a bronze case fixed by screws to the 
side of the gun. The outer extremity of this clock- 
spring is secured to the case. On the extreme end 
of the spindle is mounted a hand-lever, by which 
the mechanism is operated when first loading the 
gun, or when using the gun as a quick-firer. 

The breech is opened by the hand-lever, which, 
in turning, rotates the crank and spindle, and in 
so doing winds up the clock-spring. The breech- 
block by its weight assists in this operation. When 
the crank has been fully rotated the lower extremity 
of the extractor is pushed by the breech-block into 
a recess formed iu the crank, thereby holding the 
latter in the open position and preventing its 
return. The ejecting-arms of the extractor are 
then in a rearward position, and, when the charge 
is pushed into the chamber, the rim of the cart- 
sles catches the ejecting-lips of the extractor, 
carrying the os rims of the extractor towards 
the chamber of the gun, and the lower extremities 
of the extractor away from the recess in the crank. 
The latter being liberated, the clock-spring impels 
the crank, and with it the breech-block, into the 
closed position. 

On the gun running out after recoil, the breech 
is automatically opened by the spring control pawl 
on the mounting engaging with the cam and rotat- 
ing the latter, and with it the spindle and crank, 


thereby again opening the breech, the crank once | 


more being retained in this position by the extrac- 





an inoperative position, so that the gun on running 
out does not open the breech, which is then opened 
by hand. In this case ease in operating can be faci- 
litated by the removal of the spring-case. Upwards 
of 30 rounds per minute have been obtained with 
this gun. 

The 12.in. gun turrets are constructed on the 
most recent principle obtaining in all later battle- 
ships, and detailed drawings are reproduced in Figs. 
6 and 7, on Plate X VII., while perspective views of 
various operations are given on page 156, Figs. 8 


the sectional views reproduced on Plate XVII. As 
will be seen from these illustrations, the turrets 
are provided with an axial hoist which extends 
down from the turntable to the magazine and 
shell-room. There are three main portions of 
each turret, irrespective of the shield: firstly, 
the turntable on which the guns are mounted ; 
secondly, a chamber below the turntable con- 
veniently arranged for many of the operating gears 
and for access to the machinery generally; and, 
thirdly, the ammunition trunk, which is attached 











to 10. The turrets each carry two 12-in. guns and | to the under side of the working chamber. All 
Fic. 1. Breecu or 12-In. Gun, Ciosep 
.»> Fie. 2. Brexcu or 12-In. Gun, Open. 

are operated throughout by hydraulic power. Asto|these revolve together as one piece. The guns 


this form of power there is, perhaps, little need to 
make any comment, considering the great favour 
in which it is held by armament contractors 
generally, except to say that it has proved itself 
extremely reliable and easily controlled. The 
turrets revolve on a live roller-ring, consisting of 
a number of flanged conical rollers riding between 
the two paths, the lower one being secured to the 
structure in the ship, and the upper one to the 
under side of the turntable. The rollers are kept 
at their correct distance from one another by means 
of a properly-constructed cage, similar in principle 


|to any of the smaller type of roller-bearings, of 
tor, ready for the insertion of a new charge. For| which there are so many now in existence. 


The 


and the upper part of the turntable and gear 
generally are protected by an armoured shield 
consisting of Krupp cemented quality armour, 
strongly secured to the turntable. The roof of the 
shield is in large plates, extending transversely 
from side to side, and sloping upwards to the 
centre, thus providing a naturally strong formation. 

A spur-rack is placed on the supporting structure 
below the level of the rollers, and by means of this 
the turning movement of the turret is effected. Into 
this rack two pinions gear, rotated by hydraulic 
motors, or, alternately, by the auxiliary electric- 
ower gear with which the turret is provided 
| for the training movements. There are really two 





quick firing only, the pawl is placed by a lever into ' arrangement of the turret is shown generally by | training sets with motors in each turret, placed 
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at the opposite sides of the turntable, and quite in- 
dependent of one another, one set being capable of 
performing all the movements of training at maxi- 
mum speed. The pinion and racks are of steel, 
and the accuracy with which these gears are cut 
enables the backlash to be reduced to a negligible 
quantity. This is a feature which is very desirable 
for accurate aiming of the guns. The hydraulic 
motors are of the multi-cylinder type. They are 
very compact, and give very smooth running. With 
the auxiliary electric gear also extreme smoothness 
in working is obtained. In this gear a universal 
transmission machine of the Janney - Williams 
type is employed for transmitting the power from 
the electric motor. The electric gear is provided 
as an alternative to the hydraulic system, and is 
mainly intended to be brought into operation in 
the event of the latter being inoperative ; but it 
may also be used at any time in place of working 
by the hydraulic power. Securing-bolts are pro- 
vided by means of which the turret can be locked 
in a definite position when not in use. A further 
bolt for locking the turret is also fitted, which is 
operated by hydraulic power. There are also 
buffers fitted as well as automatic stop-gear to 
arrest the turret at the extreme positions of 
training. 

For elevating the guns the direct-acting hydraulic 
press is employed. This form of apparatus is both 
reliable and efficient, as well as being simple. 
Included in the elevating arrangements is an auto- 
matic controlling-gear to prevent the guns being 
fired in positions which may endanger any part of 
the ship. This gear acts so as to raise the muzzles 
of the guns should they be trained while at depres- 
sion into a zone where their discharge would be dan- 
gerous to the ship’s structure ; the gear also prevents 
the guns being depressed while in such positions 
of training. 

Both the training and elevating of the guns is 
controlled from the sighting positions, of which 
three are provided in the turret. One of these 
sighting positions is arranged between the guns, 
and is fitted with two independent sights, one for 
exch gun ; the other sighting positions are at the 
sides of the turret, where one sight is fitted in each 
case for its respective gun. It will thus be seen 
that either gun can be laid from two sighting 
positions. The ordinary variable-power telescopes 
are used for the sights. These are protected by 
armoured hoods on the roof of the shield, which 
are large enough to give ample space for the 
sighter’s head, and to protect at the same time the 
whole length of the telescope. Steel shutters are 
fitted on the front of these hoods, which are re- 
moved when the sights are inuse. Electric firing- 
gear is provided, and in addition to this there are 
also the necessary fittings for percussion firing. 
The circuits and firing-keys of the electric firing- 
gear are in duplicate. 

The carriage for the gun in each case takes the 
eneral form of a cradle mounted on a slide-beam. 
he latter is fitted with trunnion-arms at its 

forward end, which engage with the pins secured 
in bearing-blocks on the girders of the turntable. 
The cradle is secured by keys to the body of the 
gun, and it is provided with gun-metal liners on all 
surfaces in contact with the slide. The gun- 
carriage has two recoil-buffers for absorbing the 
recoil energy of the gun. The run-out after recoil 
is effected by means of an hydraulic press placed 
centrally below the gun and fitted with the usual 
by-pass valve. There is also included with these 
fittings the necessary gear for slowing down the 
run-out movement when the gun approaches its 
stops in the forward position, in order to prevent 
undue shock. 

The arrangements for the supply of ammunition 
to the respective guns are entirely independent of 
one another as regards the main hoisting-gear. 
From the shell-bins in the shell-room the projec- 
tiles are lifted and transported by hydraulic power 
on runners carried on overhead rails, the projectiles 
are then deposited on the loacing-bogiesat the base 
of the central trunk. The begies in question are 
provided with gear which enables them to be 
revolved into any position to bring them opposite 
the openings leading to the hoisting-cages. The 
operation of transferring from es Gee to the 
hoist is then a very simple one, of merely rolling 
the projectile into the cage from the bogie. The 

wder is served to the lifting-cages on the deck- 

evel above the shell-room, the cages being so 
constructed that one projectile and a complete 
powder charge is conveyed to the working chamber 





at each operation. From the hoisting-cage the 
discharge of the projectile and powder charges is 
eftected automatically into suitably-constructed 
receptacles in the working chamber, the empty 
cage is then lowered, and the projectile and charges 
are transferred bodily by small rammers into the 
gun-loading cage, by which the ammunition is 
finally raised to the gun. The gun-loading cage 
runs on curved rails passing from the working 
chamber up into the turntable at the rear of the 
gun, the arrangement being such that the cage 
when up against the loading-arm is always in line 
with the gun, so that the loading can be performed 
at any angle of elevation. ‘Tue several lifting-cages 
are raised by the usual form of hydraulic press. 
The lifting-rope is connected tu the cage through 
a safety gear, so that the cage may be brought to 
rest in case the rope fails. 

For loading the guns a flexible chain-rammer is 
supported on an arm extending from the gun-slide 
out to the rear behind the gun. This rammer is 
operated by an hydraulic motor, and enables the 
loading for the gun to be performed very rapidly. 
Independently of the main hoists there is also a 
system of secondary hoisting-gear installed in each 
turret, by means of which the projectiles and 
powder charges can be conveyed to the guns. Air- 
blast apparatus is included in the equipment of the 
turret for the purpose of blowing the gases and 
unconsumed material out of the muzzle end of the 
guns after firing. The advantage of this apparatus 
is that the turret is practically always free from 
the smoke and the roof-plates can be without air- 
holes. The supply of compressed air is derived 
from a specially-installed air-compressor in the ship. 

Hydraulic power for working the various machines 
of the turrets is derived from two steam pumping- 
engines fitted in the ship. The engines are of the 
compound double-acting type, and eaeh unit com- 
prises two high-pressure and two low-pressure 
steam cylinders, and two pumps working on a 
common crank-shaft. These pumping-engines are 
connected up to the main hydraulic pipe-line 
carried round the ship on the ring system. Con- 
nections are made from the mains to the respective 
turrets, and the water is conveyed to each by 
means of two independent sets of pivoted pipes, 
affording a duplicate supply in each case. The 
hydraulic connection in the turrets also provides 
for a duplicate supply to each separate machine. 
The normal pressure of the hydraulic system is 
1000 lb. per sq. in. 





THE PANAMA CANAL.—No. XII. 

Recent reports from the Panama Canal show 
that the mechanical equipment of the locks is 
rapidly nearing completion. Save for some paint- 
ing and finishing, the work on the lock-gates was 
completed in March. The gate-moving machines 
were completely installed at the end of April, 
and the mitre-forcing machines were all finished. 
The progress made with other portions showed 
generally that the end of this work is near at hand, 
and it will not, therefore, be without interest if we 
supplement former articles, which dealt with the 
mechanical equipment, with some information not 
available before, dealing more particularly with 
the behaviour of several of the machines, &c., on 
trial. 

On May 4 ten years of American work closed 
at Panama, and in that time the canal has been 
virtually completed. The canal was first put to 
commercial use on May 19, when a convoy of barges 
loaded with sugar, ex s.s. Alaskan, at Balboa, was 
taken through to Cristobal. The trip lasted about 
12 hours 40 minutes. The remote-control gear for 
the locks is well advanced, and one board at Gatun 
was submitted to a complete test on May 9, except 
as regards the fender-chain gear not yet wholly 
installed. This test was made without a vessel, 
and merely consisted of performing the necessary 
interlocked operations. On May 11 two vessels 
were actually locked through, using the central 
control-board only. On May 12 the first lockage 
was made, using both the control-board and the 
towing - locomotives. Other details of the loco- 
motives and their early work on the canal are 
recorded below. 


Lock-Gatges anp OperatTinc Macutnery. 
The lock-gates, and the method of their erec- 
tion, were fully described and illustrated in a 
previous article of this series.* There are 92 


gate-leaves on the canal, ranging from 82 ft. to 
47 ft. 4in. in height. The largest weighed 733 short 
tons per leaf, the actual shipping weights of all 
leaves together amounting to 57,552 tuns (short). 
These weights include the metallic swinging parts 
only, and exclude the pump, float and float-switch, 
motors, casting for the operating strut, and mitre- 
forcing machine, as well as the concrete for the 
footpath, the cement filling for the bottom girder, 
and the timber fender and sill-pieces. The weight 
of these additional parts varies per leaf from 18 to 
27 tons, the total thus corresponding very closely 
to the total estimated weight given in the article 
above referred to. The fixed parts attached or 
built into the lock-walls, &., aggregated 8322 
short tons. They included reaction castings and 
anchorages embedded in the lock-walls, and already 
described in Enoingeerinc. The sill reinforcement, 
anchorage and yoke, and parts supporting the leaves 
were identical for all gates ; the total weight of the 
reactions castings in the hollow quoin varied 
naturally with the height of the gates. 

The work of erecting the gates commenced at 
Gatun on May 17, 1911. At Pedro Miguel gate 
erection was commenced shortly after — viz., 
August 7, 1911, but at Miraflores it was not 
entered upon till September 10, 1912. Work at all 
three places was finished this year. At Gatun it 
was brought to a close on January 19, at Pedro 
Miguel on January 3, and at Miraflores on 
January 17. The contract involved the driving 
of 5,720,000 field-rivets. The work was originally 
to be completed by June, 1912, but fell very much 
behind. rganisation of the erection staff im- 
proved matters. No less than 165 riveting gangs 
were employed at one time. The maximum number 
of rivets driven in one month rose to 660,000, the 
riveting being all done by West Indian negroes. 

The gate-operating machines were described in 
ENGINEERING, vol. xciv., page 772. The mechanism 
embodies a spring strut, attached at one end to the 
leaf, and at the other to a large horizontal spur- 
wheel driven by an electric motor. The first tests 
made of this gear were carried out in July, 1912, 
on two guard-gates at Gatun. The machines were 
set so that the struts were on the dead centre when 
the gates were closed, with a compression of ;}; in. 
on the strut of one leaf and .%; in. on the other. 
The control was effected from the centre wall of the 
locks, and the limit switches were properly ad- 
justed. The leaves took 1 minute 51 seconds to 
swing and gave a perfect mitre, though in one case 
one leaf had a slight lead over the other. Mitre- 
forcing tests were carried out at the same time. 
The machines for performing this operation were 
described in a previous article,* but as a result of 
the test certain changes were made which resulted 
in new bids being called for. The machines as 
described, however, worked quite satisfactorily. 
In one test one leaf was left against the sill, and the 
other opened 2 in., and this leaf then forced home 
by the machine to within ?in. of a perfect mitre. 
The operation on being repeated, but with the leaf 
originally 34 in. open, resulted in the mitre being 
closed to within gin. In the first test the strut arm 
of one leaf showed a compression of ;; in. at the 
start, and 6; in. at the end of the operation. In the 
second test no compression on one arm at the start 
was altered to #3 in. compression at the end of the 
operation. The mitre - forcing machine worked 
satisfactorily against these compressions. 


Tue CHain-Fenper Gear. 


The chain-fender gear for protecting the lock- 
gates is considerably behindhand. The chains, 
made out of bar 3 in. in diameter, are being manu- 
factured at the United States Navy Yard, Boston, 
and at other American Works, but a recent report 
states that the work has been delayed. It may be 
necessary to order some of them in Europe, and 
tenders have been invited. The chains are com- 
posed of links 17 in. long and 10} in. wide. The 
average length of the twenty-four chains required 
is 427 ft., except those at Miraflores, which are each 
784 ft. long. They weigh about 85 lb. per foot, 
and are designed to withstand a working stress of 
100 long tons with a factor of safety of 2. The 
machines and their action were described in 
ENGINEERING, vol. xciv., page 772. The illustra- 
tions then given apply to all fender gears on the 
canal except those in the lower approach-locks at 
Miraflores, where the range of the tide has 
rendered advisable some modifications. The gear 





* No. IIL, Engingenine, vol. xev., page 761. 





* See ENGINEERING, vol. xciv., page 772. 
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adopted in this case is shown in Figs, 203 to 208, 
on the present and following pages. It embodies 
the use of an endless chain capable of being drawn 
taut across the lock at two levels about 11 ft. apart, 
one being about 6 ft. up-stream of the other, as 
shown in Figs. 203 and 264. A diagram of this gear 
is given in Fig. 208. In action it is similar to the 
others. It includes a centrifugal pump, operating 
and resistance-valves, &c. Fig. 208 shows the 
operating-valve in the position for drawing in or 
raising the chain. When the chain is raised and 
is struck by a vessel, the pressure in the upper 
cylinder rises to a maximum of 750 Ib. per sq. in., 
controlled by the resistance-valves. The pressure 
is not allowed to increase above this, and the chain 
gradually pays out until the vessel is brought up, 
the floating cylinder of the machine being gradually 
drawn upwards. To pay out the chain purposely, 
so that it may fall properly into the chase when not 
in use, the operating-valve is turned to the dotted 


position, and water under pressure is then ad- 
mitted to the lower side of the floating cylinder. 
The operating pressure, originally figured at 60 lb. 


= sq. in., has been raised to 150 1b. The machines 
or the lower approach-locks at Miraflores, instead 
of having one end of the chain anchored and the 





pipe at a very small angle, there was a considerable 
amount of friction between the links and the 
hawse-pipe bell mouth. This resulted in some 
oscillations of the pressures, which presumably 
would have been reduced had the bell mouth been 
struck to a larger curve. It will be observed in the 
figures to be rather sharp. The unloader was not 
sufficiently powerful to overcome both the hydraulic 
pressure and the chain friction when the former 
exceeded 350 Ib. per sq. in. These tests were made 
with } poanare speeds of 6 ft. to 25 ft. per minute. 
In order to eliminate the chain friction and obtain 
results at higher pressures, a snatch-block was 
laced on the lock-wall opposite the hawse-pipe. 
e chain was then drawn out normal to the face of 
the wall. Four runs were made with this arrange- 
ment, with pressures up to 3701b., when the cable 
. A pair of sheaves were then inserted, so as 

to get additional purchase, and the pressures were 
run up to about 550 lb. per sq. in., with plunger 
speeds of 8.4 ft. per minute. The highest pressure 
reached was 630 lb. per sq. in., but the chain 
parted in this test. e general results obtained 
and the pressure curves were considered to be 
satisfactory on the whole, and the contract for the 
remainder of the machines was therefore placed. 
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other end capable of being paid out, can pay out 
either portion of the endless chain through sepa- 
rate hawse-pipes. Two mechanical chain-sto 
electrically operated, are provided, one or the other 
being locagt into gear according to whichever 
chain is to be raised. 

Three types of resistance-valves for these chain- 
fenders were tested at Newark, N.J., on an 
hydraulic accumulator system. The valve ulti- 
mately selected has a main disc 5}§ in. in 
diameter, a lower piston. 6 in. in diameter, and an 
upper plunger, 2 in. in diameter, all fixed to one 
stem. There is a slight excess pressure on the 
high-pressure side of the valve, so that it remains 
ea except when pressure is admitted to the 
lower piston by an auxiliary valve. The move- 
ment of the main valve depends on the rate of 
flow through the auxiliary valve. Only a small 
spring is used in this type of valve, which is sub- 
stantially a reducing valve. In tests this valve 
gave very satisfactory results for discharges up to 
and over 3000 gallons per minute. The pressure 
curves were free from irregularities and surges. 
The pressures were recorded by means of indicator 
diagrams taken on drums revolved by a small 
motor. This valve and another were subsequently 
fitted up on a set of fender machinery at Gatun, 
and trials of this chain-fender gear were conducted 
during 1913. The first tests consisted merely of 
raising and lowering the chain as in service. The 
operation of raising the chain from the lock-floor 
occupied about one minute. Lowering was accom- 
plished in a similar length of time. 

The second series of tests was intended to 
represent the conditions which would obtain when 
& vessel ran into the chain extended across the 
lock. In the first test a Lidgerwood unloader was 
placed on the far side of the lock about 600 ft. 
down-stream, and anchored by means of cables to 
the masonry, &c. The unloader consisted of a 60- 
ton winding-engine with a 14-in. steel cable which 
was attached to the fender-chain. The chain was 
drawn out against the pressure in the fender- 
machine cylinder by winding in on the unloader 
drum. As the chain in this test came to the hawse- 








By the end of last April these machines were 50 
r cent. completed at Gatun, 47 per cent, at Pedro 
iguel, and 24 per cent. at Miraflores. 


Tue Lockx-ControL VALvEs. 


The control-valves for the locks consist, it will 
be remembered, of Stoney gate-valves for regulatin 
the flow between the locks, &c., and of cylindrica 
valves in the centre walls for controlling the flow 
to or from the centre culverts. In addition 
to these, there are guard-valves similar to the 
Stoney gate-valves, but provided with a different 
type of operating mechanism. The Stoney gate 
and the cylindrical valves were fully described and 
illustrated in an earlier article in this series.* The 
guard-valves are housed in shallow recesses, and 
their somewhat cramped positions have rendered 
necessary the design of special operating mechanism. 
The ordinary Stoney gate-valves, illustrated in our 
earlier article, are raised and lowered by means of 
two revolving screws, working a crosshead attached 
to the valve-stem up or down. In place of this 
the guard-valves will be operated by chains, and 
will be provided with counterweights in pits. The 
chain sprockets are on shafts driven by means of a 
train of spur and worm reduction gears from a 
27.5-horse-power motor, the supply being three- 
phase at 22") volts 25 cycles. 

The fixed castings forming the guides in which 
these gate-valves work required considerable cor- 
rection after they had been embedded in the con- 
crete. This was effected by chipping and grinding 
by means of pneumatic hand-tools in the case of 
the valves at Gatun, and most of those at Pedro 
Miguel. For the remaining valves at the latter 
locks, and for those at Miraflores, this truing up 
was done by an electrically-driven milling-machine. 
In this machine a saddle worked up and down 
between two vertical guides set in the required 

ition, and stayed by cross-bars. The guides 

vertical racks, with which geared two pinions 

on the saddle. The saddle carried an electric motor, 
reduction gears, and the necessary cutters. 





* No. II., vol. xev., page 689. 


Tests of the discharge of the Stoney gate-valves 
of the type used in the culverts were made with 
heads varying from 8.94 ft. to 29 ft. above the 
centre of the valve. The coefficient of discharge, 
as a result of six observations, was determined as 
|0 592, but as a good deal of rubbish and drift 
clogged the screens in front of the valve, other 
observations were made with the screens removed. 
Under these conditions fifty-eight observations 
showed an average corflicient of 0.680. These 
tests were made on the valves installed at the 
spillway. The coefficient would be reduced in 
practice in the case of valves in the culverts, on 
account of friction, &c. 

The tests to which the valve machines have been 
submitted have consisted of ten cycles of operations 
at five-minute intervals. The limit of the tempera- 
ture of the thrust-screws was set at 50 deg. Cent. 
The motor is nominally run at 500 revolutions per 
minute. The valves operated in the dry took 
63 seconds to open and 58 seconds to close, the 
lift being 18 ft. The records show the results 
embodied in the following table :— 


Opening Closing 
alve. Valve. 
Weight of valve and accessories, 
crosshead, and equivalent — 
of roller-trains ... one b. 31,500 31,500 
Side seal friction due to initial 
tension oa an .. Ib 1,000 1,000 
Valve, stem, and roller-train fric- 
tion ... sti oe ine lb. 8,000 8,000 
os weight on  cross- 
ead on pa — lb. 40,500 22,500 
Total machineand valve friction ,, 54,000 38,200 
Total force to move valve ... +, 85,500 6,700 
ety en motor torque—lb. 
at 1 ft. radius mu es & 510 40 
Coefficient thrust screw friction... 0.073 0.083 


The cylindrical valves have also been described 
in the second article of this series, when it was 
stated that,.as first fitted, they showed excessive 
leakage, so that certain small modifications were 
found to be necessary. Several of these valves 
were tested under a 60-ft. head, and the leakage 
measured. The worst valve was found to have an 
average opening round the seat of 0.038 in. This 
was reduced in successive grindings to 0.0006 in. 
with a material reduction in the leakage, as in the 
following table :— 





Maximum 





Average | , 
_— Opening. | Opening. (60 Ft. Head. 
— } 

in. | in, sec. ft. 

As installed .. - ‘ 0.088 | 0.110 Excessive 
After first grinding : -| 0.016 | 0.069 =| pa 
» second grinding d 0.01lL =| 0.047 0.99 
» third grinding .. 0.0063 | 0.081 0.455 
;. fourth grinding 0.0084 | 0.014 | 0.060 
}» fifth grinding 0.0005 | 0.008 | 0.0076 


This work led to the decision to grind all valves of 
this type so as to restrict the average opening round 
the seat to 0.004 in. The leather seals were in- 
stalled after the grinding had been finished. The 
machines for working these valves have limit- 
switches arranged for a slight overrun, so as to 
bring some pressure to bear on the valve on the 
seat being reached. Forty of the large cylindrical 
valves are made of cast steel, but this material 
was found to give trouble from warping, and the 
remainder were made of semi-steel. In addition 
to the main cylindrical valves, 60 in. and 36-in. 
valves of a similar pattern are used in the auxiliary 
equalising culverts, &. The motor torque and 
time of opening for these valves are as below :— 


Motor Torque. Time to 
Lb. at 1-F't. Open. 
Radius. Seconds, 
Semi-steel cylindrical valve... 79 10 
Cast-steel a 69 10 
60-in. auxiliary culvert-valve f2 16 
36-in. “ 0 41 10 


Tue Tow1ne-Locomorives, 


As is well known, ships are to be taken through 
the locks under the control of rack-driven towing- 
locomotives. The Oommission’s design for these 
lccomotives was illustrated in Enaingertne,* and 
one locomotive of this pattern was built by the 
General Electric Company. Trials showed this 
— locomotive to be unsuitable for the 
work, and the design was completely recast. 
The machines to the new design are now being 
delivered. They are four-wheel locomotives, in- 
stead of, as at first designed, having eight wheels 
and three articulated sections. The new loco- 





* Vol. xciv., page 776. 
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motives weigh 82,500 lb. They are 32 ft. 24 in. 
long, and have a width of 8 ft. and a height 
of 9 ft. 3 in. at either end, where a cab is pro- 
vided. The longitudinal and transverse framing 
is of cast steel. e journals are fitted in ordin 
axle-boxes, with spiral springs on the top. Eac 
locomotive has two 75-horse-power three-phase 
220-volt 25-cycle motors, each motor driving one 
axle through reduction- ee. The available trac- 
tive effort is 47,500 lb. In addition, in the centre 
of the machine is a windlass capable of a pull of 
25,000 lb. The windlass-drum can take 800 ft. of 
1-in. steel cable. It is worked by two 20-horse- 
power motors, one being geared to give a rope speed 
of 12 ft. per minute for controlling the manceuvring 
of the vessel being handled, the other giving a rope 
speed of 200 ft. per minute for paying out or taking 
in slack. The windlass drive is by friction gear, 
which can be set from zero to full capacity. 

A number of towing tests were carried out in 
Limon Bay with ships ranging between 3580 and 
10,420 tons displacement, to serve as a check on 
the calculations with regard to these locomotives. 
In these tests, at various speeds and rates of 
acceleration, a tug-boat capable of exerting a pull 
at standstill of about 15,000 lb. was employed. In 
the 7-in. Manilla towing cable a dynamometer of 
the spring type was placed, the speed of the tug 
being measured by a Price current-meter. A 
start was made from the dock side and observations 
were made every 30 seconds. Five ships in all 
were tested. The first locomotive of the new 

ttern was delivered at the Isthmus on January 27. 

April 1 the first use was made of locomotives 
to control vessels passing —— the locks. A 
hopper e and a scow were lashed together and, 
taken in c e by four locomotives, were success- 
fully manceuvred through the flight of locks at 
Gatun in 1 hour 17 minutes. The first ocean-going 
vessel to be taken through any of the locks by the 
towing locomotives was the Allianca, belonging to 
the Panama Railroad. The passage occupied about 
14 hours in either direction, and was made on 





PNEUMATIC PICK-AXE. 
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June 8 without incident. The locomotives have 
a 8 of two miles per hour on the rack 
sections and five miles on the return tracks without 
racks. At the end of April the track installation 
had been completed at Pedro Miguel, and was 
99 per cent. completed at Gatun and Miraflores. 


Tue Emercency Dams. 


When describing the emergency dams provided 
at the locks,* we mentioned that tests had shown 
that the panels would only take from 6 to 9 per 
cent. of their weight to lower them in the current of 
water. More complete tests have been made since 
these figures became available, and show that for 
the first gate the force taken is no more than 
about 2.6 to 4.2 per cent. of the weight, while for 
the uppermost gate-panel the force is about 1.6 per 
cent. of the weight. These figures com with 
the specified requirement that the force needed 
should in no case ex 50 per cent. of the 
weight of the gate. The final tests of the first dam 
to be completed at Gatun were recorded in Enct- 
NBERING, vol. xcvi., 263. The work on these 
dams was brought to aclose by the —— of the 
dam on the west lock at Miraflores in h last. 





THE “ELOY” PNEUMATIC PICK-AXE. 


neumatic pick-axe, which has been specially designed 
to withstand the rough such tools meet with in 
mines. Care has been exercised to eliminate the main 
cause of breakages to which this class of tool has been 
liable in the past. These implements are subjected to 
great strains when allowed to run light, as, for instance, 
when the point of application of the work is changed, 
or when, breaking 7 of the coal-face, the 
resistance to the point of the pick is suddenly relieved. 
Even with the closest attention on the part of the 
operator it is impossible to cut off the air sufficiently 
quickly at such times to prevent the tool, which runs 
at about 1400 strokes per minute, from hammering 
inst its retaining sleeve for several strokes. The 
result is that frequent breakages occur, and operators 
therefore often adopt the —~ ag habit of working 
the tool without its retaining sleeve. Many accidents 
have occurred from the tool being projected from the 
cylinder under these conditions. 
In the ‘‘ Eloy” pick-axe this trouble is eliminated 
by the use of a sleeve which immediately cuts off the 
air supply as soon as the resistance to the point of the 





* No. VL., vol. xcvi., page 139. 


tool is removed. This sleeve acts as a valve, which is 
eg in "+t and out ae poe me of the 
operator. It not only removes the ris breakage, 
but ape | reduces the air consumption. 

The action of the tool is controlled by the trigger Q, 
shown in Fig. 1. The pick-axe can be dismantled 
without any tools, as all the parte are removable as 
soon as the spring Z is removed. All internal springs 
have been eliminated owing to their liability to frac- 
ture under the repeated shocks to which they are 
subjected in tools of this character. The tool H, 
Fig. 1, is held inside the cylinder by the retaining 
sleeve K, and is hammered by the piston P, which is 
operated by compressed air admitted at T. The path 
of the air is controlled by the valve M, and the 
automatic cut-off is effected by the valve Y. Figs. 2 
and 3 show the action of the automatic cut-off valve. 
In Fig. 2 the tool is pressed against its work and the 
exhaust-port ¢ is closed by the valve. As soon as 
the point of the tool is removed from its work, the 
valve is pushed forward by air in the passage c’, and 
takes up the position shown in Fig. 3, opening the 
port c, and the tool ceases to work. Very little air 
is lost ; the quantity escaping is limited by the fact 
that it is admitted through two small ports, only 
2 mm. in diameter. 

The flow of air through the passages is as follows :— 
Compressed air, admitted through T, passes through 
the annular space A, and through a conical filter, 
entering the cylinder through the ports 0. Passing 
out of the cylinder through ports a, it acte on the 
face n of the valve M, and moves the latter into a posi- 
tion in which the ports O are closed, and the ports O} 
opened. In this position the ports s, ¢ in the valve are 
in communication with the exhaust-chamber D through 
the openings d, and the air can then escape from the 
rw of poh cylinder. At “- same time the live air in 
the annular space A passes through the two open ports 
O! into the tand m, and enters the eyllader 
at N, driving the piston back and compressing the air 

ind it, soas to force the valve to resume ite initial 
position. The air from N then returns through the 
t and d and exhausts through the chamber D. 
Pressure is thus removed from the front of the piston, 
which is again driven forward by the air now admitted 
through the ports O. The surfaces of the valve acted 
on by air pressure are proportioned so that when 
the piston is in the position shown in Fig. 1 the 
resultant pressure upon the valve M causes it to move 
towards the handle, whereas when the piston has 
moved back to the limit of its back stroke the com- 
pression of the air behind it suffices to return it to its 
initial position. 

The tool, for which Messrs. Mossay and Co., Limited, 
45, Horseferry-road, Westminster, 8. W., are the agents 
in this country and the Colonies, is made for coal- 
mining in three sizes, weighing 19 1b.,1741b., and 13 Ib. 
respectively. The medium-sized pattern takes about 
27 oub. ft. of free air per minute for continuous run- 
ning, but the average when working is about 9 cub. ft. 
This effect is attained by the prompt reduction in air 
used by the automatic cut-off. A compressor deliver- 
ing about 30 cub. ft. to 35 cub. ft. of free air per 
minute at 80 Ib. pressure will thus drive three ‘‘ Eloy ” 
pick-axes. 





INDUSTRIAL NOTES. 

THE quarterly meeting of the Coal Conciliation 
Board for the federated mining districts in England 
and North Wales was held last Friday, the 24th inst., 
in mw og Mr. F. J. ee a a 

resided ; he was suppo y Mr. Stephen 

-P. The chairman stated that the coal-owners would 
be prepared to give careful consideration to the new 
wage proposals made to them by the representatives of 
the men, and then meet the men’s section of the Board 
for the full discussion ; they would also carefully oon- 
sider any counter propomals prepared by the ocoal- 
“Wounds aus Gees roposals submitted by 

e ma t the main p submit 
the men » the basis of a new agreement for a further 
period of three years provide for a new wage standard 
of 50 per cent. above the present wage standard of 
1888, and a higher maximum wege. At the present 
moment wages in the English federated area stand at 
the maximum of 65 per cent. on the 1888 standard. 


We are informed that some of the mechanics em- 
loyed by the London and North-Western Railway 
Gonpens at Crewe, instead of joining their own 
trade societies, have become members of the National 
Union of Railwaymen. This has caused some ill- 
feeling. - The engineers and boiler-makers held a 
mass meeti passed a resolution stating that if 
men who were eligible to join the trade societies 
did not become members, they would tender their 
notices to the railway company. This resulted 
in the National Union of Railwaymen asking their 
members to ignore the threats of the unions of the 
various trades, adding that they, the National Union, 





protect the interests of the men booasing 
to their society. One of the officials of the Nati 
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Union visited Crewe a few days ago and addressed 
two large open-air meetings. *‘The first people to 
organice the shopmen in Crewe,” he said, ‘‘ were the 
railwaymen, who knew no grade or trade except that 
they were railway workers; they should get rid of 
the class distinction that divided the artisan from his 
brother labourer.” Asked whether the National 
Union Railway trade-card would be recognised in any 
other than a railway engineering werks, he replied in 
the affirmative. The question, we are told, has excited 
much feeling, and meetings are being held on both 
sides. The National Union of Railwaymen say that 
if the engineers’ or boiler-makers’ societies put their 
threats into force, the National Union, with its 
150,000 members, will settle the case with the railway 
companies. 

A meeting of 5000 members of the Sheffield District 
of the National Union of Gas-Workers and General 
Labourers, held on Sunday last, the 26th inst., in the 
Corn Exchange, accepted an offer of the employers in 
regard to wages. 

fr. Charles H. Blackburn, district secretary, pre- 
sided, and gave a summary of the proceedings of the 
conferences which had been held between the dele- 
= of the Union and the Sheffield Employers’ 
ederation since March 19 last. 

After discussion, the meeting decided by a large 
majority that the terms of the agreement submitted 
be accepted, but not as a final solution of the wages 
movement. The agreement is as follows :— 

The parties agree to recommend :—1. An advance- 
ment of 6d. per week, to take effect from August 3, 
1914, to all able-bodied labourers and semi-skilled 
workmen of 21 years of age and upwards, at present 
rated at 25s. per week or less. 

2. An advance of ls. per week, to take effect from 
August 3, 1914, to.all able-bodied semi-skilled men of 
21 years of age and upwards, who were not advanced 
in, or nee, tel, 1913. ° 

3. The above not to apply to men rated at 35s. per 
week or more, or to men working under special 
arrangements or under wage agreement with other 
societies. 

(Note.—As a special concession, the crane-drivers, 
slingers, and engine-tenders at present rated at 26s. 
per week, or leas, are to receive an advance of Is. per 
week irrespective of any advance granted to them in, 
or since, July, 1913.) 

The advances to the semi-skilled workers, combined 
with a former concession made in relation to overtime 
rates and the lower-paid grades, will amount to 
80,0001. a year. 

At the close of the meeting a hearty vote of thanks 
was accorded Mr. Blackburn and his colleagues who 
had been working on the men’s behalf. 





apnding after a launch at Birkenhead last Satur- 
day, the 25th inst., Mr. G. J. Carter, managing 
director to Messrs. Cammell Laird and Co., Limited, 
said that their works had been exceptionally free 
from strikes for some time past. A strike was an 
ugly weapon, which in many ways hurt those who were 
not responsible and who had no connection with it. 
Mothers and families suffered. Tradesmen, work- 
men, and the employer suffered. That was not the 
time or place to pass an opinion as to the cause of 
the strike which was being felt on the river. The 
would agree with him that it was most sad to thin 
that the town of Birkenhead should be robbed of its 
rights by an unfortunate rupture in labour on the 
river. He hoped that good counsels would prevail 
to end the strike at the earliest possible moment. As 
far as his firm was concerned, it would interest them 
to know that two or three days ago an important 
repair order was to come to Birkenhead. The captain 
of the vessel had instructions to bring the ship 
to Cammell Laird’s docks, the order amounting to 
30,000/., 20,000/. of which would have been involved 
in wages and spent among the people of the town. As 
soon as it was known that there was a strike on the 
Mersey, the word ‘‘ sympathetic” cropped up, and 
the owners did not know what might occur. The 
result was that, without consulting Messrs. Cammell 
Laird’s, the ship was taken for repair to Germany. 


It is stated by the London Fire Brigade Committee 
that the chief officer of the Brigade has been handed a 
petition, signed by 1059 members of the brigade, 
requesting an increase of pay and certain improve- 
ments in the conditions of their service. The peti- 
tioners also ask that, in future, negotiations might be 
conducted on their behalf by the National Union of 
Corporation Workers. The question of the pay, we 
are informed, is receiving careful and sympathetic 
consideration. 








Last Saturday, the 25th inst., the Engineers’ Asso- 
ciation at South Shields telegraphed to the National 
Joint Committee in London requesting them to inter- 
view Mr. John Burns, President of the Board of Trade, 


to urge upon him the necessity of all marine engineers 
being signed on at the shipping offices during the 





strike. This measure was due to the fact that the | 
engineers on the North-East Coast had complained at 
the shipowners having engaged their engine-room | 
staff on board ship since the strike commenced, & 
proceeding which, they state, is unfair in times of dis- | 
ute. There were twenty-four steam colliers detained 
in Shields Harbour on Saturday for want of engineers. 
At Tyne Dock several pickets boarded a Sunderland 
steamer which was being loaded ; their presence was | 
resented, and some sharp words were exchanged. The 
police were communicated with, but the pickets | 
eventually left the vessel, and she afterwards pro- | 
to 


sea. 
A national manifesto, issued at the Marine Engi- 
neers’ Association offices at South Shields, states that 
the number of vessels being held up was increasing, 
and that shipowners were having a great deal of trouble 
in getting engineers with certificates. There are now, 
it is thought, about 200 marine engineers hailing from 
the Hartlepools on strike. 





A strike on the Newcastle tramway system, which 
had threatened for some time past, has now been 
averted, the men having accepted the offer of the 
Tramways Committee of time and a quarter for 
Sunday work and pay on a weekly basis, with over- 
time after 54 hours. The concessions made, it is 
said, will amount to 3000/. annually. 





The strike of tramway employees in Christiania, 
Norway, is an action which completely contravenes 
the agreement with the tramway companies. The 
) age ny of overtime seems to have had something to 

o with the conflict, the men: refusing to put in the 
overtime stipulated for in their agreement, and pre- 
venting those willing to work from starting when they 
were unable to finish a run before regulation closing 
time. The companies would not consent to a com- 
promise unless the men withdrew their threat to 
strike, and altered their decision as regards overtime; 
this the men refused to do, unanimously declaring in 
favour of an immediate strike. The men, we may 
add, decided amongst themselves to be total abstainers 
during the time the strike is to last. The companies 
managed the first day to run the lines to the Exhibi- 
tion, and are endeavouring gradually to extend the 
traffic with the help of outside hands. 





The annual meeting of the Durham County Colliery 
Fnginemen’s Association was held in Durham Town 
Hall on the 25th inst., when Mr. W. B. Charlton, the 
agent of the society, presented his report. The balance 
to the general fund account at the end of 1913 was, he 
stated, 14,425/. 17s. 7d.; to this there was added 
717/. 16s. 4d., being the credit balances on the last two 
quarters’ workings, and 203/. 83. 8d. interest on in- 
vestments, plus 25/. 5s. 8d. reclaimed income-tax. In 
addition to these sums, the 456/. 3s. 4d. advanced to 
their Health Insurance Approved Society during 1912 
and 1913 had now been repaid. The health insurance 
department was therefore now absolutely on its own 
resources, so far as finance was concerned. This re- 
imbursement, with the other items named, made the 
general fund now 15,828/. lls. 7d., an increase of 
2295]. 4s. 5d. upon the amount reported last wd 
meeting day. By the recently created retiring benefit, 
which was an extra above the provisions of other | 
unions, thirty-eight of their veteran comrades, now | 
retired, had received since the last meeting 285/. 153. | 

Further, the credit balance to the sick fund account | 
was reported by the auditors to be 5509/. Is. 5d. ; to 
this was added 24/. 8s. 2d. from their March quarter’s 
workings, but for the quarter ending June there was 
a deficit of 8/. 10s , leaving a net increase on the half | 
year of only 15/. 18s, 2d. Their sick fund was veering | 
too near being dependent upon its investments to | 
meet its liabilities ; there were consideratio: s which, | 
pee would account for the extra claims at this | 
period. The fund commented at the first branch | 
meetings after March 30, 1882, or thirty-two years | 

; — then 30 years of age would now be 62. | 
Their ast balance-sheet gave 39 permanently on the 
funds. The death payments were last quarter abnor- 
mally high. They might be passing through a period 
of special strain ; he (the speaker) did not note this | 
in any sense to give alarm, for in comparing income 
with expenditure for the whole year there was a sub- | 
stantial balance, but he asked that there should be a 
strict observance of the rules governing that fund. It 
now amounted to 5624/. 19s. 78. being an increase of 
239/. 103. 51. upon the amount reported last year, 
making a net credit balance on the year’s business in 
both funds of 2534/. 14s. 10d.; this, added to the 
value of the funds reported last mass meeting day, 
raised the Association’s total worth to 21,453/. lls. 2d., 
and brought it back to within 50/. of the value imme- 
diately prior to the strike of 1912. 








We read in the Revue du Travail that the Belgian | 


trade unions are either affiliated to the Labour Party 
Committee or to the National Confederation of 
Christian Unions, according as to whether, in their 
social action, they are prompted or not by class hatred. 





Besides these two groupings there are a few isolated 
unions whose tendency is either distinctly political or 
towards maintaining a complete acewreen Bs in regard 
to both the political and the religious standpoints. 
On December 31, 1913, the members of the unions 
affiliated to the Labour Party Committee numbered 
123,419, those of the ‘‘ Christian Unions” numbered 
70 466, and those of isolated unions 8861, giving a 
total membership of 202,746. The number of em- 
ployees in the various industries throughout Belgium 
at the same date was 1,264,881, giving a proportion of 
16 trade-unionists for every 100 employees. 





The report for July of the Society of Amalgamated 
Tool-Makers gives the following figures :— 


June, 1914. June, 1913. 


Members ... 14,187 9346 Increase, 4841 
Unemployed 159 56 aa 103 
Reserve funds 44,000/. 37,0002. eo 70001. 


His Honour Judge Amphlett, K.C., Chairman of the 
Joint District Board toe West Yorkshire, acting 
under the provisions of the Coal Mines (Minimum 
Wage) Act, 1912, has given his award upon the appli- 
cation to vary the district rules and minimum rates of 
wages, which were determined upon two years ago. 
The following are the amended rates for the district 
as sub-divided ; the old rates are also given for the 
sake of comparison :— 


Eastern Sub- Division. 


New Former 
—y Rates 
r Day. r Day. 
Class 1. Qualified getters (hand or a d. . " d. 4 
machine) ... a nm a on 6 8 
», 2 Trammersand fillers 6 0 5 8 
», 3 Leading byeworkmen (those 
in charge of pit bottom 
or otherwise entrusted 
with superintendence)... 6 4 6 0 
» 4. All other workmen (over 
21 years of age) ... = =o 5 0 
» 5. Boys :— 
14 years of age to144 ... 2 1 2 0 
144 a a 2 oe 21 
15 * 154 2 4 Bz 
154 .” 16 2 5 2 44 
16 om 164... 27 26 
16} ad se 2 9 28 
17 “ 174. 211 2 10 
174 ” ms 31 3 0 
18 wr 184 . 3 3 3 2 
18} “ 19 3 6 3 5 
19 Bae 193 . 3 9 3 8 
19} = 2 40 311 
20 te 208 ... 4 4 42 
205 ” = ss 45 
At 21 to be regarded as adult workmen. 
Western Sub-Division. 
Class 1. Qualified getters (hand o 
machine) ... oe a. 6 2 
», 2. Trammers and fillers no £8 5 2 
+, 3. Leading byeworkmen (those 
in charge of pit bottom 
or otherwise entrusted 
with superintendence)... 5 10 5 6 
»» 4. All other workmen (over 21 
years of age)... 5 2 410 
eo ys :— 
14 years of agetol44... 2 0 2 0 
144 ” a 2 21 
15 ‘a ma... 28 22 
154 ” —.. 2 2 33 
16 we 164... 2 6 2 5 
164 * ns Se 27 
17 af 174... 210 29 
17 ” a F. 211 
18 a 184. 3 2 3 1 
184 a 19... 3 43 3 34 
19 2 m.. 34 3 6 
194 * .. 30 3 8 
20 - aw: 2.5 3 11 
204 oe ws, 2S 4 1} 


At 21 to be regarded as adult workmen. 


There is no change in the rates for ganister mine- 
workers, which stand as follows, per day :—Class 1, 
coal-getters, 53. 6d. ; Claes 2, trammers and fillers, 
4s. 6d. ; Class 3, leading byeworkmen (those in charge 
of pit bottom, or otherwise entrusted with super- 
intendence), 4s. 91.; Class 4, all other workmen, 
4s. 6d. Class 5, boys:—l4 years of age, 2s.; 14} 
years, 2s. ld. ; 15 years, 2s, 2d. ; 153 years, 2s. 3d. ; 
16 years, 2s. 4d. ; 164 years, 2s. 6d. ; 17 years, 2s. 8d.; 
174 years, 23. 10d. ; 18 years, 3s. ; 184 years, 33. 2d. ; 
19 years, 3s. 4d. ; 19} years, 3s. 6d. ; 20 years, 3s. 8d.; 
204 years, 3s. 101. ; 21 years, 4s. 

The award further states that the rates set out ia the 
above classes specify the wage per day below which 
no workman included in any of such classes shall be 
engaged (save as specified in the district rules). This 
wage is called in the Coal Mines Act, 1912, the 
‘*minimum wage.” So far as the miners themselves 
are concerned, it is not anticipated that there will be 
any such confusion in the interpretation of the award 
as that which occurred in South Yorkshire following 
upon Sir Edward Clarke’s award. Upon the occasion, 
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as stated by us at the time, a strike of miners in the 
Rotherham district precipitated a general strike 
throughout the county, which lasted a fortnight. The 
rates in question are apart from any anaes 
decided by the Conciliation Board for the Midland 
area. Thus, where a coal-getter prior to the new 
award was receiving 6s. 8d., plus 8d. for percentage, 
— 7s. 4d. in all, he will now be in receipt of 7s., 
lus 8d., making a total of 7s. 8d. Mr. Herbert Smith, 
ident of the Yorkshire Miners’ Association, ex- 
pressed surprise that no advance had been made in 
the wages of the ganister mine-workers. 


Discussing the Navy votes in Parliament, on the 27th 
inst., Mr. Barnes advocated higher wages for dock- 
yard labourers. Although, he stated, there had been 
considerable advances during the past few years, these 
men’s wages only stood at 23s., and he urged that 
they should be brought nearer the rates which private 
contractors and municipal authorities in dockyard 
towns psid. He suggested that the men should be 
= > — ls. a week re . 

ir F. nery supported the appeal, pointing out 
that it took 20s. ‘day to buy whet 17s. 9d. would 
buy eight or nine years ago. Even allowing for the 
steadiness of employment in Government yards and 
for the prospect of pensions, he saw no reason why 
the wages should be 3s. a week less than those paid 
by the municipalities. 
the course of his reply, Dr. Macnamara said he 
did not think there was any private employer or 
public department in this country which had any 
machinery ——— that which had been set up 
under the Admiralty for enabling the men to come 
before a representative of the Board and state their 
case. This year he suggested to the Board, and the 
——- was approved, that six great classes of 
workmen should be invited to send representatives to 
present their case. This was done, and he spent six 
days with the men’s representatives. Last year he 
heard 424 deputations ; this year he had a y heard 
over 300. He would certainly represent to the proper 
quarter the appeals which been made on behalf of 
the lowest-paid labour from all parts of the House. 
The increases in rates of pay to men granted from 
January 1, 1906, to October, 1, 1913, amounted to 
250,000/. a year. He hoped the replies to petitions 
received from men in various departments would be 
issued in the next annual review. The establishment 
has been added to by more than 1000 men last year, 
1500 men this year, and in all probability 1500 more 
would be added next year. 





Or 1n Papva.—For several months Dr. Wade, an oil 
expert, has been conducting investigations in Papua on 
behalf of the Australian Government with a view to test- 
ing the value of the Papua oil deposits. He states that 
the area between the Vailala and Purari rivers has already 
been carefully surveyed, and that several new oil “‘ blows” 
have been discovered in the district. The work of 
examining the country immediately adjacent to the 
eastern end of the Vailala area has also been completed, 
and new oil ‘‘occurrences” in the district of Keri had 
come to light. 





New GavcE ror [Ron AND Steet Sueets AND Hoops. 
—We are informed that negotiations between the London 
Chamber of Commerce and the Standards Department 
of the Board of Trade have led to the official ition 
<> aan Gauge, ‘‘B.G.,” and to the following 
schedule :— 


Equivalents 





| 
Equivalents | | 
oe in Paris of payee | in Parts of 
. anInch. | ¥ } an Inch. 
No. in. No. in. 
15/0 B.G. 1.000 20 B.G. 0.0392 
14/0 B.G. 0.9583 21 B.G. 0.0349 
13/0 B.G. 0.9167 22 B.G. 0.03125 
12/0 B.G. 0.8750 23 B.G. 0.027: 
11/0 B.G. 0.8333 24 B.G. 0.02476 
10/0 B.G. 0.7917 | 25 B.G. 0.02204 
9/0 B.G. 0.750 | 26 B.G. 0.01961 
8/0 B.G. 0.7083 27 B.G. 0.01745 
7/0 B.G, 0.6666 28 B.G. 0.015625 
6/0 B.G. 0.625 29 B.G. 0.0139 
5/0 B.G. 0.5883 30 B.C. 0.0123 
4/0 B.G. 0.5416 31 B.G. 0.0110 
8/0 B.G. 0.600 32 B.G. 0. 
2/0 B.G. 0.4452 83 B.G. 0. 
1/0 B.G. 0.3964 34 B.G. 0.0077 
1B.a. 0.3532 85 B.G. 0.0069 
2 B.G. 0.3147 36 B.G. 0.0061 
3 B.G. 0.2804 37 B.G. 0.0054 
4B.G. 0.250 38 B.G. 0.0048 
5 B.G. 0.2225 39 B.G. 0.0043 
6 B.G. 0.1981 40 B.G. 0.00386 
7 B.G. 0. 1764 | 41 B.G. 0.00343 
8 B.G. 0.1570 | 42 B.G. 0.00806 
9 B.G. 0.1398 43 B.G. 0.00272 
0 B.G. 0.1250 44 B.G. 0.00242 
11 B.G. 0.1113 | 45 B.G. 0.00215 
12 B.G. 0.0991 | 46 B.G. 0.00192 
13 B.G. 0.0889. 47 B.G. 0.00170 
14 B.G. 0.0785 | 48 B.G. 0.00152 
15 B.G. 0.0699 | 49 B.G. 0.00135 
16 B.G 0.0625 50 B.G. 0.00120 
17 B.G. 0.0556 51 B.G. 0.00107 
18 B.G. 0.0495 62 B.G 0.00095 
19 B.G. 0.0440 


| 








“HYDROSTATIC CATENARY.” 
To THe Eprror or ENGINEERING. 

Srr,—This problem is the well-known “elastic curve” 
of James Bernoulli. A solution will be found in Thomson 
and Tait’s ‘: Treatise on Natural Philosopby,” vol. ii., 
page 146, et seq. Both the rectangular and intrinsic 
equations reduce to elliptic integrals. Practically the 
— is easily drawn to any desired degree of accuracy 
as follows :— 


We have R 
_Rds 
ea: 
Taking A B as the axis of n, R = wy, 
#.€ ee 
sie, Eso" > y). 


The curve has two independent eters—the maxi- 
mum ordinate ¢ and the tension T (Fig. 1). By choosing 
a suitable value for T the curve may be drawn for any 














value of e, commencing with a small circular arc touching 
the tangent at the maximum ordinate and continuing by 
small circular arcs with the properly increasing radii 
according to the expression 


a ae 
P= wy ou’ 
As an example, put 
e= 14 
tT = a? = 100. 
w 


y= 10 9 8 7 6 
p=10 11.1 12.5 143 16.7 
The curve resulting is shown (Fig. 2). 
Its area and length can then be measured. The method 
of working is sufficiently obvious, a few trials giving any 
size wished for. 


Xe. 
&e. 


Yours truly, 
G. P. Mannina. 
102, Fordhook-avenue, Ealing Common, W., 

July 23, 1914. 





“THE REACTION OF A STEAM JET.” 
To THe Epiror oF ENGINEERING. 

Str,—It may be of some interest to your readers and 
to the writer of the.article on the above subject in your 
issue of July 24, that recently the general tendency of the 
formulz has been confirmed by actual experiment on 
the Dickson-Corthesy turbine. Some early experiments 
oo to leave some uncertainty of the relative value 
of convergent and div: nozzles, and the conditions 
being entirely novel, I determined to test the difference 
as soon a8 & convenient opportunity offered itself. In 
this turbine the steam acts entirely inside the rotor-drum, 
and thus differs from the generality of steam-turbines in 
which the energy is imparted to blades fixed on its outer 
periphery. I have found it convenient to adopt a system 
of comparison in our experiments which is based on the 
** impulse coefficient” or ratio of the actual impulse cal- 
culated from the brake-load to the momentum or reaction 
of the steam. Both factors are calculated on the common 
basis of the diameter of the nozzle pitch circle, which in 
bladed turbines would be about the same asthe diameter 
at the mid-length of the blades. The momentum and 
its corresponding velocity are in all cases computed as the 
theoretical maxima due to the drop of heat of dry steam 
between the initial and exhaust pressures. Nosuperheat 
is used in these experiments, and the steam is supplied 
from a gas-fired Bonecourt boiler. 

With identical construction the impulse coefficients 
were 94 and 127 per cent. respectively for convergent and 
div t nozzles. The formula given in ENGINEERING 
would make the convergent ratio nearly 105 per cent., 
and the remaining difference is probably due to the con- 
struction not being so well adapted to the greater quantity 
of steam ing through the convergent nozzles. 

In the conan Oavteay turbine the steam travels in 
the same general*direction as the rotor, and steam friction 
actually assists rotation. There is thus no loss from 
blade and wheel friction, and the leakage loss so prevalent 
in bladed turbines appears to be negligible. Theimpulse 
is consequently much greater than in ordinary tur- 
bines, and permits of lower peripheral speeds without 
loss in steam economy under similar working conditions. 

In a somewhat smaller turbine than the one quoted 
above, it has been found that the impulse coefficient 
increased from 104 to 113 per cent. when the peripheral 
speed was jncreased from 330 ft. to 355 ft. per second 





(computed at nozzle pitch), and at a slightly higher speed 
the coefficient increased to over 116 per cent. In this 
instance steam was supplied at 120 lb. per sod in, working 
pressure through two small nozzles of 0.095 in. diameter 
at the neck, and expanding to 0.141 in. at the discharge 
end. The rotor exhausts into the atmosphere, ard pos- 
sibly the exit end of the nozzles might be slightly larger 
with advan ; but, taking into consideration their 
ence sm: v4 and yee excessive fric- 
i resistance, the advantage is ) a 
Under the above conditions the | ore euppli the 
two small nozzles produced a rotor velocity of ft. 
per second, and 1.83 brake horse-power as measured 
through reduction gearing on a Walker air - brake 
running at 2970 revolutions per minute. The impulse 
coefficients are based on the maximum flow through 
these nozzles, but the actual quantity and its reaction 
must have been considerably less than ti calculated 
amounts appear to show. Even under these exacting 
estimates the turbine shows a steam economy better than 
og * can ~~ recorded 4 eres S about the — or 
much larger (comparatively) brake horse-power. ap 
reader of thie letter would favour me with the mecemeny 
data for estimating the exact quantitz of steam passin 
through these pone | nozzles under the conditions stated, 
I should feel deeply indebted to him. Apart from the 
reduction which an accurate estimate would doubtless 
afford, there are good indications that, following the 
normal developments of other turbines, an increase in 
power will be followed by still further reductions in 
steam consumption. 
Yours sincerely, 
A. E. Tompxrys, ineer-Captain, R.N., 
and Consulting Magineer to the New Dickson Corthesy 
urbines, Limited. 
57, Warwick-road, Ealing, W. 





OXY-ACETYLENE WELDING. 
To THe Enitor oF ENGINEERING. 

Sir,—From the report on a recent paper on ‘‘Oxy- 
Acetylene Welding,” which appeared in your issue of the 
17th inst., an impression somewhat prejudicial to the 
process may be conveyed to your readers. Nobody will 
to-day deny that oxy-acetylene welding has a very wide 
field of usefulness, but it is just its extreme adaptability 
to so many purposes, and the ease with which it can be 
employed, that exposes the process to occasional adverse 
criticism. 

Those who are most closely associated with the deve- 
lopment of oxy-scetylene welting have all along realised 
that the main trouble underlying the whole matter is the 
dearth of really competent welders. This frequently 
leads to difficult jobs being allocated to men who are 
quite —— by experience for such work, and what 
is wan to-day is organised instruction of welding 
operators, both in the interests of the workmen them- 
selves and their employers. 

Valuable work in this direction is now being carried 
out by the British Acetylene and Welding Association. 

rough the generosity of its members this Association 
has been able to equip welding classes in the leading tech- 
nical institutions in London (2), Birmingham, Ports- 
mouth, Oardiff, Manchester, Liverpool, Leeds, New- 
castle, Glasgow and Belfast. Raw material in the shape 
of oxygen and carbide is also generously given to these 
classes by members of the Association, and regular even- 
ing courses of practical instruction in the use and con- 
struction of welding apparatus are now being carried out 
at all these schools. 

ec are under the supervision of welding com- 
mittees, usually consisting of the Chief Engineering 
Instructor of the Institution and two or more thoroughly 
experienced members of this Association. These com- 
mittees grant certificates of proficiency to qualified 
students at the end of each term, andin this way there 
is good reason to hope that as time on a stead 
stream of properly instructed and qualified welders will 
flow from these schools into workshops, where they will 
anette to turn - es to _ tical use. aune 
engineers will make # point o! only welders 
who have been awarded one of the Association's certifi- 
cates of ciency, I venture to think that very little 
will then be heard of defective oxy-acetylene welding. 
I remain, yours faithfully, 
For and behalf of 
Tue British AckeTYLENE AND WELDING 
ASSOCIATION, 
Rosert Youne, Secretary. 
103 and 104, Cheapside, London, E.C., July 24. 1914. 





Tue Humper.—At the last meeting of the Humber 
Conservancy Board at Hull (Sir W. Wright in the chair), 
the works committee reported that it had had under 
consideration a report of the secretary on a pro 
350,000/, scheme for the improvement of the river. The 
ae (Mr. A. E. Butterfield) reported that erosion 
still continued between Orabley and Brough, and that 
from May 18 to June 25 the point of maximum erosion 
was immediately to the westward of Bank Cottage, where 
a short length, 174 ft. wide, had disa; R 


Tue Swepiseh Navy.—The mme placed before 
the Swedish Parliament by the Ministry comprises, says 
the Moniteur de la Flotte, the construction from 1914 to 
1919 of three protected coast-defence ships and two large 
torpedo- boats ; from 1920 to 1924, that of two protected 
coast-defence ships and four torpedo- boats ; from 1925 to 
1929, that of one protected coast-defence ship, eight large 
torpedo-boate, and one mine-laying ship; from 1930 to 
1934, that of one protected conv defenee ship and four 
large o-boats. The cost of these units is estimated 
to reach 8,000,000/, 








152 


ENGINEERING. 





{JuLy 31, 1914. 








PITMAN’S RELAY 











A 
S 


RRA WWH yg 
SSS NS 











O21 
SSIS 


b 
Ws 


IGS 


, Kay" 
x 
bf) ——enteet —— 
Y 
S..« RBQAHVVl BVOQAVsw_ 
UV) NY 3 re NY p 
xa Ti 


Waadadsin 
Yi, Ka 


SS 


Be 


G 
Y 
Yj 
Y 





S WZ 
Vader GULL LL ODDO OODDOLLLALLIEDOARAOROR DUH a lilly 
FAG G “te, 


GOVERNOR FOR HYDRAULIC POWER INSTALLATIONS. 
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Wes illustrate on this page a governor for water- 


turbines and hydraulic engines generally, of which the | 


design is due to Mr. Percy Pitman, of 3, Wilcott-road, | 
Acton, London. The control of a dense and inelastic | 
fluid, such as water, cannot be satisfactorily effected by | 
the simple devices permissible with steam. The great 
inertia and weight of the water, and the large volumes | 
which have generally to be dealt with in water. | 
operated power-stations, make it necessary to employ | 
large and massive regulating-valves, which, if coupled | 
direct to the governor, would seriously interfere | 
with its isochronism. Some form of relay is accord- | 
ingly always adopted, so that the governor has | 
to overcome directly the resistance merely of the | 
light and small valves of a servo-motor coupled to_ 
the main regulating valves of the plant. This method | 
of operation involves, of course, the fitting of an | 
‘‘overtaking motion,” by which, as the main yy | 
ing-valves move over, they automatically cut off the | 
supply to the servo-motor. In general, this overtak- 
ing action is provided by means of the well-known 
floating lever, but other methods are feasible, and 
in the governor illustrated in Figs. 1 to 8, Mr. 
Pitman — his governor direct to the admission- 
valve of his servo- motor, the overtaking action 
being provided for by coupling the sleeve, within 
which this admission-valve works, to the piston-rod 
of the servo-motor. 

The arrangement is clearly shown in Figs. 1 and 2. 
A cross-head C is mounted by means of ball-bearings 
on the governor sleeve 8. At the one end the cross- 
head is coupled by an adjustable rod directly to the 
piston-valve J, which controls the supply of the work- 
ing fluid to the servo-motor. At the other end the 
cross-head is connected toa piston working in the dash- 

t W. The sleeve within which the admission-valve 
J works is coupled to an eccentric mounted on 4 pin on 
the governor standard (see Fig. 7), and this eccentric is 
connected, in ite turn, to the crogs-head of the relay, 
the arrangement being best sewn in the view, 
Fig. 8. A cross-section through this cross- is repre- 
sented in Fig. 4. As this cross-head moves in and out 
it swings the eccentric in the one direction or the other, 
and the sleeve, in which the valve J works, moves 
accordingly. The rod between the eccentric and this 
sleeve can be adjusted in length by the right and left- 
handed screw-coupling shown in Fig. 2. A cross-beam Z 
connects the sleeve to the dashpot W, so that when the 
sleeve moves up the dashpot W is pulleddown. Owing 
to friction the direct effect of an upward motion of the 
valve sleeve would be a tendency to raise the governor 
sjeeye. This tendency is counteracted by the simul- 


S35 


Vi Ut thi pity, 4, Yfttit ry 
Wi) A fp 4, 











UNIVERSAL MOULDING-MACHINE 
WITH DOUBLE TABLE. 


THE illustrations on the opposite page show a 
form of hydraulic moulding-machine now being made 
by Messrs. Ph. Bonvillain and E. Ronceray, of 9 and 
11, Rue des Enviérges, Paris. It has been specially 
designed for the class of work in which it is desirable 
for one man to make both parts of the mould. Fig. 4 
shows the machine fitted up for moulding the cylinder 
of a motor-cycle engine, this being a good example of 
the work intended to be done on the machine. The 
output is naturally not so great as that of two separate 
machines, the object of the design being rather to 
turn out the best possible work with reasonable 
—y than to increase production. 

he general features of the Bonvillain and Ronceray 
moulding-machines and system of moulding were fully 
dealt with on page 533 of our ninetieth volume, where 
a description of the firm’s method of making pattern- 
plates and stripping-plates will aleo be found. We 
will now therefore deal only with the special features 
of the double-table machine, referring our readers to 
the previous description for further particulars of the 
system. 
It will be seen that the machine has two circular 











Fie. 8. 


taneous downward motion of W. By means of the 
adjustable by-pass between the top and bottom of the 
dashpot which is provided at Y, the downward pull of 
W can be regulated to a nicety, and very smooth work- 
ing of the governor is therebv secured. As shown in 
Figs. 2, 5, and 6, a plug-cock is interpolated in the pipe 
connections between the relay cylinder and its control- 
ling-valve. By adjusting the opening of this cock the 
degree of rapidity with which the relay operates can 
be regulated at will. 

As shown in Figs. 1 and 3, the governor spindle is 
driven by spiral gearing, the axial thrust being taken 
by double ball-thrust bearings. 1 the bearings 
are of the ball t so that little lubrication is 
required, and very long runs can be made without 
attention, . 





tales, to which the pattern-plates for the two parts 
of the mould are fixed. Both tables are served by a 
single presser-head carried on a horizontal cross-beam, 
which is pivoted to a central vertical column, and can 
be swung round over either of the tables. When in 
position he ramming, the cross-beam is secured to the 
table by means of a swinging link, clearly shown in 
Figs. 1, 2, and 4, and having a T-shaped head, which 
engages with a slotted lug on the edge of each table. 
Fig. 1, which is a longitudinal section through the 
presser-head and table, shows the method of conduct- 
ing water under pressure to the ramming-cylinder, and 
also to the return cylinder vertically above it. The 
telescopic screws used to adjust the height of the 
presser-head to suit moulds of different depths are 
also clearly shown. This device enables the shortest 
possible stroke to be used for ramming, and 80 
economises water. Another hydraulic cylinder, formed 
in the pedestal supporting the table, is also seen in the 
lower part of Fig. 1. The object of this is to lift the 
mould clear of the pattern-plate in a manner to be 
described later. 

The method of using the machine is as follows :— 
The pattern-plates for the two of the mould are 
fixed, one to each of the two tables, with the yoy 
plates on top of them, The stripping-plates are 
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UNIVERSAL MOULDING-MACHINE WITH DOUBLE TABLE. 
CONSTRUCTED BY MESSRS. PH. BONVILLAIN AND E. RONCERAY, ENGINEERS, PARIS. 


1. 


SECTION A.B 











connected to the lifting-cylinder by means of four 
rods, shown in Fig. 4 only. The moulding-box is 
then placed in position on a pair of pins fixed in 
the frame on which the a lies. After 
filling the box with sand, and ramming it by means 
of the presser-head, the stripping-plate and mould 
are lifted clear of the pattern-plate by forcing water 
into the lifting-cylinder, so that the mould can 
then be taken away from the machine. The lifting- 
cylinder, it should be noted, is not supplied from the 
hydraulic mains, but by means of a pump operated 
ry @ pedal lever, visible in all the outline drawings, 

igs. 1 to 3. The lifting motion can thus be started 
slowly and steadily, and is at all times under perfect 
control of the operator. After completing one half of 
the mould, as above described, a similar series of opera- 
tions is gone through at the other table, to make 
the other half of the mould. The _——_ dimensions 
of the machine are as follow :—Diameters of tables, 
450 mm. (1 ft. 53 in.) ; distance between column and 
swinging link, 487 mm. (1 ft. 74 in.) ; maximum dis- 
tance between presser-head and table, 280 mm. (11 in.); 
stroke of lifting-cylinder, 150 mm. (53 in.). The 
pressure on the mould with water at 50 kg. per sq. om. 
(711 lb, per sq. in.) is 4800 kg. (49 tons). Ordinary 
packings are used throughout the machine in place of 
the hydraulic leathers previously employed, as the 
former have been found to be more satisfactory ; this 
applies to all types of hydraulic moulding-machines 
made by the firm. Another point worth mentioning 
is that no foundations, are required, so that nothin 
more than a little pipe-work is involved if it is desired 
to move the machine. 








Tue German Navy.—According to the Monsteur de la 
Flotte, the German publication Nauticus gives the follow- 
ing information on the Derrflinger, the new German 
armoured cruiset-whioh will soon enter the service. She is 
the first. German unitof this type to be armed with 12-in. 
50-calibre guns; these are eight in number, mounted in 
four turrets on the centre line of the ship, those of the 
second and third turrets firing above those of the first 
and fourth turrets. The ship has a displacement of 
26,600 tons. Her dimensions are :— 689 ft; 
breadth, 95 ft.; and draught, 27 ft. 3 in. She is to be 
propelled by Parsons turbines, developing 63,000. horse- 
power, giving her a speed of 26.5 knots. Besides the 
12-in. guns above referred to, the armament is to consist 
of twelve 6-in. 50-calibre guns, twelve 3.5-in. guns, and 
four sade-gaiee torpedo- aapehiog a, for ge 
torpedoes. preceding ship o same class, 
Seydlitz, has a displacement of 25,000 tons, and carries 
ten 1l-in., twelve 6-in., and twelve 3.5-in. guns. Her 
contract speed was 26.5 knote, but she reached 28.129 
Fic. 4. Macnine Firrep ror Movipine Motor-Cycie Enoine CyLtinpEr. knots with 89,738 horse-power. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 15. 
THE fact that the annual midsummer suspension of 
work in mills for repairs has been limited to only a 
few days instead of two weeks or more, as is cus- 
tomary, is evidence of the greater activity of demand, 
and that the corner in depression has at last been 
turned. The impetus of greater ac.ivity has been 
felt all around. The United States Steel Corporation’s 
unfilled tonnage on June 30 was 4,032,856 tons, against 
3,998,160 tons on May 31. ‘I'he union sheet and tin- 
plate mills resume with a wage scale practically the 
same as last year. The majority of the mills are non- 
union, and have no troubles with their workmen. 
Pig-iron is produced at the rate of 23,500,000 tons, or 
31 percent. below the highest production ever reached. 
The total present furnace capacity of the country is 
35,000,000 tons a year. St:uctural steel demand con- 
tinues to improve, last week’s orders being 29,960 tons. 
Orders for railroad spikes amounted to 12,000 kegs. 
At Pittsburg three orders amounted to 30,000 tons of 
pig-iron, and 50,000 tons are under negotiation. 
eneral Electric bought 10,000 tons of foundry iron. 
The inoreased activity in all lines promises to con- 
tinue. The larger steol-users recognise that the current 
low quotations cannot remain very long, even with 
so much capacity idle. Of the Pennsylvania order, 
75,000 tons are 100-lb. sections and the reset 120-lb. 
There are about 1,000,000tons of pig-iron at all furnace 
banks, as compared to 1,400,000 tons two years ago. 
Agricultural steel is more active than for months 
t, owing to the covering of requirements for the 
ast half of the year. The agricultural West faces an 
era of great activity and prosperity. The crop move- 
ment has set in, and exports will be larger than 
usual to meet the European deficit. Anti-trust legis- 
latioa is being pushed along in spite of business 
opposition, and in anticipation of it adjustments are 
being studied out by those interests most likely to 
be affected. 
July 22. 
Another week of extraordinary activity has closed 
with a volume of business surprising even to the most 
hopeful. Rail orders for the past week were 60,000 
tons. Among large pending orders, egavegating 
100,000 tons, structural material are 10,000 tons 
for New York subways, 5000 tons for elevated 
work, 10,000 tons for Toronto Union Station, 9000 
tons for Newark, N J., Subway Station, 18,000 tons 
for Kansas City Terminal Statiun, and 15,000 tons 
for the projected Metropolis bridge across the Missis- 
sippi River. ‘This is the advance guard of an arm 
aiden, and unless unforeseen delays arise, the bul 
of the orders named will be p! before the 30th 
inst. The structural steel requirements are assuming 
expanding proportions. Bars became suddenly active 
during the week. Some 75,000 tons were contracted 
for at Chicago, including 30,000 tons for the Sheldon 
Axle Company. The Harvester Company is still 
waiting. Unusual activity prevails all over the 
Western States. Crop influences are stimulative. 
The railroads are swinging into line. In view of a 
general hardening of prices, many large consumers 
are making tentative purchases, but with a very 
limited option. Pipe for oil-lines continues to be 
ordered freely. Steel plate for delivery in the first 
half of nex’ year is held at a slight advance. Car- 
builders have be received additional inquiries for 
steel cars, and an early closing for several thou- 
sands is apparently at hand. Pig-iron is feel- 
ing the general improvement. Furnace interests 
show anxiety for new business, but not at conces- 
sions. Even for late deliveries higher prices are 
insisted upon, but the pressure for future deliveries 
is not pronounced. 





Pexsonat.—We are informed that the partnership] h 


heretofore subsisting between Messrs. G. P. Knowles, 
J. B Knowles, and K. D. D. Grazebrook, carrying on 
the business of consulting engineers and surveyors and 
the preparation of candidates for technical examinations 
at 39, Victoria-street. Westminster, S.W., under the 
style or firm cf “‘G. P. Knowles,” has been dissolved by 
mutual consent as from June 30, 1914, so far as con- 
cerns Mr. J. B Knowles, who retires from the firm. 
Messrs. G. P. Knowles and Grazebrook will 
continue to carry on the business in ip at the 
same address.—We are informed that the Power-Gas 
Corporation, Limited, have appointed Mr. J. F. Pasley, 
of their head office at S ton on-Tees, to be their 
representative for Lancashire, with headquarters in 
Manchester. We also learn that Mr. F. G. Fogg, late 
representative of the North-East Coast, has now been 
appointed London representative; the London address 
of the corporation is 39, Victoria-street, Westminster, 
S.W.—The Executive Committee of the City and Guilds 
of London Institute have sgetenes Mr. Alfred J. 
Margetson, B.Sc. (Lond.), M.Sc., at present assistant 
—— atthe City and Guilds (Engineering) College, 

ensington, to the professorship of civil and mechanical 
engineering at the Technical College, Finsbury, vacated 
by Profess r E. G. Coker on his appointment to the chair 
at University College. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-lron Market.—Last Thursday morning the 
pig-iron market was steady, but business was confined 
to one lot of Cleveland warrants at 51s. 51. eight days. 
At the close sellers quoted 51s. 5d. casb, 51s. 64d. one 
month, and 51s. 7d. three months. In the afternoon the 
market was quite idle, but the tone kept good, and sellers 
of Cleveland warrants named 51s. Bhd cash, 51s. 7d. one 
month, and 51s. 74d. three months. On Friday morning 
the mirket was unusually active, but the tone was the 
turn easier. Cleveland warrants pucuntinns to 7000 tons 
were done at 51s. 5d. and 51s. 4d. fourteen days, 51s. 34d. 
twenty-one days, 51s 4d. August 31, and 5ls. 5d. two 
months, and closing sellers quoted 51s. 3d. cash, 51s. 6d. 
one month, and 51s. 6d. three months. The afternoon 
session was quiet, and business was limited to one 
lot of Oleveland warrants at 5is. 4d. seven days, with 
sellers over at 51s. 44d. cash, 51s. 54d. one month, 
and 5ls. 6d. three months. Oa Monday morning there 
was again a fair turnover of Cleveland warrants, the 
dealing being 4000 tons at 5is. 4d. cash, 5ls. 3d. 
nine days, and 5ls. 3§d. eighteen days. Sellers’ closing 
quotations were called 51s. 4d. cash, 51s. 5d. one month, 
and 51s. 6d. three months. In the afternoon the tone 
was somewhat easier, and only one lot of Cleveland 
warrants changed hands at 51s. 34d. nine days. Closing 
sellers quoted 51s. 34d. cash, aud 5ls. 44d. one and three 
months. Idlentss prevailed on Tuesday morning, but 
sellers of Cleveland warrants quoted firmer at 51s. . 
cash, and 51s. 6d. one and three months. Another idle 
session was recorded in the afternoon, when quotations 
for Cleveland warrants were easier, with sellers naming 
5ls. 4d. cash, 51s. 5d. one month, and 51s. 6d. three 
months. When the market opened to-day (Wednesday) 
the tone was easier, and 1000 tons of Cleveland warrants 
were put through at 51s. 3d. seven and eight days, with 
closing sellers quoting 51s. 3d. cash, and 51s. 44d. one and 
three months. In the afternoon Cleveland warrants were 
inclined to show a decline, but only fractionally. The 
turnover consisted of one lot at 51s. 3d. one month, and 
closing prices were 51s. 24d. cash, 51s. 34d. one month, 
and 51s. 4d. three months sellers. 


Sulphate of Ammonia —The holiday feeling still pre- 
vails throughout trade circles, and there seems to 
little inclination for resuming business. In sulphate of 
ammonia there has been no pressing demand of late, and 
now that hostilities have broken out on the Continent 
the inquirics from that quarter will certainly fall away. 
What effect that may have on prices remains to be seen, 
but for the present, at any rate, the quotations are un- 
changed for prompt lots at 11/. per ton Glasgow, and 
117. 23. 6d. per ton Leith. 


Scotch Steel Trade.—In normal or busy times all the 
Scotch steel works would by now have been in full swing, 
but, unfortunately, the annual holidays are this year bein 

rolonged on account of the dulness of the trade. It wi 

= next week before the resumption is general, and even 
then there is little prospect of much to start to. The 
bookings during the vaestion have not been large and there 
is a great dearth of fresh® business, and inquiries are only 
called fair. The accumulation of orders while the works 
were off has not been very heavy, and little time will be 
required to run these off. Shipbuilders are well employed, 
but they have recently been so well looked after by the 
foreigner that the local maker is only getting a share of 
what is going, and so long as business is quiet on the 
Continent the home producer will require to be content 
with what he gets. Prices are ee but opinion 
is general that if coal is reduced, there will bea prospect of 
steel coming down a trifle, but that, of course, is doubtful. 
The ee trade is nothing very wonderful at present, 
althoug 1 0 

and New Zealand—are doing fairly well and sending some 
satisfactory lines. Lamy | things all over, it cannot be 
said that the outlook for the second part of this year is 
very bright or encouraging. 


Malkable-Iron Trade.—The West of Scotland malleable- 
iron makers, on the whole, have not been anxious to open 
up their works this week, remembering only too well the 
hard time they put in during the first half of the year. 
One or two establishments have made a start, but it will 
be next week before the resumption is fr newegg as very 
little work has accumulated during the holidays. Booki 
as been poor, and inquiry has extremely limited. 
Prices show no change, and are based on 6/. 12:. 6d. per 
ton for ‘‘ crown” bars, less the usual 5 per cent. 


Wages of Pig-Iron Workers.—A meeting of represen- 
tatives of the men engaged in the Scotch pig-iron indus- 
try was held in Glasgow to-day (Wedn ) to consider 
the situation arising out of the refusal of the employers 
to concede a minimum rate of 4s. per shift. The number 
of men affected is in the neighbourhood of 1000. The 
—_ of the policy to be followed in the future is being 

iscussed. 


Scotch Pig-Iron Trade.—The prevailing conditions in 
the Scotch pig-iron trade are not very encouraging, and 
the knowledge that both German and American producers 
are very quiet does: not strengthen the position here, as 
these makers are shipping lots to some of our markets. 
The demand all round is quiet, and until the various 
works get fully under way, there is little prospect of 
much expansion. The withdrawal by the ish miners 
of the four-days-a-week scheme has certainly eased the 
tension a little; but as the masters are at moment 
considering reduction of the minimum wage, the 
horizon has again become clouded, as the miners seem 
determined to resist that move, and threaten a strike. 
Should it come to that, the stoppage may be national in 
character, and this will cause a big dislocation in trade. 


one or two of the Colonies—India, Australia, A 





There seems little doubt but that 1914 is destined to be 
an eventful vay Hematite is in very r request at 
present, and is easy in price. The following are the 
market quotations for makers’ (No. 1) iron:—Clyde, 66s. ; 
Calder, Gartsherrie, Summerlee, and Langloan, 66s. 6d. 
(all shipped at en: Glengarnock (at Ardrossan), 
70s.; Shotts (at Leith), 663. 6d.; and Curron (at Grange- 
mouth), 67s. 





ASTRONOMICAL, MATHEMATICAL, AND OTHER TABLES. 
—Messrs. William Wesley and Son, of 28, Essex-street, 


Strand, W.C., have sent us a copy of a v interesting 
catalogue of astronomical, mathematical, and other tables 
offered on the occasion of the Napier Tercentenary. Over 


three hundred works are included in the catalogue, which 
is the result of more than fifteen years of professional 
collecting work; and although, of course, far from com- 
plete, it contains practically all the fundamental tables, 
and includes a large number of works not represented in 
the library of the British Museum. The catalogue first 
deals with astronomical, multiplication, trigonometrical, 
and other tables published before the end of the eighteenth 
century, including among them some very interesting 
manuscripts of the fourteenth and fifteenth centuries, 
written on vellum, as well asearly printed works. These 
are followed by what is probably a unique collection of 
the mathematical works of John Napier and early tables 
of logarithms. The remainder of the catalogue is devoted 
to various tables published since 1800, and it concludes 
with « list of works on astronomy, mathematics, and 

hysics published by, or on sale with, Messrs. Wesley. 

he catalogue itse'f, which is certainly of more than pass- 
ing interest, can be obtained from the post-free for 6d. 





A New Primary Batrery.—In a recent issue of La 
Lumiere Electrique Dr. E. Bellini describes a new primary 
battery with which he has obtained some highly interest- 
ing results. The negative element consists of plates of 
lead amalgam obtained by pouring 10 grammes of mercury 
into 90 grammes of molten lead, whilst carbon is used 
for the positiveelement. The electrolyte is a solution of 
80 cub. em. of sulphuric acid and 120 cub. cm. of nitric 
acid in 1000 cub. cm. of water. When the cell is inaction 
the amalgamated lead is attacked, insoluble lead sulphate 


be | being formed. which drops to the bottom of the cell along 


with some sulphate of mercury and some globules of the 
latter metal. On open circuit there is little or no loss of 
lead. The electromotive force remains remarkably con- 
stant during many hours’ discharge at between 1.0 volts 
and 1.1 volts. The resistance of one cell tested varied 
with the strength of the current, being 0.03 ohm with a 
current of about 0.7 ampere, and 0.128 ohm with a current 
of 5 amperes. The consumption of lead was about 
5 grammes per ampere-hour. Another cell tested had 
four positive plates and three negative, the total sur- 
face of the negative electrode being 900 sq. cm. The 
Sy lh — of a cell was 0.022 | under a 

of 5 amperes. Its capacity was 112.5 ampere- 
hours, after which the electrolyte required further addi- 
tions of acid. 





Tue Late Mr. Tuomas Ricuarp Bayiiss.—We regret 
to have to record the death, which occured at his resi- 
dence, Belmont, Northfield, on the 24th inst., of Mr. 
Thomas Richard ~— the chairman and founder of 
the — 7 Norton Metal Company, Limited, Birming- 
ham. . Bayliss was born in Birmingham in 1838, the 
eldest son of Mr. Thomas Bayliss, a brass-founder. Early 
in his teens he decided to make engineering his profes- 
sion, and devoted himself to the study of theoretical and 
practical engineering and metallurgy. At the age of 
twenty-four he married Mary, daughter of Mr. John 
braham, who founded the Adderley Park Mills. 
That property was disposed of by his father-in-law 
about ten years later to the Birmingham Small Arms 
and Metal Company, and Mr. Bayliss remained at that 
establishment as its managing director. He held the 

ition till 1889, when, in conjunction with his son, 

. Thomas Abraham Bayliss, he founded the well- 
known King’s Norton Metal Company. Within a few 
months of the establishment of the works the business 
was converted into a limited company. Mr. Bayliss’s 
knowledge of machinery was considerable, and he turned 
it to account by perfecting machines designed to im- 
prove the methods of casting, rolling, and general work- 
ing up of metals for ammunition. He had a sound grasp 
of the essentials of ammunition making, and was in- 
terested in the manufacture of the first six-pounder case 
for the Nordenfeldt gan, which was adopted by the 
British Government. © success of the King’s Norton 
business coincided with a period of much military activity, 
and the company manufactured for several foreign 
Governments as well as for the British War Office. Under 
the direction of Mr. —- and his —e the works 
were well equipped, including the laying down of plant 
for manufacture of ~~“ in its entirety. An im- 

rtant extension of the works was made on 60 acres of 
and at Abbey Wood, Kent. Mr. Bayliss was the originator 
of the solid drawing system in cart: idge-case manufacture, 
both as applied to small arms and to quick-firing guns. 
He was an associate member of the Institution of Civil 
Engineers, and a member of the Institution of Mecha- 
nical Engineers. He was also a member of the Iron 
and Steel Institute, of the French Socié:é des Ingenieurs 
Civils, of the American Academy of Political and . 
Science at Philadelphia, a Fellow of the Imperial Insti- 
tute as at first constituted, and one of the first members 
of the Permanent International Association of Naviga- 
tion Con Mr. Bayliss took a keen interest in 
social and municipal work, and was prominently asso- 
ciated with the local authorities of Northfield for many 
years. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The steam-coal market 
occupies an exceptionally strong position. The chief 
cause of the sudden tightening of the market was the 
outbreak of hostilities on the Continent. Russia and 
Germany have put pressure upon merchants to quicken 
deliveries, and as a result shippers are as busily engaged 
as they ibly can be. A for local industrial pur- 
poses is the demand brisk, though there is a slight easing 
in the requirements of the lighter trades. Contracting 
has materially advanced during the past week or so. Pro- 
ducers have presented such a firm front regarding railway 
coal contracts that, except in the case of secondary es, 
they have been able to enforce last year’s rates, which are 
enerally regarded as being unusually high. House coal 
eS shed some of its recent weakness. There is a better 
inquiry from country consumers and from London buyers, 
but locally the position shows very little change for the 
better. There is pronounced slackness at dépéts. Stacks 
are a steadier market. Some stocking has taken place. 
Coke is still weak. Special sales of blast-furnace coke 
have been effected at low rates. Quotations :—Best 
branch hand-picked, 15s. to 163.; Barnsley best Silkstone, 


12s. to 13s.; Derbyshire best brights, 11s. 6d. to 12s. 6d.; 
Derbyshire house, 10s. 6d. to 11s. 6d.; best la nuts, 
10s. to lls. 3d.; small nuts, 95. to 103.; Yorkshire 


hards, 11s. to 12s.; my hards, 10s. to 11s.; best 
slacks, 7s. to 8s. ; seconds, 5s. to 6s.; smalls, 2s. 6d. to 3s. 6d. 


Iron and Steel.—Sufficient time has not yet elapsed to 
give any reliable indication of the nature and extent of 
the effect the outbreak of war between Austria and Servia 
is likely to have upon the South Yorkshire iron and steel 
trades. In the raw-material market conditions are 
brightening. The slow improvement that set in some 
weeks ago has been maintained, and though buying is 
still far below the level of a year ago, the feeling is preva- 
lent that the worst has been left behind. The greatly 
restricted output is just sufficient to meet the current 
demand without leaving any margin for stocks. A few 
more short-dated contracts have been placed, but the 
bulk of the sinall amount of business done has been in 
the purchase of spot lots. Hematites are being sold 
freely to heavy engineers. West Coast makers maintain 
their quotation of 73s. 6d. delivered. East Coast hema- 
tite is still quoted at 68s. 3d., but orders have been 
booked at two or three shillings less. There is a fair 
inquiry for a Lincolnshire makers are quot- 
ing 54s. 8d., and Derbyshire makers, 543. 3d. A ter 
disparity exists in the case of snes iron, Lincolnshire 
masters quoting 53s. 8d., and Derbyshire masters only 50s. 
Bar-iron is flat. The building-trade crisis has caused a 
slump in the local demand for builders’ ironwork. A quiet 
but wholesome tone prevails in the general steel trades. 
Few orders of great bulk have this week been booked, 
but activity is nevertheless maintained at a normal level, 
and, but for the uncertainty of the outlook, there would be 
little cause for complaint. Regarding the export trade, 
manufacturers are somewhat apprehensive of the injury 
that is likely to result to Russian, French, and German 
buying owing to the Continental crisis. For machin 
parts and agricultural implements Russia has been, an’ 
at the present moment still is, one of the healthiest foreign 
markets, while the French demand upon the productive 
capacity of special-steel makers has been one of the 
brightest spots in foreign ge Railway and tramwa: 
material departments have plenty of work on hand. 
Among the latest booking are orders for springs for East 
India, and wheels and axles for America. American rail- 
way development has for a long time been a source of 
profit to the South Yorkshire industries. There is no 
diminution in activity at the big armament works. Specu- 
lation has been aroused as to the destination of garrison 
guns that Messrs. Vickers, Limited, are making for a 
foreign Power. Billets move very slowly. In the lighter 
trades orders are less plentiful, though regular employ- 
ment is maintained. There is a brisk inquiry for all 
classes of tools. Alloys are an improved market. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The political situation at 
home and the serious international crisis have checked 
business here. These disturbing influences, however, 
have not depressed the Cleveland iron market to the 
extent that might have been expected. Values are fairly 
well maintained, but in the present very critical state of 
affairs buyers and sellers alike hold off. A feeling of 
general uncertainty exists, and considerable change will 
have to occur before confidence is restored. A blast- 
furnace that has —_ — has ae ng in, but ib 
merely replaces another and larger furnace which is going 
out for repairs. With business very slack, and pig-iron 
prices unremunerative, there is little likelihood of the 
roduction being i by the re-starting of idle 
urnaces. Production is apparently quite adequate, and 
there is no reason to believe that makers will depart from 
the policy of ey to which they have adhered 
for some time past. ices of pig-iron were easier, but 
buyers are not at all temp‘ed by the rather lower rates 
named. No. 3g.m.b. Cleveland pig is 5ls. 44d. f.o.b. ; 
No. 1 is 53s. 9d.; No. 4 foundry, 5ls.; No. 4 forge, 
50s. 6d.; mottled, 50s. 3d.; and white, 50s. There is 
little or nothing passing in the East Coast hematite 
branch of the staple industry, though amongst the 
visitors present on Change this week was one of the prin- 
cipals of a firm of very large Sheffield consumers. 

ixed numbers were on sale at 59s. for either early or 
forward delivery, and No. 1 was quoted 51s. 6d. Extreme 
quietness rules in the foreign-ore trade, and in the con- 


tinued absence of transactions, market rates remain 
nominally on the basis of 17s. ex-ship Tees for Rubio of 
50 per cent. quality. Coke for local consumption is in 
rather better ae y, with the result that prices show a 
tendency to ease, but sellers still ask much higher prices 
than users consider should be paid. Up to 17s. 6d. is 
named for average qualities of blast-furnace coke delivered 
at Tees-side works, but it is understood that contracts 
over a period have been made at less. 


_ Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now siands at 82,815 tons, 
all of which is No. 3 2 Since the beginning of the 
month the stock has been increased by 4526 tons. Ship- 
ments of pees from the Tees are on a fairly moderate 
scale. To date this month they average tons per 
working day, the total despatches being returned at 
59,957 tons, 53,433 tons of which have gone from Middles- 
—— and 6524 tons from Skinningrove. To the came 
date last month the loadings were given at 65,718 tons. or 
a daily average of 2628 tons; and for the corres ay | 
part of July a year ago the clearances conte 82,04 
tons, or an average of 3281 tons per working day. 


Manufactured Iron and Steel.—Fairly good reports are 
given of the manufactured iron and steel industries. 
Specifications are coming in better, and several new 
orders have been placed in various departments. A few 
orders for shipbuilding material have been given out, 
and a Tees-side firm has made a substantial contract for 


- | steel rails. Joists are active. Prices are firm. Principal 


market quotations stand :—Common iron bars, 7/. ; best 
bars, 7/. 7s. 64.; best best bars, 7/. 15s. ; packing iron, 
5/. 5s.; iron ship-plates, 6/. 15s. ; iror ship-angles, 7/. ; 
iron ship rivets, 7/. 5s. ; iron girder-plates, 7/. 5s. ; steel 
bars (basic), 61. 5s.; steel bars (Siemens), 6/. 5s.; steel 
ship-plates, 7/. ; steel joists, 6/. 12s. 6d. ; steel strip, 67. 5s. ; 
steel hoops, 6/. 10s.—all less the customary 24 per cent. 
discount ; cast-iron columns, 7/. 7s. 6d. ; cast-iron railway 
chairs, 4/. 5s.; light iron raila, 7/.; heavy steel rails, 
5l. 15s. ; steel railway sleepers, 7/.—all net at works; 
ee corrugated sheets, 24 gauge, in bundles, 111. 5s. 
.0.b.—less 4 per cent. 


Iron-Trade Wages.—According to the report of the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England, 
wages, in accordance with the sliding-scale arrangement 
for August and September, will be the same as prevailed 
during the p ing two months. The average net 
ey By per ton of manufactured iron is certified to 
have been 6/. 13s. 1.91d., as against 6/. 14s. 9.33d. in the 
preceding two months. 


Cleveland Miners’ Wages.—The representatives of the 
Cleveland Ironstone Mineowners and the Cleveland 
Miners’ Association again met at Middlesbrough this 
week to consider the question of wages to be paid to the 
miners during the ensuing three months. The owners 
sought a reduction, but an arrangement was effected 
whereby wages will be reduced by 0.50 (one-half) per 
cent. The reduction takes effect from July 27. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—Fresh business has been restricted to com- 
paratively narrow limits, most buyers having completed 
their arrangements for loading up to the August Bank 
Holiday, and being inclined to pursue a waiting policy. 
Meanwhile, in view of the threatening aspect of affairs 
in Eastern Europe, holders of the best Admiralty coal 
have shown a disposition to stand out for higher figures. 
Upon the whole the tendency for August has been firm, 
sellers anticipating that the reduction of output resulting 
from holiday stoppages will involve some shortage. The 
best Admiralty steam coal has made 21s, to 23s. ; 
best secondary qualities have brought 18s. 6d. to 19s. 6d. ; 
other secondary descriptions, 17s. 3d. to 17s. 9d.; best 
bunker smalls, 10s. 3d. to 10s. 6d.; and cargo smalls, 
7s. 6d. to 8s. 3d. per ton. The best household coal has 
brought 19s. to 20s.; good households have made 17s. to 
18s. ; No. 3 Rhondda large has realised 17s.6d. to 17s. 9d. ; 
and smalls have brought 12s. to 12s. 6d. per ton. No. 2 
Rhondda large has m quoted at 12s. to 13s.; and 
No. 2 smalls have brought 8s. to 8s. 6d. per ton. Special 
foundry coke has been quoted at 25s. to 293.; good 
foundry coke at 20s. to 23s.; and furnace coke at 17s. to 
19s. per ton. As regards iron ore, Rubio has made 16s. 
to 16s. 6d. per ton, upon a is of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

Foreign Ooal Contracts.—Within the last few days ten 
or twelve steamers, representing a burthen of 50,000 tons, 
have been charte to load steam-coal for the Piraeus 
within the next fortnight. The Vulcan Coal Company, 
a German exporting concern, is stated to have taken u 
most of the steamers uired. The shipments of Welsh 
coal to Greece this year have already amounted to 240,000 
tons, or 80,000 tons more than the shipments in the corre- 
sponding period of 1913. Inquiries have received 
for best my ge Fry ne for the Austrian Navy. 
The amount for which tenders are invited is 50,000 tons, 
2 be yo ee saenes months from October. Pa 

mtral Aragon way mpan. ulres patent 
to be delivered at Valencia. = 

Cardiff Corporation Tramways.—At a meeting of the 
electric lighting and tramways committee of the Cardiff 
City Council on Monday, Mr. Adcock, the city treasurer, 
reported that for the year ending March 31 the traffic 
receipts of the Cardiff electricity undertaking had been 
142,040/., showing an increase of 12,776l., as compared 
with 1912-13. Including accessory items, the increase 


was carried to 15,573/. The working expenses of the | G 


last twelve months were 99,563/., as compared with 





84,2941. ; and after meeting loan charges, &c., the net 





revenue surplus for 1913-14 was 18,594/. Of this surplus, 
6946. was carried to the depreciation fund and 4800/. was 
applied to the relief of local rates. The amount raised 
on loans for the development of the undertaking to the 
close of March was 787,291/., of which 273,232/. had been 
repaid. 

Bristol Docks.— Proposals have been made for extending 
accommodation at the Royal Edward Dock to meet the 
requirements of growing traffic, especially in refrigerated 
produce. The imports of this produce having increased 
fourfold since 1910, the proposal is to provide a new 
warehouse with room for 000 carcases of mutton, 
against the 100,000 carcases which can now be accom- 
modated. Bristol Docks (Various Powers) Bill, now 
awaiting the Royal assent, empowers the City Council to 
raise 100,000/. for new cold storage. The warehouse will 
be on the pattern of the tobacco warehouse, and will be 
erected on a site behind the ‘‘O” shed. It is also neces- 
sary to provide a new deep-water berth for ships with 
general cargoes. 

The Ebbw Vale.—The half-yearly meeting of the Ebbw 
Vale Workman’s Sliding Scale Fund was held at Ebbw 
Vale last Saturday, Mr. W. Jones in the chair. Mr. 
Sweeney, in reporting as to wages, said Mr. Mills, the 
aaneees director of the Ebbw Vale Works, contended 
that the tin-bar sent from the Ebbw Vale Steel Works to 
the sheet mills should be included in the audit. The 
men urged that the tin-bar mentioned was not invoiced 
goods as laid down in the sliding-scale agreement, and 
could not be included. Tin-bar was sold at a lower rate 
than steel rails, and, if it was included in the audit, instead 
of there being an advance of 34 per cent., there would be 
a reduction of 8} per cent. ith reference to the blast- 
furnacemen’s dispute, a notice has been posted up statin 
that as soon as sufficient applications have been receiv 
from the workmen necessary to make preparation to 
restart Nos. 1 and 2 furnaces, Victoria, those furnaces 
would be put into blast. 





Exxecrricity in West Ham.—Every half-year the elec- 
tricity yoy of the West Ham Corporation pub- 
lishes a bulletin for the information and guidance of 
manufacturers and power-users in the district. The 
chief object of the publication is to extend the use of 
electric power by illustrating its many applications in 
various local industries, but the book also serves to attract 
other manufacturers to the district by giving particulars 
of vacant sites suitable for factory buildings. A copy of 
the July issue has just reached us, and this time the 
principal feature of the bulletin is an interesting illus- 
trated account of the extensions recently made to the 
Corporation’s generating - station. A new 5000- kw. 
turbo-alternator, with the necessary switch-gear and 
auxiliary machinery, bas bsen installed, and two Bab- 
cock and Wilcox marine-ty pe boilers have been added to 
the boiler-house. The coal-handling and storage plant has 
been increased and brought up to date, and the ashes are 
now handled by a euctivn plant. The bulletin also deals 
with the use of electric-battery vehicles for industrial 


pur Many of these vehicles are now running in 
the b, and data as to running costs can be supplied 
by the Sales Department, who also e for persons 


interested to have the use of demonstration vehicles on 
trial ; arrangements have also been made for the regular 
charging of electric vehicles. Copies of the bulletin, and 
other information relating to the supply of electricity in 
the district, can be obtained on application to the engi- 
neer and manager, 84, Romford- , Stratford, E. 





Sream TRIALS oF THE OTTOMAN BatriesHip “ SutTAN 
Osman I.”—The battleship built by Sir W. G. Armstrong, 
Whitworth and Co., Limited, at their Elswick works, for 
the Brazilian navy, and named originally the Rio de 
Janeiro, but — sold to the Ottoman Govern- 
ment, and re-named Sultan Ozmen J., has completed her 
contract trials. The vessel is 637 {t. in length, 89 fb. in 
breadth, and on a draught of 27 ft. displaces 27,500 tons. 
She carries fourteen 12-in. guns and twenty 6-in. guns, 
with a number of smaller weapons. he armour on the 
broadside, as well as on the barbettes, is 9 in. thick, while 
the 6-in. guns are protected by 6-in. armour.  machi- 
nery, which was constructed by Messrs. Vickers, Limited, 
at their works at Barrow-in-Furness, is of the Parsons 
turbine type, while the boilers are of the Babcock and 
Wilcox ty pe. also made at Barrow. After being dry- 
docked at venues Dockyard the vessel was run on the 
measured mile at Polperro at ‘‘ continuous cruising speed” 
on the 17th inst. On this trial the een were required 
to develop 24,000 horse-power, and this, it was antici- 
pated, would give the ship a speed of 20 knots. The 
power was easily exceeded, and the mean speed on the 
measured distance was 204 knots. This rate was con- 
tinued for eight hours, and for the succeeding twenty 
hours the speed was 20 knots. During this thirty hours’ 
run the vessel steamed to the Forth, where the bunkers 
sun 02 tee dengual Gemegee. ten Seligeewer baal ene 

n to the raught. ull-power trial con- 
sheted of six runs over the measured mile at St. Abb’s 
Head. On the first day that the vessel went out, the 
20th inst., there was so much haze that t he mile-posts could 
not be discerned, and the vessel had to return to her 
anchorage. On the 22ad inst. the vessel made six runs 
over the measured mile. It was anticipated that, with 
the designed power of 32,000 shaft horse-power, a speed 
of 22 knots would be realised. Again the power was 
easily exceeded, and the mean speed over the measured 
course was 22.52 knots. The vessel returned to Messrs. 
Armstrong’s yard on the Tyne for completion. Sir Percy 
irouard, of Messrs. Armstrong, and Mr. James 
McKechnie, of Messr.. Vickers, were on board during 
the trials, 
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The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders 
for le advertisements, otherwise their insertion cannot be 
Terms for displayed advertisements on the wrapper 
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5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 
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NOTICE OF MEETING. 


Tas Nortu or ENGLAND INstrTUTE OF MIMING AND MECHANICAL 
Exeomesrs.—The annual eral meeting will be held in the 


Wood M ewcastle-upon , at 2 o'elock on 
Saturday, Anges The Presiden: it scrutineers for 

election of officers for the ensuing year. The Secretary will 
read the minutes of the last ge meeting, report the pro- 


of the Council, and read the ann 


Cou and of the Finance Committee. Election of representa- 
tives on the Council-of the Institution of Mining Engineers. 
Election of members, &c. Nominations of mem 


bers, &. 
The following papers will be open for discussion :—‘* Notes 
on a New Process for the Washing of Coal at the St. Nicholas 
Pit of the Société des Charbonns de l’Espérance et Bonne 
Fortune, near Liége, Belgium,” by Mr. Leo Dorey Ford. ‘“ Notes 
on the Working of the St. Nicholas Pit of the Société des 


Goat,” by Mr. Leo Dorey Ford. .‘‘A Westphalian By- 
Product My | Plant which also Supplies Town Gas,” by Mr. 
Dorey . “The Utilisation of Exhaust Steam for Col- 


lieries, Iron Works, &c., and the Cost of Electric Current Gene- 
rated,” by Mr. W. C. Mountain. A fire-damp indicator or metha- 
nometer will be exhibited, described, and demonstrated by Mr. 
Alfred Williams. 
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THE NAPIER TERCENTENARY. 


Scorianp has been doing honour to the memory 
of one of her greatest sons. Three hundred years 
ago there appeared a small quarto volume, ‘‘Mirifici 
Logarithmorum Canonis Descriptio,” whose influ- 
ence upon the development of mathematics it is 
difficult to overestimate. It was the first set of 
logarithm tables, and was the evidence of a new 
thought and a new power, destined to revolutionise 
arithmetical calculations. Scotchmen, justiy proud 
of this achievement of John Napier, of Merchiston, 
to whose genius this progressive movement was due, 
therefore invited the representatives of the mathe- 
matical societies of all nations to assemble last week 
at Edin h, in commemoration of so significant 
an event. ubtless some of those who accepted 
the invitation have made us see Napier’s work in a 
brilliant and convincing light ; but it is a difficult 
task to demonstrate to the ‘‘man in the street” 
wherein lies Napier’s claim upon the gratitude of 
the world. The benefits that science renders are 
used by many, but acknowledged only by few. The 
man who invented the multiplication table was a 
great benefactor of his species, though his name is 
forgotten, and we have used his device so frequently 
that we think but little of it. Butlet anyone try to 
work a multiplication sum with Greek characters, 
as practised in ancient Athens, and he will view 
the matter in a different light. So it is with 
Napier. In teaching his generation how to construct 
tables of logarithms, he devised an artifice that with 
accuracy and facility solves a number of problems 
that previously could be dealt with only ay Se 
expenditure of much time and the cumbrous 
method of simple arithmetic. It was a v7 
achievemont, only possible to a gery thinker ; 
but it is so easy to turn up a table of logarithms 
that we forget the labour involved in forming the 
first. We appreciate as little the industry and 
patience needed, as we do the clearness of thinking 
and the training required to take a new step ina 
direction in which there are no pioneers. It wasa 
wise decision, therefore, to organise a tercenten 
commemoration, and so oblige us to reflect how mu 
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has been shown that results which seemed so remote 
and concealed that they could only be successfully 
attacked in a certain direction, prove to be singu- 
larly simple when viewed from another standpoint. 


Much more simple ways of a ending the 
thought that underlies ta gprs TR 
have been suggested, and in these latter days ruled 
papers are arranged to solve the equation y = a=’, 
to do much the same work as logarithms. The 
slide-rule is another application, though many may 
fail to recognise Napier’s master-thought in its 
construction. A slide-rule could be used to con- 
struct the commercial logarithmic paper, and vice 
versd. With no other assistance than paper ruied 
to square millimetres, it is easy to construct a 
curve in which the ordinates are the logarithms of 
the abscissee to base 2, and by reading off the 
curve find the logs. of intermediate paren, Bor It 
is a little vague to find the log. of 10 by interpola- 
tion between log. 8 and log. 16; but to one who 
knew — of logarithms such a plan would 
give a general notion of how a logarithm varies as 
the number varies. We are only anxious to show 
here that there is a very simple meaning under- 
lying logarithmic construction, which can be appre- 
hended without attacking the exponential theorem 
or other recondite device, so that those unac- 
quainted with the subject may take an intelligent 
interest in the proceedings which have been held 
in Edinburgh. But to assign Napier his proper 
lace in the hierarchy of mathematicians, it must 
be remembered that he knew nothing of algebraical 
series, the exponential theorem, or the representa- 
es of powers of numbers + indices. 
© opening meeting of the tercentenary cele- 
bration tock gine in the hall of the Students’ Union, 
Edinburgh, on Friday last, the Lord Provost presid- 
ing. The ome of Lord Moulton to deliver the 
inaugural ress was exceedingly happy, for his 
lordship was a distinguished sintibenetidiam before 
he was a great lawyer. By his additions to Boole’s 
**Oalculus of Finite Differences”—a subject that 
is in close continuity with the construction of 
logarithms and varions kinds of mathematical 
tables—a certain historical continuity is maintained 
between the earliest and latest exponents of this 
branch of inquiry. Few could have been so well 
qualified to exhibit Napier as a mathematician and 
as an inventor, or to analyse the process by which 
one gifted with both faculties would accomplish his 
aim. This was the distinguishing feature of the 
address, though naturally Lord Moulton did not 
fail to urge that Napier’s name was a glory in the 
land, and its bearer prominent among the small 
band of thinkers who had substantially increased 
by their discoveries the powers of the human mind 
as a practical instrument. But analyses rather than 
eulogy attracted Lord Moulton, and to this course 
he was led because so much had been said and 
— "4 Napier y late in all centres of learn- 
ing that the task of saying anything new and 
appropriate had become very difficult. 
very fact known about Napier, raid Lord 
Moulton, had become commonplace. They were 
y aby oe when oe —_ and when he died; 
e wrote at le on the Apocalypse ; that he 
was suspected of trafficking in black ale ; that he 
proposed wonderful and futile methods of defeating 
the King’s eneniies, &. What was known left 
the man very oe pes disclosed, but sufficed to 
show him strong and self-reliant, of solitary habite, 
of profound and untiring industry, and he was 
content with such a delineation of the man of 
whom he was about to speak. How greatly Lord 
Moulton admired Napier and how desirous he waa 
that his merits and his labours should be appre- 
ciated would sufficiently ap from his remarks. 
In this connection he would, however, make one 
remark at the outset of an dealing well- 
nigh exclusively with that marvellous invention of 
logarithms which had immortalised Napier’s name. 
It must not be thought that N. ’s greatest work 
was his sole claim on our gratitude. His other works 
had long since been left behind by the growth 
of knowledge since —_— wrote and taught, 
but he would remind them of two matters that 
appealed to the gratitude of all. No mathematician 
could afford to think lightly of the man who 
first discovered and treated with respect those 
beautiful entities which were so dear to their 
souls—impossible quantities. He had, too, laid 
the world of ical life under an immense obli- 
gation by his introduction of the decimal point and 
the examples he gave of its use. In Napier’s works 
this device was found as firmly established as it 
was universal at this day. Rejecting then the 
sonatadion to indulge in history, 
Moulton had, he stated, had some perplexity 
in deciding on the nature of his address. What 
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new contribution could he bring either to the know- 
ledge of Napier’s work or to the appreciation of its 
merits, when so many skilled mathematicians had 
pinay | worked at the subject and made full utter- 
ance thereon / 


There was, however, one aspect, as it appeared 
to Lord Moulton, in which he might aetna find 
something to contribute, even though it should 

rove but a widow’s mite. The invention of 
ogarithms came on the world as a bolt from the 
blue. No previous work had led up to it ; nothing 
had foreshadowed it or heralded its arrival. It 
stood isolated, breaking in upon human thought 
abruptly, without borrowing tl other workers, 
or following known lines of thought. It reminded 
him of those islands in the ocean which rise sud- 
denly from great depths, and which stand solitary, 
with deep water close around their shores In such 
cases they might believe that some cataclysm had 
thrown them up suddenly with earthrending force. 
But could it be so with human thought? Did this 
come as a revelation to Napier, bursting upon him as 
a light from heaven, or was it the result of a slow 
growth, the evidences of which were now ob- 
literated ? The undoubted fact that Napier worked 
for some twenty years at logarithms before he 
— his first book relating to them gave a 

ecisive reply on this point. It must have been a 
slow and gradual evolution, even though that which 
remained furnished so few traces of the earlier 
efforts. Was it then possible from the records 
left, and out of the circumstances of the time, to 
read the history of this evolution, to reconstitute 
the process of discovery by deciphering the half- 
effaced records of this growth. It was in this 
direction that Lord Moulton thought something 
of interest might be found, and, at all events, he 
would have a congenial subject. He thought he 
might claim wide experience in what he might 
term the infancy of ideas. In the course of his 
career at the bar, he had had great opportunities 
of studying inventors and their inventions. He 
had learnt, on the one hand, that pioneer inven- 
tions were rarely made in the way that seemed 
most probable. A man groping in the dark felt 
his way by devious paths, often guided by trivial 
and immaterial indications, which he had not yet 
learnt to disr . It was only after the light 
had been reached that he saw what would have been 
the direct path. And, on the other hand, experience 
had shown how difficult it was when once the day 
had broken, to put oneself back into the twilight 
and see things with the hazy, unrecognisable out- 
lines which they had , and which made 
recognition so impossible. All this experience had 
made him, he hoped, in some d equal to 
the task of tracing out the probable course of dis- 
covery, where the traces were not too absolutely 
obliterated, and he had used what skill he had 
gained from the past in trying to discover how, and 
by what means, Napier advanced from the 
darkest night, which had existed when he first took 
up the problem, to the full daylight which he finally 
gave to the world. 

Lord Moulton then proceeded to discuss the 
question, What set Napier to work on the lines 
he did, seeing that there was no antecedent work 
to suggest a plan, and to indicate what were prob- 
ably the different stages of the discovery? It was 
urged with increasing probability that Napier, 
seeing that trigonometrical tables enabled a pro- 
duct to be found without actual multiplication, 
conceived the idea of constructing special tables 
which would do the same work in a more thorough 
and expeditious manner; it was probable that 
originally Napier contemplated nothing further 
than repeated multiplication by a factor ncar to 
unity, so that each multiplication reduced, very 
slightly the number operated upon, and that the 
word ‘‘ logarithm,” signifying ‘‘ the number of the 
ratio,” preserved that idea. In the second stage of 
the discovery, the notion of multiplying by a 
factor gradually gave way to the idea of taking an 
aliquot part from the number arrived at by the 
— operation, and that this thought led 

apier to pass from the idea of figures to the 

eometrical representation of the quantity by a 


‘ne, and to find that his repeated operations were | readin 


perfectly repeated by cutting off the same fraction 
of the same diminished length. Further, that at 
this s Napier took the simple and obvious step 
which ultimately proved of momentous importance, 
completing his james very, and puttin im in a 
position to commence the calculation of tables. 
What deeply impressed Lord Moul-on was the 





tenacity of aim shown by Napier, combined with 
his receptivity of new ideas for attaining it. From 
first to last it was a table of logarithms of sines 
that Napier proposed to make, and he did not 
permit himself to be turned aside from that purpose 
till it was completed. His subject evidently 
widened as he proceeded, and he must have been 
sorely tempted to turn from his comparatively 
restricted task to other schemes. But he wisely 
resisted the temptation. He saw that he must 
first create a model table, and give that to the 
world, or his task was unperformed. Would that 
every inventor had been equally wise! ‘‘One of 
the saddest memories of my life,” continued 
Lord Moulton, ‘‘ was a visit to the celebrated 
mathematician and inventor, Charles Babbage. 
He was very advanced in age, but still quite 
vigorous in mind. He took me through his work- 
rooms. In the first I saw the parts of the original 
calculating-machine, which many years before had 
been shown in an incomplete state, and had even 
been put to some use. I asked him about its 
present form. ‘ I have not finished it, because 
in working at it I came upon the idea of my 
analytical machine, which would do all that the 
old machine could and mueh more. Indeed, the 
idea was so much simpler that it would have 
taken more work to complete the calculating- 
machine than to construct the other, so I turned 
my attention to the analytical machine.’ After a 
few minutes’ talk we went into the next room, 
where he showed and explained to me the work- 
ing of the elements of the analytical machine. I 
asked if I could see it. ‘I have never completed 
it,’ he said, ‘ because I hit upon an idea of doing 
it by a different and far more effective method, and 
this rendered it useless to proceed on the old 
lines.’ Then we went into a third room. There 
lay scattered bits of mechanism, but I saw no 
trace of any working machine. Very cautiously I 
approached the subject, and received the dreaded 
anewer: ‘It is not constructed yet, but I am 
working at it, and it will take less time to con- 
struct it altogether than it would to complete the 
analytical machine from the stage in which I left 
it.’ I took leave of the old man with a heavy 
heart. When he died a few years later, not only 
had he constructed no machine, but the verdict of 
a jury of kind and sympathetic scientific men, who 
were deputed to pronounce upon what he had left 
behind him, either on paper or in mechanism, was 
that all was so incomplete as to be incapable of 
being put to any mere purpose.” 

But, continued his lordship, returning to Napier 
and his work, once the discovery had seen the light, 
and its claim to practical usefulness enthusiastically 
acknowledged, then Napier proceeded, most justifi- 
ably, to destroy the scaffolding which had been so 
serviceable in the erection af the building. If they 
had understood him aright in his endeavour to trace 
out the path by which Napier arrived at his epoch- 
making discovery, it would appear that his aim had 
not been to make it appear more wonderful, or to 
diminish the greatness of the achievement. He had 
only sought to make it less mysterious. As it stood 
in his written work, it was well nigh uncanny. Both 
his books were written after Napier had attained 
his full knowledge, and no traces of his early efforts 
remained. Hence the whole burst upon them as 
though it were due to magic. It was no slight 
task to connect Napier’s conceptions and methods 
with anything of his date, or since, or even with 
logarithms as they were now conceived For 
his own part he preferred to think of Napier’s 
work as more human, as the persistent effort 
of a great man to perform a task which he 
had deliberately set himself, and which step by 
step he pursued to the end. At the outset 
it required faith to believe that it was a possible 
task, that it was nota vain chimera. When that 
fear had been overcome it must have seemed an 
impracticable task, too t for mortal achieve- 
ment. But Napier allowed nothing to turn him ; 
he asked for further insight into the subject and 
further suggestion for devices, whereby these diffi- 
culties could be overcome. It was thus working 
that Napier appeared greatest. The fascination of 
ing of the first climbing of a mountain was the 


history of seizing upon all the little helps that the 
mountain afforded. The demonstration that there 
existed an easy and comfortable path might merit 
more gratitude, but it excited less interest. Napier 
took twenty years to do the work, many of which 
—probably the greater part—were spent in arriving 
,at the method. 


It would be sad to think that 


most of these years were, so to speak, wasted, 
because the solution came by a lucky chance at 
the last. In the speaker’s view all these years did 
their share, and he had tried to show how gradual 
and continuous was the process. As to the great- 
ness of the achievement, it was needless to speak. 
Logarithms had played well nigh as important a 

art in mathematical theory as in practical work. 

hey knew infinitely more of their nature and 
relations than Napier, or any man of Napier’s 
age, could possibly have known. They had means 
of calculating them so effectively that if all the 
logarithm tables in the world were destroyed the 
replacing of the loss would be but the work of a 
few months. But not all the three centuries that 
had elapsed had added one iota to the completeness 
nor the scope of the two existing systems of 
logarithms as they were left by the genius of John 
Napier of Merchiston. 

It is not our intention here to give anything like 
an account of the Napier tercentenary celebration 
generally, but we may mention that at a meeting, 
subsequent to that referred to above, papers of a 
more technical character were read. Among these 
should be noted that by Dr. J. W. L. Glaisher, who 
contended that, as a product of the time, the con- 
ception of logarithms in Napier’s mind was little 
short of marvellous. He had no notation such as 
they had now to guide him, and in mathematical 
development a good notation was of primary im- 
portance. Napier. by dint of hard thinking, 
sclved a problem which they would now express 
as a differential equation, and one that could 
be solved with ease by analytical methods. As 
regards arithmetic notation, it would appear 
that Napier was the first to use the ‘‘ point” 
in expressing decimal fractions, a notation far 
superior to that devised by Stevinus, and widely 
used even in Napier’s day. The more they ex- 
amined the method of Napier the more were they 
impressed by his greatness as a mathematical 
thinker. Referring to Lord Moulton’s address of 
the previous day, Dr. Glaisher said that he had 
been much interested in Lord Moulton’s construc- 
tion of the probable stages through which Napier 

d to his final conception of the logarithm. 

e had himself always assumed that the geometrical 
form in which the invention was given to the world 
was the original form, but Lord Moulton’s sugges- 
tion was well worth careful consideration. 

Some other contributions of interest may be men- 
tioned. Dr. G. Vacca, «f Rome, presented through 
the Secretary a brief note on the first Naperian loga- 
rithm, calculated before Napier’s date. In a book 
on arithmetic, published in Florence in 1494, of 
which the author was Luca Paciolo, the problem is 
given to find in how many years a sum of money 
would double itself at a given rate of compound 
interest. The answer suggested by the propounder 
was divide 72 by the rate of interest, and the 
quotient is the required number of years. This 
number 72 was shown by Dr. Vacca to be approxi- 
mately 100 times the Naperian logarithm of 2. 

Professor Gibson discussed the question of the 
transition from Napier’s original logarithm to those 
of base 10, first calculated by Briggs. By refer- 
ence to the written statements of Briggs himself, it 
was shown clearly that the system suggested by 
Briggs to Napier was not what was now called the 
natural or Briggean log, but that it was Napier 
himself who suggested to Briggs to construct the 
tables of common logarithms, and that Briggs 
carried out the calculations. The familiar theorem 
that the sum of the logarithms of two numbers was 
the logarithm of the product, was not accurately 
true for Napier’s original logarithms, nor would it 
have been true in Briggs’s improved form. The 
evidence was clear that it was _ himself who 
first suggested making the logarithm of unity, zero. 

Professor Eugene Smith, of New York, read a 

per on ‘The Law of Exponents,” as illustrated 
in the works of the XVI. century. The nature 
of the geometrical progression and its correspond- 
ence with a lel arithmetic progression was 
traced through the works of Chuquet, 1484, and 
Boethius, 1499, to the writings of Rustollf, 1525, 
and Stifel, 1644, to those of a later date. It was 
this line of development which influenced Burgi, 
whose ‘‘ Progress Tabulen ” contained what was an 
antilogarithmic table. The importance of these 
arithmetical relationships, clearly conceived by the 
Teutonic school, was recognised by Cardan. These 
relationships approach so closely the idea of the 
logarithm, that it was a cause for wonder that the 





works of Napier and Briggs were not anticipated. 
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Professor Cajori, of Colorado Springs, read a 
paper on algebra in Napier’s day and the alleged 
prior inventions of logarithms. Claims had been 
made in this connection in favour of Regiomon- 
tanus, of Wright, and of Burgi. Wright was the 
first to translate Napier’s ‘‘ Descriptio” into 
English, and never himself made any claim to the 
original invention of logarithms. Burgi was an 
independent discoverer of the logarithmic method, 
but was six years later than Napier in the publica- 
tion, and probably a corresponding interval later 
in beginning his calculations, Napier’s method 
was the more thorough and profound. 

Not the least interesting feature in connection 
with the celebration was a visit to Merchiston 
Castle School, where members of the Congress had 
an opportunity of seeing the room which John 
Napier occupied as his study. An exhibition of 
relics, of which we may possibly have more to say, 
was also held in the large Examination Hall of the 
University. It is eminently desirable that some per- 
manent result should issue from the congress. What 
form this will take is at present uncertain, but the 
suggestions that have been made include a facsimile 
reprint of the original edition of the ‘* Descriptio,” 
the construction of a table of co-l to seven 
figures, and the publication of a part of Dr. Sang’s 
great volumes of manuscript tables of logarithms 
and sines. 








SHORTAGE OF LABOUR IN THE 
COTTON INDUSTRY. 

At the moment the cotton industry of this and 
other countries is passing through an extremely 
trying and critical period. The contributory causes 
are not far to seek, but one of the chief is the over- 
building that has taken place during recent years. 
Some 16,000,000 spindles have been added in 
Lancashire alone, even though it was recognised 
that only during periods of extreme boom would 
the whole of the new spindles installed about 1907 
be completely engaged. Periods of depression 
follow periods of boom in the cotton trade with 
almost exact cyclic regularity, so that the spinner 
and manufacturer almost know what to expect. 
There is a growing feeling that a fully repre- 
sentative committee should dictate or, at least, 
pronounce upon the necessity or otherwise of 
new mills, and thus safeguard the trade as a 
whole. The short time worked in these con- 
stantly recurring periods—although comparatively 
high wages are paid—is not conducive to the 
attraction of young labour, and no doubt it is 
due t> the uncertainty of constant regular employ- 
ment that the a in efficient labour may be 
attributed. This problem—shortage of labour— 
is the most serious one that spinners and manu- 
facturers will have to face in the future, as the 
general tendency in all trades is to keep youn 
people out of the mills and factories until muc 
older than hitherto. Much work done by half- 
timers is non-productive, although very necessary, 
and if comparatively high wages are to be paid for 
it, the spinner or manufacturer will be severely 
handicapped. 

In the issue of ENcInEERtNG of February 10, 1905, 
on page 186. we published an article entitled ‘‘ The 
Lancashire Cotton Industry,” dealing with the so- 
called ‘‘ American” methods employed in weaving- 
sheds. Since that time, many mills in this country 
have largely adopted modified labour-saving and 
distributing means of this type, and have further 
installed labour-saving American machinery. This 
deficiency of good labour is no new thing in the 
United States and on the Continent of Europe, and 
has been to a great extent overcome by the adop- 
tion of special automatic machinery and apparatus. 
Many operations, which it is not necessary to detail 
here, hitherto performed by hand are now com- 

letely accomplished with greater facility, and in a 
ess space of time, by machines. In the United 
States no less than 800,000 automatic looms are at 
work, one weaver to every 16 or 24. In this 
country there are not more than 8000, and with 
ordinary plain looms one weaver tends only four, 
or at the outside six. The reduction in labour in 
this particular case alone is enormous, but it must 
be recognised that the capital value of a weaving- 
shed with automatic looms of the Northrop type is 
four to five times what it is for a weaving-shed in 
this country completely fitted with ordinary plain 
looms. It is the shortage of labour that dictates 
the conditions, but it is not absolutely necessary to 
instal such high-priced automatic machines, owing 





to the fact that attachments have been devised 
which can be applied to existing looms at small 
cost, rendering them automatic. 

Throughout the mill there will be a continued 
growth in the use of automatic and semi-automatic 
machinery, and with it will come a scheme of 

ment determined on more scientific lines 
than at present. If it were ible to commence 
afresh, the mill could be designed to suit the new 
conditions, and one very notable feature would, 
undoubtedly, be the provision of central power- 
stations instead of the individual power units 
which are at present so universal. Overhead run- 
ways, conveying pipes through which the material 
can be conveyed from point to point or machine to 
machine by pneumatic means, will materially reduce 
handling, and the latter can be made to act as clean- 
ing meansalso. Dust and waste can be removed by 
exhaust methods, and it appears to be well within 
the bounds of possibility that complete pneumatic 
plant will be installed in the mills for a variety of 
purposes, the operation of certain machines or 
parts of machines not being the least important 
of these. Already cleaning by pneumatic means 
has been adopted in the United States. Labour- 
saving devices will be increasingly used. Take, 
for example, the operation of ‘‘doffing,” or the 
removal of the full bobbins from the spindles. 
This used to be performed by half-time labour, 
but now it is impossible to get sufficient 
youths for the purpose at 18s. 3d. a week. It 
must be remembered that this is non-productive 
work, as the machines are stopped while it is being 
done. Apparatus applicable to worsted and flax- 
spinning frames has been devised automatically to 
doff the full bobbins, and place empty ones on the 
spindles. Recently a new type of device has been 
specially devised to perform the first-named purpose 
for cotton-ring frames. Between the spinning and 
weaving processes foreign labour-saving machinery 
has completely altered the working conditions, one 
machine alone accomplishing the work of several 
operatives. Up to the present, the necessity to 
pore automatic machinery has not been so great, 
and the alleged slowness of the cotton industry to 
accept and instal new-type machines is due to this 
fact. In the future, however, the more complete 
use of such improved labour-saving apparatus and 
machinery will be absolutely necessary. Further 
invention will be induced, and signs are not want- 
ing that engineers generally, but particularly elec- 
trical engineers who have interested themselves in 
textile-machine driving, are applying their know- 
ledge of the use of other Laan in improving 
existent machines. One patent fact is apparent— 
namely, that the cost of textile machinery will be 
increased. At the present time, on both sides of 
the trade, spinning and manufacturing, the cost of 
the machinery is very low. It is not the fault 
of the machinist that this is so, but the demand of 
the user, who will, if he is to meet future con- 
ditions, have to alter his outlook on the matter. 





PERMEABILITY TEST FOR PAINTS 
AND VARNISHES. 

THe great enemy of materials exposed to the 
weather is moisture, and resistance to the passage 
of moisture is one of the most important properties 
of a covering material. In testing the protective 
power of paints and varnishes it is very difficult to 
make the investigation under ordinary working con- 
ditions, except. by superficial observation. It is 
also difficult to obtain comparative results, owing 
to differences in the densities of paints, even of the 
same class and used for the same p , and a 
owing to variations in the thickness of the coats 
applied. It is, further, necessary to take into 
account the effects of weathering and alterations 
in the coat due to age. 

A very simple means of making comparative 
quantitative measurements of permeability, and of 
artificially reproducing natural weathering condi- 
tions, is due to Mr. A. M. Muckenfuss.* He holds 
that permeability must be entirely distinguished 
from porosity, and has made experiments demon- 
strating the probability that in any pe with 
dried linseed oil as binder, the woe of the linoxin 
from the oil to absorb water is the determining 
factor in the passage of water through the coat. 

Permeability is measured by the amount of water 

* “Report on a Permeability Test for Paints and 
Varnishes,” by A. M. Muckenfuss, publi by the 
American Socwty for Testing Materials. 





passing through a given coating in a given time. 
is is the “actual permeability ” for’ the iven 
coat. For comparative pu this is reduced 
to “‘weight permeability” or ‘‘ volume e- 
ability,” which will be a physical constant for the 
particular combination tested. For coats on a 
given area, the weight permeability is taken as the 
weight of vapour passing through it in twenty-four 
hours divided by the weight of the coat. The per- 
meability depends on the thickness, rather than on 
the specific gravity of the material, and therefore 
the ** volume permeability” would seem a better 
basis. This is the weight of water vapour passing 
in twenty-four hours, divided by the volume of 
the coat, and is readily obtained by dividing the 
weight permeability by the specific gravity of the 
dried coating. Still another basis is suggested— 
namely, ‘‘oil permeability” -— and oil permea- 
bility : actual permeability : : weight of film x 
per cent. of oil: 400. This is based on the fact 
that most protective coverings contain some 40 
per cent. of drying oil, so that oil permeability 
really measures the permeability of a film over a 
iven area covered with paint containing 4 units 
grammes, &c.) of fixed oil. If the material contains 
no fixed oil, volume permeability is probably the 
best basis. 

The tests are made on circular screens of cloth, 
paper, wire mesh, wood veneer, or cement discs, 
a suitable size being about 7} in. in diameter. The 
average weight of a coat on this is about 10 grammes 
of paint. The screen is placed over water, and 
above itis a weighed dish of fused calcium chloride, 
so arranged that water vapour can only reach the 
chloride by passing through the screen. The 
materials to be com are coated on the screens 
as nearly as possible at the same time, and 
subjected to exactly the same conditions of drying 
and exposure. The drying takes place ina constant- 
temperature room. In order artificially to reproduce 
weathering effects, a special exposure tank is re- 
quired to give heat, light, and spray. The exposure 
tank used by Mr. Muckenfuss is cylindrical, 7 ft. 
in diameter, 4 ft. high, on castors, so that it can be 
wheeled under the spraying or lighting cover, as 
desired. Rain is imitated ty an ordinary en 
whirling spray, and sunlight by means of a per- 
Hewitt mercury-vapour quartz-tube lamp (Y type, 
110 volts) of 1000 candle-power, with a cluster of 
three Mazda tungsten lamps, 800 candle-power. A 
fan supplies air for ventilation, by which the tem- 

1ature is regulated. The tank can be surrounded 

y duck-cloth tubes attached to a window, so that 
the warm air may flow out, and cool outside air flow 
in. A week-day exposure was as follows :—7 a.M., 
lighting cover fit lights turned on, fan started 
to keep the temperature at about 130 deg. Fahr.; 
6 p.m., lights and fan switched off, tank placed 
under spraying cover, water turned on; 11 P.m., 
water cut off, cloth tubes fitted to window till 
7 a.M. next morning. In later tests the tank was 
kept at 100 deg. Fahr. during the day, water was 
turned off at 11 p.m., cover then raised for the tank 
to dry, but no cold outside air let in. At any 
convenient intervals the screens are removed from 
the tank and tested. Under these conditions ordi- 
nary commercial paints can be quantitatively 
examined and conclusive comparisons made. The 
results obtained were on such lines as :—Some 
implement paints broke down with as little as three 
days’ exposure; most outside paints could be 
lie over 100 days; three cement cover- 
ings broke down before two days ; varnishes held 
out about 54 days. But there is no doubt about 
the contrasts shown. The complete results are 


Iso | Tepresented on a time-permeability curve which 


illustrates very oy the relative resistance powers 
of the coatings tested. 

Commercial paints, even if mixed according to a 
given formula, will vary on account of differences 
in oils, driers, or pigments, or the degree of inti- 
macy of mixing. The permeability is also very 
sensitive to changes of temperature, humidity and 
sunlight, and also varies continually according to 
the age of the coat. Moisture passes more easily 
through a paint coat from the covered surface to 
the outside air than the reverse. The drying of 
the coat is chiefly by means of chemical changes, 
and emanations are given off which can be absor 
by the calcium chloride, and which affect the 
measurements in the case of fairly new coats. 

The experiments referred to indicate a most 
simple and inexpensive method of obtaining decisive 
quantitative results as to the resistance to moisture 
on the part of protective coverings, which can be 
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testing laboratory, and 


carried out in any ordi 
i matter to modify the 


it would be a very smal 
apparatus to com 
carbon dioxide, sulphuretted hydrogen, acid fumes, 
and the like. The results also agree very closely 
with those observed in practice. It is certainly 
well worth the consideration of every manufacturer, 
as well as of yy for there is scarcely any 
engineering work done for which the question does 
not become important at some stage. 

The results obtained by Mr. Muckenfuss suggest 
further research to determine the exact effect of 
the various weathering agencies on each particular 
ingredient, and more exact methods of reproducing 
such weathering by artificial means, the nature 
and cause of permeability, the relation of per- 
meability to other necessary properties of a good 
covering material, the changes taking place in a 
drying coat, how the velocity of such changes is 
influenced by each constituent and by outside con- 
ditions, the causes of each different form of decay, 
as chalking, checking, blistering, cracking, or 
scaling, in all of which testing on screens would 
play a large part. 





FRENCH SEA FISHERIES. 

ALTHOUGH it is quite common to hear complaints 
as to the inadequacy of the profit derived from the 
maritime fisheries of France, there fisheries, 
nevertheless, occupy a prominent p'ace in the 
activity of a number of ports, while they supply 
to an important extent the traffic on French railway 
lines. On the other hand, it is a fact that the pro- 
ductivity of the French sea fisheries is far inferier 
to that of the same industry in Great Britain, 
largely due to the circumstance that the French 
industry still remains in a very primitive condi- 
tion from the standpoint of the craft employed. 
Nevertheless, at certain points on the coast of 
France fishing has developed remarkably, and a 
few figures on the subject will be found of in- 
terest. 

French fisheries enjoy a peculiar régime, and in 
this connection we may mention the Inscription 
Maritime* and the privileged position of the inhabi- 
tants of the coast, who, after they have completed 
their period of military service in the French Navy, 
not only receive pensions by continuing in some 
maritime employment, but have also a monopoly 
of the fishing. Moreover, the industry has for a 
long time received encouragement in the form of 
’ premiums for deep-sea fishing, chiefly cod-fishing. 
Of course, it is impracticable here to enter into the 
special scheme of bounties, which has not, in any 
sense, contributed to the development of maritime 
fishery in France; indeed, the contrary may be 
said, inasmuch as cod-fishing, favoured by bounties, 
shows a tendency to decline, while the fishing of 
fresh fish, unassisted by subvention, has developed 
remarkably. 

Every year the French Admiralty Board, which 
is concerned with the welfare of the coastal popula 
tion, and directs the latter in nearly all the ieee 
of its life, industrial or otherwise, prepares statis- 
tics of the products of sea fisheries in France. 
These statistics are far from being absolutely 
exact, particularly when the attempt is made to 
evaluate the fishing done by hand along the coast, 
the products of which generally do not reach the 
market ; the fishermen sell such products direct, 
and it is only possible to make an approximate 
estimate of the value of the takings. that as 
it may, it appears, on reference to the statistics, 
that the value of the sea fisheries in France in 1810, 
practically a century ago, was estimated at only 
440,0002. ; it was 560,000/. in 1820, 680,000/. in 1830, 
800, 0001. in 1840, 920,000. in 1850, and 1,320,0001. 
in 1860. The large increase in the latter figure was 
due, beyond doubt, to the contemporaneous develop- 
ment of the railways, which at about the same 
period facilitated the transport of salt-water fish 
to certain, at least, of the 
As a matter of fact, in 1868 the value of the fish 
taken off the French littoral or in the open sea 
was estimated at 2,680,000/. Naturally, as the 
demand increased, efforts were made by the pro- 
ducers to increase production. In 1875 the value 
exceeded 3,080,000/., reaching nearly 3,720,000. 
in 1885 and 4,320,000l. in 1890. As a result of 
circumstances not easy to explain, between 1890 
and 1902 there was a sort of crisis in French sea 
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fishery, the yield ee low as about 3,720,000/., 
and rising, though laboriously, to 3,920,000/. in 


Since that time, however, the figures registered 
have been much more favourable. Thus in 1904 
the total value of the takings was 4,680,000/. 
cae totals considerably exceeding 
4,800, . were reached, and in the last year 
for which statistics have been published—as usual, 
with much delay—the value of sea-fishery products 
is estimated at nearly 5,400,000/. But it is neces- 
sary to go beyond these figures, and take account 
of certain industries which, although not precisely 
fishery, represent sea products, and associate them- 
selves therewith in any valuation of profits derived 
from the sea. We refer here to oyster culture 
and to’the culture of other shell fish, which 
represent in the course of a year products of the 
‘aes of nearly 1,120,000/.; that is to say, the 
products of the sea amount in total value to about 
6,520,000. 

We have seen that since the commencement of 
the nineteenth century, and, even more notably, 
since 1860 and 1865, the sea-fishing industry of 
France has had a remarkable development. Yet it 
cannot be said that the development it has now 
reached is in any way comparable to the advances 
made either in the same country forty or fifty years 
ago, or to those which are being, and have n, 
achieved in other countries. Certain fishing ports, 
such as Boulogne, Fécamp, and La Rochelle, have 
progressed materially, but on the whole the industry 
suffers from stagnation. The boats, speaking gene- 
rally, are only slightly modified and improved, for 
the reason that they are the property of quite 
small owners, who have not the capital necessary 
to adopt machinery or to construct larger units. 

The number of fishermen is estimated at 160,000, 
but, in fact, there are scarcely 110,000 men wh« 
practise boat fishing properly so-called. On the 
other hand, there are about 50,000 individuals, 
men, women, and even children, devoting them- 
selves to fishing by hand at low tide, with various 
appliances and tackle ; the products, appreciably 
important, are valued by estimate at about 
280,0001. The total number of boats dedicated to 
French sea fishing, whether on the coast or in the 
open sea, is something like 30,000; but of these a 
very large number are quite small units. At the 
present moment the number of steam-boats thus 
employed is only 270 to 280, a very small pro- 
portion relatively to the whole fleet. ese 
steamers have a collective tonnage of 36,000 
tons, and a value of something like 1,120,000). 
As for the other boats, which are, for the most 
part, simple sailing- vessels of small tonnage, 
the total value is calculated at little less than 
2,280,000/. for a registered tonnage of about 197,000 
tons. It will be at once understood, therefore, that 
this means a very slight unit value for the sailing 
vessels—scarcely a mean of 2000 francs (801.). The 
engines and used is estimated at nearly 
It is this 
extremely weak proportion and very low abselute 
value of the steam fishing-boats in France which 
explains the relatively insignificant traffic in fish in 
the French maritime ports, as compared with the 
imposing figures shown by the ports of England. 

As M. Marcel Herubel has pointed out in a book 
which has now become an authority on such ques- 
tions, the steam fishing-boat of Grimsby or Hull 
is the only really efficacious factor 

roduction, and, at the same time, the only regular 
eeder of the market. While France es about 
fifteen times more sailing - vassels than Great 
Britain, the total production of the latter country 
is five times greater than thatof France. In order 
to show better the difference existing between the 
fisheries of the two countries we may point out 
that in France the sailing vessel used in fishing is 
almost invariably of small dimensions in comparison 
with the sailing vessel employed for the same 
urpose in Great Britain. On the other hand, it is 
interesting to note that the mean annual production 
per steam-fishing boat, measured in tons of fish, is 
ater in France than in Great Britain, being in 
ce 152 tons, an average which does not appear 
to be reached in Great Britain. This productivity 
often varies according to ports. At Rochelle, 
for instance, it is 130 tons, and it is nearly the 
same for Boulogne; at Arcachon it amounts to 
230 tons, and advances to 400 tons at Lorient. 
Up to 1871 sea-fishing was conducted solely by 


sailing-boats. From 1901 onwards the economical 
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in France, although the number of the French steam 
fishing-boate did not increase very rapidly. When 
considering the fishing ports of France, it is seen 
that the greater num of steam fishing-boats 
belong to a few ports only. Thus, while Boulogne 

es more than 110, there are 40 at Arcachon, 
about 15 at La Rochelle, practically as many st 
St. Jean de Luz, 20 at Lorient, and 12 at Dieppe. 
Even though the craft and gear be good, it seems 
that the methods followed, and especially the 
economic organisation, are not always what they 
should be. Fishing in France is defectively orga- 
nised, particularly when com with Great 
Britain. A comparison of the yield for each French 
fisherman with that of the British fisherman shows 
marked inferiority in the case of the former, and 
the French fisherman’s earnings are much lower 
than those of his British confrére. Further, the 
price of the ton of fish is very much lower in 
England than in France, and here, doubtless, is 
one of the reasons why fishing in France does not 
yield such good results. 

Interesting information on this subject can be 
found in the complete statistics which are published 
by the Chamber of Commerce of Boulogne. No 
information could be more precise, having regard 
to the predominance which the port of Boulogne 
possesses in the matter of maritime fishing. Until 
1871, when only sailing-boats were employed, the 
price of the ton of fish was 16/., and in the best 
years the ship’s ton yielded only 461. per year. As 
always, the recourse to machinery has lowered 
the cost price of the product, and therefore the 
price of the ton of fish sold to the consumer. In 
the ‘nineties, thanks to the steam-boats, a ship’s 
ton yielded 60/. and more. Ultimately the price 
of the ton of fish rose appreciably, for the reason 
that the quality of the product was very superior, 
as a consequence of the rapidity with which the 
boats were able to bring in the fish. Since, how- 
ever, this mean price has been lowered by com- 
petition, but, as always happens, it has left a fair 
yield to the boats devoting themselves to fishing, 
the mean yield per ship’s ton being rather more 
then 49/1. 

There has, however, been a certain crisis in steam 
trawling in France, notably severe at Dieppe and 
La Rochelle, where some trawlers and other steam 
fishing-smacks have been idle for a somewhat 
lengthy period. The causes of this crisis have 
been manifold. Steam fishing has frequently been 
undertaken by private persons whose available 
funds were inadequate ; the crews in some instances 
have been too numerous and the general expenses 
too high. 

—_ the State, which professes to encourage 
sea-fishing and assists it financially, has, upon occa- 
sion, manifested hostility to steam fishing. The 
sailing-boat fishermen all along the coast have many 
times protested to the Minister for the Navy against 
the competition of the steamboat. Such agitations 
led to d'plomas, somewhat complex in character, 
being ‘mde obligatory upon the mechanics in charge 
of the engines. This has involved the raising of 
the wages = by the companies or owners in the 
steam trawling business. 

The French steam fleet comprises three 
—the trawlers, the line fishing smacks, and the 
drifters. Generally speaking, the trawlers are con- 
structed of iron, and are of 300 to 400 tons gross, 
fitted with engines of 400 to 600 horse-power. The 
t have a length of 40 m. (130 ft.) to 50 m. 
(164 ft.), with a crew averaging twenty to thirty. 
These boats have a low freeboard in order to 
facilitate the hauling up of the drag-net. The 
deck is clear to facilitate dealing with the haul. 
The holds into which the fish are stored are to the 
rear of the foremast. A very powerful windlass 
is placed in front of the wheel-house, with return 

ulleys upon the deck. The screw is well protected. 
En addition to the fish-holds, which are spacious 
and provided with shelves, there is a hold contain- 
ing ice or, although more rarely, refrigerating 
apparatus. It must be remembered that in spite 
oF construction bounties, the French owners have 
frequently ordered, and still order, their boats in 
England. 

In order to diminish first cost in the case of 
mechanically-propelled boats a certain number of 
master fishermen, and even companies, have had 
recourse to boats provided with internal-combustion 
motors. At the present time quite a respectable 
number can be counted at Boulogne along the 
coasts of Normandy and Brittany, and on the littoral 
of La Vendée and of La Charente Inferieure—+.e., 
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between St. Nazaire and Bordeaux. Some of the 
herring-bvats have been provided with two internal- 
combustion engines, one of 150 to 200 horse-power, 
to actuate the screw ; the other, of 25 to 30 horse- 
power, to work the capstan. Certain sailing 
schooners engaged in lobster-fishing are furnished 
with engines of the ‘‘ Dan” type for propulsion 
in the somewhat frequent case of calms. These 
are of 50 horse-power, have four cylinders, and 
work a screw of about 1.5 m. (59 in.) in diameter. 
It was towards 190% that herring-boats of this 
duplex type were constructed for the first time at 

ulogne, and since then the number of small 
trawlers and line-fishing smacks, which may be 
described as ‘‘automobile” boats, has increased 
very materially. A curious transformation, from 
the point of view of the adoption of the motor, has 
been effected in the neighbourhood of Arcachon. 
Some years ago only small sailing-boats were seen 
in that region, these boats using oars when there 
was no wind, in order to get out to sea for sardine- 
fishing. To-day there are several hundreds of 
small craft for sardine - catching equipped with 
small motors. These boats present no particular 
features, but, as characteristic of the type of fishing- 
boat which is beginning to increase along the 
French coast, we may note La Tour d’Auvergne, 
which has a length over-all of 13.80 m. (45 ft. 3 in.), 
a water-line length of 11.5 m. (37 ft. 9 in.), and is 
4.5 m. (14 ft. 9 in.) broad, with a draught of 
water of 1.85 m. (6 ft. 1 in.). She is equipped 
with a Swiderski single-cylinder motor of 20 effec- 
tive horse-power, and with a reversible two-bladed 
propeller, 90 cm. (354 in.) in diameter. The 
capstan is actuated by the motor, with the aid of a 
special coupling. The man in charge of the motor 
has all the Cale within easy reach. The sails are 
of quite moderate dimensions, not being often 
required. This boat has been given a displace- 
ment of barely 25 tons, because beyond that burden 
the French regulations are severe with regard to 
working, hygiene, and safety. Her speed on trial 
approached 7 knots. It should be observed that, 
although the boats provided with internal-combus- 
tion engines tend to increase in France, not more 
than 300 could be found at the present time along 
the whole littoral. 

We have said that the evolution of sea-fishing in 
France is still greatly behindhand. But under the 
influence of the steam-trawler it is being indus- 
trialised, and there is a gradual introduction, 
particularly in the neighbourhood of Boulogne, of 
the fixed wage, as adopted in ordinary works on 
land. Further, thanks to the. introduction of 
mechanical propulsion, wages have steadily in- 
creased, and frequently amount to 5/. 12s. a month. 
Often, it is true, the wage does not exceed 41. to 
4l. 15s.; but it must be remembered that, in addi- 
tion, the man is fed. It should be observed that 
this favourable condition of affairs is far removed 
from that of the sardine fishers, to whom successive 
crises have presented themselves in France, one 
quite recently. The sardine-fishers have remained 
in the most primitive state of organisation, using 
only sailing-boats of the smallest possible dimen- 
sions—of course, outside of the Arcachon district. 

In conclusion, we may remark that the French 
Government distributes every year for the benefit 
of the deep-sea fishing enterprise more than 500,000 
francs (20,0001.) in fitting-out bounties, and about 
3,700,000 francs (148,000/.) in other bounties. The 
cost of supervising the fishing stations must aleo he 
taken into account; this amounts to about 1,300,000 
francs (52,000/.). Altogether the expenses of sub- 
ventions, bounties, &c., exceed 21 per cent. of the 
value of the total production of this branch of the 
sea-fishing industry. 





NOTES. 
Luoyp’s Wreck Statistics ror 1913. 

Tue statistics of steamers and sailing vessels lost 
or condemned during 1913 have just been issued 
by Lloyd’s Register of Shipping. During the year 
542 vessels, totalling 608,235 tons, were remuved 
from the list of the world’s shipping; but these 
figures only refer to vessels of over 100 tons, and 
exclude cases of breaking-up, condemnation, &c., 
not dependent upon stress of weather. Of the 
total number, 295 vessels were steamers, making 
445,265 gross tons, and 247 were sailing ships, 
aggregating 162,970 net tons. These figures are 
remarkably low, lower, in fact, than have been 
recorded for several years. For purposes of 





comparison we may mention that during the pre- 
vious year 720 vessels, making 748,965 tons, were 
removed from the list, while the figures for 1911 
were 636 vessels, totalling 629,326 tons. The fol- 
lowing table shows the distribution of the losses 
—e the principal maritime nations for the year 








ay oe ee Percentage Lost 

= SL = 
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| No. | Tonnage. Of Vessels. Of Tonnage. 
United Kingdom ..| 9214 18,696,287 | 1.23 | 1.07 
British Colonies ..| 2078 | 1,735,306/ 1.78 | 116 
United States 2696 | 2,998,457 3.38 } 2.38 
Austria-Hungary .. 427 =| «1,011,414 0.70 0.55 
Denmark ..| SIL | 762,064 1.60 0.86 
Holland 769 | 1,309,849 | 0.53 0.10 
France 1552 | 2,201,164 | 1.93 1.57 
Germany 23z1 5,082,061 1.34 111 
Italy .. --| 1114 | 1,621,942 2.33 1.77 
Japan wl --| 1087 | 1,500,014 | _ _ 
Norway --| 2191 2,457,890 | 2.78 2.47 
Russia 1216 | 974,178 2.38 2.46 
Spain .| 607 | 840,995; 214 | 189 
Sweden -| 1486 1,047,270 | 2.09 | 1.65 





The nations enumerated account for 506 vessels, 
of 565,549 tons in the aggregate ; the remaining 36 
vessels, totalling 42,686 tons, were owned by other 
countries. It should also be explained that the 
figures given for the United States do not include 
vessels trading on the Great Lakes, and that the 
percentages lost by Japan cannot be given, because 
Japanese sailing vessels are not embraced in Lloyd’s 


Register. 


Tue Port or Lonpon. 


The fifth annual report of the Port of London 
Authority just issued shows that the tonnage 
using the port is steadily increasing, having risen 
from 37,676,142 tons in 1912 to 40,080,282 tons 
in 1913. That the ition of London as the 
principal port of the United Kingdom remains un- 
impaired is well shown by the following pope 
giving the value of the foreign trade at the six 
leading ports :— 


Total Imports and Exports. 
United Kingdom 1, 403,555,065 
London & 411,792,149 
Liverpool ; 370,779,413 
Hull ... Re se a Mt 84,604,417 
Manchester (including Runcorn) 56,717,969 
Southampton eee is oe 53,569,213 
Glasgow 54,756,626 


During the year a reorganisation of dock labour 
has been effected, the point aimed at being the 
elimination, so far as is practicable, of the casual 
labourer. This, it appears, is not wholly feasible, 
since there are certain seasonal trades, such as those 
in wool and fruit, which require the temporary 
engagement of a large number of additional hands. 
Many of these, however, only come to the docks when 
attracted by the larger earnings then practicable. 
The plan adopted has involved the formation of a 
large staff of permanent labourers, whose engage- 
ment is terminable on either side on seven days’ 
notice. The wages commence at 28s. per week and 
rise to 30s., with extra pay for overtime. These 
labourers will be given six days’ leave annually in 
addition to the statutory holidays. They will not 
receive pensions, but may in exceptional cases be 
granted retiring allowances. The total revenue of 
the port for 1913 was 3,434,4531., and the 
expenditure 2,217,8221., leaving a net revenue 
of 1,216,631/. Of this, fixed charges absorb 
932,7861., and after provision for sinking funds, 
the writing off of certain extraordinary outlays 
for repairs and renewals, and the transfer of 
100,0001. to the general reserve, a balance of 91,9041. 
is carried forward. Many costly improvements are 
being made in the facilities of the port, and the 
work is to be continued and extended in the 
future. During the year Mr. R. Philipson 
retired from the general managership, and the 
occasion was seized to consider the reorganisation 
of the staff into three divisions, respectively under 


the manager, the chief engineer, and the secretary. | This 


The vacant post of manager was filled by Mr. O. 
Lowndes, previously assistant to the chief goods 
manager of the London and North-Western Railway. 


Lonpon Execrricity Suppty. 


Some time since we discussed in these columns 
the complicated subject of the supply of electricity 
in the London district, in the Tent of a report 
made by Messrs. Merz and McLellan to the London 
County Council, Since the date of that report, which 


was of a technical nature, the question of embodying 
its recommendations in a practical scheme has been 
considered by the London County Council Special 
Committee on London Electricity Supply. Prelimi- 
nary suggestions have now been trams © | out by this 
committee, and have been embodied in a report, 
which was submitted to the Council on Tuesday 
last, but of which the consideration has now been 
unfortunately postponed till after the summer 
recess. The report deals only with broad sugges- 
tions, and does not lend itself to detailed dis- 
cussion, since criticism of the scheme advanced 
must necessarily rest largely ca the manner in 
which many of the points are finally worked 
out. Moreover, there is at present no indica- 
tion that the suggestions have the approval of 

rties whose consent is essential to its success. 

riefly stated, it is proposed to constitute an 
authority, less cumbersome than the Metropolitan 
Water Board or the Port of London Authority, to 
represent the interests of the public in the London 
County, portions of five other counties, and in three 
boroughs, covered by the area selected, which has 
been so chosen for technical and practical reasons. 
It is pro that this authority shall issue stock 
and shall take over existing undertakings, and fur- 
nish two-thirds of the capital required for new works. 
The remaining one-third would be provided by a 
company which, under control of the authority, 
would manage the actual supply. The stock issued 
by the authority would be in the form of deben- 
tures, with a first charge upon the profits realised 
of 4 per cent. After a contribution to a sinking 
fund, payment of interest on the shares issued by 
the company would be made up to 4 per cent. 
From any surplus then remaining payment at 4 per 
cent. per annum would have to be made to a 
reserve fund, after which additional amounts would 
be payable on the company’s share capital till the 
interest on this reached 8 per cent. per annum. If 
anything still remained, it would go ly in 
rebates and partly to the company and the autho- 
rity. In this way it would be to the company’s 
interests to make the enterprise a success, since it 
would benefit materially by so doing. At the same 
time the public interests would be safeguarded by 
the control exercised by the authority. On the 
degree of this control will rest to a large extent the 
success or failure of the scheme, and at present it 
is not possible to say how far it will be consistent 
with, or detrimental to, sound commercial manage- 
ment. It is, however, satisfactory to notice that, in 
order to ensure some continuity of policy, it is pro- 
posed that the executive of the authority should 
consist of a small technical permanent committee of 
engineering and financial experts. It should in this 
way be possible to prevent undesirable political 
influence being brought to bear on the operations 
of the undertaking. The object of the scheme is, 
of course, the supersession of the présent hetero- 
geneous collection of power-stations and supply 
systems by a unified system, of which the gene- 
rating-stations would be advantageously placed on 
the river, or even, perhaps, at the coal-fields. 
There is no idea of abolishing plant which is now 
efficient, but the scheme ona offer to the present 
undertakings a means of handing over their affairs 
to the authority, or, if their business extends, of 
increasing their efficiency by obtaining the neces- 
sary additional supply from the authority. 





Weicuine Feep-Water.—A new machine for weigh- 
ing feed-water is being manufactured by Messrs. and 
C, Steinmiiller, of Gummersbach, in Rhenish Prussia. 
The special feature of the device is that the tilting of the 
measuring tank does not take place before the tank is 
really quite full, and that hence the weight of water 
is determined within an accuracy of ;; per cent., which is 
certainly unusual. One of these machines installed in the 
turbine works of the Allgemeine-Elektricitiits Gesell- 
schaft, of Berlin, is, indeed, said to exceed this aecpracy. 
The two tanks rest on knife-edges, and are balanced by 
cast-iron weights. The water enters above through a 
trough resem ling an inverted U, which sends the water 
either into the left-hand or into the right-hand tank. 
is trough is tilted by the float in the respective tank, 
and the main supply to the tank is thus cut off. The 
trough is, however, connected with a by-path, an auxiliary 
channel, through which the water continues to flow until 
the tank is really full. At that moment the tank is 
tilted, and the channel is at the same time discharged 
through a siphon; the discharge through this —— 

in continues until the tank is quite empty. ean- 

while the empty tank has already n to right itself ; 

in order to soften the shock of the reversal of the move- 

ment, a glycerin dashpot has been added to the device. 

——— operations are counted and recorded in the 
way, 
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Fire Protection in Buildings: A Practical Treatise for 

Engineers, Architects, Surveyors, and Property-Owners. 

By Haroip G. Hout, A.R.1.B.A. London: Crosby 

Lockwood and Son. [Price 8s. 6d. net. ] 

Tue fundamental principles underlying the practice 
and objects of fire insurance are frequently mis- 
understood. Many suppose, or appear to suppose, 
that by the payment of certain premiums and the 
observance of certain arranged conditions they are 
relieved from all the losses occasioned by fire. It 
rarely occurs to those who have carefully protected 
themselves that the basis of the whole arrangement 
is nothing more nor less than a general co-operative 
compact for mutual aid, and that the so-called fire 
insurance company is not in any real sense a com- 
pany for insuring them against losses by fire, but 
simply the medium through which the operation of 
mutual aid is carried out. It is a medium that 
indemnifies the individual at the expense of the 
community. It is evident that when a fire has 
done its work, the world is poorer by an amount 
which represents the difference in value between 
the original goods and the heap of ashes. No 
juggling with premiums, or recovery from accumu- 
lated funds, can alter that stubborn fact, however 
much it may be hidden by the smooth working 
of excellently devised machinery. ising 
that inevitable loss is entailed by every fire, it 
must be for the common good to reduce material 
losses by accidental fires in all reasonable ways, 
the most obvious of which would be to prevent the 
outbreak of fires by careful and judicious building, 
and, secondly, by the provision of the necessary 
appliances for extinguishing fires, with a staff 
adequately trained to the use of these means. It 
is because the author has emphasised these points 
so admirably that we welcome the appearance of 
this book. By his careful compilation of rules, by 
his examination of principles and plans, and by his 
collection of much varied experience, Mr. Holt is 
to be regarded as affording true protection against 
fire, by which the only real insurance can be 
effected. 

If we consider what constitutes careful and 
judicious building—referred to by Mr. Holt as 
the structural aspect of the problem—we shall 
find that it consists mainly in the combination of 
suitable materials with good design, implying the 
adjustment of height, —_. and cubical capacity 
to the purposes of the building. Coming to details, 
we need properly-constructed walls, roofs adapted 
to the general structure, well-placed and protected 
internal divisions, floors adequately adjusted to 
the weights to be carried, and suitable staircases, 
whether internal or external. It cannot be too 
strongly urged that it is on the proper combination 
of all thy when that a fire-resisting building has 
to rely. A chain is no stronger than its weakest 
link. Too frequently a disproportionate view is 
taken of the importance of some one factor, and 
other equally material elements neglected. For 
instance, cast-iron girders and metal work, being 
regarded as fire-proof, are not thought to need any 
protection. Concrete floors are provided and care- 
fully constructed on modern lines, but insufficient 
care is bestowed on the supporte. ‘It is an 
absolute waste of money,” says Mr. Holt, ‘‘to 
construct highly efficient fire-resisting floors per se 
in a building where the main structural columns 
are of unprotected steel, cast iron, or reinforced 
concrete, unprovided with sufficient protection 
against fire and water.” This seems to be an 
axiom, and yet it is one of a class to which the 
public are indifferent. The building as designed, 
apparently without inflammable material in its 
construction, is so different from the same building 
when a destructive fire is at work on the contents, 
that it is difficult for the imagination to realise the 
magnitude of the forces or the behaviour of the 
materials. 

The author, however, not only gives good advice 
on the choice of materials and the principles of 
design, but drives home his points by many ex- 
amples. He indicates defects of construction, and, 
unfortunately, is able to illustrate many by re- 
calling disasters that have followed the neglect of 
precautions. He describes many ingenious devices 
that have been contrived for better resisting fire, 
and naturally many patented processes and pta- 


tions. He is, however, s the need of drawing 
any invidious distinctions on the relative merits of 
many of these, owing to the admirable and trust- 





worthy reports of the British Fire Protection Com- 
mittee. e work of this Committee should be 
better known outside the expert area, and its 
deserts more fully r ised. The Society exists 
for the purpose of collecting reliable data concern- 
ing the fire-resisting power of the various materials 
and systems of construction used in building prac- 
tice, and to give precise particulars, independent 
and scientific, on all fire-preventive and warning 
and extinguishing appliances. Under certain con- 
ditions, the Committee will submit materials and 
devices used in ordinary practice to fire tests on 
their own initiative ; but, as a rule, firms interested 
in the production of fire-resisting materials will 
offer their contrivances and inventions for test, 
in the hope of securing a certificate. The character 
of the tests, into the details of which we cannot 
enter here, is sufficiently severe, and after success- 
ful examination certificates are granted at three 
different stages of efficiency: Temporary protection, 
which implies a resistance to fire for 45 minutes at 
least ; partial protection, or capability to resist fire 
for at least double that time ; and full protection, 
or power to resist fire for at least two and a-half 
hours. This Committee is doing useful self- 
denying work, and deserves both support and 
encouragement. 

There is another side to be considered. Im- 
proved construction to prevent a possible outbreak 
of fire covers only one half of the subject. It 
may become necessary to extinguish a fire when 
it has broken out in premises more or less inflam- 
mable. Those who live in houses, or carry on 
their work in buildings erected before all the re- 
sources of the fire engineer were employed to 
ensure safety, are more interested to learn how 
they may diminish the risk of fire hazard. Par- 
ticularly is anxiety felt in the case of buildings, 
such as hotels, theatres, schools and henge, 
where large numbers are temporarily housed. It 
is gratifying to know how much has been accom- 
plished and how great is the care that is per- 
petually exercised, either voluntarily or to meet 
the requirements of legislation. It is even more 
satisfactory to know the means adopted to prevent 
a disaster. Mr. Holt therefore devotes the second 
part of his book—the extinctive or palliative 
aspect —to a description of the safeguards and 
appliances for quick extinction after outbreak. 

ire-alarms seem to have attracted very general 
attention, and many simple devices depending on 
the expansion of metals with rising temperature 
are in use. It would have been very interesting 
if the author could have given any statistical in- 
formation concerning the percentage of cases in 
which these devices have proved their utility. To 
provide the possibility of attacking a fire at its 
outbreak is a matter of vital importance. Every- 
thing depends upon being quickly on the spot with 
the means of extinction at hand, and these fire- 
alarms are arranged to give notice when the tem- 
perature in the neighbourhood of the fire rises to 
an unexpected height. One would like to knew 
with what degree of frequency this form of 
mechanism has proved effective. Statistics, how- 
ever, must be very difficult of collection, because 
we hear only of those fires that reach a destructive 
stage. Those that are quickly extinguished attract 
no attention, and it is frequently to the interest of 
those concerned not to allow the information to be 
published. 

Two admirable chapters are given on the means 
of fire extinction. The author, not writing for 
professional firemen, deals only with those methods 
of extinction which are likely to be used on 
emergency and at short distances. The most usual 
is that of projecting on the burning material a 
small stream of water, or preferably water charged 
with carbon dioxide, formed from some salt of soda 
by the action of acid liberated from a tube, either 
by fracture or inversion. These forms are doubt- 
less greatly in evidence, and very satisfactory 
results have been obtained when tested by the 
Fire Prevention Committee, but we doubt if they 
are often used or if any effective fire drill is main- 
tained in the establishments where they are pro- 
minently exposed. Of more importance and mort 
ingenious are the automatic fire-extinctors, known 
as ‘‘sprinklers,” an arrangement that admits of the 
discharge of water from a series of horizontal pipes 
fixed near the ceiling or roof of buildings when 
some piece of mechanism, such as a solder cap, is 
need by the heat from the fire below. There 
are many forms on the market, and all are well 
described here, but the weak point of each consists 








in the ‘‘ fusible link” that starts the water supply. 
The solder is supposed to melt at a temperature of 
about 155 deg. Fahr., and no doubt does, when 
immersed in water heated to that degree, but 
practically the Jength of time to set the valve in 
action must be very uncertain, owing to many 
variables connected with the spacing of the over- 
head outlets and the methods of ventilation. 
Pumps, drenchers, hydrants, all receive adequate 
attention in this practical treatise, the outcome of 
long and intimate acquaintance with the mechanical 
details of an industry that is advancing in import- 
ance and efficiency. 





Application of Electric Power to Mines and Heavy Indys- 
tries. By W.H. Patcuett, M. Inst. C.E., MLEE, 
M.I. Mech. E. London: Constable and Co. 
10s, 6d.] 

Tuts book is the outcome of a course of lectures 
delivered at King’s College last winter, and we 
agree with those responsible for the arranging of 
the course that the information collected is well 
worthy of being recorded in permanent form. The 
extensive practical experience of the author in the 
subject-matter of the book gives the greater value 
to his candid expressions of opinion on the appa- 
ratus used in the application of electrical machinery 
to mines. The too frequent fault of authors of 
describing recent installations in detail without 
critical consideration of the reasons for and against 
what has been done is carefully avoided in the 
volume before us. We find instead expert advice 
on detail, which will make the volume invaluable 
to all engaged in mining. 

The first chapter, on the ‘‘ Legislation Concerning 
Electricity in Mines,” forms no exception in this 
respect. The reader is spared the reproduction 
in extenso of the numerous Acts of Parliament and 
Home Office rules dealing with the subject, and 

iven instead a résumé of what danger each action 

y the Government has proposed to reduce. The 
inadvisability of legislation on scientific matters, 
rather than leaving them to be dealt with by de- 
partmental regulations, which can be periodically 
amended, is pushed home by a specific example 
worth quoting. Inthe 1911 Coal-Mines Act a clause 
was inserted absolutely prohibiting the use of elec- 
tricity in any part of a mine as soon as the per- 
centage of inflammable gas in that place is found to 
exceed 1} per cent. This was inserted by a 
Parliamentary Committee when they heard that 
a new form of electric gas-detector readily gave 
notice to the miners of the percentage of gas 
present. As soon as the Act was passed it was 
proved that the electric detector in question, while 
quite accurate for coal-gas, gave no indication with 
the percentage of fire-damp specified. The Act, of 
course, has not been modfied, and the clause with- 
out the detector is in danger of becoming a dead 
letter. The statistics given in this chapter as to 
the number of fatal accidents occurring in mines 
due to the use of electricity are carefully classified. 
This shows what a large proportion of these acci- 
dents are caused by the disregard of the precau- 
tions provided, or of the rules laid down by the 
Home Office. The total number of fatal accidents 
due to electricity for 1910 were only 1.15 per cent. of 
the number of deaths occurring in mines that year. 
Other statistics clearly show that in those countries 
where labour is more expensive, the introduction 
of machines to save labour has raised largely the 
output per person employed. It is the large area 
underground over which such machinery is needed 
in a mine that has led to the more extensive appli- 
cation of electricity for driving. 

After a consideration of the choice between con- 
tinuous and three-phase current for work in mines, 
the author passes on to the generation question. 
He shows that the power supply companies in 
Great Britain have not yet found a ready market 
in the mining industry. This is, perhaps, due to 
the diversity of ownership in this country and the 
want of proper financial arrangements between the 
mine-owners and the power companies. The suc- 
cess of the Victoria Falls Power Company in the 
supply of electric power to the gold-mines on the 
Rand is an instance of what can be done. The 
author, in Chapter VII., on ‘‘ Winding Engines,” 
shows how much simpler and more economical an 
electric winding-engine can be made when the 
demand on the power-station is large compared 
with the power required for an individual winder. 
In South Africa a large number of three-phase 
winders are at work, taking their supply direct 
from the network, with or without motor gene- 
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rators, but in either case without any auxiliary fly- 
wheel or equalising apparatus. The saving in the 
first cost over the apparatus frequently installed to 
reduce the drain of a winding-engine on a small 
power-station is considerable, and the energy 
required per wind is also much less. On page 156 
a typical case showed 4.26 units required per ton 
of coal raised with a flywheel equalising winder, as 
against 2.94 units for a direct-acting winder with 
no flywheel. 

The second chapter, dealing with cables, will be 
appreciated by mining engineers as a help to them 
when purchasing cables. The author freely recog- 
nises that cable-makers having to guarantee results 
have done more than independent engineers can do 
in —s. cables to meet the special conditions 
in mines. He describes the present practice of the 
best firms in a way that must be exceedingly 
gratifying to them. Chapter III. deals with coal- 
cutters, and gives details of the types which are 
now fighting for supremacy under the trying con- 
ditions of underground working. Safety-lamps are 
also dealt with in this chapter, and the influence of 
light on output is referred to. We agree with the 
author that oil safety-lamps which give only 0.66 
candle-power must in time give way to lamps of 
higher candle-power, as more light will enable 
output to be increased. 

The next chapter, on ‘‘ Haulage Gears and the 
Rates of Haulage,” is typical of the author’s method 
of handling his subject. He shows the futility of 
trying to design on academic lines when the power 
required can be varied by so many factors which 
cannot be predetermined. As he says, ‘* the only 
rational way is to put ina motor large enough for 
the most onerous conditions of working. In other 
words, the breakdown torque of the motor is the 
prime consideration.” Figures of actual haulages 
are given, as a guide to the use of electricity for 
this purpose, in which an electric motor has many 
advantages over steam and compressed air. For 
this purpose in fiery mines flame-tight motors are 
recommended in preference to the so-called gas- 
tight motors. It is obvious that in such positions 
the motor must be able to withstand either an 
external or internal explosion. The cost of haulage 
is an important factor in the working of a mine, and 
the author gives some valuable figures, and also 
references as to where more can be obtained. 

Chapters VI. and VII., on ‘‘ Winding-Engines 
and Electric Winders,” open up a subject on 
which a larger volume than the one before us 
could easily be written, and yet the author has 
given a comprehensive, but concise, review of the 
subject. The mechanics of the problem alone can 
be varied in numerous ways, being affected by the 
number of stages, type of drum, ropes, &c.; but 
the author gives enough about each to enable the 
application of electricity to be intelligently studied 
with the different mechanical variants. The elec- 
trical winders are considered in two classes—i.e., 
that including winder-motors worked directly off 
the supply mains, and, secondly, winders where 
the motors work in conjunction with equalising 
apparatus for levelling the peak and diminishing 
the maximum demand from the supply main. While 
the second class has some subsidiary advantages, 
such as allowing a wind to be completed if the supply 
fails, the primary advantage, as we have mentioned 
above, becomes of less importance if a large number 
of mines are supplied from the same power supply 
system. The tables, giving details of actual wind- 
ing equipment, will be found to be of great value. 

In Chapter VIII., on ‘ Ventilation and Air- 
Compressing,” mention is made of Dr. J. Harger’s 
experiments, which tend to prove that a man can 
work without discomfort in an atmosphere which, 
from its low percentage of oxygen, will not 
permit of explosions of either fire-damp or coal- 
damp. He considers that absolute protection 
against explosions could be obtained by an atmo- 
sphere with 17} per cent. of oxygen and 4 to 1 
per cent. of carbon dioxide. If this is confirmed in 
practice, the Coal Mines Act of 1911, which insists 
on 19 per cent. of oxygen, may have to be revised 
in the best interests of the miners. The electrical 
side of the ventilation problems is well explained, 
and the different methods of speed regulation de- 
scribed. 

Chapter [X., on ‘‘ Electric Pumping,” completes 
the mining section. The practical hints which are 
given by the author on the choice of the type of 
pump to meet different conditions, as well a3 on 
the type of motor most suitable for driving the 
different pumps will commend the book to any 





mining engineer who has not had much electrical 
experience. 
he three remaining chapters—on ‘‘ Rolling- 
Mills,” “Machine-Tools and Cranes,”’and ‘‘Electrical 
Welding and Furnaces”—have no doubt been 
included as referring to the ‘‘ Heavy Industries ” 
mentioned in the title. They hardly — to 
mining engineers, and the space allowed is too 
little for the large subjects in question. Perhaps 
in the next edition the book may be divided, and 
these last chapters expanded into a second volume. 
We think that, as a guide to the use of electrical 
power in mines, Mr. Patchell’s book will be of 
great service to the engineer engaged in this large 
industry, and its value is increased by liberal 
references to other publications, which help the 
reader to easily amplify the information given. 





Principles of Flight. By A. E. Berriman. Published at 
the offices of Flight, 44, St. Martin’s-lane, London, 
W.C. Second Edition. [Price 2s. 

Tus volume is intended for the use of those who 
wish to know the general principles on which flight 
depends, but who have not the time to study the 
more elaborate and expensive treatises on the 
subject. It follows the general lines of the first 
edition in giving a broad outline of the principles 
which govern the construction of both the balloon 
and aeroplane, but has been considerably enlarged, 
and now includes a scale drawing of a qu“ 
monoplane and of the ‘‘Gnome” engine. There are 
numerous illustrations, and the volume should be 
of great use to those who wish to begin their study 
of flight with an inexpensive work. 
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Griffin and Co., Limited. [Price 2s. 6d. net.] 

Memorials of Henry Forbes Julian. y me JULIAN. 
With Introductory Notices by the v. J. O. Bevan 
and H. Livinestonz Sutman. London: Charles 
Griffin and Co., Limited. [Price 6s. net. ] 

Transactions of the American Institute of Mining Engi- 
neers. Vol. XLV. Containing the Papers and Disous- 
sions of the New York Mecting, February, 1913. New 
York: American Institute of blining Engineers. 

A Practical Treatise on Sub-Aqueous Foundations, In- 
cluding the Cofferdam Process for Piers and Dredges 
and Dredging, with Numerous Practical Examples — 
Actual Work. By Cuaries Evan Fow.er. ew 
York : John Wiley and Son, Inc. ; London : Chapman 
and Hall, Limited. [Price 31s. 6d. net. ] 

The Theory of Relativity. 4 L. Sriperstem, Ph.D. 
London : illan and .» Limited. [Price 10s. 
neb. 

Untied States Department of Commerce : Geodetic Survey. 
Results of Observations Made at the United States Coast 
and Geodetic Survey Magnetic Obscrvatory at Sitka, 
Alaska, 1911 and 1912. By DanietL. Hazarp. Results 
of Magnetic Observations Made by the United States 
Coast and Geodetic Survey between July 1, 1911, and 
December 31, 1912. Special Publication No. 15. By 
om L. Faris. Washington: Government Printing 
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La Construction en Béton Armé: Théorie et Pratique. 
By A. V. Maany. Avec wne Préface by Pau 
Pixetty. Paris and Liége: Ch. Beranger. 

Pratique de la Construction en Béton et Mortier de Ciment 
Armés ou non Armés, Avec  stablissement Rationnel 
des Prix de Revient. By W. Tayrtor and 8. E. 
Tompson. Translated and adapted by M. Darras. 
Paris: H_ Dunod and E. Pinat. [Price 27.50 francs. } 





MeouanicaL Mititary Transport.—In our last 
volume, on pages 709 and 715, we gave information con- 
cerning the trials of lorries to qualify as type vehicles 
suitable for earning the War Department subsidies. We 
are now informed that ajl vehicles which are entered for 
these trials must be presented for the first part of the 
trial, ready for running on the road, to be inspected by 
a member of the Mechanical Transport Committee, not 
later than Wednesday, September 16, at 11 a.m., at such 
oy! as may be a nted by the War Department. 

e second of trial commences at Aldershot, on 
Thursday, October 8, when vehicles will be presented for 
final inspection. The first run under obsorvation will 
take place on Saturday, October 10. The latest date of 
entry is August 3. 
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THE DEVELOPMENT OF THE GERMAN 
MINING INDUSTRY. 

A DanisH consular report, just issued, contains 
some interesting data about the development of the 
German mining industry, which is called the backbone 
of German national economy, and which absorbs an 
ever-increasing capital. 

During the years 1900-1913, the production of coal 
rose from 109,000,000 tons to 190,000,000 tons, the 
production of coke from 19,000,000 tons to 32,000,000 
tons, the production of pig-iron from 8,500,000 tons to 
19,000,000 tons, and the production of steel from 
6,750,000 tons to 18,500,000 tons. The greater’ part 
of this marked increase took place in the years after 
1905. This increase in the mining iolestey was 
accompanied by great changes in the whole industrial 
life of Germany, notably by a pronounced tendency 
towards centralisation. A striking feature of the 
period has been the formation of large mining indus- 
trial combines, which embodied the principle of an 
amalgamation of the entire processes of production, 
from the mining of the coal to the manufacture of 
finished iron and steel in large works. The 
movement was advan both by the large mini 
combines within the domain of raw materials an 
half-finished goods, and by the development of econo- 
mical technical methods, more especially the utilisa- 
tion of the hitherto wasted blast-furnace gases. In 
the first instance, the amalgamated works became 
independent of the price policy of the combines re- 
spectively controlling raw material and half-finished 

; and, secondly, they, as members of these 
combines, can inaugurate a price policy, which in the 
market for finished goods p em a start of the 
works which have no raw materials of theirown. To 
these advantages are added gain by the reduction in 
the cost of manufacture resulting from better plant 
and the utilisation of by-products. 

In addition to several other works, four large con- 
cerns came to the fore as types under this category 
—viz., the Gelsenkirchener ining Company, the 
German-Luxemburg Mining and Iron Works Company, 
the Phcenix Company, and the Thyssen concern. 
These four firms produce one-fourth of Germany’s total 
coal and iron output, and their share in the aggre- 
gate production of finished goods, which it is some- 
what difficult to determine accurately, is no doubt still 


greater. Their influence on the market is unquestion- 
ably still ter than one would surmise from the actual 
figures. This fact is made manifest by their position 


within the combines, as well as in the competition in 
the market of non-syndicalised products. These four 
concerns, however, are not entirely alike, inasmuch 
as the internal concentration is greater within one than 
in another. The Phenix Company makes a special 
leading feature of finished products, whilst the Gelsen- 
kirchener Company still sells chiefly raw materials and 
half-finished goods, 

The financial formation of these large mining ¢on- 
cerns has been attended by numerous fusion transac- 
tions, in addition to which there has been a material 
influx of new capital, which, during the years 1906- 
1913, for the Pm ton ~ Tar onc Company, the Phenix 
Company, and the German Luxemburg Company, 
amounted to some 530,000,000 marks. Of this 
sum, about 300,000,000 marks have been raised by 
issue of new shares and debentures, whilst about 
230,000,000 marks have been taken from profits on 
working. The other mining concerns, though their 
increase of capital has been kept within comparatively 
narrow limits, have moved in the same direction, and 
the aggregate of their capital now represents a for- 
midable figure. 

This imposing development meant for the industries 
in question a rapidly-increasing home consumption of 
all their different products. But the extension or 
building programme appears to have reached its 
maximum for the present, and as the conditions on the 
money market were also adverse to further expansion, 
the home demand began to flag during 1913. This 
state of affairs was further enhanced by the depression 
within the building trades, and, as a result, last year 
witnessed a tangible dulness within the German 
mining industry. 

This fact does not to a great extent transpire from 
the various companies’ reports for 1913, a from 
the fact that the boards, generally speaking, have 
shown greater inclination to increase the reserve funds, 
in the first place to ensur the greatest possible 
stability in the matter of dividends, and, secondly, so 
as to become more and more independent of high bank- 
rates, by always having money at their disposal. 

In spite of this cautious policy the dividends on the 
whole are higher than for the preceding year. The 
average dividend for the financial year 1912-13 of 
eight mixed concerns—that is, concerns which deal 
both in raw material and more or less finished pro- 
ducts—in Rhineland-Westphalia was 13 per cent., 
against 12.8 per cent. for 1911-12 11.8 per 
cent. for 1910-11. At four mixed concerns in South- 


West Germany the figures were respectively 10.1 


per cent., 10.5 per cent, and 9.4 per cent. ; the 
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German-Luxemburg Company reduced their dividend 
from 11 to 10 per cent. At five mixed concerns in 
Upper Silesia the figures were respectively 9 per cent., 
6.5 per cent. and 5.7 per cent. ; all Upper Silesian 
works were able to increase their dividends consider- 
ably. For eleven purely coal-mining concerns the 
average dividends were respectively 12.5 per cent., 
10.3 per cent. and 9.3 per cent. With six iron 
and steel works the figures averaged respectively 10.1 
per cent., 8.4 per cent. and 7.1 per cent. ; and with 
three zinc works respectively 10.8 per cent., 11 per cent. 
and 11.4 per cent. (the Hohenlohe works reduced their 
dividend from 11 to 8 per cent.). With forty-one com- 
panies in the mining industry the dividends averaged 
12.3 per cent., against respectively 10.9 and 10.1 per 
cent. A comparison between the year 1912-13 and 
the year 1910-11 shows an increase in the absolute 

te of dividends of 61,700,000 marks and in the 
8 capital of 277,000,000 marks. 





Tue FuLLacar Encine.—We are asked by the Fullagar 
Engine, Limited, South Shore-road, Gateshead-on-Tyne, 





to state that the demonstration engine which was exhi- 





reduction for 1912-13 arises from the fact that the | 





bited to so many engineers during the recent meetings 
of naval architects at Newcastle-on-Tyne ‘‘ was built to 
the order and to the desi of the Fullagar Engine, 
Limited. Gateshead - on -Tyne, on whom have fallen 
the whole work and cost of developing the system, and 
who, as owners of the patent rights, will arrange for its 
manufacture under licence.” 





H.M. Torpepo- Boat- Dsstrorer ‘‘MeError.”— 
H.M.S. Meteor was launched from the yard of Messrs. 
John I, Thornycroft and Co., Limited, at Southampton, 

the 24th inst. The vessel is one of two ocean-going 
torpedo-boat-destroyers under construction by the firm 
for the 1913-14 Naval Programme. They are of 
design, and show an advance in armament and speed 
over the ships of this type previously built, a speed of 
35 knots being anticipated. The leading dimensions are 
approximately: length 275 ft., and breadth 27 ft. 6 in. 
The propelling machinery consists of two sets of Parsons 
turbines, steam being provided by four large water-tube 
boilers burning oil fael. The tion for the 
crew is on a liberal seale, several new features being 
introduced to add to their comfort. It is expected that 
the sister vessel, H.M.S. Mastiff, will be launched in 
about s month’s time, 
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In Fig. 1, on 164, and Figs. 2and 3, above, we 
give illustrations of a type of eleetrically-driven three- 
stage air-compressor, constructed by Messrs. Peter 
Brotherhood, Limited, of Peterborough. This machine 
forms a reserve compressor for the Diesel-engine plant 
on board a large motor-vessel. The aim in the design 
has been to retain the best features of reciprocating- 
engine practice with which sea-going engineers are 
familiar. Points in the design to be noticed are the 
crank-shaft, with white-metal, force-lubricated bear- 
ings, the connecting-rod big end, and the bronze-slipper 
crosshead, also force-lubricated. The crosshead slippers 
are of liberal dimensions, and all thrust is taken by 
them, thus avoiding the cylinder wear common with 
trunk pistons, especially in the case of compressors 
in which lubrication cannot be more than barely 
sufficient. 

The compression is carried up to 1000 Ib. per sq. in 
The first two stages are effected above and bahar 4 
stepped cast-iron piston in a cast-iron cylinder. The 
third stage is completed by a single-acting plunger in 





tandem with the first and second-stage piston, of 
steel hardened and ground, with piston-rings adjustable 
for axial clearance and wear. This oa works in 
& cast-steel cylinder. There is only one fiat joint 
exposed to air pressure, that being in connection with 
the low-pressure (first-stage) cylinder-cover. All the 
valve-seating covers, &c., are of metal-to-metal knife- 
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edge joint type. Each valve is arranged a that ite 
seating can be independently and quickly removed. 

The intercooling arrangements have been carefully 
designed. The first and second-stage cooler is a separate 
apparatus, of the tubular type, with a vertical cylin- 
drical body attached to the compressor -eylinder 
casting. The second to third-stage cooler is in the form 
of a large pipe-coil accommodated in the domed water- 
jacket surrounding the third-stage cylinder. The final 
or after cooler is a coil of smaller piping similarly 
accommodated. The compressor has a water-circu- 
lating pump driven by an eccentric. The valves are 
of the conical t and are interchangeable. The 
lubrication of the cylinders is positive and adjustable, 
the oil being fed with the ingoing air. 

The capacity of the compressor illustrated is 80 
cub. ft. of free air per minute when discharging 


in. | against a pressure of 1000 lb. per sq. in. and running 


at 275 revolutions per minute. The motor is of the 
shunt-wound direct-current t for 220 volts. The 
official works test was for twenty-four hours at full 

ressure and capacity, without any appreciable drop 


|in either volumetric or mechanical efficiency. These 


conditions were easily complied with. No wear of the 
valves or seatings was observable after a 264 hours’ 
run, and only a very slight trace of carbon deposit. 
The mean air temperatures were for the inlet 53 deg: 
Fahr., and the discharge 82 deg. Fahr., showing the 
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cooling arrangements to be thoroughly effective. 


The 
cooling-water temperature was 66 deg. Fahr. at the 
inlet and 86 deg. Fahr. at the outlet. 








REAcTION OF A SteaM-JeT: Erratom.—In the third 
line from the end of the article on this subject, on page 130 
ante, the equation :— net 

- R=R-pa 
should read :— a 
R= R + (0.58 P — p)a, 


= in the second column of the same article. 
llowing line *‘ (4)” should read ‘* (3).” 


Tue Avustro-Hunocarian Navy.—According to the 
Reichspost, the new Austrian Dreadnoughts will have a 
displacement of 24,500 tons, and will propelled by 
machinery aggregating 31,000 horse-power. Their arma- 
ment is to consist of ten 13.7-in. guns, 45 calibres in 
length, weighing 69 tons, firing, at a muzzle velocity of 
2600 ft. per second, a projectile waynes 1416 Ib., and 
containing a 79-lb. explosive charge of ‘‘ammonal.” The 
guns are to mounted in two triple-gun turrets and in 
two double-gun turrets, in two groups fore and aft, the 
double-gun turrets firing above the adjoining triple-gun 
turrets. The secondary armament is to consist of fourteen 
6-in. 50-calibre guns, and of a number of 3.5-in. 45-calibre 
guns of a new pattern. Each ship will carry besides four 
submarine torpedo-launching tubes. propelling 
machinery is to consist of Parsons’ turbine sets. : 


as correctly 
Also in the 
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DESIGN OF HYDRO-AEROPLANE FLOATS. 
Some Notes on the Design of Floats for Hydro-Aeroplanes.* 
By G. H. Mitxar, B.A., Associate. 


§1. Tus i is founded on a series of experiments 
made by Mr. G. 8. Baker and the author at the William 
Froude National Tank, at the instance of the Advisory 
Committee for Aeronautics. The work consisted of 
designing and running a | number of models of hydro- 
aeroplane floats, some of which have been subsequentl 
built to. The special apparatus employed and meth 

of ee Sagem - are descri in the A ix, while the 
complete results are includ: d in the Official Aeronautical 
Reports for 1912-13 and 1913-14. It should be borne in 
mind that the statements here made, and conclusions 
arrived at, are founded mainly on these model experi- 
ments, while many details can only be decided as the 
result of experience with actual machines. 

§ 2. Hydro-aeroplanes may be divided, broadly, into 
two classes :—(1) Those in which the machine follows 
the same genera! lines as a land machine, with floats 
substituted for the landing-gear ; (2) those in which the 
fuselage is in the form of a boat containing the crew, and 
sometimes the engine. The term ‘‘hydro-aeroplane” 
is usually confined to machines of the first class, those of 
the second being termed ‘‘ flying boats.” These two 
classes are being developed side by side; in some cases 
both are built by the same manufacturers. The second 
class is specially popular in America. It is as yet too 
early to say which will ultimately prove the more useful, 
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speeds. In any case the load on the tail float is small, 
and ite design of no particular moment. 

§ 4. Considering the main floats, the general balance of 
oo seems to be decidedly in favour of twin floats. 

ith a single fluat the lateral stability (on the water) is 
small, unless the float is unduly broad for its length, and 
wing floats become essential. On the other hand a pair 
of floats placed too far apart may cause a severe slewing 
strain if one becomes more deeply immersed than the 
other. As regards efficiency, experimental results show 
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but pat both types will persist, each for its own 
purpose, This paper is mainly concerned with the first 
class, the hydro-aeroplane proper, although most of the 
conclusions come to are applicable also to the “flying 
boat.” Av first sight the latter may appear to be the 
more seaworthy device ; but with a large open cock-pit 
it is exposed to great risk of swamping. The Curtiss 
flying boats are fitted with water-tight bulkheads, and 
have a very large total buoyancy (usually four and a-half 
times the weight of the machine), but this necessitates a 
large boat, which even then cannot altogether take the 
place of the fuselage of the land machine, especially if 
the engine is carried overhead. 

§ 3. Turning now to the hydro-aeroplane proper, the 
machine may be enpgertes either (a) by a single broad 
main float, with small subsidiary wing floats, or (b) by a 
= of floats side by side at a suitable distance apart. 

n either case a small tail float is usually fitted, which 
may rest on the water at the lowest speeds. or may be 
clear of it even when the machine is at rest, and only relied 
on to prevent the tail of the machine dipping if it is 
thrown backwards by a sudden gust of wind. It is, how- 
ever, usually preferred to have the centre of gravity of the 
whole machine aft of the centre of buoyancy of the floats, 
which, of course, requires that the tail float shall take some 
of the load at rest. This also makes the machine float more 
steadily in a short sea, and allows an underwater rudder 
to be used to assist manceuvring on the water at low 


* Paper read at the joint meeting of the Institution of 
Naval Architects, the Institution of Engineers and Ship- 








builders in Scotland, and the North-East Coast Institu- 
tion of Engineers and Shipbuilders, at Neweastle-on- 
Tyne, July 8, 1914. 
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that if a pair of floats be replaced by a single one of 
similar design but double the breadth, much the same 
results will be obtained, although the water disturbance is 
more noticeable. The performance of twin floats 
is not appreciably affected by their distance apart, pro- 
vided that the gap is not less than the breadth of either 
float. It is generally agreed that the total buoyancy of 
the floats should be at least twice the dead-weight of the 
machine, and water-tight bulkheads are frequently fitted. 
These incidentally prevent any water that may leak in 
from flowing from end to end of the float when in the 
air. The air resistance of the floats must be taken into 
considerations, and their construction is a matter of some 
= great strength teing required with a light 


weight. 
§ 5. The design of hydro-aeroplane floats is natural] 

het closely allied to that of ge ome boats, though 
with some important differences. Since the lift of the 
aerofoils increases continuously with the speed, and 
ultimately becomes equal to the weight of the whole 
machine, it might be Sony that any fine lined ship- 
shaped form would be suitable for a float, but this is not 
the case. Fig. 1 shows the curve of lift for an aeroplane 
of ‘‘W” pounds total dead-weight designed to leave the 
water at a - oe of V foot-seconds, it being assumed 
that the angle of attack is constant throughout. This 
curve is simply a parabola described to touch the axis Ox 
at the origin, and to pass through the point P (V, W). 
The ordinate at any speed v (less than V) is, of course, 
(+) W. Now it will be seen that the lift is compara- 
tively small untii . speed has been attained ; at 
‘half speed it will be only one-quarter of the dead-weight 
of the machine. But even this speed is a very high one 








for the length of the float, and consequently for a float 
not designed on hydroplane principles the resistance and 
wave-making will become enormous before the air lift 
becomes appreciably great, and the machine will never 
reach its flying remem § unless with a strong head wind. 

§ 6. It may here be well to consider the principles on 
which hydroplane design is based. Any normal form of 
vessel will rise and skim along the surface of the water if 
she is towed fast enough. But in the case of a ship de- 
signed for low s the speed at which she begins to 
rise is a very high one, and up tothis point wave-making 
and resistance will increase to a prohibitive extent.* 

Now, a hydroplane is so designed that when a high 
speed is attained the normal pressure of the water on the 
bull shall have a large vertical component, which raises 
the boat and so decreases her di ment, and, conse- 
quently, the wave-making. The simplest way of attain- 
ing this result is to provide the boat with a flat bottom, 
which, at high speeds, shall have an inclination of about 
5 deg. to the horizontal in a fore-and-aft direction. 

Figs. 2,3 and 4, on this page, show the results of some 
experiments made on flat plates at the William Froude 
Tank. The plates were 1 ft. wide, and were towed on 
the surface of the water at a series of small angles, and 
at speeds of 600 ft., 800 ft., 1000 ft., and 1200 ft. per 
minute. The immersion was also varied independently, 
and the vertical force P and horizontal force R on the 
iy were measured. In the figures V is the speed in 

‘eet per second, and A the area of plate immersed in 
square feet. The plate being 1 ft. wide, the number 








| denoting this area also denotes the length of plate 


4. 
LUFT outa CURVES AT FIXED 
8 IMMERSION; VARYING INCLINATION. 


























7 CURVE I nie 733 SQ. 
. © ‘79 + « 
. ~ 25+ « 
. 4 . 4-Tl «@ « 
oT « S&S ” Sie on 
° "4 
> 
= 
$4 
Pe 
<3 LA 
i) 
5 4 
2 bd ee 
ZA 
F _. 4 
— 


























~~] 





¥# 40 


$ * is* 
ANGLE OF INCLINATION OF PLATE. 


Fig.7. 










RESISTANCE. 








SPEED 


length immersed which is the 
inverse of the aspect ratio. These results cannot be 
taken to very exact. as there was a considerable 


ae P , 
variation of AV: and AV: with speed, although an un- 


certain one. This may have been due to two causes—to 
the variation with speed of the actual area immersed for 
& given value of A (which was the area immersed when 
the plate was at rest at the same angle and height) ; or 
to errors in estimating the position of the centre of pres- 
sure, which could not be directly measured with the 
apparatus then in use. ‘ 
Pig. 3 shows that the efficiency of such a plate increases 
with increase of aspect ratio, but that the effect is not a 
very marked one, over the range here considered. At 
large aspect ratios the efficiency seems to increase con- 
siderably, and, with single-plane floats at high speeds and 
small loads, efficiencies of as much as 10.5+ have been 
obtained, although this was perhaps a little tco high. 
With a plate of an aerofoil section and an aspect ratio 
6:1, having its chord at 44 deg., and its leading edge 
just above the water surface, an efficiency of 11.8+ was 
obtained. i 

Fig. 5, above, is deduced from Figs. 2, 3 and 4, by 
calculation, and shows the resistance of a plate 6 in. 


immersed and the ratio 





* In the case of a mercantile form model run at the 
William Froude Tank, for a ship 400 ft. long, the E.H.P. 
uired at 14.8 knots was 4115, and at 16.5 knots was 
10,900, the resistance increasing as the 16th power of the 
speed between these points. 


+ This is the value of the ratio =. 
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wide at a constant angle of 6 deg. and a constant 
load of 4.86 lb. at speeds of 10 ft. to 18 ft. per 
second. It will be seen that the resistance actually 
falls as the speed increases over this range. The curve 
cannot be extended down towards zero speed from the 
experimental results, but it will be obvious that at a very 
small speed a very great length of the plate must be im- 
mersed to support any load ; hence the curve, if produce i 
towards zero speed, must be of the nature shown by the 
dotted line—t.e., asymptotic to the axis of resistance. 

§ 7. Fig. 6 shows the general appearance of the curve 
of resistance to a base of speed for a hydroplane (having 
a constant load). It will be seen that at the point P the 
rate of increase of resistance rapidly falls off. This is the 
point at which the boat commences to rise in the water, 
and after this the resistance only increases very slowly. 
In the case of a hydro-aeroplane float running at a con- 
stant angle the load is constantly decreasing ; the load at 


a speed v is W (1 _ os ) , where V is the speed at which 
the machine begins to fly and W the dead-load. Hence, 


the curve of resistance to a speed base takes the form 
shown in Fig. 7, having a “‘ hump ” (which may be sharp 





and peaky or flat and spread out) at the point where the 
float begins to rise in the water, and afterwards falling 
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off rapidly till at the flying speed it denotes the air re- 
sistance of the float. In the same figure, curve ‘‘A” 
denotes the resistance the float would have if constantly 
kept at the same vertical height and prevented from 
rising ; curve ‘‘ B ” denotes the resistance of a flat plate 
carrying the same load as the float. The curve for the 
actual float tends to follow curve A at moderate speeds 
and curve B at planing speeds, the hump representing 
the intermediate stage when the float is rising sharply in 
the water. 

§8. The problem of designing a hydroplane that shall 
have a small resistance at a planing speed is a compara- 
tively simple one. But the requirements for such speeds 
differ considerably from those for low resistance at 
moderate speeds. As a matter of fact, ab speeds up to 
the ‘“‘hump” speed any hydroplane is a very bad boat. 
Consider first the requirements at planing speed. Fig. 8, 
above, shows the wave system — by a fiat 
plate towed along the surface at a high speed and small 
angle (6 deg.), the fore end of the plate overhanging. It 
will be observed that the plate scoops out a hollow in the 
water, which does not fill up until some way astern of it. 
The water which passes underneath the plate issues at 
the back in a smooth stream, which at first follows the 
direction of the plate, but gradually turns upwards again. 
From the crests of the bow diverging waves the surface 
slopes down to this smcoth = meeting it in a well- 
defined line. At the points K, K two converging waves 
appear to leave the inner walls of the diverging waves, 
and these meet to form a curious ‘fan ” of y broken 
water. At the after end of the ‘‘fan” another diverging 
system starts with a smaller one inside it. This system is 
really a continuation of the converging waves which cross 
at the “fan.” 

The whole system is merely an extreme case of that of 
an ordinary high-speed ship, where the ‘‘fan” occurs as 
a region of high-pressure under the after end of the ship. 
The diverging system aft of the fan corresponds to the 
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ordinary stern diverging system. In a high- 
destroyer the “‘fan” may sometimes be seen clear of the 
stern. Ifitis just underneath the stern, the space bounded 
i the diverging waves aft of it will appear as a plateau 
of broken water. 

§ 9. Fig. 9 shows a transverse section of the plate and 
the bow diverging wave. The latter will change from 
type 1 to type 2, and from type 2 to type 3, if the speed 
be decreased, or the depth of immersiun of the element 
is increased, and the same gradual change occurs as we go 
aft along the plate. That is to say, the inner wall of the 
wave becomes steeper and more convex up to the point 
where the crest has its maximum height. Now, suppose 
the plate to form the bottom of a float with vertical sides. 
big 2, wave will 1 ge clear of the sides, type 2 will just do 
so, but type 3 will force a thin film of water up the side 
of the float, which will add very considerably to the 
resistance. Again, where the wave is of type 1, the sides 
| be flared considerably without touching the wave, 
and where the wave is of type 3 they must ‘‘ tumble 
home” from the bottom to deer it. With a vertical 
sided and flat-bottomed float thin filmy waves will always 
rise against the side of the float at a moderate speed, 
which will gradually move aft as the speed increases till 
they leave it altogether. The sketch in Fig. 10, below, 
shows their appearance when the speed is reached at 
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which they start to leave the float. 
may, 
bilge-planes (better known, perhaps, by th 
title of ** mud-guards”’) 

§ 10. The wavesset up by our elementary plate will not 
be affected if we build up a boat form upon it, provided 
that the total load is the same, and that no part of the 
boat except that formed by the plate touches or comes 
very near to the surface of the water. In particular it 
may be observed that by forming a step at the back ed 
of the plate we may build on a tail to the boat aft of this 
point, which will be completely clear of the water at a 
certain speed. To make the sides of the boat clear of 
the waves at the lowest ible speed, they should 
have an increasing cupile ene towards the after end, 
while they may be flared a little at the forward end. 
The use of tumble-home on the after part of the sides is, 
however, not without its objections in the case of a 
hydro-aeroplane float, as it tends to throw the water up 
when turning. We have so far considered a boat or float 
having only a single ‘‘ planing ” surface. We may, how- 
ever, have any number of such surfaces separated by 
steps. Each plane will then set up its own system of 
waves, and the diverging crests from one plane may even 
cross the crests from the plane ahead of it. 

§ 11. It is not difficult to design a float which shall 
have a good efficiency at “‘ planing” But this is 
not nearly so important as the behaviour of the float at 
lower js. From a resistance point of view, the 
important range of speed is that up to the “‘hump” on 
the resistance curve, during which it must be considered 
as a displacement boat. 

The essentials for good ‘‘ planing” are :— 

1. Considerable overhang at the forward end with short 
immersed length and suitably-shaped bott: m. 

2. That the water should leave the bottom of the 


These clinging waves 
however, be thrown clear of the sides by the use of 


e facetious 


they produce eddy-making, and consequent waste of 


power. 

3. Smallest possible wetted surface to reduce surface 
friction. This is not so important as condition 1, except 
at very low « 8. 

We have, therefore, to try and satisfy two sets of con- 
ditions which are in some respects antagonistic. 

§ 12. First as regards — At speeds below the 

| “* hump,” increase of Iength and decrease of breadth 
| produce considerable improvement. At ee 
| speeds they are slighty d»trimental, and will proba’ ly 
| cause the “ hump” to come at a slightly higher speed, 
| but in the case of a stepped float this may be partially 
counteracted by the fact that the narrower will 
require less air at the steps. On the whole a float can 
— be improved by increasing the ratio of length to 
breadth up to an excessive limit. From a practical 
standpoint very long floats are highly undesirable ; a 
float can be gob out on a length to breadth ratio of about 
54 to 1, and in the author’s opinion a ratio of about 6 to 1 
should not be exceeded, although a good many floats have 
a ratio of 7 to 1 or more. 

§ 13. It bas been seen that for a flat plate the most 
efficient angle is 4 deg., and for a float having a flat 
planing su the best results would be obtained with 
the surface at the same angle. In practice, however, it 
is better to design the floats to run at a slightly greater 
angle, so as to give a greater ow of safety when 
alighting. In the series run at the William Froude Tank 
the normal running angle was taken to be 6 deg. for the 
forward or main planing surface, or in the case of a 
cambered surface the mean angle was6 deg. The model 


floats were made to a scale of _ for a machine of 


2200 lb. weight designed to leave the water at a speed of 
67 ft.-sec. inacaim. For convenience these figures will 
be taken as the standard for the rest of the Be. 

It might be thoaght that the pilot would be able to 
run the ine on the water at any angle desired, 
just as he can in the air; as a matter of fact, the water 
forces on the float may introduce very large trimming 
momente, quite outside tke pilot’s range cf control. The 
magnitudes of the moments brought into play are therefore 
& very important part of the design. Sup that for a 
given float, or pair of floats, running at a given angle and 
speed, the reaction of the water on the floats is nee 
sented by vertical and horizontal components P, R lb., 
and a moment of M ft.-lb., about some point U; these 
a can be dete:mined from model experiments. 

t G be the centre of gravity of the whole machine 
(including the Seote), and let the horizontal and vertical 
co-ordinates of G relative to O be (gh) ft. Let T be the 
thrust of pape, and ¢ the distance of ite line of 
action from G. 

Also let the force on the elevator and tail-plane be 
E Ib. acting in a line distant ¢ from G, and let 8S be the 










resultant resistance of the machine (apart from the floats) 
acting in a line distant s from G. 

Then for angular equilibrium we have, with the con- 
vention of signs shown in Fig. 11 :— 


Ee+Tt-Ss=M+Pqg-Ra&, 


the trimming moment being reckoned poeitive when it 
tends to depress the tail of the machine. The expreesion 
Tt—Ss is usually very small; for a machine of the 
weight considered, at a speed of from 30 to 40 ft.-secs., 
it will probably not ex 150 ft.-Ib. at the mcst; and a 
calculation of the elevator control (Ee) for a specific 
machine of this weight gave the following maximum 
values :— 

Speed, ft..secs. 19 20 30 40 SO 60 

Control, ft.-lb. 68 272 632 1088 1700 2528 


We can therefore calculate the limits within which the 
moment My, = + Pg — Rh must be kept if the 
machine is to be run at its designed angle, although these 
limits may be exceeded momentarily. 

§ 14. The —— 7! Mz * any ons and angle & st 
course, very largely dependent upon the position of the 
floats relative to G—that is, on the value of g,h. For 
the machine considered G is at a height of about 6.3 ft. 
above the bottom of the floats, so that the part of M—RKh 
due to resistance is of some importance. Now the height 
of G, and, therefore, the value of h, will be decided on in 
the early stages of the design. We therefore require a 
simple means of determining the most suitable value of g. 
One method of doing so is as follows :—The values of 
M, P, _* ~ poonee! to a —s — ate pee pe 

rom model ex ments for a range 8 ap 
and the value Th is decided on. Consider, first, the = 
in which the angle is constant (say 6 deg.) and the speed 
varies. Then =M —- Rh - (- Pg). 





boat on a sharp edge both at the stern and at the sides. 
For a fast displacement boat we require :— 
1. A fine curve of sectional areas, and consequently | 
great length with small beam, or light draught. 
2. Nosharp corners or edges in contact with the water; 


On a base of speed plot the values of — P g ft.-Ib. for 


— 1, ¢.¢., of —P ft.-lb. (see Figs. 21, 24, and 26, page 169). 
e result is an inverted parabola, which, by Sistorting 
the absci scale, can be red 


uced to a straight line. 


C) 
P g will now for every value of g be represented by o 
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straight line, all such straight lines radiating from a angle for g = 1, and distort the abscissa scale to make it the curve of areas is not particularly fine forward. This 
point in the base line. At the distorted abscissa points | a straight line ; then plot M cos 0 + h (P sin @ — R cos@) | is, however, ially compensated for at moderate speeds 
erect ordinates denoting the values of M — Rh and join | at the new abscissa points, and proceed as before (see | by the large amount of lifting surface, which causes the 
up the ends of these ordinates to form an o polygon. | Figs. 22 and 23). In this case, @ being small, a rough | float to start rising in the water at quite low speeds. As 

en, taking any desired value of g, the value of Mz is oo may be obtained 4 ponies — P instead | noticed in § 9, clinging waves form genes the sides, and 
given by the distance from the corresponding P g | of — (P cos @ + Rein 0) and M — instead of M cos @ do not leave them until rather a high speed is attained. 
line to the polygon curve, bei itive if measured +h(P sin 6 — Roos @), and os the ordinates at > 4 | The long overhang required forward makes the float very 
ty and negative if measu ownwards. Wecan convenient oe eee f the variation of P with | stable at small angles, but otherwise is so much wasted 
thus see by inspection the effect on the moments of alter- angle be also neg »” we get a straight line parallel to length. Such a float naturally tends to “slam” pe | in 
ing the value of g. | the base. |@short lop. Floats of this type are sometimes fi at 

e also require cross-curves showing the value of the| §15. We require some point of reference for the hori- | the forward end by pinching in the sides. 

moments at constant speed and varying angle, which | zontal position of the C.G., and the most convenient one’ § 17. Figs. 14 and 15 show two floats of a very different 
will show us what change of trim (if any) is likely to take | is the position of the centre of buoyancy of the floatwhen type that were included in the series of floats evolved at 
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Fig.15. TYPE 3. (MODEL 4328) 
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lace at any speed. Similar diagrams can be prepared | fully loaded and inclined at the standard se of 6 deg. | the William Froude tank. Of these, type 3 (Fig. 15) is 

a this case. In the model apparatus used at the | The value of g to bring this point vertically under the| the better, its flat under surface being all at the most 

William Froude tank the value of M as read is only | C.G. is then calculated, and the corresponding line drawn | efficient angle. Both these have tail appendages, which 

strictly correct at 6 deg. inclination of float. At any jon the moment diagram. We can then readily see the| leave the water completely before the hump s) is 

other le (6 deg. + @ deg.) the true moment is M cos @, | effect of placing G at any desired distance aft of the C.B. | reached if the floats are maintained at an angle of 5 deg. 
while, tever the angle, P and R are always measured | § 16. It is now proposed to consider some float designs | to 6 deg. ae 

vertically and horizontally. in detail. Fig. 13, above, shows a type of float that} Considering the form of the bow, it will be seen that 

Hence (see Fig. 12) the moment is now— has been more widely employed than any other. It is| type 2 is really an intermediate form between types 1 

Mo = M cos @ + P (g cos 6 + Asin 0) — simple to construct, and has given good service in prac-| and 3. The curves of resistance show that type 3 is & 

~ Rh cos @ — gsin 6) tice. Ithasa rectangular water-line at all speeds, and| good deal the better. With these flaring bows a4 

' . ‘ : therefore should have fine bow-lines ; but, as usually made, | ‘‘ mud- ” shown are essential. The first mode 

which may be written :— —_—__——_ — made of type 2 was run without ‘‘ mud-guards,” and with 

M cos @ + h (P sin 0 — R cos 6) -[-g * The effect of neglecting this is to decrease the| no air-holes to the . The result was that « filmy 

(P cos @ + R sin @)}. moment numerically at angles below 6 deg., and to in-| wave ran up the eide of the model, no air could get to 

We now plot — g (P cos @ + R sin 6) ft.-Ib. to a base of | crease it numerically at angles above 6 deg. the step, and the resulting suction held the float down 
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so firmly that it never rose at all. The ‘* mud-guards” 
throw the water clear of the sides, and at the same time 
derive a large lift from it. 

The type 3 float, although quite satisfactory from a 
resistance point of view, was found to induce an exces- 
sive itive trimming moment at about the “hump” 
speed, which would naturally tend to tilt the machine at 
this speed until the tails of the floats were in the water. 
This was confirmed by tests with an actual machine fitted 
with such floats. To obviate this trouble a series of 
experiments were made with models having two planin 





surfaces, of which that shown in Fig. 17 (type 5) prov 

the most successful. It will be noticed that the shape 
of the after termination has been altered from a pointed | 
one to one with a vertical stern-post, and its chines | 
rounded off to reduce eddy-making at the low speeds | 
during which it is in the water. The flat bottom of 
type 3 has now been replaced by a cambered one of 
circular section. This is much stronger and less liable 












































will occur at a rather later speed. This is particularly | useful to curve them in this way, so as to keep their 


noticeable in the case of model 92¢, where the 


second 
planing surface is 7 d 


. steeper than the first, and has 


therefore a greater efficiency than if parallel to it. | surfaces offer advantages in ren’ 
Model 98 (type 1) has quite a different curve—a long, | moments involved. The line 
steady rise—and it will be noticed that the resistance at about 54 deg. to the mean f 


curve has two humps, the s between them covering | 
about the middle third of the rise. It was found that in | 
every case where a fioat rose evenly and gradually the 
hump on the resistance curve was flat and spread out. or 
there were two humps with a hollow in between. The 
Lay | curves usually show traces of a second hump some 
—_ own the slope. In the case of model 98 it is practi- | 
cally certain that the second hump is due to the suction 
of the waves against the sides near the stern (see § 16 and 
Fig. 10). and it will be noticed that there is an exactly 
corresponding increase of the positive moment owing to 
this cause. When these side waves leave the stern the 
resistance and moment curves both come down. 








forward ends up with a smaller effective le. 
§ 20. As was mentioned above, floats with two planing 
e t of the trimming 
joining the steps should be 
orward planing surface, and 
to render the second surface effective it should have a 
ter angle than the first. This is shown very clearly 
y the remarkable difference in the moment diagrams for 


models 92c and 92e. If, however, the distance between 
the steps is increased, the angle of the second step should 
be corresponding] y Aerio This is obvious from a 


consideration of Fig. 8. The second step also decreases 
the resistance considerably. All experiments showed 
that where a double-step fioat at a planing speed could 
be made to run either on the forward plane alone, the 
back plane alone, or both planes, by slightly altering its 
angle, the smallest resistance was obtained when running 
on both planes. This is to be expected, as we have two 
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the C.G. of the machine for a pair 
of full-size floats. ‘‘g” denotes the 
distance of the O.G. aft of the 
pivot point. The latter is 34 in. 
(on the model scale) above the top 
of the float, and the O.G. for ma- 
chine is assumed to be 4.7 ft. 
above the top of the float (see 
§ 19). The moment scale is the 
same for all the diagrams, 











Y/ 


Fig. 27. 100 AT 20 FT. SECS. 


ANGLE OF FLOAT (0EG.) 
5 4 se 2 


(4080.x) 







= = 

“ 

we & 

= ~ 

a 

& 8 

i} Ow 

u* 2 
~ 

be y 
AS) 
Gg 


+ 
i) 


to slam, and the loss of efficiency is negligible. Ib is, 
however, important, if using acambered bottom, to make 
the camber constant or decreasing from forward to aft. 
A surface in which it increases going aft will be extremely 
inefficient. ; 

The shape of the bow has been altered slightly to 
increase the stability at small angles, and the “‘ mud- 

ards” have been straightened out and lifted at their 
ore ends for the same reason. Although the flaring bow 
makes for stability in the same way as the overhang of 
type 1 float, it must be remembered that it also will 

w up the water as soon as the fore ends of the “‘ mud- 
guards” are submerged. As the resistance term tends to 
reduce the righting moment, the upper water-lines should 
be kept reasonally fine. : , 

§ 18. The results obtained with the six models illus- 
trated are shown in Figs. 18 to 27. The model 
denoted by 92e consists of the fore body of 92c with the 
middle body and tail of 100, while model 100 differs 
from 100 } in having the hollow of the after plane filled in. 

The first point of interest is the comparison of the 
curves of “linear rise” with those of resistance. The 
“hi rise” of a float denotes the vertical height of the 
float above the statical position under full , its —_ 

ing maintained constant. The study of a large num 
of such curves of rise shows that normally there is 
speed at which the rate of rise becomes rapid, and this 
speed is always just below the “hump” speed on the 
resistance curve. If there is a good deal of steady rise 
before this speed is reached, the correspond t of 








the resistance curve will be lowered, and the “hump” 
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} side waves of this ty 
against the sides of the tail in the case of the other 
models, but only at a much lower speed. They pass off 
astern at a speed of about 9 foot-seconds for the model. 
It may be said generally that the drop after the hump 
on the resistance curve shows that there is no longer any 


do actually occur 


appreciable resistance to the float rising in the water. 
Provided that the bottom is of a suitable hydroplane 
type, it will always give a good lift even at speeds well 
below the “‘hump,” and such resistance is due either to 
the suction of waves against the sides of the float, or to 
suction on the bettom caused by an unsuitable shape 
or an insufficient supply of air to the step or steps. 
Experiments with stepped models, with and without air- 
holes, always show that the model without air-holes rises 
later, and, consequently, has a later and bigger ‘* hump” 
on the resistance curve. In the double-stepped models 
air-holes were only fitted to the forward step, it being 
impracticable to fit them to the second step owing to 
the after weight pocket being over it. It is highly 
probable that an improvement would result from fitting 
them, and that the later ‘“‘hump” on the curve of 92 ¢ 
(as compared with 92 c) is due to ter suction aft of 
the second step, its ter angle deflecting the water more 
downwards, and so leaving a bigger vacuum to be filled. 

§ 19. Any form of float in which the waves tend to cling 
to the sides needs *‘ mud-guards” of some kind to throw 
the water clear; and, to render them really effective, 
they should be of a fair breadth. With a float, whose 
sides aré vertical, a sharp chine at the junction of the 
sides and bottom, without any projecting e, will be 
fairly effective. The experimente with double-step floats 
showed the desirability of fitting ‘“‘mud-guards” to the 
second.step as well as to the first. The angle of the 
“mud-guards” should not be too great, or they will have 
a high resistance. On the other hand, their forward 
ends must be well up to give safety at small angles, and 
the almost straight ones of model 1006 seem to be the 
most suitable. 

In racing hydroplane boats the ‘‘mud-guards” are 
Pree made convex downwards, and they were so 
fitted in 92d, which only differed in this respect from 
92c. They then had a much smaller effective angle, and 
gave a smaller lift at all speeds below the ‘‘ hump,” but 
also had a smaller resistance. The float rose very little 
till the ‘‘hump” speed was reached. It will be seen that 
in a of this the whole resistance is greatly reduced at 
moderate speeds, but the “hump” isa good deal later 
and of a considerable height, owing to the waves tending 
to cling to the sides aft of the second step. On the 
whole, therefore, little is gained from this shape of 
‘*mud-guard,” while the stability at small angles is 
decreased. But in the case of multiple-step floats, where 
the ‘‘mud-guards” are of a restricted length, it may be 
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planes immersed of a larger aspect ratio in place of one 
plane of a smaller aspect ratio. 

It is not, of course, in any way & necessity to fit the 
overhanging tazl shown on the modele. If desired, the 
second step may be at the after end of the float, and the 
upper surface sloped down to it, so that the float termi- 
nates in a horizontal edge. ‘ 

§ 21. There seems no reason to increase the number of 
planing surfaces beyond two. With a we number it 


will be difficult to divide the work equally between them, 
while the length of entrance will deo , and the 
“ mud-guards” if any, will need to be stee Each 


additional step means more eddy-making, and therefore 
ter resistance at low speeds and greater constructional 
difficulties. J 

§ 22. The importance of the horizontal position of the 
centre of gravity of the whole machine has been referred 
to above. The question of longitudinal trim may be 
attacked in three ways :— : 

1. The designer may attempt to design his floats so 
that at all speeds they shall run at any reasonable angle 
without introducing large trimming moments, either i- 
tive or negative. It is doubtful if this is at all feasible. 

2. He may attempt to design a float which shall run 
steadily at nearly the same angle at all speeds, and shall 
resist any — to make its le larger or smaller. 

3. He may, by the judicious use of the tail float, produce a 
machine which will start off ata large angle and gradually 
come down to a small angle at high speeds, with or with- 
out the use of theelevator. — 

In the author’s opinion, Condition (2) is the most desir- 
able one to aim at. Itis obvious that the machine will 
get off much more quickly if it is running throughout at 
wy — r) le. - 

t of type 1 has a tendency to run at a large angie 
at moderate speeds and a onell one at high apentes 
and, although at a high speed the angle can readily 
increased by the use of the elevator, there will be a 
sudden change of moment when the machine leaves the 
water, which may cause the tail of the machine to come 
down and hit the water. 

Condition (2) seems to be most easily satisfied by a 
double-plane float approximating to type 5. Here the 
designer has a number of variables to deal with. Hecan 
shift the position of the C B. at rest by shortening or 
lenthening the tail of the float, and can alter the position 
of either or both steps. It will beseen that for float 92e the 
maximum positive moment occurs at a low s —about 
64 ft.-seconds for the model, equivalent to 15 ft.-seconds 
for the full-size machine. ence, the machine can start 
off at a large onge with a considerable load on the tail- 
float, and can, therefore, mancuvre comfortably on the 
water at very slow speeds, while taking up its most effi- 
cient angle at a moderate speed. It will be noticed that 
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the moment diagrams show a large negative moment at 
high speeds. But at these speeds a reduction of 1 deg. 
to 2 deg. in the ene ey ayes » this to a large 
positive moment, so the machine will run quite 
steadily at an intermediate angle. The natural running 
angle can be varied by varying the relative depths of the 
points of the two steps. The positive moment at any 
speed can be increased to any desired extent by increasing 
g—i.e., by placing the floats further forward. 

It must be remambered that the experimental results 
only hold for smooth water. The effect of rough water 
will b3 to increase the rasistance considerably, and hence 
to reduce the positive moments. ? ¥ 

§ 23. A point that most receive careful consideration 
is the possibility of the machine coming down at too high 


as and too sma! an angle through the pilot misjudg- | 


ing his distance from the water. Unless the floats are stable 
at small angles this is very likely to cause the machine to 
turn # somersault (see §§ 16 and 17) The same require- 
ment holds for running on rough water if the floats are to 
ride over the waves, and not plough through them. 

§ 24. In conclusion,* the author wishes to acknowledge 
his great indebtedness to Mr. G. S. Baker, at whose 
suggestion this paper was written, and in conjunction 
<lk cham the whole of the experimental work was done, 
and to Mr. J. L. Kent, who assisted in this work. Also 
to the Advisory Committee for Aeronautics for their kind 
permission to make use of the experimental work done 
for them, and to reproduce a number of diagrams from 
the Official Reports. . 

The complete experimental results will be found in the 
following reports by Mr. G. 8S. Baker and the author, 
which are 
No. 70. November, 1912; Report No. 98, November, 
1913 ; Report No. 99, March, 1914. 


APPENDIX. 
Methods Adopted for Testing Hydro-Aeroplane Floats in 
the William Froude National Tank. 

l. Ap .—The apparatus used for testing the 
floats is shown in Fig. 28. The floats are made with a 
flat upper surface which is parallel to the forward mean 
planing surface, and are screwed on to an aluminium 
carrier, at the forward end of which is a graduated arc L. 


Fiy. 28. 
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frame is first balanced about K, a weight equal to that of 
the towing-rod and the per share of the weight of C 
being suspended from B. The after frame is then 
balanced with everything in place, and the float just clear 
of the water and balanced about the axis B, so that there 
is no pressure on the stop. In any given run the correct 
load ‘“‘P” is applied to the float by attaching suitable 
weights to the suspending wires, and the resistance (R) is 
measured by the dynamometer D. During the run, and 
before taking the resistance record, the float is accurately 
balanced about the pivot point B by means of movable 
weights on it. and a sliding weight on the float-carrier, 
so as to get the stop on the arc just floating between the 
jaws. From the position of the weights in conjunction 
with their position when the model is i 
the same angle we deduce the moment (M) of the water 
forces about the pivot. 
Let S be the dynamometer record (in pounds). 
W, the weight of frame F acting at a height g, 


above K. 

W, the weight of frame A acting at a height g. 
above K. 

a, the radius K B for forward frame F. 

the radius K B for after frame A. 

4 the load on the wires carrying after knife-edges. 

W, W2 the components of the weight of C at the 
forward and after bearings. 

6,, 9g the inclinations of frames F and A to the 
vertical. 

¢ the inclinations of frame C to the horizontal. 

W the weight of float, carrier, and sliding weights 
and ( ti g) the co-ordinates of their centre of 
gravity relative to the pivot. 

P, R the vertical and horizontal components of 
reaction of water on floats, and (p, r) the 
co-ordinates of the centre of pressure relative 


to the pivot. 
Then it can be shown that— 
- -w,4 1 + 6; tang 
8=( ba 2) 0, “$s ees [B+ 


(-P+W+w,- W.%) 6,| . 
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The carrier is attached by ball-bearings B on a transverse 
horizontal axis to a vertical frame or gate A and a heri- 
zontal gate ©. The forward end of the gate Cis attached 
by other ball-bearings to the vertical gate F, and by a 
light-balanced steel rod to the dynamometer D. he 
forward frame F is supported on knife edges on fixed 
bearings and has balance-weights W, W. The after 
frame A is also supported on knife edges, but the seat- 
ings are not fixed, but are suspended in vertical slides by 
light wires which over -bearing pulleys P, P, and 
carry weights on their otherends. Pointers are attached 
to the knife-edge seatings, and their height can be read 
off on vertical scales S,S. The frame A has balance- 
weights at the top, which are adjustable in amount, and 
two sliding weights on the upper arms, and a horizontally- 
sliding weight (not shown on diagram) to balance the 
frame. G is a three-hinged frame to vent lateral 
movement of the float. A stop can be ped at any 
point on the are L, which engages with adjustable jaws 
attached to the frame C. These jaws are opened just 
enough to allow the float to rock through a small angle 
(about } deg. each side of the mean). 

The method of running is as follows :—The weights of 
all parts of the apparatus are known, and the forward 


* Since writing this paper the author has come across 
& paper giving the results of some tests with models of 
ee hulls made in the tank at Washi 
Cs ydromechanic Experiments with Flying - 

ulls,” by H. ©. Richardson, Naval nstructor, 
United States Navy—Smithsonian Miscs. Collections, 
vol. 62, No. 2, April 20, 1914). The results obtained 
seem to be in agreement with those here de- 
scribed, but the information given is rather scanty, and 
the greater part of the paper is devoted to submerged 
experiments to determine the air resistance. (At the 
National Physical Laboratory this is i more 
directly by means of the wind channel). No attempt was 
made to measure the trimming moments when running 
on the surface. 





and 
ij 
} Re 
f 
124 
| kK 
a > tan @ 
= -W 4 — A a 
P = (W + Wot wo a} ¢ ece uss 
{(m-wi%)a-s } . . 
Pp-Rr-Wf=0. . . §) 


By our method of balancing we make— 
o> Wi fn = 0, 
a 


and 
W+w- W,2=0. 
ag 


Also 6, = 6, approximately, and both @, and ¢ are 
small. 


Hence equations (1) and (2) reduce to 
P =(W + W. + w, — X) — Stan ¢. 
R=S + P 64. 


The angle ¢ is obtained from the vertical height scale, 
and 6, from the position of the resistance record on the 
drum. The air resistance of the apparatus at different 
speeds is obtained by experiment and deducted. 

2. Reduction of Results.—No correction is made for sur- 
face friction in reducing the results for model to full-size 
float. scale, 


m are on & com tively large 
| While they are actually so small that the frictional co- 


efficient is rather doubtful. Moreover, the amount of 
wetted surface varies tly with the speed, and the 
speeds are so high for length of float that the skin 
friction resistance is a comparatively small part of the 
whole. The error involved in neglecting the correction 
is only of the order of 3 to 4 per cent., and is always on 


the safe side. etal . 
: . . . Tm e a+ 
This being the case, if the ratio ro eo ae then, 


if P, Rare forces in pounds for model ata speed of v foot- 
seconds, and M is moment in inch-pounds for model 





In air at 1 





at the same speed, the corresponding forces and moments 
for the full-size floats at a speed of v \} foot-seconds are 


Pd\31b, RA Ib, ux ft.-Ib. For the instance given 
ds 


above (see § 13) \ = 5.67, At = 2.381, A? = 182.28 =-* 
86.13. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on several colonial and 
forei engines projects taken from the Board of 
e Journal. Further information concerning these 
a can be obtained from the Board of Trade, 
mmercial Intelligence Branch, 73, Basinghall-street, 
London, E.C. é 

New Zealand : The ee nee Trade Correspondent at 
Dunedin reports that tenders are invited by the Corpora- 
tion of Invercargill for the supply, delivery, and erection 
of a telescopic two-lift steel gas-holder of not less than 
250,000 cub. ft. capacity, together with tank. Sealed 
tenders, marked ‘‘‘Tender for Gas-Holder,” and accom- 
panied by duplicate plans of the gas-holder and tank it is 
—- to supply, will be received by the Town Clerk, 

nvercargill, New Zealand, up to 4 p.m. on November 28. 

A cheque for 5 per cent. of the value of the offer, drawn 
on a bank in Invercargill, must accompany each tender 
as @ preliminary deposit. 
_ Egypt: The Journal Offciel notifies that tenders are 
invited by the Egyptian Ministry of Public Works, on 
behalf of the Municipality of Port Said, for the building 
of the air-compressing station and nying the engine 
foundations at Port Said (Contract No. III.). Sealed 
tenders will be received, up to noon on August 15, by the 
Controller-General, Main 4 Department, Ministry 
of Public Works, Cairo. It be observed that the 
time for the receipt of tenders is limited, and owing to 
forms having to be obtained from Egypt, this intimation 
may be of use only to firms having agents in that country 
who can be instructed by cable. 

Norway: H.M. Legation at Christiania reports that 
the Storthing has recently granted four important con- 
cessions for the exploitation of water-power to four 
Norwegian companies—viz.:—The Saudefaldene Com- 
pany, the Hoiangfaldene Company, the Osa Foss Com- 
pany, and the Bremanger Power Company. The terms 
under which the concessions are granted stipulate that 
the directorate of each company must have its domicile 
in Norway and consist entirely of Norwegian subjects, 
and shares can only be assigned or mortgaged to Nor- 
wegians. The company binds itself to make use of 
Norwegian materials for the works, provided that these 
can be obtained sufficiently quickly and of as good quality 
as foreign articles and at a price not more t 10 per 
cent. above the latter. The power generated must be 
supplied at a maximum price of 20 per cent. above the 
cost of production. At the termination of 65 years from 
the date of the grant of the concession, the waterfall 
canals, works, installations, &c., revert to the State with- 
out compensation. H.M. tion adds that the Parlia- 
men Committee dealing with the matter has recom- 
mended that no large water-power concession be granted 
to foreign companies until the law on the subject has been 
remodelled. 

Russia: H.M. Embassy at St. Petersburg reports that, 
according to the Pravitelstvennei Vyestnik, ge Peters- 
burg, sanction has been given to the Municipality of 
Tiflis to raise a loan of 336,000 roubles (about 35,500/.) 
for the extension and improvement of the existing water 
supply ; and to the town of Piatigorsk to raise a loan of 
1,000,000 roubles (about 105,500/.) for the improvement 
of the water supply, the construction of an electric-power 
station, a poten market, cold-storage accommodation, a 
“* people’s .” and additions to the town hall. 

China: H. Commercial Attaché at Pekin reports 
that the Chancellor of the Chinese Government Univer- 
sity at Pekin is desirous of aang samples and models 
of engineering products of United Kingdom manufacture 
that would be representative of the best and latest work. 
The University, which has been in existence for over 
fifteen years, since 1908 has been specialising in the 
various branches of the sciences, and is now developing 
into such a position that it is expected the various 
Chinese Government services will be able, within the 
next few years, to fill their responsible offices from 
amongst the University graduates. Chinese students have 
not the same opportunities as those of Western countries, 
where manufacturing may be seen in actual 
operation, and the University is anxious to obtain repre- 
sentative collections of samples, models, or other methods 
of demonstration which cover the ——— branches 
of technical science :—Material used in -building ; 
material used in building construction ; constructions in 
reinforced concrete; railway materials and signal systems; 
bridge and roof constructions ; constructions of cranes ; 
various metals with data ing strength, &c. ; bolts 
and screws; wire with data regarding strength, &c. ; 
modern sewage schemes and irrigation schemes and 
harbour constructions; mining machinery, stamping- 
mills, &c. ; cupolas for the various processes ; tools used 
in mining, various kinds of safety-lamps, &c.; valves and 
cocks; various constructions of steam-engines, steam- 
turbines, and boilers ; workable size of oil-engines ; work- 
able size of dynamo, motors, and transformers ;. electric 
cables and wires; telegraph and telephone equipment ; 
water-wheels and turbines ; pumps; gas-producing plants ; 
various technical-chemical processes. The advantages 
which may be gained to British trade through the students 

ing from samples and models of British make are 
too obvious to enumeration. The consulting engi- 
neer to the University is now in the United Kingdom in 
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connection with this matter, and will be glad to hear 


from United Kingdom firms who are willing to assist. 
His name and address may be obtained by United King- 
dom firms on application to the Commercial Intelligence 
Branch of the eond of ‘Trade. 





FATAL EXPLOSION OF AN OIL-SEPARATOR. 

A FORMAL investigation has been conducted by the 
Board of Trade, at the Stephenson Memorial Hall, 
Chesterfield, under the provisions of the Boiler Explo- 
sions Act, 1882, respecting the cause and circumstances 
of a boiler or “‘ oil-separator ” explosion which occurred on 
April 2 last at the Devonshire Works, Barrow Hill, near 
Chesterfield, errerig to the Staveley Coal and Iron 
Company, Limited. The Commissioners were Mr. Archi- 
bald Bence-Jones, barrister-at-law (presiding), and Mr. 
Arthur J. Maginnis, M. Inst. C.E., M.I. Mar. E., con- 
sulting engineer. Mr. George C. Vaux conducted the 
proceedings for the Board of Trade, and there were 


resent, as representing the Staveley Company, Mr. C. P. 
Markham, J.P., the chairman of the company, and Mr. 


In opening the proceedings, Mr. Vaux gave a detailed 
description of the separator, and said that the question 
was not likely to arise that the separator was not of 
sufficient strength for the purpose for which it was 
intended. 

Mr. ‘Aarkham laid before the Court a model of the 
separator, and was congratulated by the President on the 
completeness of its mechanism. 

In continuing his statement, Mr. Vaux said that Mr. 
Markham was responsible for the Jaying out of the plant 
at the Devonshire Works, and he appeared to have 
personally superintended the arrangements with regard 
to the exhaust-pipes of the separator, which was made 
in 1906. At that time Mr. Robert Fowler was acting as 
assistant-engineer to Mr. Markham ; but early in 1912 he 
was appointed chief engineer, and since that time he had 
had full control of the machinery. The separator was not 
inspected or insured by any insurance company, but 
about a year before the explosion took place it was 
——— by one of the Staveley Company’s boiler-makers, 
and some slight repairs were made. On April 2 last 
the turbine was being driven by the exhaust steam from 
the blowing-engine only, the exhaust steam from the 
dynamo-engines passing into the water-tower tank from the 
separator. The gate-valve was closed and the change- 
over valve was in its usual position. About 4.30 p.m. it 
was found necessary to divert the dynamo-engine exhaust 
into the main line with the turbine, and Mr. Fowler pro- 
ceeded to the top of the reparator to make the change, 
taking with him Samuel Wilson (journeyman engineer), 
Martin Stops (a labourer), and four other men to assist in 
zase the change-over valve proved stiff to meve, and, pre- 
sumably, to make the change-over —_ to prevent any 
irregularity in the running of the turbine. On arriving at 
the separator the gate-valve _—— to have been 
opened by Wilson, assisted by Stops. Stops seems to 
have been working the gate-valve wheel, and was stand- 
ing, unnoticed by the other men, between the left hand of 
the balance-lever and the body of the gate-valve chest. 
The gate-valve being open, a connection to the turbine- 
pipe and the butterfly or change-over valve swung over, 
as intended, closing the opening to the water-tower. The 
balance-lever of the left-hand side got Stops between itself 
and the body of the gate-valve chest, jamming his legs. It 
was impossible to release him without stopping the engines, 
and Mr. Fowler appeared to have turned away togive orders 
for this to bedone. At the same moment Wilson closed the 
safety-valve again, apparently thinking this would release 
the pressure on the y of the unfortunate man who was 
being crushed. Almost immediately afterwards an ex- 
ey occurred, leaving a passage for the exhaust steam 

rom the dynamo engine to escape. Mr. Fowler was 
thrown down from the top of the separator, but escaped 
unhurt; Wilson was also thrown down, and was injured 
and generally scalded. Martin Stops, when extricated, 
was found to have both legs broken, and other injuries, 
and died soon after. 

Various witnesses were then examined. 

Mr. Markham gave evidence bearing out Mr. Vaux’s 
statement, and said he took the whole responsibility for 
the laying out of the plant at the works. He was not 
at the works when the explosion occurred, but had 
been there in the morning and had given instructions to 
get the valve changed over, because more steam was 
required for the turbine. Ten minutes after the explo- 
sion he was present, and found that the man Stops had 
been fearfully crushed. He had put his leg over the lever 
in some extraordinary way, and not having a perfect 
knowledge of English he misunderstood what was going 
to happen. 

_Mr. Vaux: In designing the separator did you con- 
sider it to be practically perfect ? 

Mr. Markham: I did. It was as near fool-proof as 
one could make it; so perfect did I consider it that I 
had not effected any alteration since the explosion. 

_Mr. Maginnis: I presume when it had been fitted pre- 
viously there was no such liability of closing both outlets, 
as was the case when the accident occurred ? 

Mr. Markham: No; I hardly think so. It was on toa 
big nr tane condenser. , . R 
_ Mr. innis: And I presume you agree with me that 
if the gate-valve had not been there it would not have 
been ible to have brought about such an explosion 
with this tor? 

Mr. Markham: No. If we had thought that there was 
the slightest danger, we should not have put one in. 

Mr. Ronald Fowler, in his evidence, said there had 
not been ~~ difficulty with the separator before the 
explosion, which was caused by the back pressure. 

In answer to Mr. Markham, witness said he explained 





» Se man Stops (who was a German) exactly what 
to do. 

Mr. Maginnis: In the light of this inquiry as to what 
has ha i, would you now say w ere Was & 
chance of closing the two outlets of any exhaust chamber 
of a light construction that relief-valves should be fitted ? 

Mr. Fowler: Yes; I think it is advisable. 

Mr. Bence-Jones (President): Are you quite clear in 
your opinion about there being no need for a separate 
valve for the separator ? 

Mr. Fowler: Yes, sir ; I thought it was perfectly safe. 
Mr. Bence-Jones: It is perfectly safe unless some 
excitement renders people incapable of using their wits. 

Further evidence was given by Mr. Drabble (foreman 
electrician), Mr. William Bentley (engine-fitter), Mr 
Samuel Wilson (journeyman engineer), all of the Devon- 
shire Works, and Mr. A. L. Haslett, engineer-surveyor 
to the Board of Trade, who said he agreed with Mr. 
Markham as to the cause of the explosion—namely, 
an accumulation of back pressure caused by the closing of 
both exhaust passages from the change-over valve-chest 
whilst the dynamo engines were running. There was no 
weakness of the strength of the separator. 

The Court then adjourned until the following day, 
when Mr. Bence-Jones delivered judgment. Me. 
Maginnis and himself were, he said, both of opinion 
that the inquiry showed the imperative necessity of fitting 
a safety-valve not liable to be shut off, on all steam recep- 
tacles, pipe ranges, &c., whether exhaust or otherwise, 
when there was even the remote chance, as in the present 
case, that all outlets might be closed. At some len; 
Mr. Bence-Jones then touched on the evidence that 
been given, and gave answers to the various questions 
which had been put to the Court by Mr. Vaux on behalf 
of the Board of Trade as follow :— 

Question 1: When and by whom was the separator 
which exploded made, and when was it fitted up at the 
Devonshire Works? At what pressure was it worked 
thereafter ? 

Answer: It was made in wd pp 1906 by the Baker 
Oil-Separator Company, Limited, now of Hunslet, Leeds. 
It was fitted at the Devonshire Works some months later 
by the Staveley Coal and Iron Company, Limited. There- 
after it was worked at exhaust pressure up to 9 lb. 

Question 2: Was the separator fitted with adequate 
mountings, and was the arrangement such as to ensure 
safety in working ? 

Answer: Yes, under normal working circumstances. 

Question 3: Were proper measures taken by the 
Staveley Coal and Iron Company, Mr. Charles P. rk- 
ham, the chairman of directors, and Mr. Ronald Fowler, 
engineer of the Devonshire Works, to ensure that the 
separator was worked under safe conditions? 

Answer: Yes. 

Question 4: What was the cause of the explosion? 

Answer: Efforts to release a workman who was fatall 
jambed by the lever of the change-over valve, whic 
efforts consisted in hurriedly closing an outlet valve on 
the exhaust system, and so allowing undue pressure to be 
put upon the shell of the separator. 

Question 5: Are the Staveley Coal and Iron Company, 
Mr. C. P. Markham, Mr. R. Fowler, and Mr. 3. K 
Wilson, or is any, and which, of them, to blame for the 
explosion ? 

Answer: No; as the explosion was brought about by 
an accident to one of the workmen. We therefore make 
no order as to the costs of this formal investigation. 

In closing the inquiry, the President said the Court 
wished to thank Mr. Vaux for his clear presentation of 
the case, and also Mr. Haslett for the careful drawings 
placed before them, and for the assistance he had ren- 
dered at the inquiry. The Court also wished to express 
appreciation of the useful model of the separator and its 
connections, which had been supplied by Mr. Markham 
on behalf of his company. 





Lire-Savinc aT Sza.—We have received from Mr. O. 
Pettersson a pamphlet illustrating and describing a 
floating mattress he has invented for the purpose of 
saving life at sea. The mattress, which is constructed of 
waterproof material and stuffed with reindeer hair, is 
normally used in the berth, but in the case of accidents 
—— be — in such a ——— it ph sort = 

t, in which the passenger can float until pic up by 
another vessel. Each mattress is sovided with a 
anchor, to keep it facing the wind and waves, and also 
with a pump, to clear it of water. It is also furnished 
with an acetylene flare, which lights automatically when 
thrown into the water, and serves to attract the attention 
of a ingship. The mattresses are made by Mr. K. M. 
Lenten , of Stockholm. 





Tue ‘‘Grorces” Coronation Girt TO THE KinG.— 
His Majesty the King having expressed the desire that 
the greater part of the fund subscribed for the pu 
of commemorating His Majesty’s Coronation b subjects 
of His Majesty ing the Christian name in 
all parts of the Empire should be invested and utilised 
for the benefit of junior officers of the Royal Marines who 
may find difficulty in meeting the cost of the final stage 
of their military training, the sum available has been 
invested, and the income arising therefrom will be 
devoted to the institution of scholarships termed the 
‘King George Prize Scholarships.” One scholarship 
will be awarded each year to the officer in His Majesty's 
Royal Marines who shall, as a result of the annual com- 
petitive examination. be selected by the Admiralty for 
admission to the Military Staff Co! at Camberley. 
Each scholarship will be tenable for two years, and will 
ordinarily consist of half the net income for the year 
derived from the fund, estimated approximately at 
971. 10s. The first scholarship will be awarded in 1914. 





CATALOGUES. 

Drying-Stoves for Foundry Use.—M. George Piron, 
of 19, Avenue du Boulevard, Brussels, Belgium, has sent 
us a booklet illustrating and — his patent port- 
able stove, fired with coke-dust, used for drying 
foundry moulds in position. A stationary stove for dry- 
ing moulds and cores is also dealt with. 

Portable Electric Drills and Grinding- Machines. —Par- 
ticulars of ‘‘ Bahco” portable electric drilling and grind- 
ing-machines have reached us in the form of a booklet 
from Messrs. Morris and L ‘ster (London), Limited, 
3 and 4, Palace Chambers, ney ag estminster, 
S.W., who are the sole agents for these drills for the 


| Midlands, South of England, and Wales. Full particu- 


lars, with prices, are given of drills of various sizes, 
capable of drilling holes up to 2 in. in diameter. Oom- 
bined drills and grinders, and separate grinders of the 
bench and tool-post types are listed. All these 
appliances are made for use with continuous or three- 
Pp current. 


Portable Drawing-Benches.—We have received from the 
Able Manufacturing Company, 51, Colebrooke-row, N., a 
circular giving particulars of Ablett’s patent drawing- 
benches. As far as can be judged from the illustration, 
the drawing-bench consists of a shallow box, the lid of 
which is formed by the drawing-board. The board is 
hinged at the front, and can be adjusted to any con- 
venient angle by means of struts at the back. The whole 
is supported on a pair of sloping legs, which can be folded 
up fiat against the under-side of the box part when the 
bench is not in use. Prices are stated for the bench only, 
so that customers can fit taeir own boards ; but boards 
ean be supplied if required. 

Pneumatic-Power Hammers.—A copy of their latest 
catalogue of pneumatic-power hammers has reached us 
Son Hane. B. and 8. ey, Limited, of Openshaw, 
Manchester. These hammers, it will be remembered, 
resemble a steam-hammer in principle, but have a double- 
acting pump driven by belt or by an electric motor to 
supply air to the top and bottom of the hammer-cylinder 
= each a . _ are listed in —~~—y in which 
the weight the ing parts ranges from 4 cwt. to 
1 ton. e catalogue gives full particulars, ak illus- 
trations, of each size, and also illustrates examples of 
work done ; accessories for power-hammers, smithy tools, 
&c., are also dealt with. The catalogue is very nicel 
got up, and is provided with a thumb-index so that eac! 
section can be found instantly. 


Marine Motors.—Messrs. J. W. Brooke and UCo., 
Limited, of Adrian Works, Lowestoft, have sent us a 
copy of their catalogue of marine motors and motor-boats. 
Fall particulars, including prices, shipping weights, and 
dimensions, are given of engines ranging in convenient 
steps from 3 to 300 horse-power. The prices stated are 
for petrol ines, with or without reversing-gears, stern- 
tubes, poupelieen, shafting, &c.; paraffin carburettors can, 
however, be supplied for ali sizes except the three-horse- 
power engine. is engine works on the two-stroke- 
cycle, whereas the others are all of the four-cycle type. 
‘The firm, as is well known, are also boat-builders, the 
——- illustrates several examples of passenger and 
cargo-launches for sea and river use, racing launches, 
hydroplanes, and other craft of which they have con- 
structed the hulls as well as the engineer. e book is 
well printed and illustrated, and is altogether a useful 
and creditable production. 


Tramway Trucks.—The J. G. Brill Company, of Phila- 
delphia, Pa., U.S.A., whose London office is at 110, 
Cannon-street, E.C., have sent us a copy of a fully- 
illustrated pamphlet relating to the Brill ‘ Radiax” 
tramway truck. These trucks, as their name implies, are 
of the radial-axle type, and the ony by is of fogs 
steel, is slung from the axle-boxes by swinging lin 
These links work in ball-and-socket joints at their upper 
ends, and at their lower ends have two transverse pins 
or trunnions, on which rests a casting bolted to the 
frame. When the link swings, owing to an irregularity 
in the track, one of the pins comes out of the groove 
in which it rests, thus throwing the weight on the 
other pin, and this effect tends to restore the link to 
the vertical position. The same device also draws the 
axles back to their normal state of psrallelism when the 
car runs on to a straight piece track after leaving 
a curve. The whole action is fully explained in the 
pamphlet, and several other special features of the 
trucks are pointed out. They are suitable for cars up to 
26 ft. long, measured between the body corner-posts, and, 
by providing a much longer wheel-base than is possible 
with ordi four-wheeled trucks, they eliminate the 

itching motion which occurs when the car-body over- 
fangs the truck to any considerable extent. 





Tue InstiTuTs or Marine ENGINEERS.—A from 
the Institute of Marine Engineers visited the Grosvenor- 
road Pumping-Station of the London Hydraulic Power 
Cooney on Saturday, the 18th inst. The company, 
which has been in successful operation for thirty years, 
supplies motive power in London from street mains on 
the high- re bydraulic system, available day and 
night all the year round, ata pressure of 700 Ib. per sq. in. 
Nearly 178 miles of hydraulic mains are at present laid 
in London, being chiefly used for operating cranes and 
hoists, passenger-lifts, hydraulic motors, fire 
hydrants, vacuum cleaners, capstans, boiler feed-pumps, 
and many other purposes. The Grosvenor-road station is 
the largest and most important of the company’s five 
pumping-stations. The output from the five pumping- 
stations of the company, which are situated from 2 to 
3 miles apart, averages 23 million gallons per week, 
supplying over 7200 machines. 
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AGRICULTURAL APPLIANCES. 


14,995/13. F. M. Waller, ween. Agricultural 
Implements. [1 Fig.) June 30, 1913.—This invention relates 
to transmission gear for Pape ey meg a agricultural im- 
plements of the type which enables either or both of the driving 
road-wheels to be positively driven or both of the said wheels to 
be driven through a differential or balance gear, and it consists of 
an improved construction whereby the driving power can be 
positively transmitted to either or both of the driving road-wheels 
without passing through the differential or balance gear and 
without the use of sliding gear-wheels, the object being to enable 
the transmission of the driving effort to be adapted to the varying 
conditions under which such vehicles work. A transmission gear 
for mechanically-propelled hines or vehicl prises, accord- 
ing to this invention, a differential gear, the carrier for the planet 
wheels of which is mounted free on the driving-axle, and the sun 
wheels of which are carried by transmission sleeves mounted 
loosely on the driving-axle, bevel-pinions mounted on the said 
sleeves and adapted to mesh with bevel wheels carried by the two 
partes of the driven axle, a sliding clutch adapted to couple either 
the carrier for the planet pini of the diff i r or one of 
the transmission sleeves to the driving-axle, a sliding clutch 
adapted to lock the other transmission-sleeve to the driving-axle, 
and means for operating lutch The carrier a for the 
planet or driving-pinions 6 of the differential gear is mounted to 
rotate freely on the driving-axle v, and the two driving-wheels ¢ 
and c! of the said gear are carried by sleeves d and d! respectively, 
herein called ‘transmission sleeves,’ which are also loosely 
mounted on the driving-axle v, one on each side of the planet carrier 
a. On the outer ends of the transmission-sleevesd and d! are formed 
or fixed bevel-wheels e¢ and f, the former of which gears with a 
bevel-wheel A on one half z of the axle through which motion 
is imparted to the driving-wheels, herein called the “driven” 
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axle, and the other f of which gears with a bevel-wheel m on the 
other half z! of the driven axle. The transmission-sleeves d and 
@ are each of step-like formation, preferably formed in two parte, 
as shown, for convenience in construction, so as to form annular 
spaces d®, within which are sliding clutches n and n! of the d 
type, which are mounted in driving connection with the driving- 
axle v. The sliding clutches are operated by means of sleeves o 
and ol, which respectively carry fingers or forks 02, which en, 
with grooves or recesses in the clutches. One of these clutches, 
hereinafter called the primary clutch 7, is a double one, capable 
of being engaged either with the planet carrier a of the differential 
e~ or with the transmission sleeve d! ; and the other clutch, 

ereinafter called the secondary clutch n, which is a single one, 
is capable either of being engaged with the other transmission- 
sleeve d or of being disengaged therefrom. To obtain the dif- 
ferential drive, the primary clutch n! is operated to couple the 
planet carrier a of the differential gear tothe driving-axle v, and 
the secondary clutch » is retained in its neutral ition, To 
obtain a sitive drive of one of the oe road-wheels, the 
primary clutch n! is brought into its neutral position, and the 
secondary clutch » is operated to couple the transmission-sleeve d 
to the driving-axle v. To obtain a positive drive of the other of 
the driving road-wheels, the primary clutch n! is operated to 
couple the transmission-sleeve d! to the driving-axle v, and the 
secondary clutch n is brought into its neutral position. To obtain 
a positive drive of both of the — road-wheels, both the 
primary clutch n! and the secondary clutch » are operated to 
couple the respective transmission -sleeves d! and d to the 
driving-axle v. To operate the clutches, grooves r are formed in 
the ends of the sleeves o and o! which are adapted to elide on 
the exterior of the transmission-sleeves d and d!. (Accepted 
May 13, 1914.) 


ELECTRICAL APPARATUS. 


7252/13._ J. G. P. Thomas and Th 

on, Limited, London. Charging Accumulators. 
(2 Figs.) March 26, 1918.--The presert invention relates to a 
system for charging a battery with a substantially constant 
current, so that a su ntially cnstant output is taken from the 
prime motor. In addition to the battery, the system comprises 
motor and generator elements which are essentially of the series 
type. These motor and generator elements may be separate 
machines, or may be united intoasingle machine. The excita- 
tion of the field winding or field windi is derived from the 
battery op by the back electromotive force of the motor 
element, while the generator el t is ted directly across 
the battery. Where the elements are united in one machine 
with a single armature and field winding, the field winding is 
inserted between one main brush and an auxiliary brush or 
auxiliary brushes on the commutator. But this system is dis- 
tinguished from other single-machine systems inasmuch as the 
auxiliary brush is quite close to one main brush, for the system 
does not depend for its operation on armat reaction. er 
the field winding and the portion of the armature between the 
auxiliary brush and the more distant main brush are to be regarded 
as constituting a series motor, the back electromotive force of 














which always approximates to that of the battery and opposes 
it in the field-winding circuit. In the arrangement shown in 
Fig. 1 use is made of two substantially identical series-wound 
hines, the armat 1, 2 of — are ui ae — 
For the purpose of charging the battery 3, the field winding 4 o' 
the mndiias 1 is joined in series with the field winding 5 of the 
machine 2 and with the armature 2 across the battery, and the 
terminals of the armature 1 are joined directly to the battery. 
In order that the electromotive force of the machine 2 may at a 
given speed be slightly less than that of the machine 1, its field 
winding 5 is shunted by a suitable diverter 6. Where the prime 
motor which drives the shaft of the armatures 1, 2 is not self- 
starting, the motor 2 may be used as a starting device. In that 
case the field windings 4, 5 and armature 2 are first connected 
across the battery before the circuit of armature 1 is completed. 
As the prime motor comes into action the back electromotive 
force of the motor 2 diminishes the current passing through the 
field windings 4, 5 to such a value that the open-circuit electro- 
motive force of the hine 1 is sufficiently greater than that of 
the battery 3 for charging purposes. In this condition both 
fields must be well below saturation. When the circuit of the 
armature 1 is completed, a charging current is sent into the 
battery, but the machine also continues the supply of current 
through the field windings 4, 5 and the armature 2. If the 
should fall, the electromotive force of the armature 2 diminishes 
and a larger current is sent through the field windings 4, 5, 
thus tending to increase the electromotive force of the machine | 
to compensate for the, fall of s Conversely, when the speed 
increases, the back electromotive force of the armature 2 checks 
the current, and the field 4 is approximately proportionately 
diminished. By this means the machine 1 is caused to give a 
substantially constant voltage. If this bination is lied 
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to charging a battery that is almost completely discharged, 
surging of current is liable to occur. On this account it is 
better that the diverter 6 should not be immediately across the 
field winding 5, but across the field winding and a resistance 7 
in series with it. Surging may also be largely prevented by 
suitable adjustment of the brushes, say, of the generator, and 
such adjustment is a convenient means of slightly altering the 
relation between the two machines. It may further be desirable 
toinsert a steadying resistance 8 in series with the armature 1 
in a position to carry both the charging current and the field 
current. If the two machines are working upon different por- 
tions of their characteristic curves it may further be necessary 
to place a resistance 9 in shunt across the machine 2, 5, so that a 
portion of the exciting current of the machine 1, 4 is indepen- 
dent of the auxiliary machine. It is clear that these two 
machines could be combined into a single machine in the manner 
illustrated in Fig. 2. The main brushes 10, 10 of the armature 
11 are connected directly to the battery 12. The field windin; 
13 is connected between one of the main brushes 10 and a brus! 
14 adjacent to it. Thus the field current may be considered as 
supplied by the whole electromotive force of the armature 
opposed by a major — of it. For the sake of symmetry a 
second brush 15 — { placed on the opposite side of the adjacent 
main brush 10 and joined with the brush 14 to the field-wind- 
ing circuit. To prevent sparking at the brushes 14, 15, the pole- 
cores 16 may be cut away opposite to the ductors to which 
the brushes are for the time being connected. Throughout the 
range of operation of the machine the iron of the field magnet 
should be unsaturated. This determines the maximum current 
allowable in the field windings, and therefore the minimum 

at which the system will operate. Subject to this con- 
dition, the battery which forms part of the system, and is ge 
in its operation, may be of any desired voltage within wide 
limits. Where the prime motor which drives the system is not 
self-starting, the motor element may be used as a starting device. 
In that case the battery is connected to the auxiliary brushes 14, 
15, and the right-hand brush 10 before the connection to the left- 
hand brush is made. (Accepted May 6, 1914.) 


Telegraph Company, Limited Lemans Telennnena 
Dp pany, on. L 
fi Fig.) April 25, 1913.—This invention relates to lngeeventeals 
n methods of tel hy through submarine and subterranean 
cables, and more specifically to methods for the elimination of 
troublesome earth-current effects, jially in systems for the 
rapid transmission of signals through long cables having electric 
constants of considerable value. e invention consists in means 
for eliminating the effect of earth and like currents, comprising 
an inductance different from the shaping inductance and of 
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much greater inductive value than that inductance connected in 
series with a neutralising coil or connected asa simple leak. In 
the form illustrated, the earth-current effect is eliminated by 
placing in series with the earth-current inductance a neutralising 
coil g of a few turns wound with the main coil m of the dash- 

the earth current flowing through the signal 


er to 
winding by another of equal but opposite effect due to a current.) sh 


flowing the earth inductance / and the neutralising wind- 
ing g. ‘The inductance / is separate and distinct from the 
inductance /, provided for shaping the signals. Further, the 


value of the shaping inductancel, The inductance / is made as 
high as convenient in order that its reactance shall be such as 


earth current beyond tt given by its simple ohmic 
Although the effect of the earth-current inductance / on an indi 


vidual signal is inappreciable, it has a slowly. effect on a 
long spacing current or a long series of dashes ieved by any 
dots or spaces. This ite in a wandering zero. To neutralise 


this effect and produce a straight zero line a compensating effect 
or local correction is obtained, due to a slowly-varying current 
obtained from a resistance-capacity device or an inductance leak- 
ance device shown by way of example in the drawing. This 
comprises resistance r 3 and inductance / 4 and I 5 in series 
with the correction coil ¢ on the relay coil and resistance 
r 4 and r5 in parallel therewith. The current for this is obtained 
from the relay local battery 61. The effect of the current thus 
obtained should be approximately equal, and o; ite to that of 
the current flowing through the earth-current inductance at any 
instant due to signalling. These conditions are secured by 
adjusting the inductance /4 and / 5, leakances r 4 and r 5, and 
resistance r 3. (Sealed July 16, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


19,185/13. Vickers, Limited, (London, and G. Bour- 
cier, Erith. Internal bustion Engines. [1 Fig.) 
August 23, 1913.—This invention relates to the pistons of internal- 
combustion engines and other engines in which pistons of the 
trunk type are employed, the chief object being to overcome the 
wear arising from the tilting of the piston around its gudgeon- 
pin when the crank of the engine passes over a dead-centre. The 
pistons are usually made of steel, and in order to avoid undue 
wear of the cylinders, are provided with one or more guide-rings 
or liners made of some suitable metal or alloy, such as phosphor- 
bronze. It is foundin practice that the aforesaid tilting of the 
pistons has a prejudicial effect on the duration of the guide-rings 
or liners, as it causes the same to be worn unevenly, so as to 
require frequent renewal. To avoid this difficulty, it 18 Vy 
to retain the piston and guide-rings or liners at all times in align- 
ment with the axis of the cylinder, and to prevent the aforesaid 
harmful tilting action from taking place when the engine-crank 
is passing over one or other of its dead-centres. According to this 
nvention, the tilting of the piston and guide-rings, or so-called 
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liners, is overcome by providing the piston with one or more 
(preferably two) split pieton-rings, which are tapered in such a 
manner that one of them is expanded on the explosion or out- 
stroke, and the other on the compression or in-stroke of the 
piston. These piston-rings are advantageously arranged in 
proximity to one end of the piston remote from the guide-rings 
or liners, which are arranged at the other end thereof. a is the 
body of the piston, which is provided .with the usual bosses 0, > 
for receiving the gudgeon-pin; c and c! are the two tapered 
piston-rings, arranged in proximity to one end of the piston, and 
oppositely tapered as shown at c2andc*. The taper c® on the 
es c is such that, when the piston is performing the explosion 
or out-stroke, it will cause the ring c to expand, while the taper 
on the ring c! will cause the latter to expand in a similar manner 
at the compression or in-stroke of the piston. The piston-rings ¢ 
and cl are arranged on the piston at the end remote from the 
——- or liners d and d!, so that the piston-rings and guide- 
rings or liners are disposed on opposite sides of the gudgeon-pin 
bh, b. In this manner the piston is effectively stayed on 
both sides of the gudgeon-pin, and the tilting of the piston around 
the pin at the dead Paints bs prevented. (Sealed July 16, 1914.) 


MISCELLANEOUS. 


22,795/13. C. Tomkinson and J. T. Williams, 
Liv Cente for Concrete Floors. (3 Figs.| 
October 9, 1913.—This invention has for its object an arrange- 
ment of centering or platform suspended entirely from girders, 
by means of suspension devices having no tendency to slip side- 
ways, and wedges and abutments so designed that the abutments 
on the girders are held immovable thereon so long as the wedge 
or wedges are tight, and the wedge, wedges, or equivalent 
tighten the s sion device, 89 as to hold such abutment tight 
against the girder and flat against the centering joists, the whole 
being so arranged that, by simply knocking out one wedge at each 
end, the whole centering can fall down from the girders, leaving 
the ferro-concrete previously fixed thereon in situ. According 
to this invention, the centering joists are carried from the girders 
either by means of the straps round the joists holding the 
wedges, one of which in each case rests with its end on the 
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bottom flange of the girder, or the joists rest on plates bolted by 
one jag-bolt on each side of the girder or beam, having its lug 
ing over the bottom flange of the ier, two wi being 
Stren in through a slot in the bolt below the plate. The _— 
then rest on the plates. In each instance, by imply driving _ 
we out, the whole thing comes down, so that the centering 
can removed, leaving the concrete intact. A is a girder hy 
beam, B the centering joist, O a strap suspended over the rom . 
and having a bolt or abutment D. E is a wedge or plate ho 
on to the lower flange of the beam A, and held up hee By 
driven in between the abutment D and the wedge or plate E. pd 
driving out wedge F, the whole thing comes down. K oo 
eathing holding up the concrete. It is obvious, however, “ 
the straps and wedges can be nearer the beam, and consequently 
the shorter than shown ; also that the strap can be a com- 
eng ring strap, the bottom acting as an abutment instead of a 





inductance / should be high—for example, 10 to _ times the 


It. (Accepted May 6, 1914.) 
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Recent Works on Physics. (1) Sound. An Elementary 
Tcxt-Book for Schools and Colleges. By I. W. Capstick, 
M.A. (Camb.), D.Sc. (Vict.). Cambridge University 
Press. [Price 4s. 6d.] (2) Mechanics and Heat. By 
Wiuiam B. Anpgeson, Ph.D., Associate Professor of 
Physics, Iowa State Co!lege. New York and London: 
McGraw-Hill Book Company. [Price 8s. 4d. net.] 
(3) Molecular Physics. By James ARNOLD CROWTHER, 
M.A. Reprinted from the Chemical World. London: 
J.and A. Churchill. [Price 33. 6d. net.] 

(1) Tuts elementary treatise is arranged to meet 

the wants of two classes of students: the physical 

student pure and simple, to whom it offers an intro- 
duction to the mathematical basis of acoustics, and 
the executant in orchestras, for whom it caters by 
supplying information concerning the principles 
underlying the construction of musical instruments 
in general. Put in another way, the author has 


endeavoured to make his treatise serve as an intro- | 


duction to Helmholtz’s ‘‘ Theory of Consonance,”’ 
and also to the more analytical works of Lord Ray- 
leigh or Professor Limb. If by this double pur- 
pose he has added to the interest, he has also 
increased his difficulties, because his two classes of 
readers approach the subject by different roads and 
deimand different kinds of information. One asks 
for general principles, the other for the application 
of those principles, or for final results, without 
caring for the intermediate steps by which those 
results are reached. Neither is sent empty away ; 
but perhaps neither is quite satisfied. 

The author finds himself severely hampered by 
his restricted use of mathematics, and the student 
of physics is asked to exercise faith where demon- 
stration fails. He has to accept facts that he cannot 
prove at this stage of his scientific career. The 
musician suffers less. If his mathematical attain- 
ments are deficient, the experimental evidence will 
appeal to his practised ear. The man who is tone 
deaf, insensitive to musical sounds, is at a great 
disadvantage in acoustical study. Only those who 
suffer know how utterly incomprehensible is much 
that is taught concerning overtones and similar 
phenomena. Without mathematics and without a 
musical ear one can still make some progress. ‘‘ My 
aim,” says Mr. Capstick, ‘‘ has been to make the 
least possible use of mathematical methods in order 
that the reader may not be led to evade the 
mental effort required for the appreciation of the 
physical connection between the phenomena de- 
scribed.” This principle is sound, for no doubt a 
fatal facility can acquired in the manipulation of 
mathematical symbols that tends to conceal many 
difficulties. By careful adherence to his declared 
intention, the author is able to treat very success- 
fully many problems connected with vibrations and 
waves in general : resonance and forced vibratic ns. 
The reference to Fourier’s theorem and its applica- 
tions is hardly adequate, and from an educational 
point of view this section might have been omit:ed. 
With the introduction of periodic curves the author 
enters on the subject of musical notes, and follows 
the phenomena through the conditions im 
by organ-pipes, reeds, membranes, bells, &c. He 
also gives a chapter to the phenograph, micro- 
phone, and telephone. Within the imposed limits 
the treatment is very satisfactory, and if many of 
the difficulties connected with the theory are merci- 
fully hidden from the beginner, he may be thankful 
for the guarded reticence. The last three chapters 
appeal more closely to the musician. Here the 
theory of consonan: e comes under review : musical 
scales and temperament are discussed in what 
should prove an illuminating manner, and, finally, 
the acoustical theory developed in the preceding 
chapters is shown to be applicable to the use and 
construction of orchesteal instruments. A number 
of problems set by the examiners of the Universi- 
ties of Cambridge, London, Dublin, and the 
National University of Ireland, are quoted and 
solved. The character of these questions indicates 
the degree of proficiency of the student, for whom 
the book will be exceedingly useful. 

(2) Of the making of bocks on elementary 
mechanics there is no end. Many teachers, con- 
scious of success, believe that they have realised 
better than others the difficulties that beset 
students, and know how toremove them. In this 
case the author has filled the offices of both 
examiner and teacher, and brings to bear the 
experience he has acquired in the twofold capacity. 
The lectures that he has given to his class, and no 
doubt frequently revised, he now collects into book 


form, and submits them more particularly to those 
who are interested in the practical side of educa- 
tion. This phrase is rather doubtful, but weshould 
understand by it that Professor Anderson is more 
anxious about the end than the means. His 
object is to arrive at a goal, to place the student in 

sion of a number of facts to enable him to 
ollow with advantage what practical instiuction 
he may receive in the technical school or workshop. 
One of the requirements that the student stands 
most in need of is the habit of clear thinking, and 
this book is arranged to assist him. It may be 


said to require no mathematical knowledge, to go| 


little beyond definitions, and yet the author 
manages to indicate to his pupils the importance of 
possessing an exact appreciation of fundamental 
rinciples. The examples illustrating the various 
ws appear to be well selected, and so arranged 
that it is not possible to work through them without 
mastering the text very thoroughly. 
The treatise is divided into three parts. The 
first is devoted to the discussion of various kinds 
of motion, the second to the so-called properties of 
matter, and the third to heat. In this last section 
the author includes two short chapters on meteor- 
ology, and on steam and internal-combustion 
—- Perhaps the author would have been 
well advised to have confined himself to general 
principles, as he has done in the earlier sectiuns. 
These last chapters are fragmentary and unsatis- 
factory. They are not marked by thoroughness nor 


them reveal their presence on the photographic 
plate, he will measure their temperature, ant teach 
us much about their behaviour. Surely we are not 
so devoid of curiosity as not to wish to know how 
such marvellous results have been secured. It 
should give no satisfaction to quote such facts 
or to repeat such figures with gaping wonder ; but 
to understand the process by which such facts 
have been elicited, and to weigh the evidence on 
which they rest, should be a worthy ambition. 
With Mr. Crowther’s gu‘dance, and by the aid of 
illustrations to which he appeals, it is possible 
without special training to enter into the realm of 
the infinite minute, to break down matter as we 
know it into its constituent parts, and force the 
atom to declare the number of electrons it contains, 
their arrangement, distribution and motion through- 
out the molecule. 

As we follow the successive stages on the road of 
this new physical inquiry we shall obtain an intelli- 
| gent insight into many curious phenomena that 
| have perplexed us. Cohesion, adhesion, inertia, 
| acquire new meaning ; the conduction of heat and 
| surface tension take on new aspects as we become 
| familiar with the action of the electron. Most 
| gomarkable of all is the fact, which stands out 
decisively after repeated tests, that the electron 
| has no mass, no association with anything in the 
| nature of matter as we understand the term. It 
| is an electrical charge; apart from its charge it has 
| no existence, no properties. It might be urged that 





by novelty of treatment, and detract, as we think, _ just as the atom has lost its pride of place in 
from the very evident merits of the earlier por-| the scale of minuteness, so it might be reserved 
tions. We are not prepared to subscribe to the| for the physicist of the future to prove that the 
assertion that there isa continuous belt of north-| electron is divisible and conceals a mechanism of its 
east or south-east trade winds all round the globe, |own. But in the electron we reach the ultimate 
a theory that seems to belong to the time whenthe consti'ution of matter, and the possibility of 
author began his lectures. The theory of cyclones, | probing inquiry further in that direction is with- 
too, seems to be lacking in precision, and does not | drawn. Itis possible, however, to ask whether all 
convey a clear perception of the physics of the| mass is electrical, whether there may not be two 

hencmena they present. The information here or more kinds of mass. The answer to this ques- 
is not quite up to date. In another connection, we | tion will depend upon the advance of our kuow- 
think that if the old lectures had been less used, | ledge into the nature of the positive charge, about 
the Professor would not have written so confidently which we know practically nothing. At present 
of the existence, behaviour, or function of the it wonld be rash to draw a definite conclusion and 
ether. Doubtless in the present condition of|0n this ground. The mass of an electron is 
our knowledge of the electro-magnetic nature of bout , 759th part of the mass of a hydrogen atom ; 
light, the ether is a very troublesome subject for | that is to say, it would require 1700 electrons 
treatment in an elementary work: the greater to make up the hydrogen atom. This is not im- 


reason for omitting such vexed topics. 

(3) Mr. Crowther’s little book deserves a wide 
recegnition. It unfolds in a lucid way that can 
be ‘‘understanded by the man in the street” the 
history of a research that constitutes one of the 
most fascinating tales in the whole history of dis- 
covery. It reveals secrets that seemed successfully 


hidden by the minuteness of the mechanism in| 
It describes achievements | 


which they operated. 
won by the penetrating power of the human mind 
and its capacity to follow obscure clues. 

closes a marvellous ingenuity in devising experi- 
ments to test hypotheses, and a wonderful readiness 
in interpreting confused phenomena. We ought 
to want to know how such surprising results have 
been derived from questioning particles, whose 
minuteness not only defies the resolving power of 
the microscope, but of which the imagination 
utterly fails to construct an adequate mental 
picture. We have accepted the assertions of 
astronomers who have tuld us of suns at incon- 


ceivable distances, controlling the motions of | 


p'anets circulating about them, but infinite 
spice furnished a noble theatre in which these 
operations could be carried on. We are now in- 
vited to believe that within the atom, whose 
minuteness evades «ur conception, a similar 


mechanism exists, with ample space for the. 
This is | 


orbital motions of crowds of satellites. 
no fanciful conjecture, but a demonstrated truth. 
The problems of celestial mechanics are not more 


real than those presented by the tiniest atom. The | 


problem of three bodies, that has puzzled the 
mathematician since Newton enunciated the prin- 
ciple of gravity, is dwarfed into insignificance in 
face of the mobility of swarms of electrons. 
astronomer counts the worlds, and finds them buta 
few hundred millions ; the physicist, equally busy 


with the infinite minute, asserts with no less confi- | 


dence that in the highest attenuated vacua, when the 
pressure of the gas is not more than the 09 Of 8 


It dis- | 


The | 


| possible, but experiment has failed to prove it, and, 
| indeed, suggestsa very much smaller numter. Mr. 
| Crowther has devised and carried through a series 
|of experiments, here described, to determine the 
| number of electrons in the atoms of the various 
|elements experimented upon. This result is 
| ambiguous, owing to the uncertainty of the nature 
of positive electricity. If the positive electricity is 
distributed uniformly over a sphere the size of the 
atom—a very plausible hypo thysis—Mr. Crowther’s 
experiments indicate that the number of electrons 
in an a‘om is three times that of its atomic weight. 
| If we suppose the positive electrification to be 
located at the centre «cf the atom, and that the 
| electrons revolve round it in the manner of the 
rings of Saturn round the planet, the number of 
electrons in a hydrogen atom is unity, the number 
in an atom of any other substance being equal to its 
atomic weight. The physical consequence of this 
second result needs not to be emphasised, but for 
our present oa sae it is sufficient to say that the 
number of electrons in an atom is atm A a very 
sma!l multiple of its atomic weight. Under these 
conditions it is impossible to assign any appreciable 
fraction of the mass of the atom to the negative 
electrons it contains. ‘‘ For the present,” says the 
author, ‘‘our belief in the electro magnetic nature 
of all mass r mains an expression of our faith that 
all the varied phenomena with which we have to 
deal are manifestations of some single principle or 
essence which underlies them all.” 

The function of the electron is by no means 
exhausted. It can be pursued in other relations, 
and wins a great triumph by explaining the 
chemical property of valency. It is more than a 
conjecture that valency is determined by the 
number of loosely-connected electrons contained in 
the atom, these electrons being identical with those 
which produce the dispersion of light. In another 
| connection the electron explains the presence of 
lines in the spcctrum. Balmer’s equation receives 
an explanation, suggestive, if not complete. Light 





millimetre of mercury, the number of atoms or is thrown on the puzzling behaviour of particular 
molecules in a single cubic millimetre are to be | lines on the spectrum, and ready suggestions are 
reckoned by thousands of millions. He _ will! produced to account for the numerical relationship 
demonstrate their objective reality, he will make existing between the spectra of different elements 
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belonging to the same group of the periodic table. 
It is not contended that the explanation is com- 
plete, or that exact demonstration is provided. It 
is not well to go tuo fast, it is not sufficient to 
explain only some of the phenomena. If our theory 
is perfect it will explain all. There are still diffi- 
culties, but our engine for investigation is power- 
ful. One obvious objection arises from the number 
of lines in some spectra, to be counted in some 
instances by hundreds. We have just seen that 
the number of electrons in an atom is limited, and, 
it may be, extremely limited. There are not 
enough electrons to produce the variety exhibited. 
If, as mentioned, hydrogen has only one electron, 
it can have only three degrees of freedom and only 
three modes of vibration ; and as these would all 
have the same period, they would coalesce into a 
singlo line. But thespectrum of hydrogen has many 
lines. Iron has many hundreds, and apparent'y we 
have to face acontradiction. Some other hypothesis 
is needed, and Sir J. J. Thomson is not at the end 
of his resources. He suggests that the lines of 
hydrogen and of many other elements are notemitted 
by the atoms of the elements at all, but by systems 
which only exist when the gas is thrown into a 
luminous condition. Here we are permitted a 
glimpse into the dark and mysterious hinterland, 
where science is in the making. It may be that 
the hypotheses of yesterday will be the demon- 
strated truth of to-morrow. But there is always 
the equal possibility of losing ourselves in the 
quagmire of fascinating, but groundless, specula- 
tion. 





Photo-Electricity. The Liberation of Electrons by Light, 
with Chapters on Fluorescence and Phosphorescence and 
Photo-Chemical Actions and Photography. By H. 
Srantey Auien, M.A.. D.Sc. London: Longmans, 
Green and Co. [Price 7s. net.] 

In the progress of every scientific inquiry there 
comes atime when it is necessary to sift hypotheses, 
to determine the points of fundamental importance 
that are firmly established, trace the bearings and 
connection on cognate investigations, and discover 
the most promising road for further research. 
This stage has arrived in the difficult, but fertile, 
subj sct of photo-electric action, of which Dr. Allen 
assures us no detailed comprehensive survey has 
yet been attempted. A quarter of a century has 
elapsed since Hertz showed that the incidence of 
ultra-violet light on a spark-gap facilitated the 
electric discharge, and led to much of the work 
that Sir J. J. Thomson, Lenard, and others, have 
achieved, bringing, in its final development, 
doubts of the sufficiency of the accepted theory of 
radiation and of the undulatory theory of light, 
scientific conclusions that were regarded as unassail- 
able, but now seem to require modification in order 
t» embrace the results of recent observation and 
deduction. 

Professor Allen’s book is particularly valuable 
on account of its complete historical survey of a 

roup of facts that demand the reconsideration of 
undamental theories. He makes it possible to 
trace the st»ps that experiment has taken for 
verifying suggested hypotheses, or in providing ex- 
planation of observed phenomena. We ma 
charge our memories with the fundamental fact 

that electrons are liberated in a vacuum where a 

lished metal plate is illuminated by ultra-violet 
ight, but such an isolated fact is of little import- 
ance compared with the mental satisfaction of com- 
prehending how a particular result has been 
obtained, and of appreciating the wider outlook 
over the field of research rendered possible by the 
accumulation of a consecutive series of sound ex- 
perimental data. There should be, and the author 
makes it evident that there is, both a great educa- 
cstion and a great charm in followiog the lines of 
thought that able experimenters have pursued in 
tracking an important inquiry. In this case the 
education consists in watching the consummate 
skill and unwearying patience exhibited, together 
with the exercise and the control of the scientific 
imagination. The increase in delicacy of manipu- 
lation, the elimination of sources of error, the 
simplification of the conditions of the problem 
whose solution is sought, and the attainment of 
success by following sound lines of investigation, 
all convey lessons to those who are willing to 
learn. We do not see what perhaps would prove 
even more instructive, the failures due to the 
presence of unsuspected conditions, the trials that 
prove abortive owing to imperfect realisation of the 
problem, the plausible, but unsound, suggestions 





that were sternly crushed by competent criticism 
and ruthless examination. The charm lies in cor- 
rectly appreciating the certainty of unexpected 
results and the bearing on physical problems of 
these ; in the ingenuity shown in changing the 
conditions of the experiment, and in tracing the 
variations that follow. To demonstrate the exist- 
ence of a photo electric current, to make the effect 
of the negative electrons perceptible, is no mean 
feat, but such success by no means satisfies the 
curiosity of the physicist. He wants to know what 
is their velocity; is it the same for incident and 
emergent light; how are they affected by varying 
the conditions of temperature; does a difference of 
wave-length in the exciting illumination modify the 
results; how does the orientation of the plane of 
polarisstion operate; what influence does the 
strength of the electric field exert. These are 
only a few of the possible conditions to which the 

hoto-electric current has been submitted, without 
y any means exhausting the ingenuity of experi- 
menters. The field of inquiry is large, has been 
explored in many ways, and the results are not 
always accordant. The time has come when it is 
necessary to collect and to sift. Dr. Allen has 
undertaken this task and accomplished it satis- 
factorily, preserving sufficient details to enable the 
several processes to be clearly apprehended, 
without obscuring the definite issue. 

To those who are content to accept results with- 
out knowing the steps in the proof, we may set 
down the answers to some of the questions that 
have been propounded. Experiment has demon- 
strated that the number of electrons emit‘ed, and 
their velocity of emission, are independent of tem- 
pace. Primé facie this result would not have 

en anticipated, since with increased temperature 
we usually associate greater velocity; but the rule 
holds from the temperature of liquid air on the one 
hand, to about 800 deg. Cent. onthe other. With 
regard to the effect of the intensity and character 
of the incident light, two important conclusions 
have been reached : first, that the intensity of the 
light does not affect the velocity of the electrons ; 
ani, secondly, that the number emitted is directly 
proportional to the intensity of the light. The 
relation of photo-electric phenomena to the wave- 
length of the exciting light cannot be stated with 
the same decision and brevity. If we confine 
attention to the effect of wave-length on the 
velocity of emission, we may regard it as. proved 
that the maximum energy of emiss’on is a linear 
function of the frequency of the light. ‘‘ For a 
particular metal a certain minimum frequency is 
necessary to produce any liberation of electrons at 
all. As the frequency increases so does the 
energy of emission, or the positive potential re- 
quired to prevent the emission.” 

To attempt to bring home to the uninitiated the 
care and skill requisite to carry these experiments 
to a successful issue, and to interpret the result 
correctly, would prove a hopeless task. It must 
be understood that the author, in describing the 
niceties of manipulation, is addressing those who 
have had some experience. If, too, the collection 
of facts is attended with difiiculty, so the explana- 


y|tion of the phenomena is neither simple nor 


decisive. That is to say, that the necessary linkage 
with demonstrated theorems and accumulated 
knowledge compel the introduction of hypotheses 
which cannot be verified by unimpeachable evi- 
dence, but have to be accepted on the negative 
round that they do not contradict any known 
act or deduction. In the progressive position of 
the inquiry, alternative hypotheses are not ex- 
cluded ; but this very uncertainty lends an en- 
hanced interest to the consideration of the pro- 
cesses and mechanism by which photo-electrons 
are liberated. Ofthe main fact there is no doubt, 
the incident light falling upon the metallic surface 
supplies a source of energy which enables the 
electron to escape, but the method by which that 
energy is made operative is not soclear. It may 
be that the incident light is directly effective, 
operating as an explosive force, or the electron 
having some motion in the atom, as shown by the 
Zeeman effect in modifying the spectrum, has that 
motion increased to such an extent that it is able 
to break away from its confinement. In such a 
case the light would act by resonance, the ene 
of the orbital motion of the electron being greatly 
increased by ‘‘ tuned” light vibration, till rupture 
of the atom follows. It cannot be said that either 
view is in opposition to known results. 
A fact recognised quite as fully as the photo- 








electric effect is that of photo-electric ‘‘ fatigue,” 
or the decrease in activity with lapse of time. 
This diminution falls off rapidly at first, and more 
slowly later.. In early experiments this fatigue 
was attributed to the direct action of light, but 
Hallwachs showed that fatigue could proceed in 
complete darkness, so that light cannot be the 
primary cause of the change. It is, however, 
doubtful whether fatigue effects can be perceived 
with clean, unpolished metal surfaces in a very 
high vacuum, or how they may be accelerated or 
diminished by a change of environment. It is 
sufficient to say that no less than five distinct 
theories have been putforward to explain the causes. 
We have no intention of discussing these sug- 
gestions. It will probably be found that fatigue is 
due to a combination of causes playing different 
parts as the material and circumstances change. 
Oar object is simply to illustrate the wide-reaching 
influence of the inquiry, its importance in the 
general problem of atomic structure, implying the 
possibility of recasting accepted theories. Pro- 
fessor Allen has done much original work in these 
delicate investigations, and is thoroughly con- 
versant with the extensive literature. We regret 
that we cannot accompany him in his researches on 
the allied phenomena of luminesc»nce and phos- 
phorescence that have led to most interesting 
results. Similarly, the physical theory of the for- 
mation of the latent image of the photographic 
plate in terms of the electron theory is a promising 
inquiry. It is part of the larger question of 
photo-chemical action, generally to be explained 
most easily by supposing that the action of light 
is analogous to that of a voltaic cell, or essentially 
electrolytic. 
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SETTING OUT WORK. 
By R. H. Lee Pennewt, Assoc. M. Inst. C.E. 
(Concluded from page 118.) 
In the previous article the setting out of a 
straight line and measuring its length has been 


fully discussed. There is, however, a little to add i". 


with regard to theodolite stations and the marking 
of the points as set out. 

On a very large work the main theedolite station 
is often in a small pang gy constructed for 
the purpose, and the theodolite is never moved 
from its position, but is permanently fixed on the 
axis-line of the work. But more usually after 
every day’s work the instrument is taken back to 
the office, the theodolite station being in the open, 
and formed of a brick pillar of a convenient height 
for the eye, and ‘with a pin of about }-in. iron 
bar, built into the middle and centre-punched. 
The theodolite stands on its levelling-screws on top 
of this pillar. 

With some theodolites it is very difficult to see 
when the instrument is exactly over the centre 

int. Therefore, when using a theodolite which 

as no centre plate, instead of the pin on top 
of the pillar, it is often more convenient to bolt 
down a flat iron or lead plate, with the positions of 
the levelling-screws of the theodolite slightly bored 
out in its surface. The theodolite can always be 
set up without trouble on this plate by simply 
standing the levelling-screws in the cavities bored 
in the plate for them. The centre of the triangle 
of which these holes form the apices must be 
punched in the plate, in order to have a point 
from which to measure distances. The pin or the 
centre plate (whichever is adopted) must be pro- 
perly bolted down into the brickwork, and not 
simply secured by cement rendering on the top of 
the brick pillar. 

With regard now to the actual marking of the 
points, set out as described in the last article, the 
most satisfactory points are copper tacks with large 
heads let into cement pats. The cement pats 
should not be formed of a very rich mortar ; * 1 
or 3:1 sand and cement is quite rich enough ; if 
they are made richer, they are much more likely to 
crack in the sun and get broken up. The masonry 
on which they are to be placed must be carefully 
cleaned and watered, and until peaper'y set they 
should be covered with a wet sack. The pats should 
be made just before the work of setting-out is 
started, and the tacks put in while the pats are 
still soft. The heads of the tacks have then to be 
centre punched to give the actual point required. 

The quickest way to do the work is to go over 
the line three times. 

1. Give the line for the position of the pats. 
This does not require much accuracy, and can be 
done very quickly. 

2. Start from the beginning again, and give the 
position for, and put in, the tacks. 

3. Punch the heads of the tacks. 

Working in this order, the cement pats should 
usually be hard enough set to allow of centre- 
punching the tack by the time the engineer is 
ready to do this operation. If there are only one 
or two pats to do, warming the cement before 
mixing, or mixing the cement with hot water (from 
a boiler, for example) instead of with cold water, 
shortens the time of setting enormously. 

It is better to get the centre-punch marks on the 
tacks before the cement sets quite hard, as some- 
times a tack requires moving overa little. Finally, 
make the workmen understand that to obliterate a 
mark, when obliteration could be avoided, is a sin 
of great magnitude. Some men seem to think that 
an engineer's marks are specially meant to drop 
ashlar stones on to. 

Setting Out -Curves.—It is not proposed to touch 
on railway curves in these articles, as that is a 
special subject in itself, and, moreover, there are 
many excellent text-books dealing with the matter. 
For curves of quite small radius, say up to 100 ft., 
and when it is possible to get at the centre point, it 
is very much quicker to sweep the curve out with a 
chain or wire than to set it out by ordinates from 
a tangent or chord. To do this proceed as follows:— 
Set out a right angle from the tangent point, and 
on this line tape the length of the radius so as 
to get the centre. At the centre put in a peg or, if 
possible, an iron pin. Fasten a wire to the pin and 
lay it back over the radius-line just measured, and 
mark the length of the radius on it. Then set out 
the curve with this wire. 

To carry out the above a very even piece of 





ground, free from obstructions, is desirable, and 
this you seldom get. But it is often possible to 
trace the curve in the way described above, if the 
wire is held up so as to be clear of obstacles. 
To do this a chairman must stand at the centre 
int to hold up the wire, using a plumb-bob ; and 
if the length of the radius is too great to pull the 
wire taut easily, a spring-balance must be put on, 
and when marking the length of the radius on 
the wire the tension of the wire must be noted, 
and this tension kept the same when plumbing 
down to mark the points on the curve. 
If it is impossible to reach the centre of the 
curve, but it is possible to get at the intersection 
Fig. 7. Cc ok 
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of the tangent points, the central point on the 
curve can very quickly be obtained, giving three 
points on the curve altogether, the two tangent 
points and this central point. 

Firstly, to obtain the intersection point of the 
tangents. Referring to Fig. 7, suppose. the 
theodolite is set up at A, one tangent point, and B 
is the other tangent point. With the theodolite 
put in the two points e Y, keeping them on each 
side of the tangent B, C, which can be ranged up 
by eye. Move the theodolite to B, stretch a string 
from X to Y, and put in the point of intersection O. 

Set up at O, bisect the angle AO B, and put 
in the point V. 

O V = radius x (cosec. AO Q — 1). 

Since A O = radius x cot A OQ, the point O 
might be put in direct, but the method described 
usually gives a sweeter junction at B in practice. 
Two other points on the curve can now be easily 
obtained, if required, by measuring the chord A V 
or V B, and setting out the offset F. With short 


chords on curves with large radii, 
F= (4 chord)? 
2 radius © 


Otherwise, more accurately, 
F = radius — »/radius® — (} chord)’. 





There are many other various methods of setting 
out curves, but since, as previously stated, the 
matter is fully treated in many text-books and 
go it is not necessary to go into them 
ere. Before setting out work, curves or other- 
wise, it is well to consider the degree of accuracy 
uired in ony — work when built. 
king, for example, a curvin, t wall. 
All that is usually required is a wall that. will look 
ed nice when finished. This can be assured, 
without having to set out a large number of points 
on the curve with a theodolite, by passing a string 
over the points set out and working the string into 
a nice curve between these points by eye, keeping 
it in the required position by bricks or otherwise 
(the string will really be in a series of short 
chords, but this will not be found misleading). 

Sometimes, however, extreme accuracy may be 
essential, as, for example, is the case when it is 
required to set out the curve for the masonry at 
the tail end of a swing bridge. In this case the 
masonry must be absolutely true to radius all 
round, 

The points set out on the curve should be about 
5 ft. — A wooden template over 7 ft. 6 in. 
long should then be made to the exact radius. 
Lay this over the first two points and mark a 
third point on the curve about half-way between 
the first two points, then move the template about 
2 ft. 6 in. forward. Bring the template up to agree 
with the new point just marked out and the third 
point as originally set out on the curve. If the 
curve has been correctly set out in the first place, 
the template and the second point will agree. In 
this way the curve can be checked all the way 
round, by always working the template against 
three points. 

A path of cement mortar should then be laid 
.vund the curve, and by means of the template the 
cs cumference of the curve should be scribed in the 
me tar. As described when setting out a straight 
line, the curve set out should be concentric to the 
required curve and of asmaller radius by somethin 
less than 2ft, If the curve is of short radius an 
it is possible to set it out direct from the centro 
point with a wire, as previously described, the use 
of a template may be dispensed with altogether. 

Even after all these precautions, it is better not 
to set the top ashlar course, which almost butts 
against the bridge, until the bridge is erected. 

Finally, it must be remembered that a curve is, 
as a rule, easier to set out than a long, truly a 
line, because a slight error on a curve will probably 
not show, and if it does, it can usually be worked 
out in the building, so as not to show, whereas a 
very slight error in a straight line shows at once. 

Setting Out Walls with Battered Faces on Uneven 
Foundations. — If the wall has only one face 
battered, the other face being vertical, the job is 
quite a simple one, and the method of setting such 
a wall out can be easily understood by followin 
the description of the setting out of a wall with 
battered faces on both sides. 

In this case the top width AB (Fig. 8) is the 
only constant dimension. If the wall is straight or 
curved, the points A and B follow the straight line 
or the curve. But the toe of the wall—i.ec., the 
points E and F—do not follow any regular line ; 
they depend upon the level of the foundations. E 
and F, theweas are the points the masons want 
marked off from which to build. 

In Figs. 8, 9 and 10, the walls are seen to rise 
from a natural rock foundation, and they illustrate 
an actual case. But more usually the natural 
foundation is not so good as this, and a certain 
amount of excavation in earth or rock has to be 
undertaken before a suitable foundation is obtained, 
and the foundations are stepped up or down, form- 
ing even terraces on which to start building. This 
makes the setting out easier, or, rather, quicker ; 
but the method of doing the setting out is the same 
in either case. Figs. 8 and 9 show respectively 
three cross-sections and an elevation of the wall to 
be set out. The points required on the ground are 
E F, EF, E F (on the cross-sections). 

Choose any axis line A (Fig. 10). It is convenient 
to choose one of the top arrises for this line. Mark 
the point A on the foundation. Erect a vertical 
timber profile of a height at least just above the 
highest foundation-level on the section. Mark any 
convenient reduced level (above the highest foun- 
dation-level) on the profile. 

Calculate the width of the wall a, b at this level, 
and nail on a cross-piece a, b (Fig. 10). Mark off on 
this cross-piece the calculated width of the wall a, b 
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(Fig. 8). At these points on the cross-piece nail 
profiles to the correct batter of the wall with their 
ends touching the ground. Nail on small feet, 
and build the feet in with a little masonry. Nail 
on struts, check and adjust the profile for batter 
(it is better to put in only one nail fixing profile to 
cross-piece in the first instance), and then build a 
little masonry over the feet of the struts. Mark 
the level of the top of the wall on these profiles, 
and the work is done. The above is much the 
quickest way of doing a rather awkward job. 

The level of the cross-piece «, b may conveniently 
be the same for five or six profiles, and the calcu- 
lated width a,b will therefore be the same for 
all these profiles whatever the level of the founda- 
tion may be. For the sake of simplicity, it has 
been stated that the distance «a b should be the 
width of the wall at that level. The profiles 
should really be set 24 in., or more, wider (depend- 
ing upon the projection of rock face on the building 
stones) on each side. 

Taking a definite example for the width ab of a 
wall with— 


Top width ... = 3 fo, 

Batter = 1to6 and 1 to8. 
Top ... = R.L. 60.00. 

a b tee = R.L 52.00. 


The width ab of the wall will be 

1 ft. 4 in. + 3 ft. + 1 ft. = 5ft. din, 
and allowing 24 in. on each side for rock face, 
the width a b between the profiles will be 5 ft. 9 in. 
The vertical piece A (Fig. 10) should be left in as 
long as sapulibe, as it helps to support the profile, 
and as the bottom courses of the wall reach the 
profiles, the profiles should be spiked into the wall, 
care being taken not to disturb the batter. 

To set and check the batter of the profiles a 
wooden frame should be made, like a Gane set - 
square (Fig. 11), the angle at X being made to 
the correct batter. The frame is most easily used 
with an ordinary spirit-level on the horizontal arm, 
and this level may, conveniently, be permanently 
screwed on. 

If the top of the wall is on a gradient, instead 
of being horizontal, the distances of the profiles 
from the start of the wall must be measured, and 
the reduced level for the top of the wall calculated 
for each profile, in order to be able to calculate the 
width of the wall at a, b. 

Setting out a wall of this description by this 
method reduces the instrument work to a minimum, 
and therefore the carpenter and mason, who are 
going to set > the profiles, can do most of this 
work without the help of an engineer. 

The eogineer first marks the points A on the 
ground, and then leaves the men to erect the 
verticals. (In setting the vertical timbers the same 
edge ought always to be on the mark—i.e., looking 
one way, either always the left, or —— the right- 
hand edge must represent the vertical line up from 
A, and all measurements must be taken from this 


ge. 

The verticals being erected, the engineer puts the 
level en in pencil, calculates the length from his 
axis (represented by one edge of the vertical) to 
a and to b, and writes these distances on the ver- 
tical timber. He can then leave the men to do the 
rest of the work themselves, as the profiles, when 
erected, can very easily be checked by eye to see 
they are all at the same batter. These walls are not 
really so difficult to set out and build as walls with 
vertical sides, because as the wall approaches the 
top any slight error in lime can be corrected by 
slightly altering the batter ; and this alteration, if 
small, will not strike the eye in the way an altera- 
tion would to a vertical face. 

Transferring a Bench-Mark Across a River.—This 
is often required when work is started from both 
banks of ariver at the same time. Very often this 
can be done directly by using a theodolite instead 
of a level, as the telescope of the former is the 
more powerful of the two. 

The back-sight and the fore-sigatmust be equalised 
as far as possible in regard to distance by making 
the back-sight as long a sight as ible without 
making the fore-sight such a long sight that the staff 
cannot clearly be seen (see Fig. 12). But if the 
river is too wide to see clearly across, other means 
must be adopted. 

On a very still day, with no wind at all, the 
water-level may be taken as horizontal, and the 
level transferred by this means ; but this is not a 
very certain method of doing the job. This method 
must not be thought of on a windy day, as the wind 





will back up the water on one side of the 1iver more 
than on the other ; also, a fairly straight — of 
the river must be chosen, as asudden bend will also 
back up the water against the bank forming the 
outer circumference. However, on a calm day, 
across a straight reach of the river and with great 
care, an accurate result can be obtained. The other 
method of transferring the bench-mark directly is 
to anchor a barge in mid-stream, and use this as a 
change-point for the staff. 

A man with a level should be on each bank. 
The man on whose side the bench-mark is reads the 
bench-mark and books it as a back-sight, while the 
man on the other bank reads the peint on which it 
is required to establish the bench-mark, booking it 
as a fore-sight, they then at a preconcerted signal 
both read on to the staff held on the barge, the first 
man books his reading as a fore-sight, and the other 
man as a back-sight. As a check this last reading 
should be conjointly repeated, and it forms a better 
check when doing so if the man on the barge 
chooses another change-point; then both men have 
to read different figures on the staff to those they 
had at the first reading, and so the repetition 
of an error is avoided. (It is well to remember in 
this connection that mistakes are more often made 
in the unit figure or in the first decimal place than 
elsewhere, as the leveller is so intent on getting the 
last decimal place correct that he often does not 


Fig. 12. p 











pay sufficient attention to the clearer figures, and 
so sometimes gets them wrong.) 

In order that the two levellers may read con- 
jointly two staffs may be tied together back to back, 
care being taken that the bottoms of both staffs are 
absolutely flush. A pencil-mark should be made 
across them at a convenient height to be seen by 
the staff-holder, and he can then at once detect if 
either of the staffs has slipped. Of course, one 
staff only might be used, and first one man read it 
and then the other, but the method described is 
better, as even a big barge, when floating, is not 
always absolutely still even on a calm day. 

The staff-holder must have a spirit-level in order 
to keep the staff vertical. Assoon as the construc- 
tional works progressing from each bank approach 
each other sufficiently close to be able to level 
direct across the gap, this should be done at once, 
in order to check the work as set out from the 
transferred bench-mark. 

Should the transference of the bench-mark have 
had to be made under unfavourable conditions, 
climatic or otherwise, in order to start the construc- 
tional work, the bench-mark should be checked at 
the first favourable opportunity. 

If it is found that an error has been made, and 
that work has been set out from a bench-mark 
which is valued (for example) at too high a reduced 


level, the work as built to such setting out will not| p, 


be too high, but too low. This is an important 
point, as a misunderstanding might lead to a serious 
mistake being made. For example, if there should 
be a bench-mark which has been regarded as 22.00 
R.L., when setting out work, but which is really 
22.10 R.L., the work set out will be 0.10 low, not 
0.10 high. Because, continuing the example, sup- 
= the work set out is sup to be 19.00 RL. 
uppose the back-sight on the bench-mark is 1.50. 
The level of the instrument (H.P.C.) is booked 
as :— 
22.10 + 1.59 = 23.60 
It is desired to set outa point at... 19.00 


The staff is therefore moved up and 
down on the profile until there is read 4.60 

Putting the figures the other way :— 
23.60 — 4.60 = 19.00 


But it has been su uently found that the 
bench-mark is not 22.10 R.L., but 22.00 R.L. 
The level of the instrument was therefore :— 





22.00 + 1.50 = 23.50, not 23.6) 
There was read on the staff ... 4.60 
The work is set out there- 


fore ab... 18.99, not 19.00 


On looking at these figures this all seems very 
obvious, but in the writer’s own experience a man 
started hacking out his concrete because he said 
that the bench-mark from which he had been 
working was 3in. high. As has been seen, this 
made his work 3 in. low, not high, as he imagined. 
The bench-mark was not high; he had given it 
too high a value. 

General Remarks on Setting Out with a Level.— 
When setting out a long line of levels on profiles, 
marking the profile with a pencil each time, a man 
is very apt to get a slightly falling line instead of a 
horizontal line, because at the change-points the 
staff has to be moved from the mark in order to 
turn it round, so as to face the new position of the 
level. When making the pencil line beneath the 
staff, the line is often the fraction of an inch below 
the bottom of the staff, just in the same way as 
ruling a line on paper, the line and the edge of the 
ruler seldom absolutely coincide, and when the 
staff is moved round and replaced, the chain-man 
is careful to put it right down on to the pencil- 
mark, so that there is apt to be a slight step down 
in the level of the line at each change-point. The 
remedy is to get the chain-man to be careful to see 
that the pencil-line he makes actually touches the 
bottom of the staff. . 

As already stated, the staff-holder should always 
work with a spirit-level, in order to be able to see 
that he keeps the staff truly vertical. As in 
surveying, the fore-sight and the back-sight should 
be reasonably equi-distant ; when this is impossible 
to manage and real accuracy is important, adopt 
the following method. 

ad your back-sight and fore-sight as usual, 
the fore-sight will be the mark you are setting out. 
Then pick the level up and turn it bodily round, 
level it up, and repeat the two readings, back-sight 
and fore-sight, again. (The readings on the staff 
will, of course, both be different, since the level 
has been moved.) Then go to the point where 
the chain-man has put in the level marks—i.e., the 
fore-sight—and if the two levels agree, the mark 
is certain to be correct. If the level is slightly 
out of adjustment, the two marks will not agree, 
in which case take the mean. 

If you are using a Y level, the telescope only 
need be reversed. But Y levels are deservedly 
not very popular, and the above method forms 
really a better check, as not only does it compen- 
sate for any error in the adjustment of the level, 
but it also checks any personal error in the reading 
of the staff, as the staff figures read are not the 
same since the R.L. of the instrument has been 
altered. 

If you cannot read direct from the bench-mark 
to the point you wish to set out, but have to 
change, the levels on the fore-sight and back-sight 
should be repeated each time as described above. 
In this case the method described is much better 
than levelling up from the bench-mark, putting in 
the mark, and then levelling back to the bench- 
mark in order to check the work, because it saves 
so much time. 

It may be mentioned here that it also often saves 
a great deal of time in surveying work, since the 
leveller has only to walk one way, and can go back 
by train, perhaps. To save time, two staffs should 

ed 


used. 
Setting Out Submerged Work.—The following 
methods can be applied to almost any class of con- 
struction below water, but in order to make the 
description as clear as possible the definite example 
of setting large concrete blocks below water will 
be taken. ibs 
Suppose the work it is required to set out is in 
the middle of a river, for the piers of a bridge, or 
in the sea for an island breakwater. The staging 
is the first thing to setout. The pile-driving barge 
is first towed out and its position fixed by means of 
triangulation. It usually savesa lot of time if an 
engineer goes out on the barge with a box sextant, 
ae can direct the steersman to the approximate 
position required, and the barge can then be 
manceuvred into the exact position by triangula- 
tion from the shore. The method of doing this 
is exactly the same as is employed for the fixing 
of the position of a boat when taking current ob- 
servations or soundings, and as it is hoped that it 
may be possible to give some notes on this subject 
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at a later date, the method will not be further 
discussed here. 

The position of the barge being fixed, the piles 
for the staging are driven. The positions of the 
piles in the first dolphin are carefully watched, as 
when these piles are driven and braced the dolphin 
forms an island base, from which the positions for 
the remaining piles can easily be determined. The 
staging having been completed and the cranes 
erected, &c., the setting out for the first blocks has 
to be undertaken. 

A long baulk of timber is first put down by the 
crane. e timber is weighted to sink, and is set 
approximately square to the line of the pro 
work, and close to the line where the first set of 
blocks are to be laid. 

Wires are then attached to the timber at A and B 
(see Fig. 13) by dress divers, and the wires are 
plumbed up from the staging. By means of these 
wires the amount the timber is out of square is 
obtained, and also the distance the timber is from 


posed | will very soon get stirred up. 


creeps evenly, it does not matter, as the bond is not 
affected ; but if it creeps unevenly, compensation 
blocks must be specially made. e compensation 
blocks correspond to closers in brickwork. 

In the foundations, and below water-level, a 
latitude of 3 in. for face-line and 6 in. for square 
is not an unreasonable allowance for big work, but 
above water-line the work should be practically 
exact. 

When planning how to do the setting out of 
work under water it must be remembered that the 
divers will be able to see practically nothing, as 
even if the water is clear to start with, the mud 
Also operations 
should be so arranged that the divers are brought to 
the surface as seldom as possible, because com- 
pression and decompression are the times of trial 
to a diver ; when he is once down it is fairly com- 
fortable. 

This last note on the setting out of work under 
water has been given with the idea only of setting 
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the required line for the first set of blocks. The 
distances A C and B D required to put the timber 
square and up to the first line of blocks is given 
to the divers, who drive two pegs into the ground 
at C and D and move the umber up tothem. The 
timber is then carefully checked by means of wires 
as before. 

The baulk of timber having thus been worked 
into absolutely the correct position, the distance 
of the pegs C and D from the edge of the proposed 
work is given to the divers, and they can then set 
the blocks against the timber, and they also know 
how far to extend the work on either side. A 
cylindrical caisson can be set in exactly the same 
way by using two baulks of timber E F and G H 
(see Fig. 16). 

To continue the block-setting. Figs. 14 and 15 
show a half elevation and plan of staging for the 
block-setting in a breakwater. It is required to set 
the blocks shown hatched in Fig. 15. The blocks 
are lowered into position against the work already 
set, having previously had two pins AA driven 
into them about 12 in. from the face. Divers attach 
wires to the points AA, which are brought up 
vertically outofthe water. The wires are brought 
up vertical by testing with the theodolite. (This is 
the reverse operation of testing a theodolite with 
a plumb-bob and wire; in this case the theodolite 
is in adjustment, and you plumb the wire thereby.) 

Then with the theodolite throw the verticals 
from AA on to the cross-girder at BB. These 
points BB on the cross-girder have been set out 
from the centre line, and are the limits of the work. 
If, then, the projections of the verticals from A A 
cut the cross-girder at the points B B, as described, 
the blocks are right for line ; if not, the blocks 
must be moved and the operation repeated. Then 
move the theodolite to T and range line A A to CC 
on the staging. 

Marks 100 ft. apart are put on the staging as the 
work advances. The distances from CC to the 
nearest 100-ft. marks are constantly measured and 
compared with the progress plans. By this means 
the creep of the work is obtained. If the work 


before the reader the general principles of the way 
in which this work is often done. The methods 
involved are not nearly so fully described as those 
adopted for other kinds of work, because these 
articles are only written for men who have not yet 
had much experience on works, and it is unlikely 
that they will be asked to undertake entirely alone 
such important work as the above. But directly 
they get out on to works they will probably be asked 
to do unaided the simpler setting-out operations 

reviously described in these articles, and it is 
Es that the present notes may prove of some 
help to them. 





THE ALEXANDRA DOCK EXTENSION 
AT NEWPORT. 
(Continued from page 117.) 

Tue construction of the dock extension and the 
new lock and its equipment having been described 
in detail in our previous articles, we now propose 
to deal with some features of the dock = 
ment. We may begin with the coaling plant. is 
is situated on the north side of the extension, 
= —— - Bo hydraulic gy by the 

ast Ferry ngineering Wor ompany, 
Limited, of Millwall, E. As we have pee ae 
tioned, three further hoists are on order, and will 
be placed two at the west end of the north side, 
and one on the west side, as indicated in the plan 
of the dock given in Fig. 1, on 33 ante. These 
new hoists are being supplied ty Meane. Sir W. G. 
Armstrong, Whitworth and Co., Limited, of New- 
castle-on-Tyne, and are designed for a gross load 
of 23 tons each. Two have a range of 70 ft., and 
the other of 60 ft. The method employed for 
handling the wagons to and from all hoists is the 
same. A series of approach-roads is carried to each 
hoist. The loaded wagons come up at quay-level, 
running down a slight ient to the hoist. After 
passing over a weigh-bridge, they travel on to a 
turntable, on which, if they come up wrong way 
round, they are reversed. They then to the 
cage of the hoist. are lifted = | ti , and then 








lowered to the level of an overhead viaduct, on 
which the empties pass over a second weigh-bridge 
and travel away down a slight gradient. 

The hoists, supplied by the East Ferry Road 
Company, are illustrated in Fig. 104, on page 
178. They have a lift of 60 ft., and are arranged 
to deal with loaded wagons of a gross weight of 
23 tons. The hoists are, however, strong enough 
to lift wagons of 30 tons gross, and the cylinders 
are so designed that they can be bored out to a 
larger diameter in future, if it is desired to deal with 
these larger wagons. The of the hoist works 
between vertical guides, and is lifted by two wire 
ropes which to the two lifting-cylinders which 
are fixed vertically on the side of the framework. 
There are two cylinders, having rams respectively 
184 in. in diameter and 8in. in diameter. The 
smaller cylinder is permanently connected to the 
mains and balances the weight of the . The 
other cylinder is valve-controlled and lifts the load. 
The stroke in both cases is 30 ft. The tipping- 
cylinder has a 14-in. ram, with a 94-ft. stroke. it 
is fixed above the lifting-cylinders, and can lift the 
end of the cage aeeny a vertical height of 19 ft. 
The chute is raised or lowered by locking it to the 
cradle, and its outer end is controlled by an 
hydraulic motor fixed on the top of the main frame- 
work. Cranes are fixed on either side of the hoist, 
as is clearly shown in the illustration. One is of 
3 tons and one of 5 tons capacity. They are fitted 
with hydraulic lifting and slewing-cylinders. The 
5-ton crane is mn | for manipulating an anti- 
breakage box, the method of working being to tip 
the first few truck-loads into the box which is held 
below the chute by the crane. These loads are 
lowered into the hold, and form a cushion on to 
which subsequent tippings fall. We should add 
that these coal-hoists were installed under the 
superintendence of Mr. J. Pattinson, M. I. Mech. 
E., the chief engineer of the Dock Company. Mr. 
Pattinson has now retired, and his position is held 
by Mr. T. W. R. Pearson, M. I. Mech. E. 

There is an interesting piece of constructional 
work in connection with the foundations for these 
coal-hoists to which we may refer. As will be 
realised from what has been said in our earlier 
description, the hoists and the approaches thereto 
are situated entirely on made ground. The boun- 
dary of the dock on the north side is formed by a 
slope of about 2 to 1, which is faced either with 
rubble or squared stone, and has a concrete toe. 
The back of the slope is formed with hard, dry 
filling. Each hoist is carried on a concrete tower, 
of which one is shown in section on the left-hand 
side of Fig. 99, on page 178. The towers have 
brick copings and facings at the top, and their 
foundations are carried down to the gravel. As 
will be seen from Fig. 99, they stand at the bottom 
of the slope, and their tops are level with the quay. 
Half-way up the slope there are concrete piers 
serving as a support for the lower viaduct that 
connects the towers with the quay. These piers 
are carried on piles driven down to the gravel. 
The turntable on the quay and the piers for the 
upper viaduct are carried on a concrete raft which 
lies directly on the dry filling, and is supported 
by a substructure of pile-work, of which some 
end views are given in Figs. 100and101. Thecon- 
crete raft, the intermediate piers, and the towers 
are tied together by a series of ferro-concrete 
members, and the tops of the intermediate piers 
are similarly tied together, as shown in Figs. 99 
and 102. e of the ferro-concrete members is 
shown in cross-section in Fig. 103. The whole 
arrangement results in a more or less self-con- 
tained structure, and effectively prevents any move- 
ment of the raft or intermediate piers which might 
possibly result owing to instability in the made 
ground. 

The south side of the dock extension, as we have 
already mentioned, is laid out for the handling of 
a general goods traffic. A transit-shed has alread 
been erected at the east end, and further eheds will 
be put up as occasion warrants. The position of 
the existing shed is shown in Fig. 1, on page 33 ante. 
The whole south quay is further equipped with a 
series of railway sidings, while hydraulic wharf- 
cranes have been put in at the east end. The cranes 
are of 3 tons and 6 tons capacity, and are of the 
travelling We made reference to the tunnel 
carrying the hydraulic pipes and to the ferro-con- 
crete road on which the cranes work in the first 
article of this series. We now illustrate the shed 
in Figs. 107 and 108, on page 179. It stands back 
some distance from the edge of the quay, sufficient 
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to give adequate wharf room and allow a live of 
rails to be laid on the dock side of the sheds, as 
shown at the left-hand side of Fig. 107. The floor 
of the shed is raised above quay-level to allow of 
easy loading of trains, and, as will be seen, a seeond 
line of rails is laid at the other side of the shed, 
but under cover, to allow of loading being carried 
out with protection from the weather. The 
arrangement is well shown in Fig. 108. 

The shed is carried largely on made ground, which 
has been piled for the heavier foundations. The 
floor is of concrete faced with granolithic paving. 
It lies directly on dry filling rolled hard. e shed 
itself does not require a great deal of comment, 
and the general lines of its construction will be 
followed from our two illustrations. It is a steel 
structure, with rolling shutters forming the side 
towards the quay, and a brick screen the other side. 
The roof is of glass and slate. An unusual feature 
in the roof principals is the use of channel-iron 
bottom members. This arrangement, which can be 
seen in Fig. 108, has been adopted so that overhead 
runways may be fitted to transport goods across 
the shed for entrainment or stacking. 

Another feature in connection with the dock 
extension, which we illustrate this week, is one of 
the mooring-buoys, of which sixteen are anchored in 
various positions in the dock. The construction 
of the buoy will be quite clearly followed from Figs. 
109 to 115, on page 180. As will be seen, the buoy 
is cylindrical, and has two elm fenders, 10 in. by 
6 in., fixed all round it. The fenders are secured 
by angle-iron brackets and through bolts. The buoys 
are secured to the dock bottom either by mooring- 
screws or concrete blocks, Both arrangements are 
illustrated in Fig. 116. The concrete blocks were 
used for those moorings which could be put in before 
the admission of water to the dock, while the screw 
ype was adopted for those put in afterwards. 

he greater part of the remainder of the illus- 
trations we publish this week refer to the new 
rolling road and railway bridge which has been 
constructed at the river end of the old South lock. 
Drawings of the bridge and various of its details 
are given in Plate XVIII., while further details 
and general views will be found on 190. 
This bridge handles the whole of the trathe coming 
to the east and south sides of the extension dock. 
A rolling bridge had to be adopted, as the exigen- 
cies of the site practically dictated some such con- 
struction. A swing bridge could not have been 
accommodated. The lock which the bridge s is 
shown in cross-section in Fig. 118, on Plate X VIII. 
It is 72 ft. wide. The bridge, however, has a hori- 
zontal travel of 107 ft., having, of course, an over- 
lap when in ition over the lock, and being 
drawn back well clear of the lock side in its other 

ition. The bridge is controlled hydraulically. 

fore being drawn back, it is lifted vertically by 
four cylinders, and is then drawn by ropes attached 
to the horizontal cylinders. These arrangements 
we will refer to more in detail in a moment. 

As will be seen from Figs. 118 and 119, the whole 
arrangement is carried by a concrete pier abutting 
the old lock wall, and carried down to the marl, by 
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pier to which we have referred. The object of this 
concrete pier is, of course, in effect to increase the 
width of the main concrete formation of the lock, 
and it is on this main formation that the weight of 
the lifting bridge comes. The concrete-filled 
caissons carry two heavy girders, on which the track 
for the main bogies is laid, while the pitch-pine 
piles carry a pair of lighter girders for the tail 
wheels. e arrangement of this girder work will 
be followed from Figs. 118 and 119, while the front 
ends of the two heavy girders are well shown in 
Fig. 144, on page 190. Where the track of the tail 
wheels overlaps that of the bogies the rails for the 
tail wheels are carried by brackets from the heavy 
girders, as is shown in Fig. 138, which is a section 
through one of the heavy girders. Other details of 
the construction and of the rails are given in 
Fige. 137 to 141. 

e general construction of the bridge itself will 
be seen from Fig. 118, while details to a larger scale 
are given in Figs. 120 to 126. The general lines of 
the design are also well shown in the views in situ 
given in Figs. 142 and 143, on page 190. The bridge 
consists of two main girders, with curved upper 
members connected by verticals and N-bracing to 
the lower booms. The main girders are connected 
by straight cross-girders below, and by curved 
members built up of plates and angles overhead. 
Cross-joists between the cross-girders carry 4 
wooden flooring, on which wood-block paving is 
laid. A footway is carried outside the bridge on 
one side by built-up brackets, as is shown in Fig. 120. 
Some details of the inner end of the bridge are 
given in Figs. 121 to 126. As will be seen, the two 
last panels are furnished with solid web-plates 
instead of bracing. A certain amount of kentledge 
is carried here, to ensure a proper and adjustable 
pressure on the tail wheels. e angle-bracket 
arrangement just forward of the tail wheels in 
Fig. 123 is a buffer, which limits the position of the 
bridge when it is travelling outward over the lock. 
Details of one of the bogies and one of the tail 
wheels are given in Figs. 127 to 134, on Plate X VIII. 
; The lifting and travelling arrangements are shown 
in Figs. 135 and 136, on Plate XVIII. As has been 
already mentioned, there are lifting-rams below 
each of the bogies and each of the tail wheels. 
When the bridge is to be opened it is lifted from 

















oar 






USC WIE YR ee me " 


(oem ome eee 


2k ie yg 
: 


ag 7 \ ¥ 
) } j + Mi 
f . FA 
. ae ee \ A N 
ets. Loe aia, neo ee Th i : 


EON NG Vr 








‘ > 








Fic. 108. Interior or SHED. 


the position shown in full lines in Fig. 118, a height 
of 4 ft. 3 in, and is then pulled back into the 

ition shown by broken lines. The bridge in ite 
owered and lifted positions when out over the lock 
is shown in Figs. 142 and 143, on page 190. The main 
weight comes on the rams below the bogies. The 
tail-rams take only about 10 tons, which is adjusted 
by the kentledge, to which we have already referred. 
The main rams are controlled by the operating gear, 


and the lifting commences, the tail-rams following 
up automatically, the bridge being kept level by 
the equalising gear. The equalising gear consists 
of vertical racks carried by the rams at each 
end of the bridge. These racks gear with pinions 
on horizontal shafts, so that as the rams rise or 
fall the pinions are rotated. The pinions at each 
end of the bridge are connected by a long rod lying 
more or less horizontally, and carrying a further 


which is situated in a cabin on the quay, which | rack at each end. This rod can be seen in Fig. 135. 


can be seen in Figs. 142 and 143. The tail-rams_ 
are constantly in connection with the high-pressure | 


main, and have no valves. These rams exert a 
lifting force of about 13 tons. When the bridge is 
to be lifted water is admitted to the main rams, 


It gene with the pinions at each end of the bridge, 
and so ensures that they shall always move in unison. 
As a consequence it ensures that the main and tail 





lifting-rams also always move in unison. It will be 
clear that without this arrangement the bridge would 
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tilt when it began to lower, since when the main rams 
are put to exhaust and begin to fall, the tail rams, 
if they were independent from outside control, 
would stay up, as they lift with a force of 13 tons 
and have a weight of only about 10 tons to deal 
with. The rack connection, however, prevents 
this happening, and the n extra weight to 
cause the tail rams to fall is supplied through the 
long rod. The arrangement sosulin in a very simple 
pair of tail rams, which furthermore use no water, 
since on the down-stroke the water is returned to 
the mains under full pressure. It should be noted 
that the long rod connecting the two rack gears is 
always in tension. 
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The lifting rams carry cross-heads with rail forms 
on their upper surfaces. The cross-heads of the 
tail rams are held against stops at the correct level 
by the hydraulic pressure when the rams reach the 
top of their stroke. In the case of the main 
lifting-rams the cross-heads are first lifted about 
1 in. above their correct level. Steel bearing-bolts 
are then shot beneath the cross-heads by means of 
a small auxiliary hydraulic cylinder, and the cross- 
heads are then lowered on to the bolts, thus bring- 
ing the rails to the same level as the rails on the 
box-girders upon which the bridge travels back. 
The arrangement is illustrated in Fig. 117, annexed, 
which shows one of the main rams. When the bridge 
has been lifted, water is supplied to the hauling- 
rams, which can be seen in Figs. 135 and 136, and 
are also seen during erection in Fig. 145, 
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These rams are connected to the ends of the bridge 





.|a lock-signal indicating that the lock is free for 
\shipping. The lowering of this signal locks the 





by wire ropes, by means of which the bridge is 
hauled backwards and fo . The hauling- | 
ropes can be seen beneath the bridge in Fig. 143. 
The bridge was built by the Cleveland "Bridge | 
Company, of Darlington. 

A complete system of interlocking between the 
various motions of the bridge and the signals 
and roadway barriers has been install in | 
the control-cabin, and was supplied by Messrs. 
McKenzie and Holland, Limited, of 58, Victoria- 
street, Westminster. Before the bridge is opened, 
the man in control has to cross from the control- 
cabin to a ground-frame on the south side of the 





‘lock, where he sets the railway signals to danger, 





Fig. U1. 
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opens the trap-points, and lowers a roadway barrier. 
He then returns to the control-cabin and performs 
similar operations to protect the bridge on the north 
side. The completion of these operations releases 
the bridge-bolts. These bolts are two in number, 
one at each end of the bridge, engaging with cast-iron 
sockets built into the abutments. They act both 
as detectors to ensure that the bridge is in correct 
position, both as regards line and level, and also 
as a connection between the control-cabin and the 
ground-frame, the levers of which are locked by the 
withdrawal of the bridge-bolt on the south side. The 
withdrawal of the bridge-bolts releases the main 
lifting-valve, by means of which pressure is admitted 
to the lifting-presses. When the bridge is lifted to 
its highest position, the cross-head bolte described 
above are released and are then shot and omen 
The main cross-heads are then lowe on to 
the bolte, and when the main lifting-lever has 
been brought full over to exhaust, the next 
lever of the frame is released. This lever with- 
draws the chock which prevents the bridge from 
travelling, and which can only be inserted when 








the bridge is in its correct position for lowering. 
The withdrawal of the chock releases the main | 
hauling lever by which the bridge is drawn back. | 
When the bridge reaches its full open position, it 
releases a lever alongside the lock which operates 


ss 


whole of the levers in the bridge-cabin. To pre- 
vent the bridge over-running its track, hydraulic 
buffers are provided at each end of its travel, and 
the bridge itself operates a cut-off gear by which the 
supply of water to the hauling-cylinders is reduced, 
when the bridge nears the end of its travel. 

In concluding this article, we may draw atten- 
tion to Fig. 105 and 106, on page 179. These repre- 
sent the new ferro concrete wharf on the river 
above the North Lock, to which we referred in 
our first article. This wharf, while not actually 
part of the new dock extension, has been carried 
through at the same time and forms part of the 
same scheme of improvement. It is constructed 
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on the Hennebique system, and is a piled struc- 
ture throughout, standing directly on the river 
bank. The whole superstructure is ferro concrete, 
tied together to form a single rigid decking. It is 
tied back to the quay with steel rods, which lead to 
concrete blocks secured by obliquely-driven piles. 


(To be continued.) 








Tue Panama Canat.—The Secretary for War of the 
United States recently announced that the Panama Canal 
would be opened for use by commercial vessels requiring 
less than 30ft. of water on August 15. The official 
opening is planned for March next year. 
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OIL-CARRYING STEAMERS. 


Tue San Isidoro, of which drawings are reproduced 
on the present page and pages 182, 183, and 184, 
represents one of ten ships which are the largest of 
the class so far completed, and one which probably 
illustrates best the present-day practice in regard 
to this type of vessel. The builders were Sir W. G. 
Armstrong, Whitworth and Co., Limited, who, at 
their Walker Shipyard, have completed more than 
100 vessels of the class. The San Isidoro is one of 
a large new fleet which has been built in the last 
few years for the Eagle Oil Transport Company, ten 
of the vessels being of over 15, tons capacity, 
while eleven others are between 9000 and 10,000 
tons, and all are primarily intended for the convey- 
ance oversea of Mexican oil. 

The first interesting point has reference to the 
gradual growth in size of oil-tank ships, and par- 
ticularly the economy resulting from the increase 
in capacity. We give in Table I. particulars of 


Tasie I.—Particulars of Oil-Tank Steamers. 





























cost and upkeep of the larger ships per unit of 
work done. 

The San Isidoro, like the other large new ships 
included in the Eagle Oil Transport fleet, is built on 
the Isherwood system of longitudinal framing, and 
is one of the largest ships so far constructed on 
this system. The dimensions of the vessel are :-- 


Length over all... oil sil bi 548 ft. 
between perpendiculars... 530 ,,. 
Breadth (extreme)... nee ... 66 ft. 7 in. 
Depth (moulded) to upperdeck ... 33,, 6,, 
Height of shelter-deck ian “~ 8 fo. 


Mean draughtin service... ak 
Dead-weight cargo capacity at this 


draught 12,350 tons 
Bunker, fresh water, and stores 

ca ity eee ooo eee eee 3,000 ” 
Totel dead-weight ile mes --. 16,300 ,, 
Indicated horse-power on trial 4230 
Speedontrial ... ...— ... 11.956 knots 


SECTION THRO’ MIDSHIP CABINS. 
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successive ships designed by Messrs. Jacobs and 
Barringer, principally with a view of illustrating 
these two points. The first vessel, it will be seen, 
was 294 ft. long, and had a dead-weight capacity of 
3250 tons. In her case coal was used as fu 
and a sea oo of 8} knots required propelling 
machinery of 1020 horse-power. The coal consump- 
tion for all purposes per day, according to the 
engineer’s log, was 18 tons. These results show 
that the duty done was 37,910 ton-miles (nautical) 
per ton of coal. By doubling the size of the ship 
a very considerable increase was obtained in duty 

r ton of coal. Thus, in the case of tho Kinsman, 
built in 1901, or eleven years later, the dead-weight 
was 6600 tons, the sea speed 9.6 knots, while the 
coal consumption worked out at 1 ton for every 
54,300 ton-miles. In recent ships oil has been 
used, and consequently a direct comparison is not 
possible. Whereas in the Cordelia, built in 1912, 
the ton-mileage per ton of oil was 68,800, the 
result in the case of the San Isidoro, with 15,350 
tons dead-weight capacity, is 101,790 ton-miles 
(nautical) per ton of oil-fuel. In addition to the 
higher duty for a given expenditure in fuel, there 
is gain also in the wages cost, and also in the first 





There is given on the next a longitudinal 
section, with plans, of the bridge, of the shelter, 
upper and second decks, and of the hold, while 
on page 183 are given half midship sections, and 


el,|on page 184 other details. General sections are 


given in Figs. 1 and 2, above. These details 
render unnecessary a full description of the 
scantlings. There are one or two slight depar- 
tures from the Isherwood typical designs, prin- 
o_ to suit the requirements of the system of 
oil-tanks. Moreover, as is the practice with the 
same designers in the case of iron-ore vessels, all 
the sheer-strake plating is made a little thicker 
than is required > Lloyd’s Rules. The increase 
is equal to about 4, in. The strake below is 
zy in. thicker for five-eighths of the length of 
the vessel. The decks, too, are i in. thicker 
than is the general practice. These increases were 
made in order to augment the stiffness of the vessel, 
as she is the largest vessel built on this principle. 
It is worth noting that the total weight of the 
hull of the San Isidoro is 5760 tons, exclusive of 
the 840 tons for machinery, and it is computed 
that a hull of the ordinary frame type would 
have required about 10 per cent. more steel, 





other things being equal. The transverse members 
are clearly shown in the cross-sections, Figs. 10 
and 11, the former being intermediate to the 
bulkheads, while Fig. 12 shows the outer web for 
the bulkhead, Fig. 13 the middle web, and Fig. 14 
the inner web. As we have said, all dimensions are 
given on the drawings, so that no further description 
is necessary. 
As is shown on the longitudinal section and respec- 
tive plans, the oil is carried in twelve compart- 
ments, which are divided by a central longitudinal 
bulkhead extending through all the compartments, 
as well as through the pump-rooms and cofferdams. 
As there are two pump-rooms, in addition to the 
cofferdam forward and a cross oil-fuel bunker and 
cofferdam aft, the cargo space is divided into three 
main independent units, each of four main compart- 
ments, which, because of the longitudinal bulkhead, 
make eight separate oil-tanks. In the earlier shi 
the practice was to have onlya cofferdam between the 
machinery space and the after tank, but a change 
was introduced to conform to the rules issued by 
the Suez Canal authorities, when permission was 
granted for the passage of oil-tank ships through 
this waterway. At that time a cofferdam forward 
was called for, and this was soon adopted in all 
ships, even although they were not primarily 
intended for the Suez Canal route. The practice, 
too, was for the | ge gen to be right aft, and 
even then it did not extend from the bottom 
to the upper deck. The increase in the amount of 
very heavy oil transported called for shorter lengths 
of pipe, and for this reason, and also because of 
the great size of the pumps, in the larger ships 
more than one pump-room is introduced, their 
ition in the length of the ship being determined 
Cote to reduce the length of suction-pipe. At 
the same time, while the pumps are p as low 
in the ship as possible, the pump-room is extended 
right up to the top of the hold, so as to form an 
intermediate cofferdam. Thus, in the case of the 
San Isidoro, there are really four cofferdams, as 
shown in Figs. 8 and 9, two pump-rooms being 
introduced among the oil-tanks. 

As shown in the plan, Fig. 8, and in the section, 
Fig. 1, the spaces at the side of the main expan- 
sion trunk are used for carrying oil-fuel or cargo, 
and these are fitted with small expansion trunks 
extended to the shelter-deck. Oil-fuel is also 
carried in a large cross-bunker aft, as shown in 
Figs. 8 and 9, and in a deep tank forward (provided 
the fuel has not a low flash-point). In order to 
obtain Lloyd’s permission to burn oil below the 
standard flash-point, it was necessary to enclose 
the fuel-oil pumps which supply the burners, filters, 
heaters, &c., in a distinct gas-tight chamber, the 
only opening to which is on deck. This is a 
novel feature in these vessels. The pumps dealing 
with oil for burners are so fitted that the steam 
ends are in the stokehold, but all the oil ends 
and glands are in the isolated chamber, cylinder 
ends being jointed to the bulkhead. There is also 
a small fan with engine in the stokehold, the shaft 

ing through a packed gland in the bulkhead, 
or the ventilation of this chamber. A steam-lift 
is also fitted for the use of men when proceed- 
ing below to deal with the pumps. These pum 
can, of course, be regula from the stokehold 
without entering the chamber. 

The a a installation is the most com- 
plete ever supplied to an oil-carrying steamer, and 
there is given in Fig. 2 a section Eeoush one of 
the pump-rooms. ere are two oil-pumps in 
each of the two pump-rooms. These are of the 
Hayward-Tyler ~~ type, 22in. by 14 in, by 
18 in., capable of discharging 300 tons of oil per 
hour t a pressure of 200 lb. per sq. in. 
Throughout the length of the ship there are, at the 
bottom of the tanks, two lines of 14-in. main piping, 
one on each side of the longitudinal bulkhead, as 
shown in the plan, Fig. 9. From each of these 
main pipes there is, in each compartment, a branch 
to the oil-tank on each side of the longitudinal bulk- 
head, so that oil can be pumped through each 
main from any of the oil-tanks. There are thus 
forty-eight suctions for the cargo oil. Normally, 
with both lines of piping in use, the entire cargo of 
12,000 tons can be pumped out in twelve or thir- 
teen hours ; while if there is any breakdown in 
either of the two main lines of piping the whole 
cargo can be taken by the one line of piping from 
all the tanks and discharged in 24 or 26 hours. As 
shown in the cross-section, Fig. 2, there is a 9-in. 
suction-valve and an 8-in. air-valveon each suction, 
and these are actuated by wrought-iron rods, with 
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oil storage capacity, which is assumed at 39 cub. ft. 
per ton. Each cargo-hold is fitted with a vapour- 
pipe extending 4 tt. 6in. above the shelter-deck 
natch. 

Arrangements are made for taking miscellaneous 
cargo should the oil in the tanks be of low specific 
gravity. The tanks at the side of the main ex- 
pansion-trunk can be utilised for cargo to make up 
the designed dead-weight. For the trip back to 
the oil-fields ordinary cargo can be carried, and 
large hatches are provided, as shown in Figs. 6 
and 7. Ventilation is by means of a large steam- 
fan connected to the main pipe-lines (Fig. 2). 
There is a complete installation of piping fitted for 
dealing with water in the cag ballast-tank, for- 
ward cofferdam, and fore peak (Fig. 9). 

The accommodation is very complete for a vessel 
of this type, as shown in Figs. 4 to 6. There is 
a separate cabin for each officer, engineer, and 
steward, with three large state-rooms for passen- 
gers, or directors of the several companies interested 
in the Mexican oil-fields. The saloon and captain’s 
day-cabin are panelled in oak, and the officers’ 
aud engineers’ mess-rooms in polished mahogany. 
Each cabin is fitted with an electric fan, and all 
doors, side-lights, and scuttles are protected by 
mosquito-screens. The officers are berthed in the 
deck-house amidships, and the engineers and crew 
in the shelter ‘tween deck aft, alongside the 
engine casing (Fig. 7). A refrigerating installation, 
with chambers for provisions, is fitted in the 
shelter ‘tween deck alt, and a Marconi wireless 
ay installation is fitted in a cabin on the 
—— ridge (Fig. 5). 

he boat outfit includes two extra large lifeboats, 
two cutters, and one harbour boat A large winch 
is fitted for towing ocean-going oil-barges if re- 
quired, and there are two powerful steam-capstans 
— aft. The steering-gear is a patent combined 
and and steam, on the Wilson-Pirrie principle, 
and is fitted on the shelter ’tween deck aft. 

The propelling machinery is of the quadruple- 
expansion type, and was supplied by the North- 
Eastern Marine Engineering Company. The cy- 
linders are 28} in., 4lin., 58 in. and 84in. in 
diameter, with a stroke of 54 in. Steam at 220 lb. 
is supplied by four boilers, 16 ft. 3 in. in diameter 
and 12 ft. long, fitted with Howden’s forced draught. 
The well-known and highly successful Wallsend 
Howden oil-fuel-burning mstallation was fitted on 
each boiler by the Wallsend Slipway and Engineer- 
ing Company, Limited. This system was supplied 
to all the large vessels of the Eagle Transport 
Company, and was illustrated in ENGINEERING, 
vol. xev., page 131. The pumps for the oil-fuel are 
fitted in an isolated pump-room (Figs. 6 and 7), 
thus keeping the boiler-room as clear as possible 
from any leakage from pipe-joints, &c. 

The trial trip of the vessel was run under adverse 
circumstances, as there was a heavy sea running 
during the whole time, and the speed—12 knots— 
which was obtained may therefore be looked upon 
as extremely satixfactory. The engines and boilers 
worked very well throughout the trial, and the 
Mexican oil which was used proved itself to be an 
excellent and efficient fuel. In view of the large 
amount of this oil which has now come into the 
country, this fact is of importance. 

That the San Isidoro represents a large amount 
of experience in design and construction is proved 
by the facts gubtished, Like all the other vessels 
for the Eagle Oil Transport Company, she is from 
the designs of Messrs. Jacobs and Barringer, 
Limited, who in the law fifteen years have de- 
signed fifty nine ships of the type, with a collec- 
tive carrying capacity of 516,450 tons, and had at 
one time in course of construction as many as 
thirty nine vessels. The work of supervising the 
construction of these vessels was carried out by 
the firm’s staff of inspectors, with Mr. W. Bradney 
as chief resident inspector. 








PitMan’s GOVERNOR FOR HypRAvLic Power-StarTion : 
Erratum —Mr. Percy Pitman informs us that there has 
been a misunders ing in connection with one detail 
of his hydraulic qecemen, illustrated on page 152 of our 
last issue. The object of the plug-cock shown in Figs. 5 
and 6 was accordingly ineorrectly stated. It is really 
intended for use in starting up the turbines by admitting 
pressure direct to the servo-motor, and thus opening the 
gate-valves to the turbines. The plug-cook in question also 
serves ae an emergency valve for hand-regulation, and 
can be operated even when the governor is working. 
Normally, however. it is closed once the turbine is started 
up, thus cutting off the direct connection between the 
pressure water and the servo-motor cylinder. 





THE OIL-CARRYING STEAMER 


“SAN ISIDORO.” 


SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, WALKER-ON-TYNE. 
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INDUSTRIAL NOTES. 


WE are informed that a reduction in iron workers 
wages will follow upon the ascertainment made by the 
Midland Iron and Steel Wages Board, concerning the 

roduction and the average selling — of iron 
tute the months of May and June. The puddling 
rate this month and in September is to be 9s. per ton, 


corresponding to a reduction of 3d. The increase of | ® 


6d. per ton granted to the puddlers by the Wages 
Board on July 15, 1912, is to continue ; this will 
make the total puddling rate 9+. 6d. per ton. The 
accountants of the Board have issued the following 
statement :— 

We beg to report that we have examined the returns 
of the sales of iron made by the seventeen selected 
firms for the months of May and June, 1914, and have 
verified the same with their books. We certify the 
average net sellin price to have been 6/. 15s. 9.23d. 
per ton. Below is a statement of the different classes 
of iron sold and the average net selling price of each:— 





Per- 


| verage 
centage H 
| of Totals. Net Price. 


Description. Weight. 








tons cwt. qr. Ib., 2a a4 
Bars ee ee -.| 19,804 10 2 2) 68.69 6 18 30.20 
Angles and tees 623 019); 1.81 7 2 9.91 
Plates and sheets 7838 18 211 2.72 3 0 4.03 
Hoop:, strips, and mis- 
cellaneous .. .-| 7,720 6 321 26.78 6 7 0.37 
28,831 16 115 | 100.00 615 9.23 


' | 


The following table shows the figures for the pre- 
vious two months :— 




















| 
| Per- 
: Average 
Description. | Weight. centage 7 
of Totale, | Net Price. 
| tons ewt. qr. Ib.) £e8. a. 
Bars... és -.| 20,865 3 8 21) 74.25 7 2 423 
Angles and tees 81816 1 6) 3.02 | 7 18 11.13 
Plates and sheets 68111 1 2 243 | 8 8 0.45 
Hoops, strips, and mis-| 
cellaneous .. --| 5,70516 0 4 2030 | 611 175 
I 98 101 7 2 4 100.00 7 G 1114 


A meeting of the Scottish Coal Trade Conciliation 
Board, at which a deputation of four members from 
the Miners’ Federation of Great Britain assisted, was 
held in Glasgow on the 30ch ult., for the purpose of 
omsidering the coalmasters’ claim for a reduction of 
miners’ wages by Is. per day. 

At the close of the meeting it was stated that a 
further one would be held to-day. It is stated that 
the position of the coal trade in Scotland was fully | 








explained to the English deputation, and that prior to 
meeting to-day, they will confer with the Executive 
of the British Miners’ Federation. The outlook is 
considered hopeful. 





The National Federation of Building Trade Em- 

ployers of Great Britain and Ireland held a meeting 
t Cardiff, on Saturday last, the 29th ult., when the 

question of a general lock-out was considered. It was 
announced that the Executive Council had despatched 
on the preceding day an ultimatum to the executive 
of all the obdurate operative unions, stating the 
following :— 

‘* Unless the present dispute in London is brought 
to an end, so far as your society is concerned, on or 
before August 15 next, this Federation will issue 
instructions for an immediate lock-out of the mem- 
bers of your society. 

‘*Whilst the Federation regrets that any such act 
is necessary, this action has become imperative in 


_ | conse quence of all reasonable suggestions for settlement 


put forward by the accredited representatives of the 
employers and operatives having been rejected by the 
London operatives, although accepted by the London 
employers. 

‘* The Federation has always recognised ard appre- 
ciated the general local observance of agreements by 
your society throughout the provinces, but it is 
obvious that if a section of your society in London 
can successfully break agreements that have been 
entered into alter all formal requirements on either 
side have been complied with, and can receive the 
support of the provinces, then ro agreement through- 
pod the country will any longer be a safeguard to the 
trade.” 

It was stated further that a ain of the em- 
ployers’ executive will take place on the 18th inst., 
and that in the meantime the Administrative Com- 
mittee were empowered to deal with any matters that 
might arise under this issue. The announcement of 
the decision was received with cheers. After this 
statement the Prees representatives were asked to 
withdraw, when the meeting proceeded to confer in 
private. 

The report of the executive respecting the lock-out 
was unanimously approved by the general meeting. 
Among the unions to which the ultimatum has been 
sent are :— 

The Navvies’, Builders’ Labourers’, and General 
Labourers’ Union. 

The United Order of General Labourers of London. 

The Nation:al Union of Gas Workers and General 
Labourers. ; 

The National Amalgamated Society of Operative 
House and Ship-Painters and Decorators. 

The Naticnal Association of Operative Plasterers. 
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The Operative Bricklayers’ Society (London Order). 

The Amalgamated Society of Carpenters and Joiners. 

The General Union of Carpenters and Joiners. 

The United Kingdom Plumbers’ Association. 

The London Plumbers’ Association. 

The National Union of Operative Heating and 
Domestic Engineers. 

The United Builders’ Labourers’ Union. 





A strike of the dining-car staff of the Great Western 
Railway commenced at mid-day on the 29th ult., 
when the express trains left Paddington without 
dining-cars. Thestrike, which has now been settled, 
was caused by the reduction in rank of an employee, 
a dining-car attendant, for an alleged breach of the 
rules, and it threatened to involve other sections of 
railway workers. The strikers were members of the 
National Union of Railwaymen. Shortly after the 
strike was declared, the Great Western Railway 
Company issued, from Paddington, a statement to the 
following effect :— 

The trouble arose in convection with a dining-car 
conductor who was reported by a fellow worker for 
irregularities, and after investigation was told that 
he would be made an attendant instead of a conductor, 
but that he would be given every opportunity of re- 
deeming his character, and might hope to be restored 
to the position of conductor if he did so. The man 
resented his punishment, and some of his fellow- 
workers refused to man the cars in sympathy with him. 

Later details showed that Frank Farmer, the dining- 
car attendant in question, was suspended on the 
ground that he had supplied food to certain workers 
on his train. Farmer was reduced in rank. Charles 
Strange, chef, who admitted having himself given out 
the food and who accepted all blame, was dismissed. 

A mass meeting of all es of men was held on 
the same day, the 29th ult., when a resolution was 
_— demanding the complete reinstatement of 

‘armer, Strange, and a motor driver who was reduced 
three weeks ago, and the reinstatement of all men who 
had withdrawn their labour. A deputation was elected 
to approach the Great Western Railway Company 
with the demands. 

The men primarily concerned have admitted their 
wrong, and have apologised to the company. They 
undertake to act in accordance with the company’s 
regulations in the future. 





The Staffordshire china trade is stated to be enter- 
ing period of unrest. A two years’ wages agreement, 
which affects over 15,000 operatives, entered into 
between the English China Manufacturers’ Association 
and the National Union of Pottery Operatives, expires 
to-day, and notice has been given by the union to the 
Manufacturers’ Association for new minimum prices 
and conditions, to come into force on August 1. The 
notice suggests that these minimum prices are already 
in force in a number of factories, and that firms pay- 
ing the lower rate should be brought up to the mini- 
mum scale. The Manufacturers’ Association, we are 
told, have passed a resolution declining to entertain 
the operatives’ demands. 

Mr. J. A. Arrowsmith, secretary of the China 
Manufacturers’ Association, in a letter to the Pottery 
Workers’ Union, states that, taking into account the 
narrow margin of —_ at present existing, and the 
many expenses and burdens they are called upon to 
bear, the manufacturers cannot entertain any further 
increase beyond what was arranged at the settle- 
ment of two years ago. They contend that with 
those prices ruling it is possible for any operative to 
earn a fair living wage, and they suggest that it is 
as much to the interest of the operatives as the manu- 
facturers that the china trade should not be diverted 
to foreign channels. 

“If, however,” the letter continues, ‘‘ the opera- 
tives are determined to hand in notices to terminate 
work 28 days from August 1, it is better, in the in- 
terests of both manufacturers and operatives, that 
notice should be given in time (before Wednesday, 
July 29), so that any ne my to be made may 
be conducted before most of the factories are closed 
for the Wakes. The manufacturers hope, however, 
that the operatives will not take this extreme course.” 

The situation was considered at a mass meeting of 
operatives held at Longton Town Hall on the 28th ult., 
when the employers’ suggestion that notices to cease 
work should Seated in was strongly criticised. 

Mr. §S. Clowes, organiser of the Pottery Workers’ 
Union, said the notice on behalf of the operatives had 
never suggested a stoppage. The demand of the union 
was for a levelling up of w at factories which 
paid low rates to the reasonable minimum standard 
already allowed by a number of employers. The 
operatives’ leaders were so convinced of the justice of 
these demands that they were willing to submit them 
to arbitration. 





It is announced that the Wigan Coal and Iron Com- 
pany, Limited, the owners of works at Wigan, and 
collieries at various parts of the country, are taking 





steps to stop a portion of their collieries, coke-ovens, 
and iron works, owing to the slump in business, the 
low prices ruling, the high cost of labour, ard the 
expenses connected with Parliament’s social laws. 
The information adds that the stoppage of other por- 
tions of the compsny’s establishments is contemplated 
in the near future. 





The special committee appointed to deal with the 
Leeds municipal strike issued last week a statement 
which gives the total cost of the strike. According 
to the report, all the liabilities had been discharged, 
and the total expenditure was as follows :—Sums ex- 
— by the special committee, 12,333/. ; sums dis- 

ursed by the Watch Committee to maintain the 
peace of the city, 22,771/.—total, 35,104J. 


The strike of men employed by the Mersey Docks 
and Harbour Board is now stated to be practically 
ended. So far it had lasted about three weeks, but 
was never very effective, since the avowed determina- 
tion of the strikers to ‘‘hold up ” the dock gates and 
thereby omy me ingress and egress of ships altogether 
failed. Sir Helenus Robertson, chairman of the rd, 
is reported to have stated that he was very sorry for 
the men. Many of them had been suffering through 
the strike they had been advised to join. The strikers, 
he added, would be taken back and reinstated as far 
as possible. Everything possible had been done to 
save the positions for the men who went on strike. 
The Board had been compelled to take on some out- 
side men, but not more than was absolutely necessary, 
and most of the positions left by the men were waiting 
to be filled ; the Board hoped they would be filled by 
the men who deserted them to go on strike. 





The Committee of the Federation of Master Cotton- 
Spinners’ Associations held their monthly meeting in 
Manchester last Monday, when the ballot in regard 
to short time having proved favourable, it was decided 
to run the mills as stated in the following circular :— 

** Proposed stoppage of 1664 hours between July 7 
and end of September: American Section.—The ballot 
on the above question shows that Federation members 
in the American Section owning more than the neces- 
sary percentage of spindles, and non-members owning 
1 a ition spindles, are willing to curtail production as 
recommended. If you are users of American cotton, 
you are requested to notify your local secretary of the 
manner and details of the stoppage in your mills.” 

Sir C. W. Macara was appointed president of the 
Federation for the ensuing twelve months, and Mr. 
J. B. Tattersall and Mr. Percy Ashworth vice- 
presidents. 

The decision will affect about 35 million spindles, 
and considerably over a hundred thousand work- 
people ; it, however, comes largely in the holiday time. 





Other news states that, owing to the war, the cotton 
trade is getting in a most serious situation, and 4 
number, probably a large number, of works will have 
to close down owing to sales ming impossible. 
The situation is further complicated by the fact that 
a cotton famine is threatening. On Monday last the 
directors of the Liverpool Cotton Association decided 
to stop all trading in cotton until further notice, and 
oul the following resolution, which was notified 
to the Manchester, New York, and New Orleans 
markets :—That until further notice all trading in 
futures and all tenders and all settlements for future 
contracts be suspended, and that until arrangements 
to safeguard the interests of all concerned can be 
made, no trading in spot cotton shall be allowed. In 
order to carry out the foregoing resolution, the 
directors shall appoint a special committee to arrange 
the necessary details. During the afternoon, cables in 
reply were received from the New York and the New 
Orleans Exchanges ; the three great cotton exchanges 
of the world are acting in concert. 





ConTracts.—The water-turbine orders recently booked 
by Messrs. Boving and Co., Limi , Union-court, 
Old Broad-street, E.C., include installations for the 
Piracicaba Hydro-Electric Company, Brazil; the Kawa- 
sugawa Hydro-Electric Company, Japan; the Dominion 
Portland Cement Company, New Zealand; the Anglo- 
Japanese Power Company; and for Messrs. F. Street 
and Co., O; . Their pump orders include units for 
works in this country, the Colonies, and foreign firms. 
Their contracts also include eigbteen Mendheim kilns 
for the British Aluminium Company, Kinlochleven.— 
We are informed that the St. Pancras Borough Council 
have awarded the British Niclausse Boiler ‘Comer 4 
Limited, of Caxton House, Westminster, S.W., 
contract for four boilers with mechanical stokers, super- 
heaters, economisers, forced and induced-draught instal- 
lation, and a of the firm’s own design. Each 
boiler will be capable of producing 40,000 lb. of steam 

r hour at a pressure of 220 1b. per sq. in. and with 
350 deg. of superheat from feed at 120 deg. Fahr. One 
of the boilers will be delivered before the end of the 
year, in spite of the international complications. 





EXPANDING WEDGE FOR HAMMER. 
HEADS, &c. 

Not the least of the many little annoyances the 
mechanic meets with in the course of his work is the 
loosening of hammer-heads from their handles owing to 
the shrinkage of the wood. This is of frequent oocur- 
rence in spite of the rather makeshift methods usually 
adopted to — it, and is often the cause of rather 
serious accidents. We therefore wish to call attention 
to an expanding wedge, patented by Mr. G. C. Conner, 
for the purpose of fixing the heads of hammers, axee, 
picks, and other similar tools. The inventor claims 
that the heads are thereby fixed with absolute security, 
so that the time wasted in tightening them up while 
work is in progress is saved, and the possibility of 
accidents arising from the heads flying off and injuring 
persons or property is eliminated. 

The accompanying illustrations, which are more or 
lose nae pe pees show the design of the wedge and 
the method of applying it to fix a hammer-head. The 
device will be seen to consist of a pair of tapered side- 
plates lettered A in Fig. 1, pinned together at their 
thin ends for convenience in fixing, and a central 
wedge, Fig. 2, the object of which is to expand the 
side plates. The inner and outer faces of the side 
plates, and the two faces of the wedge, are serrated, 
as shown, so that slipping of any part is prevented. 
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To apply the device, a saw cut a little deeper than 
the thickness of the head is first made in the end 
of the handle, as shown in Fig. 1. The head having 
been i in position on the handle, the side plates 
are driven into the saw cut so that the projecting 
~¢ are flush with the end of the handle and the 
head, as shown in Fig. 3. The central wedge is then 
driven in between the side plates into the position 
shown in Fig. 4. This operation burste, or shears, the 
pin connection between the side plates, and forces 
them apart, so that the wood is expanded sufficiently 
to fill the hole in the head completely ; the latter is 
therefore quite immovable. If, after a time, any 
further shrinkage of the wood should occur, it can 
be taken up very easily by driving the central wedge 
down another notch, and this operation can be repeated 
several times if necessary. this way the wedge 
might be driven half-way through the head, though 
the amount of shrink thus taken up would be 
greater than is ever likely to occur in practice. 
These wedges are made by the Patent Ex 

ay Compan » of 114, Great Portland-street, 
London, W., in fourteen different sizes, of which the 
smallest measures }$ in. by 7 in., and is suitable for 
a head weighing 4 lb.; the largest size measures 
18 in. by 24 in., and can be used for heads up to 14 Ib. 
in weight. They are very inexpensive, and their use 
would often save the cost of fitting new handles. 





Protection Work ON THE MississiPri.—We have at 
one time and another referred briefly to the mattress. 
protection work carried out on the Mississippi. A recent 
issue of the Engineering Record descri an im nb 
med of such work carried out in 1913 by the United 

tates Government at Slough Landing Neck. Here the 
banks and bottom of the Mississippi have been protected 
for a length of 5000 ft. and a width of 250 ft. with stone 

on willow mattresses. The mattresses were made 
in lengths, 1000 ft. long. Each consisted of willow brush- 
wood, bound together to a thickness of 12 in., the upper 
surface being divided into 8-ft. by 8-ft. pockets for the 
reception of the stone ballast. y were built up on 
inclined ways, and the mattress was drawn off into the 
water, the new bundles of brushwood being added con- 
tinually at the shore edge. of the work was 
about 175,000 dols., and it took 28,000 cubic yards 
and 19,000 cords of brush. 
at the rate of about 100 ft. per day. Readers of Enat- 
NEERING will doubtless remember the account we gave 
paggere» &s the protection work carried out at ‘ 
in which mattresses of a similar character were utilised, 
Mr. G. U. Buchanan having, in fact, inspected work on 
the Mississippi before the work at Rangoon was decided 
upon, 
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CONTROLLER FOR ELECTRIC HOIST. 
CONSTRUCTED BY THE IGRANIC ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 
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Fig. 3. 

















On“the present and opposite pages we reproduce 
photographs of a set of control apparatus, made b 
the Igranic Electric Company, Limited, of 147, Queen | 
Victoria-street, London, E.C., for operating a large 
electric hoist. The hoist is driven by a three-phase 
induction motor, capable of developing 260 brake horse- | 
power on peak load; this power is, however, only | 
required for 8 seconds during the period of accelera- | 
tion. While the hoist is running at constant speed | 
the power required drops to about 60 horse-power, at 
which it is maintained for 64 seconds. This is followed | 
by a retardation period of 8 seconds, so that the 
complete cycle takes 80 seconds; the cycle is re- 


peated at intervals of from 95 to 100 seconds. Fig. 1 | 


y | mounted on an angle-iron frame, so as to be con- 


Fig. 2. 


is a front view of part of the panel, which is| illustrated in Fig. 5, having one “‘off” position, and 
eight running notches for each direction of rotation. 
veniently fixed as a switchboard. It is provided with| When the controller handle is moved into the first 
nine double-pole alternating-current contactor switches | notch, the primary switches only close, but further 
of the type illustrated more clearly in Fig. 3. Twoof|movement of the handle closes the accelerating 
these switches, which are suitably interlocked, are switches in succession until, when the last notch is 
used for reversing the connections of two of the three reached, the rotor is completely short-circuited. Each 
phases of the primary winding to alter the direction of of the accelerating switches is fitted with s three- 
rotation of the motor. The other seven are for short- phase current-limit relay, which serves to delay the 
circuiting sections of the resistance in the rotor while | closing of the switches if the controller handle should 
starting up. Fig. 4 shows one of the resistance | be moved too rapidly. All the wiring is on the rear 
sections, which are of the cast-grid type, mounted in | of the panel, as is well shown in Fig. 2. The rincipal 
frames se te from the panel. The contactors are circuits are of copper bar, while the contro -circuits 
operated by a master controller of the drum type, are of rubber-covered wire secured by cleats. It 
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will probably have been noticed that there are 
neither main-line switches nor overload circuit- 
breakers on the panel ; these are, however, provided 








4. 


separately. Also, as the brakes are in this instance 
pneumatically operated, there is no provision on the 


panel for handling the brake circuit. 
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THE usual method of lighting up locomotives in 
running-sheds is open to several objections. It neces- 
sitates keeping a furnace going from which to draw 
live coal to start the fires, and involves carrying 
these coals through the shed on shovels to the engine. 
The labour and time required are considerable. The 
superior advantages of a satisfactory portable oil-fuel 
apparatus for this purpose will be appreciated by 
railway men, and we therefore illustrate herewith a 
device used with success at the Old Oak Common 
sheds of the Great Western Railway. The machine 
is the invention of Messrs. Armstrong and Rogers, of 
the locomotive department of the Great Western 
Railway. It is being made and put on the market 
by the Westminster Engineering Company, Limited, 
Victoria-road, Willesden Junction. 

The machine is shown in elevation in Figs. 1 and 2, 
while Figs. 3 and 4 show, to a reduced scale, the nozzle- 
arm. © appliance consists of a reservoir to hold 
the crude oil or residue, capable of being put under a 





pressure of from 5 lb. to 10 lb. per sq. in. by means 
of @ hand-pump. A vaporiser and mixer is arranged 


under the reservoir, and the oil through this on 
its way to the flexible pipe which terminates in a 
turbine spraying-head. e latter is placed in the 
fire-box and the cloud of oil-spray ignited, the flame 
being directed on to coal already p on the grate. 
The effectiveness of the system is evident from the 
fact that 20 Ib. of steam can be raised from a cold boiler 
in about half the time taken by the ordinary lighting- 
up method. Where compressed air is available a con- 
nection may be made to a branch on the machine, and 
no hand-pumping or vaporising is then required. 
Where compre air is not available steam is used 
for driving the oil through the turbine-head and for 
heating the vaporiser. Componneed air is said to be 
— but the steam method proves quite satis- 
actory. 

It may be mentioned that at the Old Oak Common 
sheds, where the number of locomotives going out 
averages 130 per day, three lighting-up machines are 
in use, and the saving realised 225/. in the past twelve 
months. The oil taken per fire amounts to about 
7 pints, which at a cost of about 75s. per ton would 
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mean that the lighting-up costs would be about 24d. 
per engine. The whole of the heat developed is put, 
of course, to useful work, which is far from being the 
case with the ordinary furnace method ; while the 
saving of time and the elimination of fire and other 
risks are important. 





Untversat Drreecrory or RaAiLway Orricrats, 1914. 
—We have received a copy of this directory for 1914, the 
twentieth year of publication. It is compiled under the 
direction of Mr. S. Richardson Blundstone, editor of the 
Railway Engineer, and is published at the subscription 

rice of 7s. 6d. (after publication, 10s.), by the Directory 

ublishing Company, Limited, 15, Farringdon-avenue, 
E.C. It gives information on the railways of the whole 
world, the information os the length of the rail- 
way, the gauge, and the names of all members of the Board, 
engineers, chief clerks, and their address. It contains 
also a personal index of all the railway officials. 





Tue Copper Marxet.—In their monthly report, dated 
the 4th inst., Messrs. James Lewis and state that 
after advancing from 61/. on the Ist ult. to 62/. 10s. on 
the 7th, cash standard fell to 60/. 3s. 9d. on the 22nd, but 
recovered next day to 60/. 12s. 6d., and declined ~ ed 
to 56/1. on the 30th, when 1/. 10s. per ton additional was 
paid for three months prompt. On the 31st the commit- 
tee decided to close the London Metal Exch until 
further notice, the settlement price of the 30th holding 
good until it should be reopened, prompts falling due 
after the 3lst being postponed until furti notice. A 
considerable busi timated at 35,000 to 45,000 tons 
for shipment over three months — was transacted in 
American electrolytic copper during the first week of July 
at 13% to 134 cents per pound with home consumers, and at 
631. 10s. per ton c.i.f. for export to Eu up to 13% 
cents and 64/. being su uently paid. Final quotations 
were 13 to 134 cents and 59/. 10s. to 60/. The copper out- 

ut of the Tanganyika Company last year was 7000 tons. 
t for the present year is expected to be 12,000 tons, 
ata cost of . delivered in England; for 1915, 25,000 
tons at 30/. to 32/., and for 1916, 40,000 tons at about 
30/1. per ton. The yeas me uction of the Otavi Com- 
pany for the year ended h 31 last was 7088 tons, 
against 6095 tons for 1913 and 5211 tons for 1912. The 
pany announced the reduction of their 
output by 2260 tons per month. American exports for 
July were advised as 34,145 tons, 
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OXY-ACETYLENE WELDING. 
To THe Epitor oF ENGINEERING. 

Sizn,— With reference to the letter in yesterday's 
ENGINEERING from the British Acetylene and Welding 
Association, may I be allowed to inquire through your 
columns whether welding has ever been suggested or tried 
in connection with the crown sheeting of a gas-holder ? 

These sheets in the larger holders would be about $ in. 
thick, and are at present ——— and riveted with 
rivets about ,°; in. or § in. in diameter. 

If the sheews could be satisfactorily welded together 
in situ, a much better job would result, and painting 
would be easier. 


Yours truly, 
Hampton Hill, August 1, 1914. W. H. Tozzr. 





THE ELECTRIC VEHICLE ASSOCIATION 
OF AMERICA. 
To THe EpiTor oF ENGINEERING. 

Sir,—I have received a letter from the Secretary 
of the Electric Vehicle Association of America, stating 
that the Association will be glad to welcome to their 
annual Convention in Phi Iphia, which is being 
held on Monday, Tuesday, and Wednesday, October 19, 
20, and 21, 1914, any electrical engineers in England 
who are interested in the electric vehicle, and who 
propose being in the States at that time. I may 
say that the Electric Vehicle Committee is being 
represented by its chairman, Mr. R. A. Chattock, the 
City Electrical Engineer of Birmingham. I should be 
glad to be advised of any engineers who are proposing to 
attend, in order that I may notify the secretary of the 


Association. 
Yours faithfully, 
F. Ayton, Hon. Secretary. 
The Electrical Vehicle Committee of the Incorporated 
Municipal Electrical Association, 
Ipswich, August 4, 1914. 





NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was dead idle, and the prices of Cleve- 
d warrants were easier. Sellers quoted 51s. 2d. cash, 
and 51s. 34d. one and three months, while buyers named 
50s. 104d. casb, and 51s. one and three months. In the 
afternoon there was again nothing doing, and although 
buyers’ quotations for Cleveland warrants were un- 
changed, sellers quoted a little easier at 51s. 1d. cash, 
51s. 24d. one month, and 51s. 3d. three months. On Friday 
morning idleness again prevailed, and sellers of Cleveland 
warrants made no change in their quotations from the 
ng ote day. The afternoon session was another blank, 
ut the tone was a shade firmer, with sellers of Cleveland 
warrants naming 51s. 14d. cash and 51s. 3d. one month 
and three months. On Monday—August Bank Holiday 
—the market was not in session, nor did it open on Tues- 
day or to-day (Wednesday) on account of the condition of 
business owing to the present war crisis. As soon as 

affairs settle down a little the market will be resumed. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has fallen off completely, and business is at a 
standstill. No fixed price can given, and buyers 
require to make the best terms possible. 


Scotch Steel Trade.—Great tension has prevailed in all 
business circles during the past few days owing to the 
— of Britain being dragged into the present 

uropean trouble, and now that the worst has been 
realised, and that war has actually broken out with 
Germany, business has received a staggering blow. The 
excitement been very marked on all sides, but in 
the course of a few ae the general trade position will be 
considerably improved, and manufacturers and merchants 
will settle down to the new order of things by which 
they are faced. In the steel trade makers were daily 
looking for a revival and were anxiously waiting for some 
improvement, but this now seems as far off as ever. 
The home trade is poor, while the export trade is 
almost entirely suspended, as the war insurance risk 
rates are quite prohibitive; but at present the Govern- 
ment are considering the matter. Of course, the 
ports to which we can mo material during the pre- 
sent crisis are very limited, and already a number of 
vessels are hung up—fully and partially loaded. Prices 
all round have advanced consicerably, and no definite 
quotations can be given, but, roughly speaking, the rise 
is from 10s. to 20s. per ton, although everything is a 
matter of negotiation. The supply of raw material has 
practically stopped, and while arrangements are being 
made for other sources of supply being tapped, business 
will be more or less suspended for a day or two. 


Malleable-Iron Trade.—The recent quietness in the 
malleable-iron trade in the West of tland had not 
shown any o—- for the better this week, and now the 
business outlook is considerably more gloomy. Pro- 
ducers hope, however, that they will on Gaales shortly, 
as there are prospects of our trade routes to oversea 

ts being thoroughly controlled. Some of the works 
ave not yet been re-opened since the holidays. 


_ Scotch Pig-Iron Trade.—So much of our Scotch pig- 
iron is shipped abroad that the outbreak of war has 
caused a cessation in dealings. This is only likely to be 
temporary, as adequate arrangements will be made to 
prevent a stop’ in business ; but for the present, how- 
ever, there 1s little doing either on home or export 
account. The furnaces in blast number 53, as against 82 
for the corresponding week of last year, but even that 
number will shortly be reduced. Prices are firmer. 


Scotch Shipbuilding.—Like the majority of the indus- 


tries of the country, the rec aeongeer en 
result of the warlike conditions which have recently pre- 
vailed, and now that we, ourselves, are at war with 
Germany there is the probability that there will be a 
The country is in a state 
the mobilisation of the Crown 
forces has taken from many of the shipyards large 
numbers of men belonging to the Royal Naval Re- 
serve, the Amey. Sasaere, and the Territorial Force, 
made to keep the yards going so long 
uring the past month, 
to the holidays, the output was small and only 
ed nineteen vessels, with a gross tonnageof 19,533 
tons, made up as follows :— 


reduction of employment. 
of excitement, an 


but efforts will 
as material can be obtained. 
owin 
to’ 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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g diagrams each vertical line apenas a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scote 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 


and Cleveland iron, and 1l. in all other cases. 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 


Vessels. 
The Clyde .. eo we ale ho 
The Forth .. - “ hs ox 2 
The Tay... oe ws ae <= 
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Total .. a a ow 2 


trade is feeling the 


Tons. 
16,216 
2, 


817 


19,533 


The Clyde total is the smallest of any month this year, 
and the nearest July total to that figure was in 1903, 
when the output only totalled 15,903 tons. For the year 
to date there have been launched, on the Clyde, 141 


vessels, amounting to 283,893 tons, which compares badly 
with the 377,270 tons for the same period of last year. the 
329,952 tons of 1912, and the 344,218 tons of 1911. When 
the Aquitania’s 50,000 tons is deducted from last year’s 
figures we find that the falling-off for this year is reduced 
to about 40,000 tons. The seven months’ total has onl 
been bettered on five other occasions, so that this year's 
figures must still be considered quite satisfactory. New 
work, although not over- plentiful, has been coming 
in fairly well, and quite a number of contracts are 
reported, some of which are for good-sized vessels. The 
outbreak of war, with its consequent tightness of money, 
will undoubtedly have a telling effect on the shipbuilding 
trade, on the side of mercantile work, at any rate, 
bat it will bring forward, in the present instance, 
an improved demand from the Admiralty. The Clyde 
has quite a lot of Government work on hand just now, 
as much as or more, perhaps, than at any previous time, as 
there are no fewer t' sixteen vessels under construc- 
tion. The Dreadnought battleship Benbow at Messrs. 
William Beardmore and Co.’s y at Dalmuir, and the 
Dreadnought cruiser Tiger, at Messrs. John Brown and 
Co.’s y at Clydebank, are each nearing completion, 
and are being speeded on, while some of the other vessels 
are well under way. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Owing to the rapid 
developments of events on the Continent, the position 
in the steam-coal market has undergone a marked change. 
High pressure in shipping has given to an almost 


complete cessation of this class of trade. Up to the last | } 


available moment orders were expedited for the con- 
venience of Continental consumers, and there was great 
activity at the ports. The market has been further 
weakened by a pronounced shrinkage in local industrial 
buying, the holiday stoppage and war influences having 
operated together with serious effect. Some of the newer 

its in the South Yorkshire area, which have been sending 
the bulk of their output to the coast, are feeling the 
= acutely. A slight improvement is shown in the 

uying of household sorts. Much of the weakness at the 
dépéts has disappeared, although at collieries large stocks 
are in evidence, and short working is the rule rather than 
the exception. A | r tonnage is going into the 
country and to the London dépéts. Values are a little 
firmer. With the settlement of contracts, fuels are a 
more active medium. Slacks fluctuate. ile there has 
been a good deal of forced selling in the lower qualities, 
the best sorts are making quite an average figure. There is 
no improvement in the demand for coke. otations :— 
Best branch hand-picked, 15s. to 16s. ; ley best 
Silkstone, 12s. to 13s. ; Derbyshire best brights. 11s. 6d. 
to 12s. 6d. ; Derbyshire house, 10s. 6d. to 11s. 6d. ; best 
large nuts, 10s. 3d. to 11s. 3d.; small nuts, 9s. to 10s. ; 
Yorkshire hards, 11s. to 12s. ; Derbyshire hards, 10s. to 
lls. ; best slacks, 7s. to 8s. ; seconds, 5s. to 6s. 


Iron and Steel.—Though signs of panic are nowhere to 
be seen, the position in the South Yorkshire iron and 
steel trades is one of great seriousness. This is particu- 
larly unfortunate, as the majority of the branches in the 
trade had shown slightly increased activity, and the raw- 
material markets had felt the benefit of this change for 
the better. A number of short-dated contracts had been 
arranged, and there was more buying at better prices in 
the open market. The complete stoppage of all Conti- 
nental business which has followed upon the declaration 
of hostilities, however, has caused something of a slump 
in the majority of trade departments, whilst those who 
were solely dependent on Continental buying are in a very 
precarious position indeed. The first effects of this blow 
are sufficiently serious, and as war progresses they will 
become increasingly grave. It is feared that in the more 

meral branches of the trade the Bank Holiday will 

evelop into an indefinite stoppage for some thousands 
of workmen. The only people to remain unaffected are 
the armament firms who have cut short the holiday of 
their employees, and have engaged extra men to enable 
them to deal promptly with their present enormous 
rush of orders. Subsidiary trades of the armament 
industry are also at present fortunately placed, 
for the emergency demands for steel tools are great, 
and there is little falling-off in the demand for cast- 
ings and forgings for English shipbuilding. That 
promising market for agricultural implements and 
machinery—Russia—is now closed, and South York- 
shire makers of machine-knives and other agricultural] 
sections are seriously affected. The closing of the Con- 
tinental market has its effect in two ways, for apart from 
being a market for finished goods from South Yorkshire, 
tungsten powder from the German laboratories is a 

rimary factor in the local high-speed steel trade. Many 
ocal firms are also very users of semi-finished pro- 
ducts from the Continental foundries, which for some 
time have bsen dum 
cheaper rates than those obtainable from local manu- 
facturers of such articles. As a satisfactory set-off 
against depression in other branches, the home trade has 
so far been maintained at its recent healthy state. Quite 
a number of German expert steel analysts Se in 
the leading Sheffield works have had to leave the city to 
joi their regiments abroad. 





Motor Cruistnc-Launcn ‘‘Oaroia.”—We recently 
had an opportunity of inspecting the cabin motor cruising- 
launch ‘* Carola,” built by Messrs. J. I. Thornycroft and 
Co., Limited, of Caxton-House, Westminster, S.W., for 
Mr. C. B. Warner, of Loughborough. The hull, which 
is constructed of mahogany, has a length of 35 ft., a beam 
of 8 ft., a moulded depth of 4 ft., while the draught is 
2ft. 3in. Ibis fitted with one of Messrs. Thornycroft’s 
standard two-cylinder marine engines, which develo 
15 horse-power and gives a speed of about 8 knots. The 
fuel ot is paraffin, and petrol is used for starting, 
though we saw the engine started up quite easily on 

raffin, after it had been standing for over an hour. 

he launch is a particularly handy and compact little 
craft, suitable for sea-cruising purposes, and it can easily 
be handled by one man. The accommodation, which is 
very complete, consists of a comfortable and eee mang 
saloon, situated amidships, provided with an oval folding- 
table, and having cushioned seats on either side; the 
seats can be converted into sleeping-bunks when neces- 
—_ Forward of the saloon is a sleeping-cabin, fitted 
with berth, seats, lockers, and other conveniences, and 
aft is the engine space, in which the cooking-range, lava- 
tory, w.c., &c., are placed. Still further aft is a cock- 
pit, with cushioned seats to ascommodate several per- 
sons, and in this 5 the steering-wheel is fitted on a 
raised platform, within easy reach of the reversing-lever 
and the throttle controlling the engine. Throughout the 
short run we had on the boat the engine ran smoothly 
and quietly, and the exhaust was hardly visible. The 
boat is, we understand, exactly similar to one recently 
te to His Grace the Duke of Sutherland, and is one 
of Messrs. Thornycroft’s standard designs. 


into this country and sold at| F; 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is no business at all 


peoins in pig-iron, and traders have ceased to quote. | The 
hipments 


ve been discontinued, and deliveries to 
consumers have been considerably curtailed, the 
works not now requiring material. A steady diminution 
of employment appears certain, and, in fact, in the 
course of a few days, most works will be closing down. 
Several vessels that have loaded pig-iron here are to dis- 
charge their cargoes again, and it is stated that the 
8.8. Cronstadt, which left the Tees with a cargo of pig- 
iron last week for Russia via Leith, is returning to 
Middlesbrough to unload. There are no quotations for 
coke or foreign ore. 


_ Manufactured Iron and Steel.—There is nothing passing 
in finished iron and steel, but owing to the withdrawal of 
competition, producers here have advanced prices 

a per ton, and principal market rates now stand :— 
mmon iron bars, 7/. 10s.; best bars, 7/7. 17s. 6d. ; a 


best bars, 87. 5s. ; packing iron, 5/. 15s. ; iron ship-ang’ 
7l. 108. ; iron ship-plates, 7/. 5s.; iron girder-plates, 
7l. 15s.; iron rivets, 7/. 15s.; galvanised corrugated 


sheets, 11/. 10s.; heavy steel rails, 6/. 5s. ; and steel rail- 
way sleepers, 71. 2s, 6d. 


Shipments of Iron and Steel.—Last month’s shipments 
of pig-iron from the Tees were only on a moderate scale, 
averaging 3052 tons per working day, the total loadings 
being returned at 82,412 tons, 7533 tons of which went 
from Middlesbrough and 7079 tons from Skinningrove. 
For the previous month the total despatches of pig were 
oe at 86,907 tons, or a daily average of 3218 tons; and 
or July last year the clearances reached 105,935 tons, 
or an ave’ of 3923 tons per working day. Of the pig sent 
from Skinningrove last month 6540 tons went to Scotland 
and 539 tons went to Holland; whilst of the iron shipped 
at Middlesbrough 44,409 tons went abroad, and 3 924 
tons coastwise. Scotland, as usual, was the largest buyer, 
receiving 14,015 tons; Wales taking 8235 tons ; Sweden, 
6786 tons ; France, 5951 tons; Germany, 5916 tons; Italy, 
5230 tons; Holland, 4799 tons; and Norway, 3494 tons. 
Tees Joadings of manufactured iron last month smounted 
to 11,662 tons, of which 3936 tons went foreign and 7726 
tons coastwise; and clearances of steel reac 45,196 
tons, 38,497 tons of which went abroad, and 6699 tons to 
home customers. India was the largest buyer of both 
manufactured iron and steel, importing 2423 tons of the 
former, and 17,737 tons of the latter. Ocher principal 
buyers of steel were:—New South Wales, 6784 tons; 
West Australia, 4004 tons; the Argentine, 2418 tons; 
Victoria, 1750 tons; Russia, 1398 tons; and Natal, 1004 
tons. 





MAcHINE-TOOLS FoR THE ANTARCTIC.—The Shackle- 
ton expedition to the Antarctic is taking as part of its 
outfit a 34-in. 8.S.S. Drummond lathe and a sensitive 
drilling-machine by the same builders, Messre. Drum- 
mond Brothers, Limited, Guildford. It is interesting to 
note that the Scott Antarctic Expedition also carried a 
34-in. Drummond lathe. 





NatTionaL ILLUMINATION COMMITTEE OF GREAT 
Briratn.—We have received a copy of the rules of this 
committee, which is affiliated to the International Com- 
mission on Illumination, and is constituted by co opera- 
tion of the Illuminating Engineering Society, the Insti- 
tution of Electrical Engineers, the Institution of Gas 
ingineers, and the National Physical Laboratory. e 
secretary and treasurer is Mr. W. J. A. Butterfield, 66, 
Victoria-street, London, 8. W. 





THe Manonester Municipat ScHoor or TECHNOLOGY. 
—The prospectus of university courses in the Municipal 
School of Technology, Manchester, for the session 
1914-15, has just been issued. The courses include mecha- 
nical engineering (three years), electrical engineering 
(three years), municipal and sanitary engineering (three 
years), general chemical technology (one to three years), 
chemical technology of textiles (two years), paper manu- 
aero Bae years), metallurgy and assaying (three years), 
chemical technology of brewing (two years), photography 
(two years), textile industries (three years), photestaghee 
technology (two years). The session will open on Tuesday, 
October 6, and will end on Friday, July 23, 1915. The 
fees depend upon the courses taken, but are about 
20 guineas for the session. The mechanical engineering 
department has exceptional facilities for steam-engine, 
hydraulic, and material-testing work, the present 
internal-combustion engine laboratory will shortly be 
greatly extended. 





PrrsonaL.—Messrs. D. T. Keymer and Co., engineers, 
Calcutta, have been appointed by Messrs. Musgrave and 
Co., Limited, of St. Ann’s Iron Works, Belfast, as their 
sole agents for the eastern side of India and for Ceylon. 
—We are aes that a, — Kemp Ra | n 
appointed as general manager of the engine-works depart- 
as of Palmer’s Shipbuilding and Iron Company, 
Limited, Jarrow, to succeed Mr. J. W. who has 
resigned. Mr. Kemp joined Palmer’s Company about 
three years ago, coming to Jarrow from the engi 
department of the Clydebank Works of Messrs. John 
Brown and Co., Limited, where he had occupied the 

ition of assistant manager for some years. Mr. A. 
ete has been ~.—— chief assistant to Mr. 
Kemp, and Mr. Willism Brown outside manager. M 
MacFarlane and Mr. Brown have been connected with 
the engine-works department of the company for some 
time. Mr. R. Fullerton, recently of Clydebank, has also 
been appointed an assistant manager in this department, 


Mr. | account is taken of 





NOTES FROM THE SOUTH-W2ST. 


Cardiff.—The local coal trade has been di ised by 
the action of the Admiralty authorities in taking practi- 
cally the whole of the output of best Admiralty qualities. 
The uncertainties created by the war crisi ‘—-—- 
in other descriptions almost impossible. Continental 
financial troubles and the possibility of a stoppage in 
industries, on account of the war, caused both buyers and 
sellers to adopt a waiting policy to some extent. The 
requirements of the Admiralty were, however, so urgent 
that loading operations were continued over Sunday and 
Bank holiday, as well as at night. 


Bristol Tramways.—A Committee of the House of 
Commons, in dealing with a Bristol Tramways Bill, struck 
out a clause providing for the compulscry purchase of the 
ay by the Bristol City Council. The Bill further 
enacts that if the Council exercises its statutory right to 
purchase the tramways, it must, at the same time, acquire 
the outside portions. 


Greater Swansea.—A special ay | of the Swansea 
Town Council was held on Tuesday, Alderman Coker in 
the chair, to deal with proposals of the Parliamentary 
Committee with regard to borough extension and a new 
drainage system. Mr. D. Matthews, chairman of the com- 
mittee, moved resolutions, which were adopted unani- 
mously. The resolutions provided that representations 
be made to the Local Government Board applying for 
an extension and alteration of the boundaries of the 
borough, so as to include the urban district of Oyster- 
mouth, the whole of the i of Brynau, Cockett, 
Llansamlet Higher, and Llansamlet Lower, and part of the 
parishes of Penderry and Clase Rural ; and that a report 
of Mr. Midgley Taylor, providing for the comprehensive 
drainage of the borough, be oqerores. It is understood 
that the districts proposed to be included in the borough 
mean an additional population of about 29,000, which 
would bring Swansea's population to about 150,000. The 
drainage scheme differs from one recently thrown out by 
Parliament, in that the outlet at Mumbles is to be over 
100 yards further out to sea, and the storage chamber 
double the size. The cost will be 344,000/., as against an 

iginal proposal of 225,000/. 


Milford Haven.—Some months since great concern was 
felt by the shipping interest at Milf Haven when it 
was discov that the huge gates at the entrance to the 
docks had been seriously damaged by the storms of the 
winter. The dock oouee* divers found that the keel 
of one of the gates was broken, and upon this, the docks 
manager and engineer (Mr. J. C. Ward) consulted some 
leading London engineers. It was feared that the gates 
would have to be replaced. Mr. Ward, however, eet 
divers to work on plans of his own, and this week the 
hazardous undertaking m successfully accom- 
plished. A keel, 12 ft. 6 in. ong by 18 in. wide, with an 
angle-iron 4in. by 4 in. bolted on, was taken from the 
bottom of the gate. The keel was under the centre of 
the gate, and the men had only 2 ft. 6 in. space to get 
under to work in to clear the butt-strap. They after- 
wards fixed on a new keel. 


Dowlais.—All departments of the Dowlais Works were 
well employed until the holida segues. At the 
Bessemer, the Siemens, and the blast. urnaces a large 
tonnage of crude steel and pig-iron was turned out, and 
the Goat Mill had a good uction of steel rails, ingots, 
and tin bars. The Big Mill was employed upon tram 
rails, gutter iron, angles, curves, and fish-plates. 








TourkisH BaTTLEsHirs Boucut By British ADMIRALTY. 
—We are officially informed that His Majesty’s Govern- 
ment have taken over the two battleships, one completed 
and the other shortly due for completion, which had 
been ordered in this country by the Turkish Government, 
and the two destroyer leaders ordered by the Government 
of Chili. The two battleships will receive the names 
Agincourt and Erin, and the destroyer leaders will be 
—_ Faulkner and Broke, after two famous naval 

cers. 


Coat 1n GermMany.—The uction of coal in Ger- 
many in June was 15,016, tons, as com with 
15,999, 858 tons in June, 1913 ; of lignites, 7,158,655 tons, 
as compared with 6,858,699 tons ; of coke, 2,602,801 tons, 
as compared with 2,610,818 tons; and of briquettes, 
2,438,795 a as com — — ary | oo. The 
aggregate uction 0} in t rst this year 
was 94,147,997 tons ; of lignites, 44,350,996 tons; of coke, 
15,974,254 tons ; oO saat as decotneeeel tons. 

ese tes, when com) with the - 
ing to for the first half of 1913, showed increases of 
570,010 tons in coal, 2,450,838 tons in lignites, 30,017 tons 
in coke, and 133,254 tons in briquettes. The imports of 
coal into y in the first half of this year were 
4,775,981 tons, while Gocuats were 18,169,595 tons ; the 
corresponding totals for first half of 1913 were :— 
Imports, 5,028,462 tons ; exports, 16,371,647 tons. The 
imports of coke into Germany in the first half of this year 
were 295,142 tons, while the ex were 2,630,139 tons. 
The corresponding totals for the-first half of 1913 were: 
—Imports, 253,542 tons; exports, 3,430,796 tons. The 
combined aggregates of production and imports to 
June 30, this year, were ees :—Coal, 92,923,978 
tons, as compared with 98,606, tons; and coke, 
16,269,396 tons, as compared with 16,197,779 tons. When 
J the export movement the consump- 
tion of coal in Germany in the first half of this year 
comes out at 80,750,383 tons, as compared with $2, 234 802 
tons; and of coke, 13,639,257 tons, as compared with 
12,766,983 tons, 
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BEARINGS. 
WuHere any mechanical device has been made in 


| very re numbers, and used over a very long 


riod of time, it may generally be taken to have 
esigned itself, being as much the product of 
qvaletion as is the organic world. If we may ju 
from the peategienl record, Nature has made mis- 
takes in p enty in the past, and eliminated them, 
though the record of her aberrations remains in the 
rocks. The engineer isno more infallible than Dame 
Nature, but, like her, given a sufficiency of time aud 
a sufficiency of material, he may be trusted to ‘‘ get 
there” pretty effectively in the end, whatever the 
blind alleys he may unprofitably explore en route. In 
fact, when any form of mechanism is made in very 
large quantities under the direction of many inde- 
pendent minds, every possible modification, whether 
futile or effective, is pretty certain to have been tried 
at some time or other. ese variations, even when 
successful, are, of course, not necessarily made with 
knowledge ; but where any practice is sanctioned 
by a very long use and experience it is unlikely to 
be wholly unreasonable, although its ;ationale is 
not always easy to discover. The practical man’s 
predilection for locating oil-grooves in his brasses 
in precisely the regions where theory indicates their 
undesirability has therefore probably some basis 
in the experience gained in days when lubricants 


were supplied to bearings in driblets and at ir lar | has 


intervals. Mechanics are, however, inclin to 
extend practice beyond the bounds of experience, 
and it is at times very difficult to persuade the 
fitter to omit his traditional oil-grooves, even in the 
case of an efficiently lubricated bearing. The mill- 
wright, on the other hand, may be quite justified in 
adhering to his customary practice where conditions 
are the same as those in which that — deve- 
loped. Modern bearings of the high-speed type 
resent, however, an entirely different problem in 
fabrication, the solution of which has for the 
most part been evolved but gradually, by a cautious 
step-by-step modification of previous practice. 
Much, no doubt, still remains to be done, and 
some exceedingly interesting developments are de- 
scribed in the paper by Mr. Gerald Stoney, F.R.S., 
read before the North-East Coast Institution of 
Engineers and Shipbuilders on March 20 last, 
and reprinted in this issue. The general character 
of high-speed lubrication is now well known. In 
a properly-lubricated high-s bearing the brass 
and the journal never come into contact, and even 
a run of many years yields no signs of wear on the 
so-called rubbing surfaces. In fact, the surfaces 
do not rub. As is well known, the theory of 
this type of lubrication was long ago developed by 
Osborne Reynolds, and in spite of the unavoid- 
able roughness of certain of the assumptions 
made, a not unsatisfactory: agreement has been 
established between calculation and experiment. 
Nevertheless, it has not been easy to account on 
theoretical grounds for the very liberal amount of 


‘bearing surface often provided. Even in America, 
1 | Where the absence of keen commercial rivalries leads 


to risks being more readily run, the area provided 
% | appears very ample if judged from the theoretical 
heen int. Mr. Balfry, for example, in a fam 
read before the Rugby Society of Engineers last 
year, has given the following table as representing 
the practice of the General Electric Company of 
America :— 

Preesure on Projected 


Rubbing Speed. Asenel @ 
ft. per sec. Ib. per sq. in. 
20 167 
30 190 
40 208 
60 229 
73.5 235 


Even the highest of these figures is very low in 
comparison with the safe load as indicated by 





theory. An over long high-speed bearing must, 
ef course, waste wer, since the resistance is 
practically independent of the load carried, being 
simply proportional to the area of oil under shear. 
The shearing resistance of this oil varies, of mans, 
with the working conditions, but is generally 
the order of $1b. per sq. in. A convenient aids 
for the frictional loss in a bearing of the type 
under consideration has been given by Mr. Stoney 
in the form :— 


B.Th.U. lost in journal friction per hour= = s Dg 
where | = journal length, and d the diameter, both 
in inches, v the surface velocity in feet per second, 
and ¢ the temperature in Fahrenheit degrees. A lon 
bearing means, therefore, a relatively high friction al 
resistance and a large provision of surface in the 
oil-cooler. There has thus been every inducement 
to cut down to a minimum the length of high-speed 
bearings, and the more so in that a long bearing 


dge | unavoidably implies an increase in the journal dia- 


meter necessary to secure adequate strength and 
stiffness. No wholly satisfactory reason for the 
long bearings found to be requisite has hitherto 
been advanced; but Mr. Stoney suggests in his 
paper that vibration is a factor not provided for 
in the ordinary theory of lubrication, and that 
the large areas current in practice form a neces- 
sary safeguard against the squeezing out of the oil 
by the high pressures which will be an inevitable 
result of the vibration of a heavy rotor. In this 
connection it is, however, of great interest to note 
from Mr. ~~a 4 s paper that Sir Charles Parsons 
ne a Ae lying the Michell principle to turbine 

h journal, instead of being supported 
on & me ee brass, is carried on a few Pivoted 
blocks, these blocks being quite narrow, both cir- 
cumferentially and in a direction parallel to the 
axis of the shaft. A great reduction is thus effected 
in the area of oil under shear, and the total friction 
of a large turbine can be cut down to an insigni- 
ficant fraction of what has hitherto been usual. Th 
oil-cooling plant is equally reduced, since less oil 
to be pumped into the bearings. The aggregate 
gain effected under these different heads may be 
equivalent to a saving of as much as } lb. of steam 
per kilowatt-hour. 

Pivoted blocks have, when arranged as thrust- 
blocks, been run experimentally under loads of over 
5 tons per sq. in., the rubbing speed being about 
50 ft. per second. There is no obvious reason why 
such ‘blocks should not work equally well in journals, 
and though there is no occasion to proceed to the 
extreme of pressure above noted, it is still quite 
feasible to cut down the bearing area sufficiently to 
reduce the over-all length of a large ny - 
several feet. 

It is of no little interest te compare the remark- 
able figures realieable with this type of journal with 
what is found practicable in locomotive practice, 
and there is no service in which bearings are more 
severely tried. Here the bearing length is probably 
not far off the limit of what is possible without a —_ 

t increase in the number of damaged 

me highly interesting figures on this head were 
contributed to the discussion on Mr. Stoney’s paper 
by Mr. J. W. Hobson, who stated that the ratio of 
length to diameter in locomotive main bearings 
varied from 0.95 to 1.3, but the lower figure was a 
matter of necessity, and not of choice. According to 
Mr. Hobson, the brasses are cut away so that the 
effective width is 0.4 of the journal diameter, but in 
new bearings the arc of contact is still further 
decreased by easing away the brass so that it does 
not subtend more than 60 deg.to 90 deg. The average 
load carried, reckoned on the projected area of the 
effective portion of the brass, is, he says, hom 
240 Ib. to 300 lb. per sq. in., and the maximum 
rubbing speed at 60 miles an hour is some 8.7 ft. to 
10 ft. per second. In the case of the bogie, radial, 
and tender journals more room is available, and 
the length varies from 1.5 to 2.1 times the journal 
diameter, but the angle subtended by the brass is 
only 0.3 of the journal diameter, whilst the load 
carried is from 150 Ib. to 240 lb. per sq. in. of the 
effective — area of the brass in the case of 
bogie and radial bearings, and nearly double these 
figures in the case of tender bearings. The rubbing 
speeds of such journals are about 10 ft. to 12 ft. 
per second. . Hobson further called attention 
to the practice, ad by some builders, of cold 
rolling or planishing locomotive journals, so as to 
increase the hardness and toughness of the surface. 
In this process the journal diameter is reduced, 
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he says, about ,1, in., and the highly polished and 
hardened surface greatly diminishes the risk of 
heating. The lubrication is mainly from below, 
by means of a pad, the most usual lubricant 
being rape oil. Pad lubrication may, as Professor 
Goodman showed some years ago, give results not 
materially worse than bath lubrication, so that it is 
doubtful whether Mr. Hobson’s figures could be 
much improved on even by the adoption of other 
methods of lubrication. 

One of the greatest difficulties met with in the 
lubrication of large high-speed _on is the 
cooling of the oil. No fluid will readily inter- 
change heat with a solid wall unless it can be 
got into a condition of turbulent motion. The 
most usual form of oil-cooler is not unlike a 
small surface condenser, the oil flowing through 
the tubes, and the cooling water outside of 
them. Oil being highly viscous, a velocity of from 
70 ft. to 120 ft. per second would be required to 
secure a turbulent flow in an ordinary standard 
§-in. condenser tube, and this s is, of course, 
altogether impracticable, as it would involve a very 
large expenditure of power. Actual practice was 
well described by Mr. M. G. S. Swallow in his con- 
tribution to the discussion on Mr. Stoney’s paper. 
With §-in. tubes, Mr. Swallow says, the oil velocity 
is — about 2 ft. per second, and with the 
cooling water supplied at 55 deg. to 60 deg. Fahr., 
the oil can be cooled from 115 dey. down to 
100 deg. Fahr., at the rate of about 2 cub. ft. 
of oil per square foot of cooling surface per hour. 
With 4-in. tubes about 4} cub. ft. per hour can, 
Mr. Swallow states, be covled from 140 deg. down 
to 125 deg. Fahr., but the pressure drop over 
the tubes is considerably increased thereby. Re- 
tarders, he says, are of doubtful value, owing 
to the great loss of head involved. The cooling 
water needed is commonly one-third the oil supply, 
in which case the temperature rise of the water is 
about equal to the temperature fall of the oil. 
On the Continent, he states, another type of oil- 
cooler has been introduced. In this the water 
e— through the tubes, and the oil outside, 

fies being fitted so as to make it flow to and 
fro at right angles to the tube surface. This causes 
a very thorough mixing up of the oil, and in 
consequence 10 cub. ft. can be cooled per square 
foot perhour. This, it will be seen, is markedly 
better than when the oil is passed through the 
tubes, in which case its flow is of a laminar cha- 
racter, there being very little intermixture of 
adjacent layers, and a correspondingly small rate 
of heat transfer. 

Were it not for certain mechanical difficulties, 
the proper place to cool the oil would undéubtedly 
be at the bearing itself. Here the oil lies in a very 
thin sheet on the surface of the brass, presenting 
the optimum condition for an interchange of heat. 
Nevertheless the expense of fitting water-pipes to 
the brasses, and other incidental drawbacks, a led 
to this expedient being but very seldom adopted. 
A notable example is, however, afforded by the 
main bearings of the Aquitania. Where the bear- 
ings are water-cooled care must be taken to avoid 
any possibility of water leakage becoming mixed 
with the oil. To avoid this risk, whilst maintainin 
to some d the advantages of cooling the oi 
at the actual bearing, the plan has sometimes been 
adopted of passing cold oll round passages formed 
on the exterior of the brass, as is mentioned by 
Mr. Stoney in his paper. 

Some interesting data as to marine turbine prac- 
tice were contributed by Mr. E. E. Williams. Here 
it has been usual to limit the bearing pressures to 
70 lb. per sq. in., and the surface speed to 30 ft. per 
second. The oil supply is at the rate of about 27 lb. 
per sq. in. of the projected area, and the cooling 
surface is provided at the rate of 1 sq. ft. for each 
200 lb. of oil passing the cooler per hour. In these 
conditions the oil is cooled through about 20 deg. 
Fahr. The oil used has a flash-point of 406 deg. 
Fahr., a density of 0.8755, its viscosity being repre- 
sented by 155 seconds on the viscosity-meter at 
140 deg. Fahr., a figure which is increased to 670 
seconds at 70 deg. Fahr. With this oil the bearing 
temperature should not, Mr. Williams states, 
exceed 150 deg. Fahr., as with long running at 
160 deg. Fahr. traces of carbonisation can be 
detected. 

As was only natural, the thrust-bearing received 
much consideration during the discussion. Such 
bearings afford a remarkable exception to the 
general law, quoted at the beginning of this article, 
that, when the practical man has made anything 





for many years, but little improvement has resulted 
from a further knowledge of theory. The Michell 
bearing may, indeed, fairly be claimed as a triumph 
for theory, and to their own discredit it has, so 
far, found little favour with superintending engi- 
neers. It is now, however, being applied to some 
extent, and it should be noted that it is by no 
means essential to the success of the system 
that the rubbing speeds shall be high. To 
a very considerable degree a low rubbing speed 
can compensated for by an increase in the 
viscosity of the lubricant. The system has, in 
fact, been successfully applied to the pivot-bearings 
of brick-making machines, running at but 24 revo- 
lutions per minute. 

An interesting modification of the Michell prin- 
ciple has been introduced by Sir C. A. Parsons, 
who finds that centrally-pivoted blocks work quite 
satisfactorily, and have the advantage that they 
are equally effective whatever the direction of rota- 
tion. It would seem, however, from Mr. H. T. 
Newbigin’s remarks that the friction is greater 
with such centrally - pivoted blocks. He quoted 
experiments made at the works of Messrs. Belliss 
and Morcom, in which the position of the pivot 
was varied as follows :— 


Position of Pivoting Temperature of 


Point. ng. 

deg. Fahr. 
ry in. in front of centre 135 
Central ... a oe 132 
r* in. behind centre ... 126 
in. behind centre ... 124 


The rise of temperature is a fair indication of 
the greater friction, the centrally-pivoted block 
being materially worse than with the pivot at the 
Michell point. The coefficient of friction ranged in 
different experiments from about 0.001 to 0.002 ; 
but, as Mr. Newbigin points out, this term is out 
of place when applied to a properly-lubricated 
—. the resistance of which is, within wide 
imits, practically independent of the load carried. 
In this connection some interesting conclusions 
have been deduced by Mr. S. S. Cook. In 
Michell’s calculations the assumption made has 
been that the oil film is only half as thick at the 
trailing end of the block as at the leading edge, 
and in this case the centre of pressure is nearest 
the trailing edge. If, however, the oil thickness 
at the trailing edge isa larger fraction of that at 
the leading edge, the centre of pressure approaches 
this leading edge and may become central. 

It may be added that bearings constructed with 
blocks pivoted on the Michell system, work per- 
fectly well if alternate blocks are made ‘“‘ right and 
left handed.” The layer of oil dragged in between 
the opposing surfaces is then thicker in the case of 
the blocks properly presented to the direction of 
motion, so that the alternate blocks, in a way, fall 
out of action. 

Mr. Stoney, in his reply to the discussion, stated 
that the pivoted thrust-blocks, now being fitted in 
certain cases, were generally designed for working 
pressures of 500 lb. to 600 lb. per sq. ‘in. ; but 
even if this figure were rat vl to 185 lb. per 
sq. in., the whole 30,000-lb. thrust of a cargo- 
steamer developing 22,000 indicated horse-power 
could, he said, be easily taken on a single collar 
instead of the usual six, and the consequent reduc- 
tion in the friction would be equivalent to a gain of 
half of 1 per cent. on the horse-power. 

In this connection it may be added that Mr. 
Ferranti has succeeded in operating fixed collars at 
loads comparable with those taken by the Michell 
type. This he effects by slotting away the collar 
so that its whole surface is broken up into a 
number of narrow radial elements, each of which is 
slightly bevelled off at the edges. In these con- 
ditions a continuous film of oil is, he finds, main- 
tained between the surface even under heavy loads. 





RESULTS OF FRENCH STATE 
RAILWAY WORKING. 

Tue Western of France Railway, which was 
nationalised in 1908, was not the first railway 
system to come under State ownership, since in 
1878 the State established a small system in the 
south-west of France, when it redeemed a series 
of companies which had failed, and at the same 
time constructed certain new lines. The small 
extent of this system, which we shall style in this 
article ‘‘the old system,” which was connected 
with Paris solely by the joint use of a line belong- 
ing to the Western of France Railway, was urged 





as an explanation of its indifferent success. Indeed, 
so little business was done that this system was 
incapable of paying the interest and providing the 
redemption fund on the capital employed for its 
purchase. 

It was contended in Parliament that the possi- 
bilities of State management could not be demon- 
strated satisfactorily, and that the engineers were 
unable to prove the excellence of their methods, on so 
small a system, and that was one reason why, in pur- 
suance of a plan of campaign that has been followed 
for twenty years or so, Parliament decided on the 
purchase of the Western of France Railway. In 
order to justify the transaction, it was also urged 
that the system, when privately worked, had not 
shown very fortunate financial results. The com- 
pany had been compelled, down to 1908. to take 
advantage of the ‘‘ guarantee of interest,” by which 
the State, by way of advance only, had to supple- 
ment the receipts in order that the guaranteed 
dividend alana be paid on the shares. 

There is no doubt that the Western Railway 
Compsny, from the moment that it agreed to work 
such additional lines as Parliament demanded, had 
been compelled to have recourse to this guarantee 
in all to the extent of several hundreds of million 
francs. But at the time when nationalisation was 
decided upon the company was annually making 
less and less demand upon this guarantee. The 
extremely unproductive lines were built to satisfy 
electors ; they had been forced upon the system. 
The situation was not improved by the fact that 
the longest line of the system—from Paris to Havre 
—had to mect the formidable competition of the 
Seine, which the State, at the expense of the tax- 
payer, had canalised and improved, without re- 
quiring any return on the expense incurred from 
the users. 

In Parliamentary and Governmental quarters 
the endeavour was made, in order to justify the 

urchase of the railway by the State, to consider it 
in the light of an advantageous transaction, which 
would lead to very economical working, and much 
more favourable financial results. It was claimed 
that the Western Railway, a private company, 
sought only one thing— namely, to make profits at 
the expense of the State, by drawing on the 
guarantee fund. The advocates of nationalisation 
asserted that the superiority of State working over 
private working would be clearly demonstrated. 
At the commencement of 1909 the State engi- 
neers took over the Western system. Sufficient 
time has therefore elapsed to enable some estimate 
to be formed of the venture. 

To comprehend properly the present enormous 
deficit of the Western Railway, omitting reference 
to the earlier State system, which is still operated 
independently of the new, it is necessary to re- 
member that the Western Railway Company had 
never applied for more than 27 million francs in 
any one year from the interest-guarantee fund. 
For the years 1904 to 1909 the average payments 
advanced to it by the State amounted to slightly 
less than 11 million francs per annum. The 
27 million frances deficit was reached in 1908, the 
last year of working by the company, when its 
very existence had become impossible. The 
personnel, seeing that the purchase was imminent, 
worked as little as possible, increasing operating 
costs of all sorts. In 1907, the insufficiency of 
the net receipts had been only 16 million francs; 
it was 6 million francs in 1906. It should be noted 
that the calls on the guarantee fund of 6 million 
francs in 1906, and of less than 74 million francs 
in 1905, tend to show that the company would 
probably seon have ceased to ask the Treasury to 
supplement its receipts, and would have com- 
menced to reimburse the loans granted to it 
previously. 

In the hope of rendering less apparent the 
deficit in working occasioned by the State taking 
the system over, the attempt has been made to 
convey the impression that the call for guaranteed 
interest on the part of the private company was 
much greater than was actually necessary ; more- 
over, it has been pretended, quite wrongly, that 
the company, during the later part of its existence, 
had not carried out its obligations in regard to 
maintenance and renewals. It was it to 
pretend that the system was not in good condition 
when nationalised, since it was closely supervised 
by officials of the State. In consequence the com- 
pany was compelled to make adequate provision in 
the way of maintenance. A former director of 
the company, M. Colson, who is a very com- 
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petent authority in these matters, has shown that 
the system was excellently maintained to the end. 
If the endeavour has been made to spread the 
contrary belief, it is because the State adminis- 
tration, in order ostensibly to reduce its own 
working expenses, carried to the first cost account 
11 million francs spent on maintenance and repairs 
of the track, which, the Government officials 
alleged, had been left in an unsatisfactory state 
by the company. 

In order to arrive at the real deficit due to State 
management, account should, of course, be taken 
of the charges on the original capital. Although 
these are not fully taken into account, the deficit 
increases annually. Ingenious but scarcely straight- 
forward methods have hitherto been adopted of 
masking a considerable portion of these charges on 
capital. The State has adopted accounting methods 
of an unusual character. The present deficit would 
be far more considerable if the State railways had 
to pay interest and redemption on capital. 

No doubt the Western system when worked 
by the private company did not shew very brilliant 
financial results, but the time certainly seemed to 
be approaching when the balance between receipts 
and expenditure (including capital charges) would 
have been established, in spite of the very unsatis- 
factory lines upon which the company had been 
compelled to develop. The fact that after purchase 
by the State the deficit has increased in such large 
proportions in the space of five years cannot be 
attributed to a diminution in the receipts. Up to 
the present year the French railways have, speak- 
ing generally, shown a fairly regular increase of 
traffic. From 1909 to 1911, for instance, the gross 
receipts of the large private companies increased 
by 103 million francs, and from 1911 to 1912 by 88 
million francs. So far as the State systems are 
concerned—that is, both the old and the national- 
ised Western—the increase in receipts was 22 
million francs between 1909 and 1911, while from 
1911 to 1912 it amounted to 11 million francs. In 
1908 the Western Company had a revenue of 219} 
million francs. Since 1910 the receipts have 
exceeded 2294 million francs, and were over 
236 million francs in 1911. The figure for 1912 
was about 2244 million francs, and for 1913 about 
252 million francs. The increase in the receipts 
averaged 34 per cent. annually, which might 
be regarded as satisfactory. Eyen on the old 
State system the average growth of receipts was 
approximately 2.64 per cent. Much satisfaction 
was derived in 1913 from this rise. Parliamenta- 
rians who were favourable to State working re- 
garded it as the best reply to their opponents. 
In fact, however, this increase of working receipts 
was due more to the industrial and commercial 
development of the country than to the efforts of 
the Administration. However satisfactory it may 
have been, the deficits have also grown at a for- 
midable rate, in consequence of the members of the 
personnel being State officials and of the desire of 
the State to gratify them by increasing their wages 
as much as possible. 

In 1908, when the operations of the company 
ceased, the net proceeds were nearly 714 million 
francs ; the charges amounted to slightly over 984 
million francs, the deficit (covered by the guarantee) 
being 27 million francs, as above stated. This was 
the maximum figure attained. In 1909, when the 
State took over the working, the net revenue fell 
t> less than 70 million francs, and, as the charges 
had increased to nearly 109 million francs, without 
taking into account the charges on original capital, 
the deficit was about 39 million francs. From 
1909 to 1911 the expenditure of the State system 
increased altogether by 55 million francs, in which 
the special increase imposed by the parliamentary 
requirements in regard to pensions to employees, 
placed upon all railway administrations, did not 
even amount to4 million francs. During the period 
1909-11, while on the concessionary lines worked 
by companies expenditure only increased by about 
11 per cent., the increase for the two State systems 
exceeded 26 per cent. Between 1911 and 1912 their 
working costs again increased by 22 million francs. 
From 1909 to 1911 the annual expenses (booked to 
capital account) of the two systems had grown by 102 
million francs, and by 42 million fiancs from 1911 
to 1912. For the Western line the working ex- 
penses, which were less than 148 million francs in 
1908—the last year of private operation —rose to 
1724 million francs in 1910, and to 2224 million 
francs in 1912. 

During the year 1913 the position of the French 





railways was generally not so satisfactory as in on 
vious years, but that does not seem to have hin- 
dered the gross receipts of the State Railways 
from increasing by 14 million francs. Expendi- 
ture has actually been slightly diminished, but a 
reat part of the comparatively trifling reduction 

as been due to the suppression of trains. The 
working ratio has been ) ae down, but is still 
a very high figure. For the moment concessions to 
the staff have ceased. Interest, redemption, and 
— on capital account—provided the latter 
could be estimated at the present time — would 
more than counterbalance the small economies in 
working expenses, and even the unexpected surplus 
in the receipts. The net receipts, without count- 
ing the charges on first cost, fell from close upon 
72 million francs in 1908 to some 32 million francs 
in 1911, and to less than 28 million francs in 1912, 
a figure which a year so fortunate as 1913 has not 
raised more than 36 million francs. In 1911 the 
net proceeds per train-kilometre varied from 1.75 
francs to 2.11 francs in the case of the privately- 
owned lines ; it was only 0.53 franc on the Western 
State, and 0.44 franc on the old State line. 

In the case of the latter, the results have not 
been much more fortunate, especially since 1908. 
On this system, perhaps, even more than in the case 
of the Western system, there have been numerous 
sacrifices in favour of a staff whose zeal leaves 
much to be desired. Between 1908 and 1911 the 
gross receipts increased from about 59 million to 
about 654 million francs, but expenditure rose 
from 47} million to nearly 58 million francs. Con- 
sequently, net revenue diminished. With regard 
to this older railway system, it has not been 
possible, ever since 1878, the year of its constitu- 
tion, to arrive even approximately at the real 
figure for capital invested. The fact that the 
system combined a number of bankrupt lines is 
one of the reasons put forward in support of the 
contention that the difference between receipts and 
expenditure constitutes a true profit from the 
system. The charges on capital account of this line, 
had it been established as a private company’s line, 
with subventions from the State and a large part 
of the expense of construction borne by the State 
itself, would have exceeded 16 million francs for 
the period down to Dacember 31, 1910. For the 
year 1912 the corresponding charge would be 
about 18 million francs. These charges are never 
taken into account, and the system is in reality a 
debtor to the extent of these accumulated amounts. 
The net proceeds of the old system in 1909 did not 
reach even 13 million francs. In 1910 they fell 
to 104 million francs or thereabouts, and in 1911 
to rather over 84 million francs, while in 1912 the 
figure was less than 6 million francs. 

We have referred to the working ratio. It 
must not be concluded that this figure represents 
exactly the extent of good or bad operation. It is, 
however, interesting to compare the ratios for the 
old and the new State railways with those of private 
companies, because the conditions are very similar. 
For the French State lines the working ratio in 1911 
was87 per cent., while for the great privatecompanies 
of France the corresponding average figure was 
only 58 percent. It is fair to say, however, that 
the Western Railway system, at the time of 
private operation, in consequence of unfavourable 
conditions and the competition of the Seine, had 
a working ratio of 67 per cent. ; but in the first 
year of State operation it exceeded 69.60 per cent., 
reaching 75 per cent. in 1910, and nearly 89 per 
cent. in 1912. On the old State line, in 1909, it was 
rather more than 78 per cent., 83 per cent. in 
1910, nearly 87 per cent. in 1911, and 91.5 per 
cent. in 1912. The ratios for 1913 were appreciably 
lower; nevertheless they are materially higher 
than the average ratio for the private railway 
companies of France. We confess that we have 
no great confidence in this reduction ; it is prob- 
able that it is only transitory. On the old State 
line, even as far back as 1878, the working ratio 
has always been very high. 

We may now refer to the repeated concessions 
to the staff of the old and new lines. It is clear 
that these form the principal, but not the only, 
reason for the growing deficits and the enor- 
mous advance in the working costs. For the 
moment, as regards regularity of trains, the ser- 
vices are working comparatively well. But it was 
not always so, and for at least a year before the 
general strike of the staff to obtain increased pay, 
delays were constant and out of all reason. The 
employees have been granted practically what they 





demanded, and the general manager, who is re- 
sponsible for the administration of State railways, 
has received instructions to spend freely and do 
all that is possible to secure punctuality, so as to 
stop open complaints on the part of the public. 

‘o group these large outlays in favour of the 
staff, it may be recalled that in 1908, before the 
Western Railway was taken over, the expenses for 
the staff on the old French State Railway did not 
exceed 24,240,000 francs, and almost exactly 79 
million francs for the Western system. Since then 
these expenses have mounted up, until forthe year 
1913 the figure was 364 million francs for the old 
State Railway, and nearly 1374 million francs in 
the case of the Western Railway. Since 1909, 
therefore, there has been an increase of nearly 70 
million francs in wages. It has now been stated 
that this continual growth must cease. There is, 
however, no guarantee that such will be the case. 
If the men on the railways again either strike or 
threaten to strike, it is probable that increased 
pay will be granted. Many parliamentarians are 
proud of the -offerings thus made. They 
assert that the State does not neglect the interests 
of the railway workers, but it is a matter for regret 
that these expenses are at the cost of the mass of 
the taxpayers. Moreover, these increases have 
not resulted solely from advances in rates of pay, 
shorter hours, or more favourable regulations for 
promotion; but also from the increase in the number 
of railway servants. It is recognised that the men’s 
syndicates are not satisfied with the concessions so 
far made. The journals of the syndicates openly 
declare they want more. 

We can say without prejudice that the staff in 
favour of whom these millions have not been spared 
frequently shows itself incapable and appears nor- 
— idle. To it, in great measure, are due the 
serious and costly accidents which have occurred 
on several occasions on the State railways. To 
the staff also may be attributed the damage 
and loss suffered by the shippers and traders, 
leading to an increase of indemnities. The 
idleness of the staff is clearly proved by the 
frequent absences for illness. The State adminis- 
tration is very generous in this respect, and grants 
full pay for illness over a period which may 
extend to 60 daysin the year. In 1909 the pro- 

rtion of workers in the railway service that was 
ill was 41 per cent. ; since 1911 it has reached 50 
per cent. In the case of the permanent-way 
department the figure has grown from 27 per cent. 
to 42 per cent., and in the case of the management 
staff from 25 per cent. to 44 per cent. Upon the 
new lines, in which the staff seems to be even more 
indolent, the figures have been from 17 per cent. 
to 55 per cent. The large proportion of servants 
ill has therefore involved a great increase in 
expenses, 

We have alluded to the importance among work- 
ing expenses of the indemnities for losses, damage, 
and accidents. Upon the old State Railway, 
between 1908 and 1912 alone, these expenses rose 
from 370,000 francs to 1,900,000 francs, as a conse- 

uence, principally, of two very grave accidents. 

n the system more recently taken over the 
corresponding expense was a Tittle more than a 
million in 1909; it reached 1,608,000 francs in 
1910, and 2,953,000 francs in 1911, while provision 
was made for 2,570,000 francs in 1912, without 
regard to judicial expenses, and anticipating a 
somewhat unlikely reduction. On the nationalised 
Western Railway the payments amounted to 
2.82 francs per 100,000 francs of gross receipts, 
and to 10.24 francs per 100,000 train-kilometres. 
Taking the five large private companies, the corre- 
sponding annual averages are only 1.17 francs and 
5.76 francs respectively. 

We have referred tu the importance which should 
be attached to the charges for capital in any 
rational examination of the State systems. It is 
not only on the old system that no account has 
been taken of those charges up to recent times, 
but on the newer system all kinds of methods have 
been practised to delay the moment at which such 
charges on capital account will affect the results of 
working, and increase the deficit. In the s 
of only five years an expenditure of 718 million 
francs on capital account was made on the Western 
system. The private companies are compelled to 
take into account the debt which they contract 
with the public Treasury on account of the guaran- 
tees of interest of which they avail themselves. For 
the five years’ working of the new State system 
the deficit has exceeded 327 million francs ; this 
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shows the magnitude of the supplementary charges 
arising from these deficits of the State railways. 
It should be noted, moreover, that of the 718 
million francs expenses on capital account, and 
sums borrowed since the commencement of 1909 
¥ the State for ite railways, the share of the 
estern system involves only 581 millions, and 
that of the old State Railway 137 millions. Means 
have been found for relieving the working of the 
State railways of a good part of these expenses. 
In fact, bonds issued on account of the adminis- 
tration of the State railways represent 400 million 
francs. The remainder of the sum actually expended 
—namely, 318 millions—since the end of 1913, has 
been furnished by advances from the Treasury 
to the railway administration. The Treasury is 
contented with an interest of 2.50 per cent., while 
the bonds placed with the public cost, including 
redemption, 4.75 per cent. That there is some 
manipulation of the charges for which the State 
system should be responsible is shown by the 
fact that according to the accounts of 1912, for 
instance, only 4,390,000 francs are put down to 
meet the interest on bonds, though the Minister of 
Public Works admits that the system had borrowed, 
either by issuing bonds or in the form of advances 
received from the Treasury, some 518 millions. 

It is clear that the figures given, representing 
the real deficits of working, enormous though they 
are, are still much below the actual amounts. 
According to the budget figures, the deficit was 
estimated at a little less than 39 millions in 1909, 
over 71 millions in 1911, 844 millions in 1912, and 
at 85 millions in 1913, which latter figure has been 
exceeded, for it must not be forgotten that, at the 
end of the year, the State Railways administration 
demanded supplementary credits for 19 million 
francs, which reflects unsatisfactorily on the manner 
in which the estimates are pre . To be quite 
fair, account should be taken of the fact that if 
the Western Company had continued it would have 
had to meet certain new burdens which have 
affected the other lines, particularly an increase of 
pensions. It would have had to borrow the needed 
capital at higher rates, and it would certainly have 
had to resort to the issue of bonds to meet certain 
indispensable capital charges. These facts offset to 
” slight extent the deficit which has resulted from 
State working. Nevertheless, the present deficit in 
the neighbourhood of 75 million francs must be 
certainly 40 millions more than it would have been 
had the operation by a private company continued, 
even in unfavourable conditions. 

Such results were foreseen by those acquainted 
with the working of the older system. The time 
was when both the Minister of Public Works and 
the Minister of Finances asserted that the nationali- 
sation of the Western of France Railway system 
would not involve any increase in expenses for the 
Treasury. Even if the 40 million francs per annum 
had not been exceeded the sum is somewhat high, 
especially for a budget so heavily charged as 
that of France. It is not surprising therefore 
that Ministers who are responsible for drawin 
up the budget, though they are favourably inclin 
towards State working, do not hesitate to recom- 
mend a policy of economy ; they point to numerous 
useless expenses and to extravagance, and find 
that the work could be carried out by a much 
smaller clerical staff. Others, also favourable to 
State working, declare that the expenses are 
increasing at such a rate that a time will come 
when the system will find it impossible to realise 
any profit at all. Politics, both local or national, 
have much to answer for. The experience is fairly 
conclusive. It certainly does not seem that it can 
be taken as an argument in favour of the nationalisa- 
tion of railways, whether in France or in other 
countries. 





“CORRECTORS” FOR THE SIGHTING- 
GEAR OF HEAVY ORDNANCE. 


Suvce the present form of dial-sights replaced 
the tangent -sight on all mountings of 6-in. 
guns and over, there have been rapid developments 
in the design, and a great increase in the number 
of appliances fitted to the sights to correct auto- 
matically for changes occurring to the conditions 
under which the guns are fired. The amount of 
wear which takes place in the bore of a gun with 
the firing of each round, and the consequent fall in 
muzzle-velocity, necessitated a continual changing 
of range-dials. For example, a new gun of a cer- 


tain calibre has a muzzle-velocity of 2650 ft. per 





second, which falls to 2500 ft. second before 
the inner tube is worn out. To compensate for 
this ual loss of muzzle-velocity seven dials 
would be required, graduated for 2650 ft., 2625 ft., 
2600 ft., 2575 ft., — ft., 2525 ft., and 2500 pa 

r second tively. A corresponding number 
weed be sapivel for the reduced practice charge, 
which falls from 2200 ft. to 2050 ft. per second. 

In some designs the dials were graduated upon 
both sides, which made a saving in the number, 
but not in the work required to uate them, or 
in the time required to change them from a high 
to a low muzzle velocity. 

Before describing the patents that have been 
fitted to compensate for changing muzzle velocity 
without having to fit a fresh dial, it will be as well 
to show the simple principle which underlies the 
setting of a sight, matali as it is difficult to 
follow what is taking place on a modern right when 
it is set to a given range, owing to the multiplicity 
of correctors fitted. In Fig. 1 the gun and sighting- 
telescope are shown horizontal at a, and it is 
required to give the gun an elevation e correspond- 
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the gun. Referring to Fig. 2, it will be seen that 
the correction for height of telescope above axis 
will be 
Tana = (= x 500) = 9.00029 
a = 1 min. 


The total angle which the telescope will have to 
be depressed will be 1 deg. 42.6 min. + 1 min., 
and the amount which the dial will have to revolve 
through will be (1 deg. 42.6 min. + 1 min.) x 55 
ear ratio = 95 deg. The range 2500 yards will 
engraved against a mark 95 deg. from zero on 
the dial, and the same process is gone through for 
every range given in the range and elevation table. 
It is usual to add 50-yard division marks, which 
are placed midway between the 100-yard marks 
without calculation. Where the dial makes more 
than one complete turn the graduations are arranged 
around a spiral line. 

Range and elevation tables show that a change 
of muzzle velocity causes a change in elevation 
which is small at the lower ranges but rapidly in- 
creases at higher ranges, as the following example 
shows :— 





Difference 
| Elevation for Elevation for | Difference Measured on 
Range. | High Muzzle | Low Muzzle in Dial with a 
Velocity. Velocity. Elevation. | Gear Ratio 
| of 55. 
yards deg. min. | deg. win. deg. min. deg. min. 
1000 | 0 48 0 58 0 16 9 10 
2000 1 46 2 7 0 21 19 15 
3000 2 50 3 2 | 0 8 29 20 
4000 4 0 4 46 0 4 42 #1 
5000 5 18 6 18 1 0 55 0 
6000 6 41 7 «58 > 2 70 «35 
7000 | 8 15 9 50 1 35 87 5 
8000 9 1 48 1 40 
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ing in the range and elevation tables to the required 
range. By means of gear, which will be described 
later, the sight-setter depresses the telescope to the 
angle e, the gun meanwhile remaining horizontal, 
as at b. The gun-layer has no control over the 
handles which operate the sight, and he can only 
ae telescope to bear on the target by elevat- 
ing the gun itself, which carries on the cradle the 
complete sight. When the telescope is again hori- 
zontal, the gun will be elevated through the angle e, 
as shown at c, and the gun-layer then fires. When 
the axis of the telescope is arranged above the axis 
of the gun, the telescope is depressed through an 
additional angle, increasing as the range decreases, 
and this additional angle must be allowed for in 
spacing the graduations on the dial. The reason 
for this is apparent from Fig. 2. 

To come now to the means employed to enable 
the sight-setter to depress the telescope to an 
angle e, which is to be exact to within 0.5 min. to 
the elevation given in the range table. Referring 
to Fig. 3, the rack is raised and the telescope 
depressed by means of the spur-wheel, worm and 
worm-wheel, and hand-wheel shown, and it was 
—_ this rack, or its equivalent, that the tangents 
of angles of elevation were marked in the old type 
of sights. When it is remembered that about three 
hundred 50-yard divisions would have to be engraved 
upon an arc subtended by less than 14 deg., extreme 
accuracy in setting could not be expected. 

In the form of sight shown in Fig. 3 the 
——— are ar upon a dial, and it will 

seen that for every 10 deg. the rack revolves the 
dial will revolve 550 deg., the rack radius being 
27$ in. and the spur-wheel radius being $4 in. 
Supposing that from the range tables it is known 
that the elevation for a particular gun is 1 deg. 
42.6 min. for a range of 2500 yards, and that the 
axis of the telescope is 26.2 in, above the axis of 














Fig. 4 shows column 5 plotted for a particular 
gun, and shows the differences in elevation upon 
the dial for each of six muzzle velocities, three 
being in 25 ft. per second steps above the velocity 
for which the dial is graduated, and three below. 
The divisions on the abscissa of these curves are 
the divisions on the graduated dial to any pre- 
determined scale. It is found that for the same 
gun the curves plotted in this way are of similar 
shape, though lying at different angles. 

ig. 5 shows a form of muzzle-velocity corrector 
in which cams are cut to the plotted curves, and the 
range-reader, by means of a roller, is constrained 
to move over the face of the dial, giving auto- 
matically the new range for the alteration in muzzle 
velocity. The dotted lines indicate the shape of 
cams for other changes in muzzle velocity. This 
arrangement saved the multiplicity of dials, but a 
considerable amount of time was required to change 
from one cam to another. 

In Fig. 6 advantage is taken of the fact of the 
curves being all of similar shape, and a double cam, 
fitted with a central switch, is moved into the 
positions of the various cams used in the arrange- 
ment shown in Fig. 5. 

In Fig. 6 the cam is set for the same muzzle 
velocity as that for w the dial is graduated ; the 
roller on the range- er therefore moves along 
the straight part of the tam, which is set horizontal, 
and therefore gives no correction to the reader ; but 
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in Fig. 7 the cam has been moved to correct for a 
new muzzle velocity, and the reader is constrained 
to move to an angle which is the angle given in 












column 5 of the table for any range. The great im- 
portance of this design is in the fact that minute 
adjustments can be made, and it is no longer neces- 
sary to put on the adjustments in jumps of 25 ft. per 
second ; in fact, the cam can be moved towards the 


lower muzzle-velocity position after the firing of each 
charge if desired, with practically no loss of time. 
Equally important is the fact that other correc- 
tions can be made with the same apparatus ; for 
instance, a change of temperature in the magazine 
makes a change in the muzzle velocity depending 
upon the size of the charge and the calibre of the 
gun. A rise or fall of only 10 deg. Fahr. in the 
temperature of the charge will cause a rise or fall 
of as much as 25 ft. per second in the muzzle 
velocity. 

If this ratio is found exactly for each type of gun, 
a scale can be graduated for degrees of temperature 
and used as a vernier to the muzzle-velocity scale, 
and one method of doing this is shown in Fig. 6, 


in which a ratio of 10 deg. Fahr. equals 25 ft. 


barometer &e., 





Another form of corrector depends upon a large 
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(see Fig. 8), the throw of the cam at each range 
being based upon the difference in elevation re- 
quired by the maximum and minimum muzzle 
velocity. A roller attached to one arm of a bell- 
crank lever runs in the cam-groove, and so oscillates 
the bell-crank when the dial is rotated. The other 
arm of a bell-crank is in the form of a quadrant, 
upon which a slider may be clamped at various 
distances from the pivot. This slider is connected 
by a link to the range - reader pivoted coaxially 
behind the range-dial. 

When the slider is fixed with the end of the link 
directly over the pivot of the bell-crank, as in 
Fig. 8, it is obvious that the oscillation of the latter 
has no effect on the range-reader. If, however, the 
slider is moved away from the dead centre in either 
direction, as in Figs. 9 or 10, one effect of rotating 
the range-dial will be to move the range-reader 
either with or against the direction of movement 
of the dial, so that the sight has to be elevated 
more or less, so correcting the elevation for the 
new muzzle velocity. The quadrant is suitably 
graduated with scales for muzzle velocity and 
temperature to guide the setting of the slider. 
The great advantage of this type of corrector is 
the —_ cam that can be cut in the back of the 
range-dial, giving greater accuracy in Meee 
whilst the results of wear are proportionately 
reduced. 

Correctors which govern the lateral movement of 
the shot have not been improved upon to any great 
extent, except that it is now common practice to 
put the deflection-dial and actuating-worm upon 
the fixed part of the sight, and connect them to 
the telescope by means of a flexible arm ; this 
became necessary as the total angle of elevation 
increased, for on a modern sight any gear on the 
moving part of the sight to be in reach of the 
sight-setter would swing through an arc of quite 
2ft. The substitution of periscopes for telesco 
has brought the eye-piece very much nearer to the 





= second muzzle velocity is shown. Attempts | 
ve also been made with more or less success to the size of the protective hood, the gun-layer being 
apply correctors for air-density, shape of shot, able to keep wholly below the roof of the gun- 
: i by moving the reader house. The application of a central fire-control 
relatively to the dial by means of various shaped station does not affect in any way the methods des- 
'eribed for applying muzzle-velocity and air-density 
correctors, and it will be found the principles 
| cam-groove cut in the back of the range-dial itself described apply to the various link motiens and 





—— centre, with a resultant decrease in the 


ovement of the eye-piece, and has also reduced 


(3949F) 








differential gears which are from time to time 
invented {to take the place of the cam-gearing 
described. 





“SUCTION” BETWEEN PASSING 
SHIPS. 
By Stpney A. Reeve, M.E., New York. 
I. History anp GENERAL THEORY, 


Definitions and Data.—‘Suction” is a term 
commonly applied by pilots to at least three dis- 
tinct hydraulic phenomena associated with movin 
vessels, between which phenomena they distinguis 
most vaguely, if at all. These three quite inde- 
pendent actions are :— 

1. The direct impulse embcdied in the streams 
of water projected astern by screw or paddle, in- 
dependently of any motion of the ship itself. 

2. The direct effect of the maes of water which 
follows a ship bodily when it is moved slowly 
through restricted waters. 

3. The indirect, or lateral pressure, effect of the 
fore-and-aft acceleration of the water displaced 
from bow to stern during normal motion through 
the water at full speed. 

Of these, the first two are most simple and 
obvious, hydraulically speaking, because there the 
force exerted is aligned with the water’s motion. 
In the case of the last, the force developed hy- 
draulically acts at right angles to the line of the 
water’s motion. The first two need no explana- 
tion, and have nothing in common (speaking scien- 
tifically) with the third. They play an insignifi- 
cant part, if any at all, in the majority of ‘‘ suction” 
collisions, and are mentioned here chiefly for the 
purpose of rages them from further dis- 
cussion. They are of frequent occurrence in the 
daily handling of shipping about crowded wharves, 
and for want of other name, or in lack of official 
definition, they are frequently called ‘suction ” 
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by the (American) Admiralty Courts ; but because 
they are seldom of sufficient violence to be of im- 


portance, and because they are more of the nature | 


of a ‘puff’ than a ‘‘ suck,” the term ‘‘ suction ” 
will be used here as excluding them. 

Historically speaking, while the science of hydro- | 
dynamics has been developed chiefly by British— 
or, at most, European—students, yet the recog- 
nition of suction as a feature of importance in navi- 
gation has arisen virtually exclusively in American 
experience. The sources of information are the | 
books and the Admiralty Court records. Previous| 
to the Olympic-Hawke collision of 1911 there was 
no literature on the subject known to the writer, 
excepting Taylor’s paper of 1909, describing his 
Wechinguen experiments. Search of the British 
Admiralty records by deputy discloses not a single | 
reference to the cukdest. Marsden’s ‘Collisions | 
at Sea” (London, 1910) makes only a single refer- | 
ence to ‘‘suction,” saying :— 

A vessel will be held in fault if, without necessity, she 
navigates so close that . . . . she is affected by the wash | 
. of the ship ahead and will not answer her | 

elim, 


referring by footnote to the American cases of the 
McCandless, Mariel, Brockton, and Chicago. No 
search of French or German court records has 
been made, but the principal German work de- 


have been made at times of great excitement and 
responsibility, when positions were altering rapidly, 
ots when the pilot’s mind was properly occupied 
with other things. 

In one case the witness was the captain of a pro- 
minent trans-Atlantic liner, a man of em and 
experience. As he testified, the writer plotted the 
ship’s position on a large-scale chart. Had the 
statements been correct, the ship must have been 


‘aground all the way down the harbour. Yet so 


obvious was the skill, experience, and sincerity of 
the witness that even opposing counsel made no 
attempt to impeach his statements. Both sides 
accepted the testimony as competent to prove that 
his ship was well over to that side of the channel 


‘on which he (virtually) testified that she was 


aground. In another case the Court found, from 
the combined testimony of competent witnesses, 
that it was a physical impossibility for a collision 
to have occurred; but since both vessels were 
injured, the hypothesis as to the facts is neces- 
sarily a compromise which includes a collision. 

For all these reasons the formation of any accu- 
rate deductions as to the distance or angle at which 
suction becomes an overwhelming force is an im- 
possibility, even for any one case. When the 
influence of such widely-varying factors as ship- 
model, speed, sea-bottom, «&c., is included, it 
becomes obvious that any hope of securing from 








may be of any imaginable form, and may be either 
of two or of three dimensions. For present pur- 
poses, no presentation of the mathematics of 
stream-lines is needed ; nor do we need the three- 
dimension functions, which are much more intricate 
to handle than the two-dimension. Only those 
particular forms of two-dimension lines which per- 
tain to the analysis of ‘‘suction” will be men 
tioned, and for an understanding of their mathe. 
matics the reader is referred to the bibliography 
listed later herein. 

From a ‘‘ source,” or toward a ‘‘ sink,” radiate 
straight stream-lines, like the spokes of a wheel. 
Physically speaking, each stream-line represents a 
sector of flow of water, measured from some radius 
taken arbitrarily as a zero axis around to the radius 
or stream-line in question. Therefore the angle 
between zero axis and stream-line is the mathema- 
tical measure of its quantity, and this quantity of 
flow is the same at all distances from the centre. 
Any convenient angle may be taken as the unit 
angle, or an arbitrary quantity of flow may be 
taken as the unit. According to the number of 
such unit stream-lines radiating from a ‘‘ source” 
or ‘‘sink,” the latter is said to have different 
‘* strengths.” 

In a canal of uniform, rectangular cross-section, 
in all portions of which the rate of flow was the 
same, the stream-lines would be straight lines 
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voted to ship collisions (*‘ Der Zusammenstoss von 
Schiffen,” Dr. Richard Prien, Berlin, 1899) makes 
no mention of the subject, which could hardly have 
happened had it ever been discussed by the German, 
or even by any European, courts. 

In American waters the earliest instances of 
ship-action which were probably suction, although 
not given that name, occurred in 1846 and 1847, 
in the Naugatuck-Rhode Island and Governor- 
Worcester collisions. By 1869 the phenomenon 
had found official name, as ‘‘suction,” in the 
Narragansett-Providence collision. From that time 
forward the appearance of the thing was frequent, 
albeit at irregular intervals. In 1871 are recorded 
two cases, in 1877 two, in 1880 five, in 1883 one, &c. 
All of these occurred in restricted inland waters. 
In 1885 occurred the first case involving Atlantic 
liners, when the Aurania and the Republic came 
together by suction outside Sandy Hook (but not 
in deep water). 

Excepting ibly the records of Naval Courts 
of Inquiry, which are inaccessible, the sole source 
of data as to actual cases of suction collision is the | 
testimony before the Admiralty Courts. This’ 
testimony, it must be understood at the outset, is 
almost universally incompetent and contradictory. 
England’s so'e experience, the Olympic - Hawke 
case, was merely typical in this respect. The 
trouble is not that the witnesses are incompetent 
as navigators. The trouble is that navigation 
normally makes no demand for the estimate of 
distances in feet or yards. The pilot is accus- 
tomed to gauging his distance from outlying buoys 
or other ships in terms of his vessel’s speed 
or rate of swing, but not in feet. Again, when 
called upon afterwards for the data essential for 
an analysis of the collision, he can give, instead of | 
sytematic observations or estimates, only his sub- | 
conscious guess as to what must have been the 
conditions in order that the known results should 
have followed, which he does in perfect sincerity. 
Or even if estimates were actually made, they must 
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experience or theory a quantitative law of suction 
must be abandoned at the start. But even without 
this, a qualitative understanding of the forces at 
work in *‘ suction” can be of the greatest value in 
warning pilots as to the general conditions under 
which it is liable to occur, and as to where a larger 
margin of caution than usual is needed. For such 
a qualitative understanding of ‘‘suction” a brief 
incursion into theoretical hydraulics is necessary. 

Stream - Lines: ‘* Sources” and ‘‘ Sinks.” — 
Imagine a body of water of uniform depth and 
unlimited lateral extent, in which is placed 
vertically, and extending from bottom to sur- 
face, a straight pipe of small diameter. Imagine 
the sides of this pipe everywhere perforated with 
many small holes, so that it can discharge or take 
in water on every side throughout its entire 
length. Let it be connected at the foot with 
some unlimited reservoir of water below the sea- 
bottom, so that it can draw water from this reser- 
voir or discharge into it to unlimited extent, just 
asa ‘‘ grounded” wire can draw electricity from 
the earth, or discharge into it, without limit. Dis- 
regard all question of friction of flow within the 
pipe, so that the capacity of the pipe for handling 
water is independent of its diameter, the speed of 
flow being anything imaginable. Therefore, for 
convenience, let the pipe represented, in plan, 
by a geometric point. 

Such a point as this, when drawing water from 
below and discharging it into the sea, is called a 
**source.” When the flow is in the opposite direc- 
tion it is called a ‘‘sink.” Thus a source would 
radiate water horizontally in the sea, away from it 
as a centre, in all directions equally. Conversely, 
a sink would draw water to it horizontally in all 
directions. 

“*Stream-lines” are mathematical functions of 
the volume of flow of water which can be repre- 
sented conveniently and accurately on fields of co- 
ordinates, and which can be added, subtracted, 
&c., like other mathematical quantities. They 
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— with the banks. The distance from the 
nk would be the mathematical quantity of the 

stream-line. 

Fig. 1 shows the addition of two such sets of 
stream-lines, resulting in a third set. The radial 
stream-lines are given numerical values, from 
**zero,” at the axis of the figure, around to ‘‘24” 
for an angle of 360 deg. The parallel lines are 
given similar values—positive below the axis, and 
negative above. Selecting any desired value for a 
resultant stream-line, the line can located as 
passing through the intersection of each pair of 
original lines the sum of whose values equals the 
desired value. Resultant lines are thus found 
having values ranging from ‘‘ zero” for the stream- 
line crossing the axis at right angles and rising 
above it, increasing around to the right until the 
same line below the axis has the value ‘‘ 24.” 
From the ‘‘ zero” resultant line above and to the 
left are lines having negative values. Below and 
to the left are those having values above ‘ 24.” 
Both positive and negative series extend indefi- 
nitely away from the centre of the figure. 

Such a set of resultant stream-lines would give 
the effect of placing a ‘‘ source ” or a “‘ sink ” in a 
uniform current, the current flowing to the right 
if the point be a source, or to the left if it bea 


sink. Fig. 2 gives the stream-lines resultant 
from compounding a source with a neighbouring 
sink in still water. Fig. 3 gives the lines resultant 


from compounding a source and a sink in a uniform 
current, or from moving a source and sink together 
through still water. (The resultant lines are 
restricted, for clarity, to one out of the four quad- 
rants of the figure, but they obviously exist alike in 
all four quadrants.) The latter condition gives us 
our first mathematical one ao to the dis- 
placement of water from bow to stern of a moving 


ip. 

In Fig. 3 the stream-line A, when completed, 
ives the first suggestion of the water-line of a ship. 
Te we immagine the water encompassed by this 




















Aus. 7, 1914.] 


ENGINEERING. 


197 








stream-line, in a sea of uniform depth equal to the | 


draught of a ship, to be solidified without change 
in volume, this solid would form a ship-body having 
vertical sides and a rectangular cross-section ; and 
the motion of this ship-body through the sea at the 
speed represented by the parallel lines of current 
would develop stream-lines in the surrounding sea 
which would be mathematically equal to those 
developed by the combination of moving source and 
sink. The source represents the water thrown off 
by the bow to open passage-way for the ship, while 
the sink represents the regathering of this water 
under the stern, to fill in the trough cut by the 
ship’s passage. 

The ** source-and-sink ” method thus opens a 
door to the exact analysis of the displacement of 
the sea by a passing vessel. It is a method to 
which much time has been given by many able 
men. Originally it was cultivated as a means for 
designing ships of perfect form, which should be 
capable of waveless progress through the water 
with minimum resistance, but its very limited value 
for this purpose was realised long ago. Now the 
problem of ‘* suction ” offers it a new er irs 

Historical.—Rankine (Brit. Inst. Naval Arch., 
1870, page 175) credits the composition of stream- 
lines to Clerk Maxwell, but refers, for origina) 


ee ts 





and the other, on ‘* Three- Dimension Lines,” 
in 1895. Taylor conceived the idea that if it be 
permissible to compound the stream-lines from two 
finite sources and sinks, as Rankine did, or from 
several finite sources, as other computers did after- 
wards, it is equally permissible to increase the num- 
ber of sources and sinks indefinitely, each source 
becoming correspondingly reduced in strength, 
until an infinite number of infinitesimal points 
form the basis for integration into stream-lines. In 
other words, the fore half of the ship is re mted 
by one (graphical) function of sources of varying 
strength, while the after half has a similar func- 
tion of sinks. By a very ingenious method of 
graphical integration, without which the computa- 
tion of even a few finite sources becomes intoler- 
ably burdensome, the stream-lines are deduced from 
these assumed functions. For the details of Taylor’s 
method the reader is referred to his papers.* 

Mr. Taylor made tests of the force of suction 
between two ship-models towed in fixed lel 
position in the testing-tank at Washington, in 1909, 
and these were reported to the (American) Society 
of Naval Architects and Marine Engineers. He 
repeated similar tests before the British Admiralty 
Court sitting on the case of the Olympic-Hawke 
collision during the winter of 1911-12. 


Fig.s. 
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algebraic investigations, to the work of Stokes, pub- 
lished in the Cambridge Transactions for 1842 and 
1850. The problem of stream-lines past a sphere 
was solved by Dr. Hoppe (Quarterly Journal of 
Mathematics, 1856). Rankine also refers to his own 
previous work in a paper read to the Royal Society 
in 1863 and printed in the Philosophical Trans- 
actions, entitled *‘ On Plane Ceten tines in Two 
Dimensions,” and to his book entitled ‘‘ Shipbuild- 
ing, Theoretical and Practical,” published in 1866-7. 
In the Philosophical Magazine for 1864 he extended 
similar methods to stream-line surfaces of revolu- 
tion, in three dimensions. 

The stream-line oval A of Fig. 3 was developed 
by Rankine, in his paper of 1870, into the form 
shown in Fig. 4, by the use of two sources near 
the bow and two sinks near the stern (A and A’), 
to give some approach to concavity of bow and run. 
But this is still far from a truly typical ship model. 

Other milestones in the progress of knowledge 
concerning ship motion are noted below, all refer- 
ences being to the Proceedings of the Institution 
of Naval Architects (British) :— 

** On a Vessel in Motion,” by Henry Ransford, 
1871; ‘On Waves in Liquids,” by W. J. M. 
Rankine, 1873; ‘* Wave-Making Resistance of 
Ships,” by William Froude, 1877; ‘‘ Theory of 
Deep-Sea Waves,” by Joseph Woolley, 1878; 
Wave Principle in Ship Design,” by Colin 
Archer, 1878; ‘‘ Wave of Translation,” by J. 
Scott Russell, 1879: ‘‘ Wave-Line Form of Mid- 
ship Section,” by J. Scott Russell, 1880; ‘*On 
Wave Periods,” by Emile Bertin, 1880; ‘On Ship 
Wave,” by Lord Kelvin (Institution of Mecha- 
nical Engineers (British), 1887); ‘* Diverging 
Waves,” by Professor G. W. Hovgaard, 1909. 

After the general authorities noted above, by 
far the most ingenious and the clearest develop- 
ment of the stream-line theory for actual ship- 


Naval Constructor Taylor. He read two papers 
before the Institution of Naval Architects (British), 
one, in 1894, on ‘‘ Two-Dimension Stream- Lines,”’ 


| vol. xxxv., page 
models has been contributed by United States | 








owner. In April, 1911, the writer had the honour 
of delivering a lecture upon ‘* suction” before the 
adult naval officers of the graduate school at Anna- 
—- The following September two of his auditors 
appened to be passengers upon the promenade 
deck of the Olympic at the time of the Hawke’s 
approach. In the report to his superior officers 
one of these young men states that, while he and 
his brother officers were sceptical at the time of the 
lecture, yet the approach of the Hawke developed 
what he recognised as ‘* an ideal case” for suction, 
as defined in the lecture ; from which basis the 
collision with the Olympic was predicted while 
the Hawke still held her virtually parallel course 
several hundred feet distant, from which she 
swerved suddenly an instant later, ‘‘as on a 
pivot,” to plunge into the Olympic’s quarter. 

Since prediction is the prime test of any science, 
it is proper to recount this incident to show that 
the equipment of a navigator with even the most 
general, if clear, ideas ef the conditions under 
which a ship’s constrained wave becomes a menace 
to herself or her neighbours, is sufficient to permit 
foresight and prevention of such danger, when 
without it the ordinary pilot is helpless, even if 
vaguely apprehensive of danger. For such clear- 
ness it is first requisite that the constrained wave 




















The author’s connection with the development of 
the theory of suction began in 1908, when he was 
called upon to explain the suction collision between 
the United States and the Monterey, coastwise 
liners, in New York Bay. The trial being already 
under way when he was first approached, there was 
time only for the preparation of crude diagrams. 
But in connection with the Denver-Lehigh case 
later that same year, and inthe cace of the Parima 
and the Prinzessin Irene still later, these diagrams 
were got up more carefully. They discussed merely 
the general outline of the constrained wave, that 
for one ship being drawn on transparent cloth, so 
that it could be slid over that for the other ship, 
to show how suction forces were developed by these 
two outlines getting into and out of phase. This, 
so far as the author is aware, was the first publica- 
tion of any general theory of suction. There were 
then no tests even of the forces developed when the 
ships are held in relatively fixed position. Of all 
the scientific material then lying ready, none had 
ever been directed towards the problem of suction. 

Yet, it is proper to state, no further develop- 
ments to which the writer has been able to carry 
this general theory, toward exactness in terms of 
particular ship-lines, have appreciably altered this 
first explanation, which was ee upon hydraulic 
facts which are familiar to every pilot and ship- 





* “On Ship-Shape Stream Forms,” by D. W. Taylor. 
Transactions of the Institution of Naval Architects, 1894, 
385; ENGINEEBING, vol. lvii., 410. 
‘On Solid Stream Forms, and the Depth of Water 
Necessary to Avoid Abnormal Resistance of Ships,” by 
D. W. Taylor. Transactions of the Institution of Naval 
Architects, 1895, vol. xxxvi., page 234; ENGINEERING, 
vol. lix., pages 489 and 497. 









be clearly recognised as independent of bow waves, 
propeller-wash, &c., as the cause of suction. From 
such simple premises the following argument 
arises inevitably. 


II. Sure-Waves anp Sea-Conrours. 


In all the earlier writers, and persisting in some 
text-books to the present day, there is a confusion 
as to classification of the several sorts of ship 
resistance, which must be cleared before the 
navigator taught in those years can understand 
‘*suction” clearly. These resistances are now 
distinguished as (1) skin-friction, (2) wave-making, 
with sometimes a third, ‘‘ eddy-making,” which is 
really a part of (1). At present these resistances 
are mentioned only for the p e of excluding 
them from the argument. Suction depends solely 
upon the existence, about every moving ship, of 
(3) the ‘* constrained wave,” which is quite distinct 
from the bow, stern, and échelon waves of the 
usual analysis of the wave-making resistance. But 
it was not until 1898 that there appears in the 
papers of the Institution of Naval Architects 
(British) any realisation (by B. Schieldrop, of 
Bergen) that the ‘‘ constrained wave” is distinct 
from these other resistances, in cause as well as in 
character. 

The ‘‘constrained wave” of a ship is not a true 
wave at all. The true waves are classified us 
(a) bow waves, (b) stern waves, and (c) échelon 
waves. All of these are visible disturbances of the 
sea surface which travel away from the ship b 
their own inertia, when once started, and wit. 
which all seafaring people are familiar. The 
‘* constrained wave,” on the other hand, is often 
invisible and usually needs to be looked for, even 
when visible. It consists of a wide, low mound of 
water which the ship piles up ahead of herself, and 
which accumulates until enough surplus pressure 
is gathered to start the water into motion aft, 
beneath or around the hull. Its height is very 
low, like a ground swell, but its bulk is tremen- 
dous. Its trough may be seen on either beam 
amidships, and at the stern rises a second low 
crest. Although it is relatively to this that the 
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true waves rise visibly, yet the ‘‘ constrained wave” 
itself is visible about every fast vessel, and in tugs 
it often rises a fair fraction of the freeboard, the 
hull ‘‘ squatting” visibly into ite trough. 

This ‘‘ constrained wave” may be explained in 
terms of the stream-line analysis. The two- 
dimension stream-line presup that the sea is 
of uniform depth, that the ship’s sides are every- 
where vertical, reaching to the sea bottom, and 
that the sea is covered with a thin sheet of rigid 
ice, strong enough to prevent any vertical altera- 
tion of sea surface. is ice may be supposed not 
to interfere with the motion of the ship, or the ship 
may be a submarine just reaching from bottom to 
surface. Under such conditions alone would the 
motion of the water displaced by the ship’s motion 
be purely horizontal. Under such conditions the 
increase in pressure necessary for accelerating the 
water away from the bows, and that engendered by 
its arrest at the stern again, would remain purely 
pressure, confined by the rigid ice against rising in 
surface-waves. 

But in actuality there is no ice. The increase in 
pressure ahead of and astern of the ship actually 
occurs, but is partially relieved at the sea-surface. 
A readier means for the release of the water than 


horizontal acceleration is vertical acceleration. The 


water gets out of the ship’s way by rising vertically 
from either bow, in waves. The most striking 
instance of this is the tiny jet of water often appear- 
ing right at the stem of river steamers. This water 
is displaced by a hull of rectangular outline, but 
small dimensions (the stem), which is propelled at 
disproportionate speed by a relatively enormous 
power ; hence the vertical acceleration of the water 
is exaggerated. 

But a more common form of vertical acceleration 
is seen in the ‘‘ bow waves,” which rise on either 
bow, and repeat themselves in a series extending 
obliquely aft > lines making angles of about 
23 deg. with the ship’s course, ultimately merging 
themselves with the échelon waves. From the stern 
trail away two similar series of ‘‘ stern waves,” but 
much smaller than the bow waves. On either beam, 
and all across the wake, spreads the procession of 
broad, low échelon waves. All of these are due to 
vertical acceleration of the water due to the lack of 
constraining ice, and all of them constitute deduc- 
tions of energy from the ‘‘constrained wave,” which 
is normally due to purely horizontal acceleration of 
the water. 

In actuality, too, there is always room for 
some water to escape beneath the ship’s bottom, 
instead of spreading out laterally. In deep water 
this is the th for most of the displaced 
water. But in shallow water this path is cut 
off. Even when there is a foot or so of water 
between hull and sea-floor this space is useless for 
passage of water, because of the turmoil of eddies. 
And since the force of suction is developed only by 
an acceleration of water, which finds its pure and 
best expression only when the ship extends to the 
bottom, while the sea-surface is constrained b 
imaginary ice, these are the conditions which wi 
be assumed throughout the discussion. All ques- 
tion of bow waves, échelon waves, &c., is thus 
eliminated. 

In such a sea let there be held a vertical pole, 
extending to the bottom, which is then moved 
horizontally. This is like a vertical pipe havi 
perforations in its sides, the side looking to 
the course ahead being a ‘‘ source,” while the after 
side is a ‘‘ sink.” Imagine two lines drawn on the 
chart through the point representing such a pole, 
at angles of 45 deg. with its course, forming four 
quadrants—one ahead, one astern, and one on 
either beam. The theory of stream-lines shows 
that in the quadrants ahead and astern the sea- 
pressure is greater than normal, so that, if there 
were no ice present, the sea-surface would be 
elevated above normal. In the quadrants on either 
beam, conversely, the sea- re is less than 
normal, so that, in the absence of ice, the sea- 
surface would be depressed. The 45-deg. lines are 
the loci, or contourlines, of mean sea-level. 

Such a four-phased distortion of the sea-surface 
actually accompanies every ship. Its exact form 
is influenced by the a model and by the energy 
leaking away in vertical wave-forming acceleration. 
But, in essence, it is always there, approximating 
the 45-deg. lines in mean sea-level contour. It is 
due solely to horizontal motion of the water, and it 
constitutes virtually the sole force causing suction. 

This ‘‘ constrained wave ” is not properly a wave 
at all. It does not proceed by its own inertia, but 





is held constrained, as to form and magnitude, by 
the environing solid ship and sea-bottom. It is 
stationary relatively to the ship. Its inertia plays 
no part so long as the depth remains constant. 
When that varies, however, the inertia of the con- 
strained wave becomes the most powerful force 
controlling the ship. For while its head is low— 
so low as usually to be invisible—yet the mass of 
water involved is enormous. It extends away from 
the ship indefinitely, decreasing with distance, but 
still perceptible at several ship-lengths away. 

The form of this constrained wave is markedly 
distorted near the ship, away from the simple 
45-deg. lines of mean sea-level developed by the 
pole, by the lines of the ship. It will be n 
to trace further in detail these influences. before 
the constrained waves of actual ships can be studied 
for suction purposes. 

Every moving ship acts approximately like the 
vertical pole just imagined as moved horizontally 
through the water—viz., to distort the sea surface 
about it in four quadrants, demarked by oblique 
45-deg. lines through its centre of displacement. 
The quédrants ahead and astern exhibit surplus 
pressures, or elevations, of the surface above mean 
sea-level. The quadrants on either beam show 
deficits below mean sea-level ; but in the case of 
the actual ship its elongated form distorts the 
45-deg. lines near the 4 into curves of a hyper- 
bolic form, asymptotic to the 45-deg. lines, meeting 
the hull on either bow or either quarter. 

In Fig. 5 are shown two ships in water-line plan, 
A and B, overlapping each other on parallel courses. 
The hyperbolic contours of mean sea-level are 
shown extending from either bow and quarter ; the 

lus and minus signs indicate the surplus and 

eficit of sea pressure in the neighbourhood of 
each ship, while the net horizontal pressure upon 
the hull is shown by arrows—an arrow heading 
toward the hull indicating surplus, and one head- 
ing outwardly a deficit, of pressure. The ships will 
be assumed to be moving toward the right, although 
the curves would be the same (in this particular 
case) for motion in either direction. 

Without attempting now to indicate the exact 
form of these curves, which will be discussed later, 
it is plain at a glance that the two sets of plus and 
minus signs must cancel each other, to some degree 
at least. Thus ship A will have its lateral pressures 
along its starboard bow increased by the influence 
of B’s forward quadrant of surplus pressure, while 
the pressures along A’s starboard quarter will be 
decreased by the influence of B’s port lateral deficit 
of pressure. Since the normal sea pressures along 
A’s port side are virtually unchanged by B’s pre- 
sence, A will feel a tendency to swing to port. 

Following the same reasoning as to the effect 
upon B of A’s starboard and astern quadrants, 
it appears that B must feel a tendency to swing to 
port also. But whereas A’s swing in response to 
these forces carries her away from their origin and 
decreases the er of collision, except with 
objects on A’s port hand, any slight response of 
B to these forces will very rapidly exaggerate them 
and accelerate her approach to A’s quarter. 

To the engineer, the situation may be clearer if 
explained in terms of the familiar Venturi meter, 
a diagram of which is given in Fig. 6. In the Ven- 
turi any surplus pressure existing within the con- 
duit at either end, as indicated by the arrows, is 
altered more or less into a deficit at the ‘‘ throat” 
B by the restricted diameter, and the consequent 
acceleration of the water at this point. If a 
branch pipe D be connected at this point, the 
deficit may be enough to draw fluid in through 
this pipe, although water might flow outwardly 
with force at E. Or, if the Venturi be made of 
flexible material, when the flow has reached a 
certain velocity the deficit of pressure at B will 
cause the walls to collapse ; and this collapse will 
be sudden and violent, in unstable equilibrium. 

Now the space between the two ships of Fig. 5 
offers the most direct pathway for the water which, 
displaced by both vessels, must get from ahead to 
astern by some way or another. But it forms a 
restricted pathway, with gradual convergence and 
dive’ of solid walls on either side of the 
“throat.” In all this it is quite like a Venturi. 
But if ship B swings a bit to port, it creates a situa- 
tion quite like the first ‘‘give” of the throat of 
the flexible Venturi—the forces e der their 
own acceleration, in unstable equilibrium, and the 
motion, once started, accelerates rapidly to a 
sudden and violent end. ' 

Since the situation of Fig. 5 is usually created 


by a larger, faster vessel overtaking a smaller, 
slower one, the latter finds itself first in the A 
position ; but this is the position of less danger 
and is often passed without mishap. But when 
the smaller vessel has dropped back into the 
B position, it is in the greatest danger. The 
majority of suction collisions occur in this position, 
the overtaken vessel suddenly swerving uncon- 
trollably—usually in defiance of a hard-over helm, 
and often against reversed engines—into the 
quarter of the other vessel. 

Usually, of course, the larger vessel is unaffected 
by the forces engendered mutually between the 
two; but sometimes it is the larger vessel which 
is the slower one. Indeed, the recorded instances 
of suction seem to include every conceivable 
combination of circumstance which could set 
these forces at work, with various results. Fre- 
quently the ship in the A position is driven off her 
course enough to collide with other vessels, or 
with a bank. In one instance, a large freighter 
going down New York Bay, when overtaken by a 
liner, was swung eight points off her course by 
this repellant component of the ‘‘suction” forces 
—fortunately having sea room enough to check her 
way before running aground—but was left in that 
position helpless until the liner was well by. 

For it is obvious that the forces created by these 
“‘constrained ” waves following and preceding the 
ships can easily be far greater than any of those 
ordinarily relied upon for manceuvring. While 
the altitude of the constrained wave is slight, its 
extent covers an area of ship-side which is enor- 
mous when compared with the rudder-surface. 
Indeed, the difficulty in connection with suction 
is not to explain it, but to explain how it is that 
so many ships pass closely without its becoming 
an overwhelming factor. The most frequent 
answer is, depth of water. It requires no mathe- 
matics to show that this Venturi-like restriction 
of waterway between the two ships is much worse 
in shallow water than in deep. But suction col- 
lisions sometimes occur in water which, while not 
very deep, provides enough space beneath the hulls 
to pass a good deal of water ; while in quite shal- 
low water vessels often pass very close in safety. 
To answer these questions, the exact form of the 
constrained wave needs further consideration. 


(To be continued.) 





ENGINEERING EXHIBITION, MANcHESTER.—The North- 
ern Engineering Industries Exhibitors’ Committee have 
sent usa prospectus of the Second Northern International 
Engineering Exhibition, which is to be held under their 
auspices, in Manchester, from October 29 to November 20. 
It is being organised by the committee in the same 
manner as the recent Colliery and Mining Exhibition, 
held under the auspices of a similar committee repre- 
senting the colliery machinists of this country. 





REGULATIONS FOR TECHNICAL ScHOOLs, SCHOOLS OF 
Art, &., IN ENGLAND AND Wates —The Board of 
Education have now consolidated into a single volume 
the separate sets of regulations which have been issued 
previously for different types of technical schools and 
classes, uniting in a single volume the regulations for 
ev schools, for day courses (other than university 
courses) in technical institutes, and for schools of art, 
the regulations for junior technical schools, and the regu- 
lations for university tutorial classes. Copies, price 2d., 
can be obtained through any bookseller. 

_ PEAT IN THE FALKLAND Istanps.—No less than one- 
sixth of the total area of the Falkland Islands, which 
embrace territory amounting to about 6500 square miles, 
is entirely composed of peat, having a calorific value and 
richness which compare favourably with the best peat 
that is produced in Canada, Newfoundland, Ireland, 
Germany, or elsewhere. The Government of the Falk- 
land Islands is prepared to + concessions to any firm 
that will undertake the exploitation of the peat situated 
on Crown lands for briquetting or other purposes, and 
every facility will be given to such firm or firms for 
carrying out the work. Full particulars may be obtained 
from the Crown Agents for the Colonies, Whitehall- 
gardens, London, 8. W. 


Unitep Stars Steet Corporation.—The profits 
realised by the United States Steel Corporation in the 
first quarter of the year were 17,994,381 dols., and for the 
second quarter 22,896,300 dols., making an aggregate for 
the six months of 40,890,681 dols., as compared with 
75,644,614 dols.in the first half of 1913, and 42,929,238 dols. 
in the corresponding period of 1912. Theorders on hand 
at the close of June ted an aggregate of 4,032,857 
tons, as compared with 5,807,317 tons at the close of 
June, 1913, 5,807,346 tons at the close of June, 1912, and 
3,361,058 tons at the close of June, 1911. The monthly 
aggregates this year of orders on hand and in course of 
execution have been as follow :— Jan . 4,613,680 
tons; February, 5,026,440 tons; March, 4, 825 tons ; 
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A 4,277,668 tons; May, 3,988,160 tons; and June, 
857 tons. 
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THE “UNION” 


Fig. 1. 


WE illustrate above an interesting type of flexible 
shaft-coupling, known as the ‘‘ Union” coupling, and 
being introduced by Messrs. Boving and Co., Limited, 
of 94, Union-court, Old Broad-street, London, E.C., 
who own the British patent. 

The most essential parts of the coupling are a pair 
of bossed discs, one of which is keyed to each of the 
adjoining ends of the shafts to be connected. On the 
opposing faces of the discs, and near their peripheries, 
are formed a large number of small projections or 
teeth, clearly shown in Fig. 1, and into the spaces 
between these teeth are placed the coils of two helical 
steel springs, which can be seen in the foreground 
of Fig. 1, and are shown in position in Fig. 2. They 
are aft rwards covered by the flanged ring, shown in 
both figures, the ring being attached to one of the 
discs by means of screws. The two springs have 
right-handed and left-handed coils respectively when 
the coupling is to run in either direction, and their 
object is, of course, to transmit the torque from one 
part of the coupling to the other. At the same time 
they permit a certain amount of angular, radial, and 
axial movement to take place between the two halves 
of the coupling, thus allowing two shafts to work 
satisfactorily when somewhat out of alignment. They 
also, to a great extent, prevent the transmission of 
shocks from the machinery to the driving-motor, and 
almost entirely damp out small cyclic variations of 
torque. 

The actual coupling illustrated above is one of the 
largest of this pattern yet constructed. It is designed 
to transmit 3000 horse-power at 88 revolutions per 
minute. The discs are of cast steel, machined all 
over, the teeth being milled out in much the same 
way as are the teeth of a worm-wheel. In the case of 
small couplings for low-speed work the discs can be 
made of cast iron, but high-speed couplings are always 
constructed with cast-steel discs. 

It will be seen that no perishable materials are 
employed in the construction of these couplings ; they 
thus have a long life, and can withstand very rough 
usage. They require no attention in use except the 
addition of a small quantity of heavy lubricating oil 
about once a month. It should also be mentioned 
that, before placing the springs in position, the 
spaces between the teeth are filled with grease, so that 
wear is reduced to a negligible quantity. Another 
advantage is that, owing to the large number of 
torque-transmitting elements, one of which is formed 
by each coil of the spring, a comparatively small and 
light coupling can be made to transmit a large torque ; 
the individual weakness of each torque-transmitting 
element also leads to a very flexible drive. These 
couplings will run equally well in either direction, and 
are especially suitable for heavy intermittent work of 
all kinds. We understand that they have been success- 
fully employed for upwards of three years in connec- 
tion with the electric driving of rolling-mills, mine- 
hoists, lifts, air-compressors, and other machinery, and 
that they have been adopted for general use in several 
large rolling-mills in Germany and Austria. 

As stated above, the coupling illustrated is one of 
the largest sizes made, but the standard sizes available 
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cover practically all requirements. One of the smallest 
sizes, vor instance, has been used to transmit 10 horse- 
power at 10,000 revolutions per minute. 





Tue Axperta (CanapA) Or Boom.—The Saskatoon 
Board of Trade Weekly News letter states that there are 
hopeful indications of oil deposits much more adjacent 

Calgary—in fact, a hundred miles or so west of 

toon. Certain local capitalists have been for some 
time quietly filing | parts of the area in question, 
which, Te to the map issued by the Geological 
Department of the Dominion Government, in addition to 
the evidence of more than one prominent expert, may be 
hopefully prospected. A somewhat disquieting feature 
of the Alberta oil boom is that over 400 companies have 
already been incorporated, with a total capital of 
400,000,000 dols. It is said that the most valuable oil 
district in the world could not pay a dividend on such an 
immense capital. The general hope is that the Calgary 
field will prove fully upto expectations, but the fact 
remains that the ple there have gone oil crazy, and 
that discretion has been thrown to the winds. 





Tue Royat Mai Stream-Packet ComPany’s STEAMER 
‘*Devon.”—This steamer, built by Messrs. Oammell 
Laird at Birkenhead, successfully completed her official 
speed trials on the 28th ult. She is very similar to the 
Dart and Doon, recently built for the same company by 
Messrs. Cummell Laird, and is specially designed for 
the service of conveying chilled and frozen meat from 
the upper reaches of the River Plate to the ocean-going 
steamers in the chilled-meat trade. Her dimen- 
sions are ft. by 42 ft. by 12 ft. 7 in. The refrigerating 
— has been provided by the Liverpool Refrigerati 

mpany. The main propelling machinery consists o 
two sets of direct-acting triple-expansion engines, with 
cylinders 134 in., 21 in., and 34 in. in diameter, and a 
stroke of 19 in., designed for running at about 175 revo- 
lutions per minute. The main condenser is of the 
“Contraflo” design, the shell being of galvanised mild 
steel, and the doors and water-ends of cast iron. 
boiler installation consists of two single-ended boilers, 
12 ft. in diameter by 10 ft. 3 in. long, fitted with Howden’s 
system of forced draught. 





** ANUARIO DE MINERIA METALURGIA, ELEOTRICIDAD, 
£ INDUSTRIAS QuiMIcAs DE Espana,” 1914.—This ann 
directory, for 1914, of mines, metallurgy, electricity, and 
commercial chemistry in Spain, published by the Revista 
Minera, Metalurgica y de Ingenieria, under the direc- 
tion of Mr. Adriano treras, mining engineer, ex-pro- 
fessor of the School of Mines in Madrid, and Mr. Romdn 
Oriol, mining engineer, is the fourteenth volume. It 
covers 850 pages, and its price, bound in cloth, is 
a. Itcan be obtai from the Revista Minera, 

illalar 3, Madrid. It contains a list of aJl the mines 
classified according to metal and province ; a list of the 
mining, metallurgical, electrical, and chemical societies 
established in Spain, with their capital, address, and 
administrative boards, &c.; anda list of metallurgical 
and chemical factories, and of the Spanish and foreign 
mining engineers. It also gives data on the railway 
companies, and information on i rates for ores, 
metallurgical and chemical products, on the fees of 
the School of Mines Laboratory for examining and 
analysing ore, and on the Custom House duties and com- 
mercial treaties. The laws referring vo the metallurgical 
and mining industry are also dealt with. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on several colonial and 
a ae ae taken from the Board of 
¢ Journal. information omen =p thess 
projects can be obtained from the Commercial Intelli- 
Branch, Board of Trade, 73, Basinghall-street, 
ica - With reference to the propened eaten 
sion of the works of the Rand Water Board, H.M. Trade 
Commissioner for South Africa reports the publication, 
in the Union Gazette (Extraordinary ), of an Act authoris- 
EUCAGIG Ser cnsies Gad On poepeateein "A 
ing 1, . for carry out wor 
dam is to be built oapen te Vaal Rivec capable of stor- 
ing 2,181,280,000 cub. ft. of water, of which not more 
than 3,200,000 cub. ft. may be used daily, whilst 
238,000,000 cub. ft. are to be reserved for the fit of 
the riparian land-owners in the vicinity of the storage 
area who may be awarded oR to impound and store 
water in the reservoir. -M. Trade Commissioner for 
South Africa also reports that the Municipality of Mossel 
Bay, Cape Province, proposes to borrow a sum of 11,593. 
for carrying outan electric-lighting scheme. H.M. Trade 
Commissioner further reports that the Municipality of 
Queenstown, bg Province, is endeavouring to borrow 
a sum of 70, ., of which 59,0002. will be allocated to 
se works, and 4187/. to a water-works redistribu- 
tion scheme. 

France (Society Islands): With reference to previous 

- tive to — ey J im yd at 
te, it appears from the report by H.M. at 
Tahiti on rhe me of the Society Islands in 1913, which 
will shortly be issued, that the positions for the erection 
of the four lighthouses, on the Islands of Fatuhiva, 
tahiva, Tetiaroa, and Moorea respectively, have been 
surveyed, and tenders for the erection of the buildings have 
been invited and will be received up to September next. 

Spain: The Gaceta de Madrid notifies that a law has 
now been passed ae Ministerio de Fomento 
to expend the sum of 70,500,000 pesetas (about 2,611, 0002. ) 
on the repairing of State roads, and a further sum of 
1,500,000 pesetas (about 55,0007.) on the purchase of stone 
to be stored for use for future repairs. 

Italy: The Gazzetta Uffici Rome, announces that 
tenders will be received up to August 20, at the Ninistero 
dei Lavori Pubblici (Sezione Contratti), Rome, for the 
carrying out of work involved in the repair of the break- 
water on the left bank of the Tagliamento, at a curve of 
the river in the Commune of Latisana. The upset price 
is put at 145,130 lire (about 5800/.). Although the con- 
tract will doubtless be awarded to an Italian firm, never- 
theless the ave oe of the works may involve the 
purchase of materials and accessories outside Italy. 

Mexico: H.M. Minister at Mexico City reports that a 
contract has recently been entered into between the 
Ministry of Communications and Public Works and the 
representative of Messrs. Hersent, contractors for public 
works, and Messrs. Schneider and Co., of Creusot, France, 
for the construction of port works at Acapulco, Tux- 


, and other Mexican ports, at a cost not — 
00,000,000 pesos (about 7,000,000/, at the present rate o 
exc ). All materials required in connection with the 


carrying out of the works which it may be 


necessary to 
import from abroad will be admitted free of duty. 





Crty anp Guitps or Lonpon InstitvuTe.—The pro- 
gramme of the —~ |g - of py my of the Uity 
and Guilds of London Institute for the 1914-15 session 
has just been issued. It contains the lations for the 
registration, conduct, and inspection of classes and exam- 
ination of candidates in technological subjects, and for the 
award of teachers’ certificates in manual training and 
domestic subjects. The me is published by Mr 


John Murray, of Albemarle-street, London, W., at the 
price of 9d. net. 





New York Harsour Improvements.—On the North 
River, New York, a new pier is to be constructed, 
1050 ft. long and 150 ft. wide, and a corresponding half 
pier, giving slips 360 ft. wide, and having a depth of 
water of 44 ft. The accommodation thus provided will 


The allow of the simultaneous berthing of three of the largest 


ocean steamers. Preliminary work has already made 
considerable headway, a large cofferdata en | been 
constructed so as to allow excavation of rock on the site 
to proceed in the dry. The basin enclosed by the coffer- 
dam is 800 ft. by 300 ft., and sheet-steel piles of a maximum 
1 of 73 ft. were used. The piles were arranged in 
pockets, the inner faces of which were from 16 fb. to 22 ft. 
apart, the ends being 24 ft. apart. These kets were 
subsequently filled and supported on the inside of the 
dam by a bank of stone. 





A Hieu Surer-Tanx.—A surge-tank on the differential 
principle has been construc at the hydro-electric 
t of the Salmon River Power Company, Altmar, 
-Y. The structure is 180 ft. high to the top edge of 
the tank, which has a height of 80 ft. and a diameter 
of 50 ft., and stands on a base built up of ten lattice 
columns. The tank has to take care surges from a 
column of water 9625 ft. long and 12 ft. in diameter. A 
12-ft. riser connects the bowl-shaped bottom of the tank 
with the pipe-line. Inside the tank is a 10-ft. vertical 
pipe ta; from 10 ft. 8 in. diameter at the bottom end 
to 15 ft. at the upper end. annular space between the 
mouth of the 12-ft. riser and that of the 10-ft. 8-in. pi 
hom of the water to flow straight out into t 
tank, w the rest passes up the 10-ft. pipe. The effect 
is to throttle the surges very considerably 
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WARSHIPS DESIGNED AND BUILT 
AT ELSWICK.* 


Some Notes on Warships Designed and Constructed by 
Sir W. G. Armstrong, Whitworth and Co., Limtted. 


By J. R. Pxrezrr, Member of Council. 


Tae inauguration of the new Armstrong yard at 
Walker marks an epoch in local and national warship- 
building enterprise of an importance that cannot be 
seriously exaggerated. The present occasion, therefore, 
affords the first, and perhaps the most fitting, oppor- 
tunity for reviewing the history of the firm with which I 
have had the honour to be connected, especially with 
reference to its work as producers of warships arma- 
ments during a period approaching nearly half a century. 

So with your permission I propose to deal as briefly as 
possible with some of the events associated with the 
origin and development of the warship and armament 
departments of the firm, with, as I have already sug- 
gested, particular reference to the warship-building sec- 
tion, in which I have been comqet for the past twenty- 
eight years, and over which 1t been my privilege to 
preside as chief naval architect and general manager 
during the past twelve years. F 

Previous to 1867 the Elswick company was occupied 
almost entirely in the construction of guns eir 
appurtenances, including explosives, but about that date 
it was decided to embark upon the building of war vessels, 
and arrangements were made with the late Mr. Charles 
Mitchell to build such vessels at his Walker shipyard, 
where several warships of various types had already been 
constructed. 

The Elswick comeney Png oe in aasing - ” 
managing tner Mr. under whose 
direction de use shipbuilding a of the firm 
was initiated and managed for t fourteen years. 
Mr. Rendel, as an engineer, was —— for many 
important improvements, both in warship design and the 
manufacture of ordnance. Several warships from his 
design were constructed at Walker. Am 1) may 
be mentioned the Tsukuchi Kan, Yung Wei, and Chao 
Yung (1881)—vessels of 1480 tons. In these vessels Mr. 
Rendel introduced the steel protective deck, a new fea- 
ture in cosige, which he developed in the da 
1884), a swift cruiser of 3000 tons, constructed for the 

hilian Government. The development in this instance 
was brought about by extending the protective deck from 
a to ~~~ and increasing its ——- — = 
machinery and magazine 5) @ protective dec 
feature of design, as is oat bnew, has been retained, 
and in some respects improved upon, in many warships 
since constructed for both our own and foreign navies. 

During the few years succeeding 1868 several war 
vessels were built at Walker, including cruisers, gun- 
boats, and troopships for the British foreign navies. 
Kight of these gun-boats were built for the Chinese 
Navy, and each was armed with one 124-in. 38-ton muzzle- 
loading gun and others of smaller calibre. 


In 18 
Armstrong Company, in the following year the 
Chilian cruiser Bemeralds, already referred to, was laid 
down. This vessel had a displacement of 3000 tons and 
aspeed of 18} knots. She mounted two 10-in. breech- 
loading guns, six 6-in. guas, and others of smaller calibre. 
The Esmeralda was the pioneer of the fast protected 
cruiser class. She was heavily armed for a vessel of her 
dis ment; she hada considerable radius of action, 
and her achievements on trial attracted widespread atten. 
tion in naval circles, and greatly enhanced the rapidly 


growing reputation of the firm as designers and builders | th 


of vessels of the bang eis os 

From 1883 to 1885 the shipbuilding department of the 
firm was under the direction of the late Sir William H. 
(then Mr.) White, whose recent death came as a great 
shock to all those who had the honour to know and be 
associated with him. During the period of Sir W. White’s 
tenure, the firm acquired, and he organised, the E'swick 


shipyard solely for the construction of ips, the 
Walker yard being left to deal with the construction of 
vessels other than warships. 


It was then that the design- 
ing and building of warships by the firm was — 
earnestly and vigorously entered u Up to this period 
the presence of a warship in the Tyne was a somewhat 


rare ocourrence, but since then my firm has never been | ; 


without an order for one or more of such vessels. 

The Elswick ee was inaugurated in October, 
1884, by the laying down of the protected cruiser Panther 
for the Austro-Hungarian Government, and before her 
construction had progressed very far a sister vessel (the 
Leopard) for the same navy was ordered and laid down. 
These vessels were each of 1530 tons, with a speed of 184 
knots. Two-inch steel protection was given to the 
machinery, and the armament comprised two 12-om. 
guns, two 4.7-mm. guns, and four o-tubes. The 
vessels were from the design of Sir William White. 

In 1885 was commenced the protected cruiser Dogali, 
which found her home in the Italian navy. She also was 
designed by Sir William White. Her displacement was 


2070 tons, speed 194 knots, the armament ten 6-in. quick- | This 


firing guns, nine 6-pounders, a large number of smaller 
guns, and four torpedo-tubes. __ 

In the same year the Victoria, the first battleship 
built at Elswick, was commenced for the British Navy. 
Her length was 340 ft., beam 70 ft., and di ment 
10,810 tons. She carried two 110-ton 16}-in. breech- 
loading guns, one 10-in., and twelve 6-in. guns. She and 





* Paper read at the ne a | of the Institution of 
Naval Architects, the Institution of Engineers and Ship- 
builders in Scotland, and the North-East Coast Institu- 
tion of Engineers pbuilders, at Newcastle-on- 
Tyne, July 8, 1914. 


the Walker ~ uy was taken over by the] § 





her sister vessel, the Sans Pariel, were the a A 
built at that time to carry the 110-ton Ss. Vic- 
toria was considered a huge vessel in those days, and it 
will be remembered the task of navigating her through 


the bridges at Newcastle aroused considerable interest | fi 


and discussion in the district. In this connection it is 
interesting to observe that we have at present building 
five poem of a displacement nearly three times 
that of the Victoria, and each of a beam exceeding 89 ft. 
It is worthy of note also that whereas in 1886 we were 
allowed a period of three-and-a-half years in which to 
build the Victoria, the period allowed for the Monarch, 
a vessel 125 per cent. greater displacement than the 
Victoria, was only two years. Notwithstanding a strike 
of sixteen weeks’ duration, we succeeded in building and 
handing over the Monarch within the contract time. 

In 1886 we were building war vessels both at Elswick 
and Walker, and in that year the Naniwa Kan and 
Takachiho Kan, protected cruisers, each of 3700 tons, 
were completed at Walker for the Japanese Government. 
They carried two 10-in. breach-loading guns, six 6-in. and 
other smaller guns, and four conpelete In their 
case the thickness of the protective deck was increased, 
varying from 2 in. on the flat to 3 in. on the slopes, 
These vessels steamed at 18} knots on trial with an indi- 
cated horse-power of 7100. 

Towards the end of 1885, Sir William White was 
invited by the Admiralty to accept the position of 
Director of Naval Construction and Assistant Cont 
of the agg and he was sucoeeded at Elswick by Mr. 
(now Sir Philip) Watts. 

Two vessels were laid down in the latter part of this 

ear—namely, the Chih Yuan and Ching Yuan—for the 

inese Navy. These were protected cruisers, of 2300 
tons, and a speed of 184 knots. They carried three 8-in. 
and two 6-in. guns and four torpedo-tubes, and were also 
designed by Sir William White. 

At the beginning of 1887 two smaller cruisers for Spain 
were laid down at Elswick, each of 1050 tons disp) 
ment, and carrying six 4.7-in. guns. 

In the same year the Piemonte, the first vessel designed 
by Sir Philip Watts after he joined Elswick, was com- 
menced for the Italian Navy. The vessel was of 2500 
tons, and in her the designer adopted, for the first time, 
engines of the triple-expansion four-cylinder vertical ty pe. 
These engines developed 12,700 indicated horse-power, 
and gave the v a speed of 22.4 knots, which was very 
much in excess of that of any similar vessel designed up 
to that dste. The ormance of the Piemonte attracted 
considerable attention, and evoked a great deal of discus- 
sion in naval circles. 

During the following few years, warships of almost 
every type were constructed at Elswick for the British 
and foreign navies, including Japan and ina in the 
East, the United States in the West, the South American 

blics Brazil, Argentine, and Chili, as well as 
Norway, Portugal, ee Roumania, and Spain. Among 
these vessels were included many cruisers of the high- 
speed, heavily-armed type, introduced by the Elswick 


rm. 

In 1894 we received from the Japanese Government an 
order to construct the battleship Yashima, designed by 
Sir Philip Watts, this being the first large battleship 
built on the Tyne for that country. Her length was 
372 ft.; beam, 734 ft.; and displacement, 12,330 tons. 
She carried four 12-in. breech-loading guns, twin-mounted 
in barbettes, ten 6-in. guns, and numerous smaller guns. 
Her main belt was 18 in. in thickness over the machinery 
spaces. With 14,000 indicated horse-power she steamed 
at 19.27 knots. She was regarded as a battleship with 
e speed of a cruiser. 

Between 1894 and 1897 we built at Elswick the armoured 
cruisers Esmeralda (this was the second Esmeralda built 
for Chili by our firm) and the O’Higgins. Both these 
vessels were sheathed. The Esmeralda was of 7030 tons, 
and in addition to a protective deck throughout the whole 
of the length, we saw in this vessel the introduction of 
the armoured belt in cruiser design, and this armoured 
belt was adopted in nearly all the Elswick - designed 
cruisers after that date. Later its adoption became uni- 
versal, and now it is regarded as an essential feature of 
all cruiser designs. In the Esmeralda the armoured belt 
was 6 in. thick and 7 ft. deep. The vessel carried two 
8-in. guns, sixteen 6-in. guns, and eighteen smaller guns, 
= ition to three torpedo-tubes. Her speed was 

nots. 

The O’Higgins, built about the same time, had a belt 
of a maximum thickness of 7in. She carried four 8-in. 
guns, ten 6-in. guns, twenty-four smaller guns, and three 
torpedo-tubes, Her displacement was 8500 tons; speed, 


214 knots. 
Steere this time, also, we were constructing a protected | She 


cruiser of 4500 tons—the Takasago—and a second battle- 
ship—the Hatsuse—of 14,967 tons, both for Japan. In 
the former we find the protective deck increased in thick- 
ness to 44 in. Her speed was 22} knots. In the battle- 
ship, the main armour belt was 406 ft. long, with a maxi- 
mum thickness of 9in. The thickness of the barbettes 
for the 12-in. guns, of which she carried four, was 14 in. 
vessel was 440 ft. long, 764 ft. beam, and she steamed 
at over 19 knots with 16,000 indicated horse-power. 
Elswick now became omen | busy with naval work 
for the Japanese Government. Amongst a number of 
cruisers built for that navy were the Idzumo 
and Iwate, each of 9750 tons, carrying four 8-in. guns 
and a armament of fourteen 6-in. and smaller 
The main armour belt had a thickness of 7 in., and 
was an upper belt of 5 in. These vessels steamed at 
22 knots. Two similar vessels, the Asama and Tokiwa, 
with a knot higher speed, were also constructed for 


J , Navy. 
t may be mentioned here that we have designed and 
built for the Japanese Navy 13 warships—3 battleships 


the | with a beam of 83 ft. 





and 10 cruisers—armoured and unarmoured, Nearly all 
of these vessels were engaged m the war LS my Russia, 
and the whole of the Japanese fleet ing in 
that war was armed with guns furnished by the Elswick 
rm. 

These vessels were followed by two sheathed-protected 
cruisers, each of 3430 tons and 203 knots 5) . designed 
for Brazil, and purchased by the Uni States Navy, 
and a pair of coast-defence armour-clads of 3850 tons 
for orwegian Government. 

In 1902 Sir Philip Watts left Elswick to become 
Director of Naval Construction at the Admiralty in 
succession to Sir William White. I was chosen as his 
successor. 

In March of that year the Constitucion, one of two 
ae des: at Elswick for the Chilian Navy, 
was laid down. were [My By nee fast versels, 
and were afterwards acquired by the British Government, 
when they were re-named the Swifture and Triumph. 
They were 436 ft. long, 71 ft. beam, with a displace- 
ment of 11,800 tons. ey steamed at over 20 knots, and 
carried four 10-in. guns, fourteen 7.5-in. guns and twenty 

er guns. The maximum thickness of the belt 
armour was 7 in. In the case of the Elswick-built vessel 
it is worthy of note that during a considerable period of 
her construction the weight of steel worked into the hull 
weekly amounted to tons, the contract time for 
building the vessel being 18 months, but towards the 
end of this period the rate of progress was permitted 
to ease off in consequence of the change of ownership. 

Another vessel that may be mentioned here is the 
Turkish cruiser Hamidieh (ex Abdul Hamid), of 3800 
tons, commenced in 1902. This vessel was very actively 

in the recent war. Scme of you may have 
seen a picture of the ship steaming, very greatly down 
at the bow, towards Malta for repairs after being pierced 
by shot in her forward compartments, a tribute to the 
quality of her water-tight work, which probably accounts 
for the vessel being afloat to-day. 
_ I now come to the British cruiser Amethyst, laid down 
in 1902. This was the first vessel larger than the des- 
troyer in which turbine machinery was fitted. This 
machinery was manufactured by the Parsons Company 
from designs by Sir Charles Parsons. The speed of the 
Amethyst was a mile per hour greater than that of sister 
vessels fitted with reciprocating machinery, and although 
at the outset difficulties were experien in connection 
with the ventilation of the engine-rooms, which were even- 
tually satisfactorily overcome, this first turbine cruiser 
proved an unqualified success, and paved the way for 
the fuller application of the turbine type of machinery 
which hes since taken place in connection with large 
cruisers and battleships. 

Since the Amethyst (1904), or during the past ten years, 
the aggregate horse-power of the turbine machinery fitted 
in war vessels built or building by my firm amounts to 
over 465,000; in the same period the aggregate or cor- 
responding horse-power of the machinery of reciprocating 
type fitted in war vessels built or building by us is over 
110,000, or a) ximately one-fifth of the power of the 
turbine mac mery. All of this turbine machinery has 
been of the type introduced and developed by our dis- 
tinguished friend Sir Charles Parsons, and the figures 
furnish a significant proof of the growing application 
of the turbine princip!e in the propulsion of war vessels 
and the gradual abandonment of the old type. 

In 1903 a pair of scouts named the Adventure and 
Attentive were designed at Elswick and laid down for 
our own Navy, In these vessels six-cylinder recipro- 
cating engines were fitted as desired by the Admiralty, 
although I should have preferred, and asked that we 
might be allowed to provide, machinery of the turbine 
type. The Attentive attained a speed of 25.88 knots, 
which established her as the fastest vessel of the class, 
and, I believe, the fastest vessel in the world at that time, 
excluding destroyers. Excellent as were the results of 
the trials of this vessel, I am of opinion that with turbine 
machinery a speed of about 27 knots would have been 
easily attained. ; 

In the following year another battleship, the Kashima, 
was commenced for the Japanese Government. She was 
425 ft. long and of 78 ft. beam, with a displacement of 
16,400 tons. She carried four 12-in. guns, four 10-in. uns, 
twelve 6-in. guns, a number of smaller guns, and five 
submerged torpedo-tubes. The main armour belt had a 
thic’ of 9 in., and there was an upper belt of 6 in.; 
the citadel armour was also 6 in. thick. She attained a 
a of 19.24 knots. In 1905 we were entrusted by the 

ritish Admiralty with the construction of the Invincible. 
This was an interesting vessel from the fact that she was one 
of the first of the t known as the “‘cruiser-battleship.” 
was also the first to have all the big-gun machinery 
worked by electric power. She was most successful in her 
speed trials, and proved to be the fastest ship of the class. 

During the succeeding year the Brazilian battleshi 
Minas as Gerace and Sao Paulo were desi at Elswick, 
and the first-named was laid down there. In these 
vessels was ado) 2” Se roe oy in this country, - 
@ new system of em: ent o! © primary armamen 
the two forward eae of being in se turrets, 
that to the rear carrying the guns ata higher level. the 
two after pairs a ® similar disposition, thus afford- 
ing 0 very nage axe ining to all of the main guns. I 
may be permitted to observe that we had for a con- 
siderable time advocated the adoption of the super- 
imposed turret, but it was not until the latter end of 1906 
that we were able to induce our clients to adopt this 
arrangement. The Minas Geraes and Sao io each 
had a displacement of 19,281 tons ; they were 500 ft. long, 
They —, carried Ley 12-in. 
ms, twenty-two 4.7-in. guns, a number of smaller 
. Theis main qomner oun 9 in. in thickness. The 
Fines Geraes was the first vessel with which it was ever 
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attempted to test the effect of firing the whole of the | 


broadside armament simultaneously, and, as is now well 
known, this operation was carried out most successfully, 
and without any but the most minor damages to a few 
unimportant fittings of the vessel. 

Included in the Brazilian programme covering the 
two vessels of which I have just spoken, were two scouts, 
the Bahia and Rio Grande Do Sul, each of 3100 tons 
displacement, designed and built at Elswick. They each 
carried ten 47-in. guns as main armament, with 
22,000 horse-power they attained a spsed of 274 knots. 

These vessels were followed by a couple of armour-clad 
gunboats, of 1000 tons each, for the Argentine Navy, the 
battleship Superb for the British Navy, and the cruisers 
Newcastle and Weymouth, also for the British Navy. 
The Newcastle was, I believe, the first war-vessel of her 
size to take the water with her main machinery and boilers 
on board and funnels erected. 

The next important vessel we had the honour of build- 
ing was the Monarch, for our own Navy. The period 
allowed for her completion and delivery was two years, 
and notwithstanding, as I have already stated, a strike of 
16 weeks’ duration, she was handed over within the con- 
tract period, which may be regarded as a very fine per- 
formance, and was, in a great measure, due to the energy 
displayed by Mr. G. J. Carter, who was then my colleague 
at Elswick, and who had c' of the building of the ship. 

Another interesting vessel which we recently com- 

leted and delivered to the Chinese Government was the 
Ho, a training cruiser of 2750 tons, specially de- 
and constructed to afford the fullest ible 
instruction in naval seamanship and gunnery. She had 
a length of 330 ft., a beam of 42 ft., and carried quite a 
museum of guns, including two 6-in., four 4-in., two 3-in., 
six 3-pounders, and two machine-guns. Her machinery 
was of the Parsons compound marine steam-turbine ty 
and on the official s trials she achieved remarkable 
results, which might prove valuable for future guidance 
in designing vessels of her 

The s trials were commenced on January 23, 1912, 
when a series of progressive runs were taken on the 
Hartley mile. The morning being somewhat hazy, it was 
necessary to run closer to the shore than desirable, with 
the result that the effects of the shallow water soon mani- 
fested themselves. Comparison with results obtained at 
a later date in deep water showed that reduction in speed 
due to insufficient depth of water began at about 17 knots, 
and, increasing rapidly, amounted to about half-a-knot 
when a speed of 20 knots was attained. Later in theday, 
when high-power runs were taken, the haze had lifted, 
and the vessel was run as far from the shore as possible 
without rendering the measured-mile post invisible to 
the naked eye. The increased — of water thus ob- 
tained had a marked effect upon the speed, but even at 
this distance from the shore the speed in the neighbour- 
hood of 22 knots was one-fifth of a knot less than that 
subsequently obtained in deep water with the same power. 
These trials provided another example of the unsuita- 
bility of our Hartley measured mile for high-speed vessels. 

On January 30, 1912, a twelve hours’ trial at four- 
fifths full power was carried out, in the course of which 
six runs were taken upon the deep-water mileat St. Abb’s 
Head. The mean speed during the six runs was 20.75 
knots, the turbine revolutions per minute being 492, and 
the shaft horse-power 5366. Over the whole of the twelve 
hours the mean speed was 20.7 knots, the corresponding 
revolutions being 491 and the shaft horse-power, 5394. 
The mean coal consumption during this trial was 1.71 Ib. 
per shaft horse-power per hour. 

The full-speed trial was taken on February 15, 1912, 
and was of four hours’ duration. During six runs upon 
the St. Abb’s mile, a mean speed of 22.257 knots was 
obtained, the revolutions per minute being 558.75 and 
the shaft horse-power, 8797. The results for the four 
hours’ trial were: mean speed, 22.123 knots ; revolutions, 
555.4 ; shaft horse-power, 8626 ; mean coal, per shaft horse- 
power per hour, 1.51 lb. The displacement upon the runs 
was 2124 tons. Ata speed of 20 knots (the speed at which 
the vessel was designed to run), the shaft horse-power 
recorded was 4500, and the revolutions per minute, 468. 

The form of the vessel was based on that of a model 
which gave exceedingly fine results in some experiments 
made at the Admiralty tank at Torquay when I was an 
assistant in the works, and I make out that the propul- 
sive coefficient at top speed, the effective horse-power 
being based upon the resistance of the naked model, is 
55 per cent., whilst at 20 knots the value is 564 per cent. 

This latter figure is the highest we have yet reached 
with turbine-driven vessels, and has been but rarely 
attained in vessels fitted with reciprocating engines run- 
ning ata much smaller number of revolutions per minute. 

At the present time we are building the battleshi 
Sultan Osman I. (ex Rio de Janeiro) for the Imp 
Ottoman Government. This vessel is 632 ft. long, with a 
beam of 89 ft. and a displacement of 27,500 tons. She 
will carry fourteen 12-in. guns, twenty 6-in. guns, and a 
number of smallguns. Her main armour beltis 9 in. and 
the upper belt 6 in. She has various armoure: 
extensive magazine tection. She is designed for a 
speed of 22 knots, and will shortly go on trial. ? 

e are also at present engaged in the construction of 
two battleships of 28,000 tons each, for the Chilian Navy. 
These vessels are 625 ft. long with a beam of 92 ft. They 
have ten 14-in. guns, sixteen 6-in. guns and | er 
guns. Their armour is of 9in. and 7 in. in thickness. 
We have also in hand two coast-defence battleships for 
the Norwegian Navy, and an armoured river gunboat 
from our own desiga for the Siamese Government, an 
order which I am glad to have received in competition 
with other builders, by way of introduction to the Siamese 





* See page 155 ante. This vessel has just been purchased 
by the British Admiralty, and is re-named the Agincourt. 





naval authorities. These vessels and a number of 
sub es are in course of construction at our Elswiek 
Shipyard. At our new Armstrong yard we have com- 
menced the building of the Dreadnought Malaya; and an 
armourclad of over 30,000 tons for a foreign navy. 

The new Armstrong yard has already been described 
through various channels,* and I will not weary you with 
a detailed description of this huge establishment, but 
merely content myself by stating that it contains nine 
building-berths, the largest of which will take any class 
of vessel up to 1000 ft. in length and almost any beam. 
The smallest berth will take a vessel up to 500 ft. im 
length. Three of these berths have been specially con- 
structed and strengthened by ferro-conorete piling and 
foundations for the building of the largest and heaviest 
war or mercantile vessels yed contemplated. There is a 
river frontage nearly a aie in rr The yard is, or, 
rather, will be, equipped with all the latest and most 
improved machinery, and has been brought as t hly 
up-to-date as money and mechanical appliances will allow. 
Provided the supply of labour and material were available, 











we could undertake to construct simultaneously at the 
Armstrong Yard over 200,000 tons of shipbuilding work. 
The following table shows at a glance how battleships 
have increased in size, weight, and power since the days 
of the Victoria—28 years ago :— 
= Length. Breadth. — mie, 
ft. ft. in. 
Victoria (1886) 340 70 0 10,810 |? 16}-in., 1 10-in., 
12 6-in., 8 T.T. 
Yashima .. 372 73 6 | 12,330 i4 ne. 6-in., 
5 T.T. 
Hateuse 440 76 6 14,967 4 tr 6-in., 
4T.T. 
Superb 490 82 5} 18,668 (10 -— ¥ 4-in., 
| 3 T.T. 
Minas Geraes 500 88 0 | 19,281 12 12-in., 22 
| 4.7 in. 
Sultan Osman I. 632 89 0 27,500 /|1412-in ,206-in., 
(now H.M.S, Agin- 10 3-in., 3 T.T. 
court) 
Almirante Latorre 625 92 0 28,000 (|1014-in., 166-in., 
4 3-in., 4 T.T. 
Battleship (1914) 620 4% 0 £0,500 (8 15-in., 146-in., 
i | 10 4-in., 2 T.T. 





The last-named vessel will have 134-in. armour on the 
main belt, barbettes, and gun shields. 

Since = we _— omy or — in hand, from 
our own designs, 64 warships, ing on foreign account, 
whilst five were built for or acquired by our own Govern- 
ment. 64 vessels included 15 battleships, 33 
cruisers, five torpedo-boat destroyers, three armoured 
ory six scouts, and two training -ships. The 

‘urkish ee and State barge were also designed 
and constructed at Elswick. Their total displacement 
amounts to 365,463 tons, and the total horse-power of the 
machinery fitted in them to 756,706. Added to the 
remainder of our warship output, these figures become 
respectively 619,979 tons and 1,221,687 horse-power. 


The attached statement furnishes a summary of the 
firm’s total warship output, and I need say no more to 
demonstrate the extent of our and present under- 
taki as designers and builders of war vessels and 
manufacturers of armour and armaments. I will, there- 
fore, conclude by thanking you for the kind attention you 
have accorded me, and by expressing the hope that the 
facts and res I have quoted may not without 
interest to the present assembly. 


Summary of the Firm’s Warship Output. 











Number of | - Horse- 
Flag. | Ships. ment. Power. 
| tons. | 

Argentine . 5 18,619 48,537 
Austria ‘ 2 3,082 | 11,680 
Britigh ° | 46 203,283 444,521 
Brazilian. 1 =| ~—s 84,610 | 141,808 
Chilian J 10 89,670 | 158,479 
Chinese ; 22 26,765 67,193 
— : ta 8,000 26,0 
Japanese. 13 | 100,°87 169,244 
Norwegian . 6 24,554 26,000 
Portuguese . 1 4,258 12,500 
Roumanian . 1 1,331 4,714 

‘ 8 (gay) 14,000 7,270 
Siam .. ° 1 | 1,070 850 
Turkish 5 | ssl | ep000 

r oe X 89, 
United States | 1 3,487 7,160 
Grand totals | al 619,979 


1,221,687 
| 








HIGH-SPEED BEARINGS.* 
By Geratp Stoney, F.R.S. 
THERE are three principal types of friction in all 


1. Contact friction, where both surfaces are dry, and 
this type was investigated as early as 1781 by Coulomb, 
who found for pressures from # lb. to 100 Ib. per eq. in., 
and speeds up to 10 ft. per second, that the friction was 
independent of the pressure per square inch and the 
velocity, but was proportional to the total force pressing 
the surfaces together, and was dependent also on the 
nature and material of the surfaces. 

2. Greasy friction, where there is more or less complete 
lubrication and a more or less complete film of oil between 
the surfaces. This has been investigated by many ex- 
perimenters, but concordant results have not been 
obtained, as so much depends on the degree of lubrication. 
a wakes. ~~ ty" —— of a _ is pro- 
porti 5 is independent o speed— 
t.¢., the coefficient of friction is constant. 

3. Complete lubrication where there is a complete oil 
film between the surfaces and there is no metallic con- 
tact. This usually occurs in high-speed journal-bearings 
where bath or forced lubrication in some form is provided. 


aly cpus have investigated this form of fric- 
n the foregoing I have attempted to ong to you | tion, including Towers ( ings of the Institution 
some idea of the warship-building work carried out by | of Shecbantonl Engineers, 1883, 1 


the Elswick tirm. I have not specially mentioned all of | ( 


the vessels constructed by the firm, but only some of the 
more interesting, with a view of illustrating the develop- 
ments that have taken place in warship design and con- 
struction, especially during the past twenty years; and 
at the same time I have endeavoured to indicate the 
tremendous advance that has been brought about during 
that period in the rate of production. You will have 
no from the figures I have quoted the gradual 
increase in dimensions, weight, fighting power, and 

oo of + aeons Comes of vessels. 

en the Elswic ipyard began, 30 years ago, 
orders for warships were not booked in great numbers 
by private firms ; nevertheless, our firm has never been 
without an order for one or more vessels of one class or 
another during that period. Indeed, on one or two occa- 
sions our resources have been rather severely taxed, as, 
for instance, in 1896, when we had in various of 
completion no fewer than 20 warships of yw ley 
15 being under construction at Elswick, and 5 at 
Walker. This list included a 12,300-ton battleship, 
two first-class armoured cruisers, each of 9700 tons, one 
armoured cruiser 8500 tons, one armoured cruiser, 7000 
tons, two coast-defence armour clads, each of 3400 tons, 
eleven second and third-class cruisers, and two torpedo- 
boat destroyers. The aggregate dis) ment of these 
vessels amounted to 98,000 tons, and six of them were 
launched from Elswick during the year menti = 
namely, one first-class battleship, one first class armoured 
cruiser, and four second-class cruisers. At the present 
moment, as I have already indicated, we have in band ten 
war-vessels of a total displacement of 158,670 tons, com- 
prising five dreadnoughts, two coast-defence armourclads, 
two scouts, and one armoured gunboat. In addition to 
these we are constructing a number of submarines. 

We have also extensive interests in a huge programme 
warship oe is being carried out at Ferrol and 
Cartagena for Spanish Navy, and in the Turkish 
war-vessels under construction at , a8 well as in 
the reorganisation of the arsenals and dockyards 
in Turkey. 

pen hd period under review we have broken old 
and established new records, and acquisition of the 
Armstrong Yard at Walker places the firm in a position 
that will enable it to achieve still more in that direction ; 
whilst the fact that so much has been accomplished by 
one firm on this little River Tyne must afford considerable 
satisfaction to all concerned or interested in the welfare 
and progress of our local shipbuilding industry. 


* See page 1 ante. 


of | matically, but until 





é 5 isa, oye 
neers, ; Lasche, 
of Berlin (Traction and Transmission, vol. vi., No. 22, 
myo 1903). Tests have also been made by Thurston, 
1873 (ENGINEERING, vol. xvi., page 92); Woodbury, 1884 
(ENGINKERING, vol. xxxviii., page 632); Wellington 
(Transactions of the American Society of Civil Engineers, 
1884); Kimball (American Journal of Science, 1878) ; 
Stribeck, Westinghouse (Journal of the American Society 
of Naval November, 1912) ; and many others. 
The theory of complete lubrication may be said to have 
originated in 1884 at the British Association meeting at 


Montreal. 
_In Lord Rayleigh’s address ( 13 of British Asso- 
ciation Report, 1884), he mentions Towers’ experiments, 


and shows that the incoming layer of oil is thicker than 
the pn # He mentions, moreover, that some addi- 
tional elu gh bn —— LT ~ 
from Profeseor Stokes, afterwards Sir George Stokes, 
but there is no further record of this in the British Asso- 
ciation Report. There was also a paper read Pro- 
feseor Osborne Reynolds before Section A ‘On the 
action of Lubricants,” but no more than the title of this 


is given. J y 

ford Rayleigh pointed out the value of Towers’ ex- 
periments with complete lubrication, and how they 
upset ideas pre y widely admitted, and that the 
results showed the friction to be nearly independent of 
the load and much smaller than generall ess, 
giving a value of « as low as ,sy5. He i 
attention to the fact that the weight on the bearing was 
really borne by the oil film, which was thicker at the 
ee Soa hee ph -y the oil must 

ave & certain viscosity pro to ressure. 

It is evident that both ford Rayleigh ps Professor 
Stokes saw that the blem could be attacked mathe- 
rofessor Reynolds in 1886 (Philo- 
Tramsactions, 1886) effected the i i i 


of motion, but of infinite length at right to it), 
moving over another flat surface ; and, second yh 
of a running in a bearing of infinite length. The 

ing assumed in his calculations was semicircular and 
of tly larger radius than the shaft. He showed that 
the thus established 


] ve results in very close 
agreement with Towers’ experiments. A further exten- 





* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders. 
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BEARING 4°0IA. 6° LONG. 
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sion was made by Sommerfield (Zeitschrift fiir Mathe- 
matisch wnd Physic, Band 50), and Mic’ (/bid., Band 
52). The latter worked out the distribution of pressure, 
the coefficient of friction, and the angle of the surfaces for 
the cases of a square plane, a plane with the length three 
times the width, 4 of infinite length, and a plane 
of infinite width, it was on this investigation that he 
based his well-known pivoted thrust-bearing. The case 
usually occurring in practice of a journal of finite length 
bearing on only, say, one-third of the completed cireum- 
ference has not, so far as can be traced, had the neces‘ary 
integrations made, and so we have to fall back on experi- 
mental results. 

Towers experimented with a bearing 4 in. in diameter 
and 6 in. long, the brass embracing the full half circle, 
and being accurately scraped to an easy fit to the shaft. 
The brass was on top, and the shaft dipped into an oil- 
bath so as to ensure complete lubrication. He found 
that the oil-film was under very considerable ure, 
and that the distribution of pressure was as shown in 


(62/71) 
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Figs. 1 and 2, with a nominal load of 333 Ib. per sq. in. 
The general result was that with olive oil at 90 deg. Fahr. 
the friction was nearly independent of the pressure, and 
increased approximately as the velocity V°-®. 


Fig. 3 shows the average of his results, V being in feet | 


1. Nickel steel, 26 om. in diameter, 11 cm. long, in 
bearings of gun-metal. 

2. In bearings of white metal. 

3. In bearings of mercury amalgam. 

4. Mild-steel journal of same size in a white-metal bush. 


per second, p being the shear resistance per square inch| 5. Carbon-steel journal, 11 cm. in diameter, 24 cm. 


taken on the projected area of 24 sq. in. 
his experiments, with pressures from 100 lb. to 500 lb. 
per sq. in. of projected area, there was livtle change in 
the value of p. : , 

Fig. 4 shows the relative viscosity of the oil at various 
temperatures, from Osborne Reynolds’s experiments. The 
dotted part is extrapolated by his formula. 

Goodman (Manchester Association of Engineers, 189 )) 
experimented with a bearing 2 in. in diameter and 4 in. 
long, running at 233 revolutions per minute, equivalent 
to a surface speed of 2.04 ft. per second, with an oil-bath 
maintained at a temperature of 40 deg. Cent., and found 


Fic. 7. Lascue’s APPARATUS FOR EXPERIMENTS 


little difference with loads varying from 50 Ib. to 550 lb. 
He also found that the total friction was proportional to 
the arc of content, which he varied from the full width 
of 2 in. down to 4 in., the shear resistance being con- 
stant at 0.36 lb. per sq. in. taken on the ehord of the arc 
of contact. This reduction of the arc of contact has been 
used in railway journals to reduce the friction. 

_ The chief published experiments on high-speed bear- 
my are those of O. Lasche (Traction and Transmission, 
vol. vi., No. 22, 1903), and the author may be excused 
quoting fully from them, as the number of Traction and 
Transmission in which they are published is completely 
out of print, and it is only by the courtesy of ENGINEER- 
ING that a copy has been obtained. hey have also 
been kind enough to lend the blocks for illustrating this 
paper. The results are given on the metric system, 
and as the English system of units is used throughout 
this paper, an apology is due for the admixture of the 
two systems. 

The experimental apparatus is shown in Figs. 5, 6, 
and 7, and the following bearings were tested :— 

No. 1 bearing, 26 cm. in diameter, 11 cm. long, 230 
8q. cm. projected area of bearing surface. U-ually pres- 
sures are calculated on the full projected area of 
26 x ll cm. = 286 sq. cm., and if this is done Lasche’s 
pressures will have to be reduced by about 20 per cent. 

No. 2 bearing, 11 cm. in diameter, 24 om. long. 

The following journals were used ;— 














In the range of | long, in white metal. 


| The lubricants used were :—Imperial oil No. 0 (Russian), 


rape seed oil, and sperm oil, and during the whole of the 


experiments oil at the rate of 0.8 litre = 1.4 pints per 
minute was run through the bearings. 

The bearing temperature (¢) was always taken at the 
lowest point about one-third of the way along the bearing. 

Figs. 8 to 17 show the relations between pressure (p) 
kgs. per sq. cm. ; temperature (¢) Centigrade; velocity (v) 
metres per second ; coefficient of friction (u); the limits of 
the tests being: p,1 to 15 kg. per sq. cm. ; ¢, 25 deg. to 
100 deg. Cent. ; v, 1 to 20 metres per second. 


Fig.8 


enti ‘ a age) 


r— LL 





on Hicu-Speep BEarines. 


It is seen from Fig. 11 that 
the shear p = py is practi- 
cally constant and independent 
of p, and for 50 deg. t., or 
122 deg. Fahr., p = 0.04 kg. 
per sq. om., or 0.57 lb. per 
sq. in. This is equal to 0.46 lb. 
per sq. in. on the projected 
area. From Figs. 14 and 15 it 
is evident that the material of 
the journals and bearings makes little difference, as would 
naturally be expected when the journal is entirely sup- 
ported by an oil film. In practice, for small shafts, gun- | 
metal is generally used for the bearings, but for large 
bearings white metal is better on account of the danger 
of gun-metal seizing and ry “3! the shaft. From | 
Fig. 17 it will be seen that at the higher temperatures 
all the oils used seemed to yield about the same resulta, 
and Fig. 13 shows that the friction is roughly inversely | 
proportional to the temperature reckoned from freezing- 
point. Figs. 9 and 11 show that p increases up to a! 
velocity of 10 to 15 metres per second, and is then nearly | 
“Th 1 lt of th i is th i. 

6 genera! result experiments is that approxi- 
mately up to v = 2.5 metres per second the friction varies 
as 4/ V, from 2.4 to 4 metres per second and as about vt, 


and above 10 metres per second is nearly constant. It is 
unfortunate that the clearance used in these bearings 











does not seem to be given, but Fig. 18 shows the effect of 
earance given 7 a hner between the two 
halves of a bearing om. in diameter and 11 om. long, 
and a common clearance in turbine bearings is about 
reyoth of the diameter for bearings up to about 6 in. or 
% in. in diameter, and rather less above that. These 
tests show that so far as friction is concerned it is not 
well to use a large shaft and a long bearing, but experi- 
ence shows that for high speeds and heavy loads 4 
_ bearings are necessary, and they have also to be large to 
avoid vibration and critical s js, and also the risk of 
| fracture due to vibration. To avoid this latter 
the bending stresses have to be kept to a figure which 
would be considered very low in ordinary practice, as 
there have been several cases of fracture of shaft ends. 
If the pressure is too high, or the oil is too thin, a beari 
may run all right so long as there is no vibration; but i 
vibration occurs, the oil film may be driven out and 


Dia. 260% 


UL. Lal 
“gr per Cnt 
etres Sec. 
506 Deg 
ricthow jw 


Y 
y 
y 
y 
y 
y 


y 


seizing take place. This is especially liable to happen 
with the shafts of electrical machinery, such as the arma- 
tures of dynamos and rotors of alternators, where there is 
always a liability to vibration due to their going out of 
balance, and it is probable that much lower pressures are 
advisable in such cases than in those of turbine rotors, 
which from their construction are not, as a rule, so liable 
to go out of balance. This effect is reduced in very 
high-speed shafts, above, say, 2000 revolutions minute, 
by the use of the well-known Parsons flexible bearing, 
where there are two or more tubes outside the ing- 
bush with a small clearance between them in whi 
the viscosity of the oil tends to damp out vibrations. 
In turbine work a rule much used for deciding the 
size of beari has been that the product 
speed by the pressure should not exceed a certain 
figure, but it is doubtful whether this rule is of much 
value, as it really assumes greasy friction and not perfect 
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lubrication. In land work a product of 5600 has rarely | cause deposit above this temperature. At about 250 deg. | bearing as to cause the beat generated to be carried away 
been exceeded, or 75 lb. per sq. in. at 75 ft. per second. | Fahr. most oils cease to lubricate, as their viscosity | without an undue rise of temperature. Water-jacketing 
At lower speeds higher pressures are used satisfactorily, | becomes too low. __ cae _ . _ | the bearings has been used in some cases, but it is not as 
as, for example, at about 35 ft. per second a pressure of | From Lasche’s Fig. 13 it is seen that the friction is | satisfactory in 

130 Ib. to 150 lb. per eq. in. is admissible. approximately inversely proportional to the temperature | oil to carry off 








eral as the plan of supplying sufficient 
the heat. Oil-coolers have therefore gene- 


OF Pp ON wW. 
7/. SPEED OF JOURNAL Y¥ -I0 M. 
TEMPERATURE OF BEARING t-50° C: 
BEARING FLOODED WITH IMPERIAL ‘O: Olt, 
ABOUT 0-8 


Pp-65 PER 3 
q TEMPERATURE OF BEARING 6-50° C. 
WITH IMPERIAL O. OIL, 
MIN, 





5 10 15 
Journal Speed v in Metres per Sec. 


CARBON STEEL. D-iN KER. PER SQ. 
. WHITE METAL.JOURNAL.< MILD STEEL. V-/0 METRES PER SEC. 
. 6-50 


-0.04 


oO 6 70 is 
Pressure p tiv Kgr. per Sq. Centimetre. 
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Coefficient of Friction mw. 


Temperature of Bearing b in Centigrade Degrees. 


' PER SQ. ; V-10 PER SEC; t-50°C. 
AMALGAM. BEARING FLOODED WITH OIL; ABOUT 0.8 LITRE. PER MIN 
WHITE METAL. V= METRES PER SEG. NICKEL STEEL. BUSHES, WHITE METAL. 
SUSHES N t-s0 
eu. . DIA. OF BUSHES = 260 Im. 
OF BUSHES = 110 Ym. 


Coefficient of Friction 


s 
Pressure p trv Kgs. per Sq. Centimetre. 












ee aoe 


en Eee Cattite Lay a Prag Ag WITH OlL; ABOUT 0-8 LITRE PER MIN 

.merican Society of Mechanical Engineers in - ” : , 

kinson stated that speeds of 80 * Per cocend and 100 ie ’ 1A. OF eaibed 200 7a. rer 

per 8q. in. were commonly employed in America, an LENGTH OF BUSHES=110%m. 

where there is no risk of heavy Vibration there does not cm 

seem any reason why higher pressures should not be used. 

It has to be remembered that the heat to be carried off 

does not increase with the pressure, and that the real 
lies in the possible breaking down of the oil film 

by excessive pressure or vibration. 

In marine turbines the journa’ are much lower 
than on land, and rarely exceed 30 ft. per second, and the 
pressures are usually 80 Ib. to 100 1b. per sq. in.; but there 
is & strong tendency to increase this latter figure, and it 
is probable that pressures of 160 1b., or even possibly 

Ib. per sq. in., could be used, especially if the oil («271.9) 
temperature does not exceed 100 deg. to 110 o- Fahr. 
as is usual in marine work. The temperature of the oil 





Temperature of Bearing t in Centigrade Degrees. 
is limited by its loss of viscosity at high temperature | measured from freezing-point ; but after a certain tem rally to be provided to cool the oil. In some cases also 


(see Fig. 4), and by its liability to carbonise and oxidise, | rature the friction rapidly increases and seizin takes the oil is ci round the outside of the bearing in 
and thus cause deposit in the pi oilways, &c. In due to the loss of viscosity. In all high-s suitable passages so as to assist in cooling it, and this is 
land practice tempers res of 120 deg. to 140 . Fahr. ings artificial means have to be used to carry off the | probably necessary in the case of very large bearings 
are common, but it is not well to go above 150 deg. or | heat, radiation from the bearings not being sufficient. running 06 high surface epeeds. _ The heat to be remov 

160 deg. Fahr., as most oils seem liable to oxidise and | The general plan is to have such a flow of oil through the | is not only that caused by friction, but also that caused 
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by conduction from the steam; on the other hand, the 
bearings near the condenser are cooled by the exhaust 
steam and heated by the gland steam. From Lasche’s 
tests the heat produced in ings running at a tem- 
perature of about 122 deg. Fahr. is that due to a shear 
of the oil-film of about 0.46 Ib. per sq. in. of the projected 
area, and this gives as the B.T.U. per hour :— 


‘abr. 

It may be taken that this is a) ny Ae heat 
that has to be carried off by the of. Taking specific 
heat of oil to be 0.31, and allowing a rise of 10 deg. Fabr. 
in the oil, we require 20 lb., or about one-third of a cubic 

| foot, of oil per hour per square inch of projected bearing 
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B.T.U. = 2.1 d.l.v, 
where d is diameter of bearing in inches, 
L is length of bearing in inches, 
v is surface velocity in feet per second. 
The constant varies inversely as the temperature 
above freezing-point. A formula which has been often 


| surface when the surface speed is 30 ft. per second, and 
40 Ib., or two-thirds of a cubic foot, of oil per hour with a 
| surface 8 of 60 ft. per second. In practice these 
quantities are often increased by from 30 to 50 per cent., 
to allow of the unequal distribution of oil between the 
bearings, and to ensure that there is no undue heating, 
also in some cases to allow for the flow of heat from the 
steam. 

Ring lubrication was experimented on by Lasche, but 


used in marine practice is: B.T.U. = d.i.v. 1+ 8, which 
Sives slightly greater results for the usual speeds in 


2EA, 
inte metal 
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Fie. 18. 


ag work, and an oil temperature of about 100 deg. | the results were found to be very variable, and in general 


he says that the tests show ring lubrication to be very 
uncertain, and that it should not be used in cases where 
external cooling of the oil is necessary. Figs. 19 to 21 
show the apparatus and some tests made on a 9-cm. 
diameter bearing, and it is seen that much more oil came 
out of one side than at the other. 


SHAFT STEEL, DIA. 90"Ym, 

BEARING I, OF GUN-METAL IN ONE PIECE,260°%™1LONG. Wig, 2A) 
BEARING I, OF WHITE METAL, SPLIT. , : 
OlL: IMPERIAL “O” 

2 LWBRICATING RINGS, IMMERSION 40 "Ym 
” ° OIA. 150 "Ym. 
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Thrust-bearings are generally of the usual collar type, 
with the bottom and top halves —— adjustable to 


take up end play; and in land tur 
ticall ced, the pressures are very low, never exceed- 
ing 20 Ib. per sq. in., and even in marine turbines 50 lb. 
per sq. in. is never exceeded. 

There are no tests available as to the friction of such 
bearings, but it is probable that it is fairly high, as perfect 
lubrication is difficult to attain, and, as an approximation, 
the total area—that is, the area of the top and bottom 
halves together—might be added to that of the main bear- 
ings in estimating the quantity of oil required and the 
surface of the oil-cooler. Such bearings have generally 
ahigh coefficient of friction, owing to the low pressures 
employed, since, as it is impossible for a wedging action 
to take place and thus admit the oil, such as has been 
described as occurring in the case of journal-bearings, the 
lubrication is rarely perfect. Towers found at moderate 
speeds that the pressure which could be safely carried was 
about 60 1b. per sq. in., as against 6001b. in a journal-bear- 
ing, and that the shear resistance of the oil film was 
greater, being 1.5 lb. per sq. in., this giving about sixteen 
times the coefficient of friction for a thrust- ing as for 
® journal one. erat _ 

theoretical consideration of the conditions neces- 


which are prac- 





sary for perfect lubrication, as set out in Osborne 
Reynolds's Royal Society paper in 1886, referred to above, 
and also his own investigaticns, led Michell, in 1905, to 
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devise a thrust-bearing which would admit of ‘ect 
lubrication (see patents 875 of 1905, and 8885 of 1912). 
In this thrust-bearing there are segmental blc pivoted 
at the theoretical centre of pressure, which is about 0.6 
of the sage from the leading edge. By this device 

rfect lubrication is attained, and pressures up to 

500 lb. per sq. in. can be safely carried at high velocities, 
with a consequent reduction of the coefficient of friction 
to about 7,th of what it is in an ordinary thrust-bearing. 
Another advantage is that the end play in the thrust- 
bearing can be vg reduced. ; 

The same idea has been further developed by Sir 
Charles Parsons, K.C.B., F.R.S., in patent 8266 of 1912, 
where the blocks are centrally pivoted, and it has been 
found that in cases where the pressure comes on gradually 
this works equally well in practice, and has the advantage 
that the shaft may run in either direction without the 
complication of shifting the point of a. _ These 
principles have also been sp ied to journal-bearings by 
Michell ( tent 23,496 of 1911) and Sir Charles Parsons 
(patents 8266 of 1912, 29,810 of 1912, 953 of 1913, and 5619 
of 1913), enabling greatly increased pressures to be used, 
with a resultant reduction of the coefficient of friction, 
and also a large reduction in the length of the bear 
and thus of the whole plant. “The reduction of friction 
may in some cases reduce consumption of steam 
between 1 per cent. and 2 per cent. in a turbine plant. 

Ferranti (patent 5035 of 1910) has also worked on the 
same lines, as well as Kingsbury in America (American 
Patent 947,242 of 1910), and there are full details of the 
latter’s thrust-bearing in the Journal of the American 
Society of Naval Engineers, November, 1912. 

Figs. 22 to 26 show a thrust- ing of the Michell 
type, designed by Mr. H. T. Newbigin for 23,000 lb. 
thrast at 550 to 570 revolutions per minute. —_ 

In the U.S.S. Neptune a single collar, 134 in. in dia- 
meter, carries 45,000 lb. thrust at 72 ft. per second mean 
speed surface, or a pressure of 500 lb. per sq. in., and, in 
general,-such turbine thrust-bearings are designed for 
about 500 Ib per sq. in. at 60 ft. to 75 ft. per second. 
Much higher pressures can be safely carried, as is shown 
by some tests carried out by the Westinghouse Camere. 
where pressures up to about 7000 Ib. per “4 in. at 54 fo. 
per second were carried without heating. The coefficient 
of friction of such a bearing may be from 0.0008 to 
0.003, and for such a pressure as 500 Ib. per sq. in. may 
be safely taken as about 0.002, or, say, one-tenth to one- 
fifteenth of that of an ordinary thrust-bearing. 

The Westinghouse Company, of Pittsburg, made an 
interesting set of tests on such a thrust-bearing for a 
steam turbine, the pressure being varied by throttling 
the balancing-pipe to the dummy piston. The following 


are the particu of this bearing :— 
Outside diameter of collar... 3 in. 
Inside diameter of collar iis 28 ., 
Number of pivoted blocks _.... 10 
Total area ol giveted blocks ... 10.4 sq. in 
Revolutions per minute sh 3470 
Mean surface speed... 54 ft. per second. 


The blocks were steel-faced with white metal ,, in. 
thick, and were pivoted behind their centre of area, and 
with all the blocks in use, 1010 lb. per sq. in. was carried 
without heating. As this was the limit of force which 
could be applied, the number was first reduced to four 


blocks, then to two, the corresponding pressures 
per sq. in. being respectively 2620 Ib. and 5420 Ib. per 
sq. in., which were carried without difficulty. he 


surface was then reduced to 1.9 sq. in., and the pres- 
sure rose ta 5910 lb. per sq. in. It was further reduced 
to 1.2 sq. in., with a pressure of 10,000 1b. per sq. in., 
but here the white metal flowed in all directions 
until the area was inc’ so that the pressure was 
reduced to 7000 lb. per sq. in., but no heating occurred. 
It is worth noting that the white metal flowed equally in 
all directions irrespective of the direction of rotation. It 
is thus seen that the limit of pressure with such a bearing 
is the flowing of the white metal and not the failure of the 
lubrication, and that with pressures of 500 lb. per sq. in. 
there is an enormous margin of safety ; it is probable 
that three times this pressure will be found quite safe in 
practice. 

In conclusion, I would wish to express my thanks to 
various friends who have helped me in compitiog this 
paper, eg Ang H. T. Newbigin, of Newcastle-on 

yne, and Mr. H. M. Martin, of ENGIngERING. 





CATALOGUES. 

Electrical Cooking and Heating Appliances.—A binder 
containing copies of their latest illustrated price-lists of 
electric fires, boiling - plates, grills, ovens, and other 
cooking and heating appliances, has come to hand from 
Messrs. Ferranti, Limited, Central House, Kingsway, 
London, W.C. 


Steam - Shovels. — Messrs. Ruston, Proctor and Co., 
Limited, Sheaf Iron Works, Lincoln, have sent us a copy 
of an illustrated catalogue, giving full particulars of 
their new 70-ton steam-shovels. These shovels were 
iHustrated and fully described in our issue of June 5 


last, on page 775. 


Gas-Engines and Suction-Gas Producers.—From_ the 
Dudbridge Iron Works, Limited, Stroud, Gloucestershire, 
® catalogue of gas-engines and suction-gas plants has 
reached us. The engines, which are governed on the 
Set Sam, are made in sizes giving 
from 15 to 225 brake horse-power with producer-gas. 
Two types, for ordinary industrial work and for electric 
lighting respectively, are built by the firm. The cata- 
logue gives a detailed illustrated description of the 

th full particulars of the different sizes made. 


engines, wi 
Tt also jllustrates and describes the firm’s suction-gas 





producers which are made in sizes suitable for supplying 
any of the engines in the list. 

Oil and Petrol-Engines.—We have received from the 
Parsons Motor Company, Limited, Town Quay Works, 
Southampton, a copy of their latest catalogue of oil and 
petrol-engines for marine and stationary work. Full 
particulars are. given of marine engines ranging from 
7 to 180 horse-power, and prices are stated for engines 
alone, or complete with reversing gear, clutch, propeller, 
ae setae, &c. Illustrations and ular 
af = engines for stationary — — Baw my 
ighting, pumping, air-compressing, &c., are i . 

rm have also sent us an ue of illustrations of 
yachts, launches, pinnaces, fishing - vessels, and other 
craft on which Parsons engines are used for main or 
auxiliary power. 

Electrical Machinery and Apparatus.—We have to 
acknowledge the receipt from the Adnil Electric Com- 
pany, Limited, Adnil Building, Artillery-lane, E.C., of 
a number of pamphlets giving prices and full particulars 
of electric motors, oe ee and fittings manufactured 

this firm. Included among them is a price-list of 


direct-current motors and i of the interpole | P 


type, dealing with motors of from 4 to 125 horse-power, 
and with generators having capacities up to 90 kw. This 
list also includes particulars of starters and of flexible 
and insulating couplings. Other lists deal with fittings 
for indirect lighting, fit for use with half-watt lamps, 
and with small motors. The latter are made in sizes 
ranging from ;; to 4 horse-power, for either direct or 
alternating current. 


Commercial Motor-Vehicles.—We have to acknowledge 
the receipt from Messrs De Dion Bouton (1907), Limited. 
of 10, Great Marlborough-street, W., of a copy of a 
pamphlet giving full particulars of their half-ton motor 
delivery vans, which are fitted with 8-horse-power single- 
cylinder engines. The pamphlet contains a general 
omen for the chassis, and illustrates several of 
them complete with bodies of different types. A number 
of testimonials from users, giving some interesting and 
useful figures as to the results obtained with these vans 
in service, are also reproduced. In a Royal Automobile 
Club trial run, from London to Edinburgh and back, 
the distance covered per gallon of petrol was 24.5 miles, 
although the road condition was exceptionally unfavour- 
able, and in spite of the fact that a leakage in the 
ey sa union was not discovered until the run had 

m almost completed. 


Steam - Turbines. — We have received from Messrs. 
Willans and Robinson, Limited,“of Rugby, a pamphlet 
relating to their disc-and-drum type steam-turbines. 
we have already dealt very fully with these turbines (see 
ENGINEERING, vol. xcvi., page 643), our readers will be 
familiar with their details, so that we need say nothi: 
further about them now. The pamphlet illustrates an 
describes the construction of the turbines, and also illus- 
trates a number of turbo-generators constructed by the 
firm. It also deals with back-pressure and ‘“‘ pass-out” 
turbines, for use where a supply of low-pressure steam is 
— gs for heating or other purposes. Exhaust-steam 
and mixed-pressure turbines and turbo-blowers are also 
illustrated, and a complete list of the installations sup- 
plied by the firm is given. The list includes high-pressure 
turbines of the pure reaction type, disc-and-drum tur- 
bines, exhaust-steam turbines, and mixed - pressure 
turbines, with capacities ranging from 200 kw. to 
8500 kw.; many of the turbines made were repeat orders. 


Anti - Friction Metal.—We have received from the 
Magnolia Anti - Friction Metal Company of Great 
Britain, Limited, 49, Queen Victoria-street, E.C., a 
number of circulars pointing out the advan of 
their well-known brand of anti-friction metal for all 
kinds of bearings. Among them is an interesting dia- 
gram of some comparative teste, made by Professor 
J. Goodman, on genuine ‘‘ Magnolia” metal and three 
imitations of this alloy. The tests were made with a 
6-in. shaft, running at 200 revolutions per minute, the 
total load on the bearing being increased from 2000 Ib. 
to 14,000 lb. With two of the imitation alloys, the load 
could not be raised above 10,000 Ib. (1111 Ib. per sq. in. 
at which load the friction was 117 lb., 65 Ib., 41 Ib., and 
29 Ib., the latter figure being that obtained with ‘ 


| nolis * metal. At load of 14,000 Ib. (1555 Ib. per sq. in.), 


the friction with *‘ Magnolia” was 50 lIb., while 
that of the one other alloy that sustained this load was 
just twice as much. Instructions for using ‘‘ Magnolia” 
metal are given in some of the cireulars. 


Brushes.—A catalogue of Gerhold’s patent brushes 
has reached us from the Fearless Brush Company, 
Limited, of 26, Hart-street, W.C. The chief feature of 
these brushes is that no cementing materia] of any kind 
is used to hold the bristles in place. Another advantage 
is that they have iron handles, which can be made of any 
shape or bent to any angle, so that the brushes are more 
convenient to use for many pu than ordinary 
brushes with straight en handles. ‘‘ Fearless” 
brushes are constructed on an iron rod, which is flattened 
and bent to form a hook at one end. A bundle of hair 
or bristle, of a suitable length, is placed in the hook, 
which is afterwards pinched up so as to hold the bristle 
our. The two ends of the bundle of bristle are then 
doubled together and bound round with wire at the bend, 


the wire being closely coiled to form a sort of cup, from. 


which the ends of the bristles project. The wire is next 
soldered all over ; it is also soldered to the handle, and 
after this operation the brush is completed. The cata- 
logue illustrates and states prices for a great variety of 
engine-cleaning br: motor-car and carriage- i 

brushes, and brushes for applying glue, whitewash, tar, 
on Thy! It also deals with combination wheel-cleaning 
in which a brush constructed as above described 


is combined with a spiral brush of ordi 
Many other useful brushes for special purposes are 
included in the catalogue. 

Neon Lamps.—The Westinghouse Cooper-Hewitt Com- 
pany, Limited, of 80, York-road, King’s Cross, N., have 
issued a circular relating to neon lamps, which they now 
manufacture under Claude and other patents. ese 
lamps consist of large Geissler tubes containing neon 
gas under very low pressure ; when supplied with high- 


rs | tension alternating current, the tubes emit the character- 


istic reddish light of the The high-tension current 
is supplied by means of a small transformer having a 
——s inductance in series with the primary. he 
voltage at the electrodes, and the current in the tube, vary 
according to the length and form of the tube. In the case 
of a straight tube, 6 metres long and 5cm. in diameter, the 
current flowing is about 1 ampere with 1000 volts at the 
electrodes ; for each additional metre in length the pres- 
sure must be in by 100 volts. When on 
direct-current circuits, the high-tension currents can be 
supplied either by an induction coil or rotary converter. 
The tubes, which are especially suitable for advertising 

— owing to the distinctive of the light, 
can be supplied in straight lengths (usually 6 metres long) 
or bent into the form of letters or designs. The luminous 
intensity of the tubes is approximately 200 spherical 
candle-power per metre | , and the efficiency is given 
as 0.5 watt per —— candle-power. The lamps light 
up immediately the switch is closed, and they require no 
— in use beyond an occasional cleaning of the 
tu 


Water-Coolers and Air-Filters.—Two pamphlets, deal- 
ing respectively with Heenan water-coolers and air- 
filters, have been received from Messrs. Heenan and 
Froude, Limited, of Worcester. It will be remembered 
that in these coolers the water, or other liquid to be cooled, 
is contained in a tank in which a large number of cooling 
cylinders slowly revolve about a horizontal axis. The 
cylinders are composed of galvanised-steel sheeting wound 
in the form of a spiral, of which the lower part dips into 
the liquid in the tank. Air blown in an axial direction 
through the =e we of the cylinders by means of a fan, 
cools the liquid adhering to the sheet-steel surfaces, the 
coolin — effected partly by direct contact with the 
air and partly by evaporation. The pamphlet illustrates 
some of the many applications of these coolers, showing 
them in use in connection with internal-combustion 
engines, condensing plants, refrigerating plants, air-com- 
pressors, &c. ; it also contains a long list of users. The 
air-filters are similar in principle and construction to the 
coolers, but are usually shorter. The particles of dust 


AS! in the air adhere to the wet plates of which the revolving 


cylinders are constructed, and are washed off by the 
water into which the cylinders dip as they revolve. The 
water is maintained at a constant level by means of a 
small ball-cock, and about once a week the dirty water is 
run off and replaced.with clean. It is claimed that the 
air treated in this way is completely cleaned and cooled, 
and that there is no possibility of drops of water being 
carried along with the air, as may happen with filters of 
the ane type. These air-filters are intended 
principally for treating the air supplied for cooling large 
electric generators, but they can obviously be used for 
many other purposes. 


Machine-Tools and Accessories.—We have to acknow- 
ledge the receipt from Messrs. Schuchardt and Schutte, 
34, Victoria-street, Westminster, S.W., of copies of their 
latest list of machine-tools and accessories. These lists 
are devoted respectively to sliding, surfacing, and screw- 
cutting lathes, precision ea. plain milling- 

ines and accessories, and bending-machines. The 
latter, which are known as the ‘‘ Initiandum ” bending- 
machines, are suitable for bending, at a white heat, all 
sections of bar-iron to practically any shape. The 
machines consist of a horizontal circular table, on 
which a pair of sector-shaped blocks are mounted so 
that their sides lie on radii of the circle. One of 
these blocks is stationary, and the other can be turned 
about the centre of the table by means of a powerful 
worm-gear. The blocks are first set so that their sides 


) |lie on « diameter of the circular table, thus forming a 


straight vertical wall, against which the heated bar is 
clamped. The bar is then bent by turning the movable 
block through the necessary angle. It is claimed that 
flat, round, and square bars, and also angle and T sec- 
tions, can be bent in this way to any angle without using 
special jaws, but as the hot iron tends to rise during the 
bending, it must be kept down by hammering, and when 
bending channels and beam-sections, suitably Ae = 
blocks must be employed to prevent distortion. e 
corners are said to come out quite sharp, and the strength 
of the bend is considerably increased by the swaging 
process. By means of specially-shaped jaws the machine 
can produce an almost endless variety of work, numerous 
examples of which are illustrated in the list before us. 
Dimensions and prices are stated for machines, in three 
sizes, capable of bending round bars up to 24 in., 3} in., 
and 4 in. in diameter, respectively. The smallest machine 
is operated by hand power, while the others can be 
driven either by belt or by an electric motor. Another 
list received from this firm relates to worm-milling 
machines, and gives particulars of three sizes cap ble of 
cutting worms up to 9 in., 11? in., and 17} in. in diameter 
respectively. The machines, which are fully automatic 
in action, will cut either right-handed or left-handed 
worms of any pitch, as well as spiral-gears. They are 
claimed to give a very much greater output than screw- 
cutting lathes on this class of work, especially when 
cutting multiple-thread and steep-lead worms. An 
automatic grinding-machine for the milling-cutters used 
i these machines is also illustrated and described in 
the list, 
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ELECTRICAL APPARATUS. 


11,106/13. Marconi’s Wireless Telegra: ROompony. 
Limi and C. P. Ryan, London. eless Tele- 
aphy. (3 Figs.) May 10, 1913.—This invention relates to 
improved apparatus for giving alarms by means of wireless tele- 
graphy when a series of signals which have been transmitted at 
egular intervals of time, preferably by means of a pendulum or 
metronome, falls upon a detector. The invention. relates to 
apparatus of the known type in which a relay actuated by these 
dentin causes an electromagnet to attract a balance-wheel whose 
period of oscillation is equal to the intervals between the signals 
and to start it swinging. The successive signals increase the 
amplitude of oscillation of the balance-whee!, and when this is 
sufficiently great it makes or trips a contact which gives an alarm 
and preferably also starts an electric motor which resets the trip- 
contact and may do other work. According to this invention, a 
balance-wheel, which carries a strip of iron in proximity to an 
electro-magnet, is so mounted that when the magnet is energised 
the wheel tends to rotate and wind up a spiral spring, by which it 
is connected to an adjustable support. The arbor of the wheel 
carries a contact-finger adapted, when the wheel oscillates through 
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an angle sufficiently great, to dip into mercury contained in a cup, 
and so to complete a local circuit. @ is an electro-magnet, which is 
energised when the relay bis actuated by the incoming sig 

¢ is a balance-wheel on an arbor d, connected by a spiral spring f 
to a plate g, which can be clamped in any desired position. Let 
into the wheel c is a strip of ironi. The arbor also carries an 
arm j, on one end of which is a contact-finger k adapted, when 
the wheel comes into the ition shown, to dip into mercury con- 
tained in a cup /, while the other end carries a counterbalancing 
nut m. The arbor-brackets and bed-platen are connected to a 
battery o and relay p the other side of which is connected to the 
mercury inthecup/. Ordinary signals do not affect the balance- 
wheel a to cause the finger k to dip into the mercury, 
and the relay p is therefore not actuated ; but when a number of 
signals arrive at intervals equal to the period of oscillation of the 
balance-wheel, this wheel is set — and eventually the 
Ginger dips into the mercury, and the circuit through the battery o 
is closed, and the relay p is actuated. This relay may consist. of 
a tri mtact, which gives an alarm, and preferably also starts 
an electric motor, which resets the contact, and may do other 
work. (Accepted May 13, 1914). 


3103/13. The Radio Signal Com , Limited, 
W. H. Shephard and A. E. MeKechnie, London. 
Wireless hy. (2 Figs.) February 6, 1913.—This 
invention relates to wireless tel: Ih, telephone or submarine 
sound-signalling systems. According to this invention, the appli- 
cants provide, in combination, an alarm device which is adapted 
to be brought into operation by a displaceable member when the 
ceceiving apparatus is rendered operative and to be cut out from 
the receiving circuit when the telephone receiver is removed from 
its switch-arm, so that the ption of the message is not inter- 
supted by the said alarm, an automatic transmitter which is also 
— into operation by the above-mentioned displaceable 
member and is so arran; that a signal will be automatically 
transmitted, and a movable switch which renders the alarm 
device circuit operative only after more or less continuous calls 
have been received. The lines a, a represent part of the wireless 
receiving circuit, and A an electro- et in this circuit. A! isa 
switeh-arm under the control of this magnet, the arm being 
electrically connected to a terminal A2, and being to 
make contact with a contact-piece a? in circuit with another 
*erminal A*. These two terminals are in circuit with a 
battery A‘, with an electric lamp A° forming part of the movable 
witch. Thus, when the arm Al! is comme to bear against the 
contact a3 the lamp A® is lighted. The heat from the lamp, when 
kept alight or flashed at frequent intervals for some time, causes a 
column of mercury a5 to move downwards, owing to the expan- 
sion of air in the bulb containing the lamp, as set forth in the 
Specification of Application No. 22,036, of 1912. A wire in con- 
fection with a binding-screw a4 is normally covered by the mer- 
cury, and current from the battery A‘ is therefore passing through 











an electro-magnet or so'enoid B, the mercury being in electrical 
connection with another binding-screw a**. As soon as the mer- 
cury a uncovers the wire connected to the binding-screw a4, the 
current through the magnet or solenoid B ceases, and a pivoted 
weighted member B!, normally held by the net, then drops 
into contact with ascrew b. The screw b is ina circuit containing 
an alarm-bell B2 and an electro-magnet or solenoid B* having an 
armature that engages with a pin c on a disc C, constituting the 
automatic transmitter, this disc being driven by a clock move- 
ment. Consequently, when the member B! drops into contact 
with the screw b, the bell B? rings and the armature of the 
electro-magnet B° is released from the pin, thereby allowing the 
dise OC to rotate. Th's disc is provided with contacts which bear 
against a brush OC! arranged in circuit with an electro-magnet or 
solenoid D, the armature of which is connected to a key D! in the 
transmitting circuit. When the disc C rotates, the current through 
the magnet D is intermittently made ard broken in accordance with 
the spacing of the tacts on the disc O, and the key D' accord- 
ingly automatically transmits a message—such, forexample, asthe 
code word representing the name of the ship carrying the apparatus. 
The circuit through the brush C! and the magnet D is broken at the 
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contact points c*, c* when the telephone receiver is removed 
from its pivoted hook, this being effected by providing the hook 
with an arm, which normally closes tthe contacts c*, c*, but 
which, when the receiver is removed from the hook, moves into 
a position to enab‘e the cont sts c*, c*, one of which is resilient, 
to break the circuit through the brush OC! and the magnet D. This 
movement of the hook causes its arm to close the normally 
unclosed contacts a*, a*, thereby short-circuiting the electro- 
magnet A and preventing the a device from coming into 
operation when the message is being received. is movement 
of the hook also moves the ber B! into tact with the 
electro-magnet B. The pivoted hook is connected by means of a 
slip-paw] with a chain or with a slotted rod. The slot of this rod 
is adapted to receive a pin connected to an arm that is _ 
to wind a spring that affects the movement of the disc C. is 
arm moves with the clockwork that actuates the disc O, so that 
when the latter has completed its automatic movement the pin is 
at or near the bottom of the slot in the rod. The replacement of 
the receiver consequently causes the arm to be lifted until the rod 
is released by the pawl, whereupon the rod falls, so that the upper 
wall of the slot rests upon, or is contiguous to, the pin, which can 
thus move downwards in the slot during the movement of the 
arm as the disc C rotates. (Accepted May 13, 1914.) 





GAS-ENGINES, PRODUCERS, HOLDERS, &r,. 





17,855/13. E. Gardner, Patricroft. Oll- es. 
(4 Figs] August 5, 1913.—Tais invention comprises improve- 
ments in and relating to the bustion-chambers of oil-engines, 


particularly of the four-stroke-cycle type, with which the fuel is 
sprayed into the combustion-chamber at about maximum com- 
pression, and instantly consumed. With engines of this type, 
the degree of compression adopted is comparatively high, 
poem oy | of the order of about 300 Ib. per sq. in., and it is 
essential for obtaining maximum power from an engine of given 
dimensions that the area of the combustion-chamber should be 
kept smaller than is found possible with the existing forms and 
arrangements of such chambers, and the admission and exhaust- 
valves and other fittings or attachments employed therewith. 
The invention consists in an oil-engine busti hamber of a 
——— form, arranged in direct connection with the engine 
cylin ier, and having extensions formed with or secured to its 
sides or faces, serving respectively for the reception of the admis. 








sion and exhaust-valves, and as the vaporising and igniting 
space or area for the oil admitted ——_ @ sprayer or the like 
fitted opposite the said space or area. In carrying the invention 
into effect in the manner illustrated by the drawings, the combus- 
tion-chamber is ted for bolting to the end of the engine 
cylinder with which it is to be employed, and for serving as the 
end cover of such cylinder. The chamber is made to a triangular 
form, and on the three sides or faces of the triangle there are 
provided extensions a, b, and ¢, of which a serves for the recep- 
tion of the air-admission valve and / for the exhaust-valve, whilst 
¢ constitutes the vaporising and igniting space or area. The 
body of the combustion-chamber and also the two radial exten- 
sions a and } for the reception of the valves are water-jacketed ; 
the third extension, for the vaporising and igniting area, is 
unjacketed, and its surface is thus adapted for external heating 
as required. The admission of the bet under compression, 
is arranged at d, opposite to the aforesaid vaporising and igniting 


space or areac. For starting the engine, a compressed-air admic- 


_sion-inlet may be provided, 


ferably in alignment with the 
centre of the cylinder. Provision may also be made upon the 
combustion-chamber for an indicator and other attachments. 
(Accepted May 13, 1914.) 


1832/14. H. Speen, Leyland. Motor Road 
Vehicles. {1 Fig.) Jan 28, 1914.—This invention relates 
to improvements in motor- driving-gear of that type in 
which the torque-tube has the lid of the gear connected to 
it, 80 that such lid and the torque-tube with the propeller-shaft 
can be lifted together from the es to expose or to give 
access to the gearing in the casing, and ich lid can also be dis- 
eonnected from the torque-tube, so as to give greater facilities for 
dealing with the gearing. In in invention into effect, 
the end or part of the end of the lid which is opposite to the end 
of the propeller-shaft is removable, so that through the opening 
made by removing such t the propeller-shaft or the end of 
such shaft may axially withdrawn. A represents the pro- 
peller-shaft and B its torque-tube, one end of which is mounted 
ina -and socket joint C in a bracket D attached to the vehicle 
framing. The shaft has two universal joints E,F. G is the 
casing containing a differential gear, and J is the lid of the 
casing. This lid and the end of the torque-tube B are connected 





together by bolts through the flanges 1,2. The propeller-shaft, 
in the construction illustrated, has a removable end part A!, 
which carries a worm K driving the differential gear, and is con- 
nected to the shaft A by a — or — joint in the muff L. 
One end of the end-part or A! bears through suitable bear- 
ings against the removable thrust-plate M attached to the gear- 
casing lid. When the plate M is removed, the shaft A! and its 
worm can be withdrawn axially through the hole thus uncovered. 
The lid is removable from the casing when bolts through 
the flanges 8, 4 are removed. By disconnecting the lid from ite 
casing, the torque-tube and lid can be raised together, turning 
angularly arouad the socket-joint O, D so as to lift and expose the 
gearing which is attached to the underside of the lid, or to expose 
gearing which remains in position in the casing. If the differen- 
tial.gear is to be withdrawn from the casing with the lid, its 
wheels are disconnected from the live axles in the manner already 
known. By disconnecting the lid from the torque-tube it can be 
removed bodily with its contained worm-shaft A). (Accepted 
May 18, 1914.) 


10,797/13. L. E Cowey, Kew Gardens. 

Road Vehicles. (4 Figs.) May 7, 1918.—This invention 
relates to the s sion of motor road vehicles of the kind ‘in 
which special resilientedevices are used for giving lateral support 
to the of the vehicle. Acco to this invention, the 
springs which give lateral support to body (at the front or 
rear, or both front and rear) are adapted to form compression- 
rods or members which are each at one end pivotally connected 
at or about the centre of the vehicle body or underframe or u: 

the rear axle, whilst at the other end they are pivotally ettached 
to arms or pillars on the vehicle front axle or to pivots fitted, 
say, to pneumatic suspension cylinders used in conjunction with 
the back axle, the result being that when the y or frame is 
in a mean tion in relation to the wheel axles the compression 
members of each axle are in alignment and act in opposition to 
each other and therefore have no tendency either to raise or lower 
the body or frame relatively to the axles. Should, however, the 
body .be upwardly displaced, the effect of the compression 
members, directly they are caused to move out of alignment, is 
to amplify the upward displ t ; likewise should the body be 
downwardly displaced, the effect is to amplify the downward dis- 
placement, thus acting in an entirely opposite manner to the 
ordinary and known suspension arrangements, which, in conjunc- 
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tion with the weight of the body, tend to resist either an upward 
ord ard displ t of the said body. a indicates the axle 
connected to the front or steering-wheels ) by the vertical pins c, 
which extend or project upwardly to form the supports or pillars 
for the outer ends or extrer_ities of the resilient devices. d, ¢ are 
the telescopic tubes with the springs f mounted therein to form 
the compression-rods or cross-tie members. The tubes d are con- 
nected or pivoted to the axle-pins c by means of lugs preferabi 
formed in with tubular dust-proof sheaths or covers 
fitted over the outer end of each tube d, whilst the tubes ¢ are 
each provided with an eye or ring ¢! capable of encirclin 

over the bearing of the starting-handle A. 


example shown, the tube d of 
able of sliding within the tube e, and for the of cent: 

ing the spring /, which is made an easy fit in the inner tube d, 
each tube is provided with an internal plug or diatance-piece ¢. 
Whilst showing the cross-tie members connected at their inner 
ends to the bracket i of the frame j, which supports the starting- 
handle, they may be pivoted at any other convenient point in 
body or frame of the vehicle. It will thus be understood that 
with these resilient cross-tie members pivotally attached respec- 
tively to the pillars or pins on the axle and to an approximately 








central pivot on the frame or body, and the springs being in com- 
pression, lateral support will be afforded to the body of the vehicle, 
whilst the bending stresses to which the axle is subjected will be 
also counterbalanced. (Sealed July 23, 1914.) 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


638, A. Her’ Burford, and P. V. Vernon, 
Se Parvet Lathes. (3 Figs.) September 25, 1913. 
—On turret lathes the operations of the turret are often con- 
trolled from cams or the like carried on the bed of the lathes. 
These cams in most cases do not move with the turret.slide, and 
in such cases adjustment of some part of the connecting mecha- 
nism between the cam and the turret has to be made to suit 
different positions of withdrawal of the turret and the slide. It 
is the object of the present invention to provide a simple method 
of overcoming this difficulty. In the mechanism between the 
eam and the turret lies a i ¢ and a lever, carried respec- 
tively by the turret-slide an: of the lathe, or vice versd, and, 
according to this invention, a long surface is provided on one ot 
these parts soas to ensure engagement by the other part in spite 
of the fact that the withdrawal position of the slide may vary. 
The clutch (which is not shown) may be operated from a cam A 
fixed to the turret-actuating cam B, or to its shaft. This cam A 
may, in other cases, be mounted upon a shaft geared with a 
turret-actuating cam, and to give the required frequency of 
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operation to suit the cycle or the aring between this shaft 
and the turret-actuating cam, a plurality of clutch-control 
cams may be employed. The cam A is adapted to strike a bell- 
crank lever C pivoted to the bed Z of the lathe, the axis of which 
lever is longitudinal with regard to the bed of the machine. The 
end of the lever en; ng the cam may be of comparatively 
narrow width, but the other end D is formed with a long face 
which extends along the bed of the lathe for a suitable distance. 
Free to move vertically on the turret-slide E is a vertically-mov- 
ing plunger F, and the length of the face D referred to is such 
that at all withdrawal positions of the turret-slide the fame 4 F 
is sure to be over part of the face D, and is therefore capable of 
being actuated by movement of the other end of the rocking-!ever. 
The plunger may, through rack-and-pinion mechanism atG, rotate 
a shaft H which directly or indirectly moves a lever engaging and 
disengaging the clutch in any well-known manner. It will 
therefore be seen that the actuation of the clutch is independent 
of the movement of the turret, and that no adjustment of any 

rt of the mechanism between the lever and the actuating cam 
8 necessary in spite of the fact that the turret-slide may with- 
draw to varying distances. (Sealed July 23, 1914.) 


42/14. Thomas Robinson and Son, Limited, and 
P.S. Robinson, Rochdale. Wood-Working Machines. 
(4 Figs.) January 1, 1914.—This invention relates to the cutter 
and circular-saw spindles and similar spindles of wood-working 
machines, and consists in a method of, and means for, longitu- 
dinally adjusting such spindles, whether vertical or horizontal, 
without the necessity of moving the complete housing or frame 
carrying the ball-bearings, and also to minimise the ber of 
oints that would be likely to cause vibration in the spindles. 

his result is attained by coreytes the ball-bearing (or bearings), 
which locates or holds the spindle against end thrust and longi- 
tudinal movement, in a bush or sleeve which can be adjusted to 
and from the housing or frame of the machine in which it is 
supported by means of a screw or other mechanical means. This 
oy sleeve has suitable projections or stops provided on it to 
limit the amount of the adjustment in each direction. a desig- 
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nates the cutter-spindle or circular-saw spindle ; ) the pulley by 
which it is driven ; c the cutter-block (or it might be a circular 
saw); d a ball-bearing for one end of the spindle a ; d! the other 
ball-bearing; ¢ a s‘iding bush or sleeve made up of two or more 
parts screwed together and carrying the ball-bearing d ; fa screw 
or screw-threaded sleeve for moving and adjusting the os 
bush e with the ball-bearing d ; g the housing or frame in whic 
the sliding bush ¢ is fitted and capable of being adjusted ; A, h! 
suitable stops or projections on the sliding bush ¢ to limit the 
amount of the adjustment in each direction ; i screwed lock-nuts 
used tosecure the inner races of the ball-bearings to the spindle a. 
The outer races of the ball-bearing d! are free to move or float in 
the housing g to allow for possible expansion or contraction of 
the spindle or for mechanical adjustment of the spindle when 
setting the position of the circular saw or cutter-block on the 
machine. (Accepted May 13, 1914.) 


RAILWAYS AND TRAMWAYS. 


21,849/13. George Turton Platts and Co., Limited, 
Sheffield, and A. R. Stuart, Bangalore, South India. 
Permanent Way. [14 Figs.) September 27, 1913.—This 
invention relates to steel spring-k. ys, with expanding wedges, 
for securing railway rails in their supporting chairs, and is an 
improvement in the metal key-and- fastening described in 
Specification No, 14,410, of 1908. The object of the present in- 
vention is to ensure the proper tightening of the wedge and key 
in position, notwithstanding slight variations in the distance 
between the jaws of the chairs or the jaws of sleeper-bow’s and 
the web of the rail. For this purpose, the wedge, which is em- 
ployed to expand, the key is tapered both in width and thickness, 
and those portions of the key against which the wedge bears 
with three of its sides are inclined to correspond to the er of 
the wedge, the intermediate bend in the key against which the 
inner surface of the wedge reacts being proportioned according 
to the thickness of the wedge, so that thin edge of the 
wedge can be readily inserted between the bend and the 
chair-jaw. In one form of the invention, the steel spring-key 
is constructed by pressing or rolling a steel plate of suitable 
dimensions to form upper and lower inwardly-directed loops 
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r bends a, a! ively in the angles between the 
and the foot and web of the rail, and separated by an out- 
bend b of —e- agacentiieg the opposed edges ¢, cl of 
plate at a suitable ce apart and suitably inclined to 
a taper gueese d for the reception of two sides of the fixin 
é. e outward bend 0 is inc‘ined in a longitudina’ 
ion towards a vertical plane through the longitudinal axis of 
e key for the reception of one side of the fixing wedge e. When 
e spring key is in tion between the chair and rail, as shown, 
cl are adjacent the jaw / of the chair and the wedgee, 
red in width and thickness, is driven into the groove d, which 
is closed on the outer side by the inner face of the chair-jaw 7. The 
steel wedge ¢, driven in a horizontal direction, produces initially 
a simultaneous expansion of the upper and lower loops a, a! of 
the key in a direction parallel to the vertical axis of the section 
of the rail. The reaction of the upper loop @ of the steel spring- 
key on the head of the rail, and the reaction of the lower loop a! 
of the steel spring-key on the foot of the rail, together produce a 
contraction of the intermediate bend b of the key in a direction 


Fig.1. Fig.2. 
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parallel to the vertical axis of the section of the rail and at the 
same time an expansion of the same intermediate portion ) of 
the key in a direction at right angles to the vertical axis of the 
section of the rail, the —- of the intermediate portion b of 
the steel spring-key in a direction at right angles to the vertical 
axis of the section of the rail proiucing the following pressures :— 
A pressure of the upper and lower loops a, a! of the steel spring 
key against the web of the rail and a pressure of the summit of 
the outward bend or curve L of the key against the inner wedging 
surface of the steel wedge ¢; a pressure of the outward surfaces 
of the steel spring-key adjacent to the extremities c and c! of the 





steel spring-key against the inner surface of the outer jaw f of the 
chair ; also a pressure of the outer surface of the steel wedge e 
| against the inner surface of the outer jaw f of the chair. Finally, 
| the pressure of the steel spring-key and wedge against the inner 
} surface of the jaw f of the chair, and the pressure of the steel 
spring key against the head, the web, and the foot of the rail, as 
; described in the foregoing, force the rail against the inner sur- 

face of the inner jaw of the chair and secure the rail in position 
in the chair. (Sealed July 23, 1914.) 


SHIPS AND NAUTICAL APPLIANCES. 


| 918/14. F. Lobnitz, Crookston. Suction-Dredgers. 
| (2 Figs.) January 13, 1914.—This invention relates to what are 
known as suction-dredgers. The object of this invention is to 
provide means whereby a rotary-cutter suction-dredger can be 
utilised to effectively perform the work without being moored, 
the vessel being navigated slowly over the bottom and the suction- 
ladder, with its cutter, being trailed over the eoil in the same 
manner as with a trailing suction-dredger. The invention con- 
sists in providing, on or in conjunction with the ladder, an 
arrangement which, when the ladder is dragged over a fairly hard 
bottom surface, will sink or cut into the surface to such an extent 
as to be able to resist the side thrust of the cutter when the 


. Fig 1. j | 40-2, 
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cutter is rotated. The arrangement may take the form of one or 
more fins, keels, blades or spurs, or equivalent, which are so 
shaped and arranged as to cut or sink into the soil as the dredger 
moves through the water. On the drawings, a is the ladder, the 
rotary cutter, c part of the usual raising and lowering gear for 
the ladder, d the lower part of the shaft of the cutter, and ¢ the 
suction-pipe. The lines 4, g! represent the soil. According to 
the arrangement shown, one or more fins or keels f are rigidly 
secured to the under side of the ladder a. The two fins f, f 
are arranged side by side, and parallel to one another, and, as 
will be seen from the lines g, g', they cut into the soil as the 
dredger moves forward over the bottom. (Accepted May 13, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS &c 


20,079/13. E. Bennis, Bolton. Chain-Grate Fur- 
naces. (8 Figs.) September 5, 1913.—This invention relates to 
the links of chain-grate furnaces which stretch from joint to joint, 
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and which form longitudinal bars upon which the fuel rests. 
Hitherto the top surfaces of these longitudinal links have been 
made flat, forming a flat surface -to the grate for the fuel to lie 
upon, with air spaces or slits between the links, the sides being 





formed with ribs or corrugations. This invention consists in 
making the top surface of each longitudinal link rounded, curved 
or bevelled, whether flat or , at the sides, to provide 
an air space beneath the layer of fuel, and secure a better 
circulation or diffusion of the air through the fuel. The grate is 
built up of a number of longitudinal links A, mounted on trans- 
verse rods B in the usual way. According to the present inven- 
tion, the top of each link A is made round or curved or flat on 
top with curved or bevelled edges a. The links A are, in addition 
to the curved, rounded or bevelled top, also preferably corrugated 
or fluted at a! at both s‘des, and in the direction of their length 
the links may be straight on top or corrugated. By thus con- 
structing the longitudinal links A so that the edge a, where the 
air passes up to the fire, is of rounded or curved shape or bevelled, 
it will not burn away £0 quickly as in the usual form of link. 
Moreover, the ccal will be supported on a less area of the link, 
and will offer less obstruction to the passage of the air to the fire 
and as a depression is formed between two links through which 
the air can pass, it will consequently reach a larger area of fuel. 
The corrugations serve a similar purpose. (Accepted May 20, 


1914.) 
TEXTILE MACHINERY. 


21,095/13. J. Higginson and H. Arundel, Stockport. 
Windis Machines. [4 Figs.) September 18, 1913.— 

This invention relates to cop or pirn-winding machines, and com- 
prises the provision of means for ensuring the production of a 
good cop bottom by assisting the initial traversing movement of 
the cop-spindle as winding takes place betwe« n the cop and cone- 
builder. The cop-spindle a with its slide) sre balanced in the 
usual manner by the ordinary weighted lever c. For the purpose 
of assisting the initial traversing or upward movement of the 
spindle a and its slide ) in the early part of the winding or build- 
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ing of a cop there is employed a supplementary balanc'ng-lever d. 
The supplementary balancing-ever d is arranged with respect to 
the ordinary lever c so that only during the first or initial 
anew of the winding of the cop does it act or have any 
lancing or lifting effect on the cop-spindle a and its slide », 
whereby the pressure between the cop and the usual cone- 
builder e is relieved. As the winding or building of the cop 
proceeds, the spindle a and slide b gradually ascend. Early in 
such ascent, the supplementary balancing-lever d is brought to rest 
on the stop f and so put out of action. (Sealed July 16, 1914.) 


26,975/13. J. Pickford, Oldham. Self-Acting Mules. 
{5 Figs.] August 5, 1913.—This invention relates to improve- 
ments in guards for self-acting mules or twiners, and has for its 
object to provide a guard for, or so arranging the existing guard 
of the drawing-out scrolls that it can be readily slid sideways out 
of or into its — position, as may be rc quired, and which 
guard may be soarranged under the control of the headstock- 

uard of the machine, say such as described in Application for 

tters Patent No. 2960, of 1913, that it cannot be removed from 
its operative position until the machine has been stopped, and 
the machine cannot be permanently s again until the 
guard has been slid back into its operative position. In carrying 
out this invention according to one embodiment, the guard a cf 
the middle drawing-out scroll } is formed to surround the latter, 
and closed at its inner and open at its outer end. To the outer 
side of the guard a rod cis secured adapted to rest upon the creel 
brackets d, while the inner side has a flange e resting upon the 
roller-beam /, and the outer side has a downwardly extending 
part g overlapping the guard h of the bottom scroll or pulley. 
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When employing the scroll guard @ under the control of the 
headstock-guard r in the operative position of the middle taking- 
in scroll-guard a on the left side of the headstock, the end of the 
rod ¢ on the right thereof abuts against one end of a lever s 
fulcrumed to the creel-frame bracket ¢, the other end of which 
has pivoted thereto the headstock-guard hcok u. In order to 
permit of removing the scroll-guard a from its operative or in- 
operative position, it is necessary to first remove the headstock- 
uard r by lifting the hook wu off the swivel y, which causes the 

ower end of the Ser 8s to move from behind the rod c, and the 
end of the rod c of the guard a of the middle scroll drawing-out 
scroll to be released, and thus the guard to be unlocked so as to 
permit of being slid sideways from the operative into the inopera- 
tive position. When it is desircd to start the machine again, 
owing to the right end of the rod ¢ of the guard a on the left- 
hand side of the headstock having taken up a position in front of 
the lower end of the levers, the machine cannot be started again 
permanently until the scroll-guards have been slid back into their 
rative ition, as only then the headstock-guard can be 





placed back again in position. (Accepted May 20, 1914.) 
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SOME EXPERIMENTS ON DUST 
EXPLOSIONS IN TUBES. 
By J. D. Morcan, A.M. Inst. C.E., A.M.I.E.E. 


Tue object of these experiments was to ascertain 
the character of the pressure variations which occur 
during combustible-dust explosions in a tube which 
is closed at one epd-and open at the other, the 
explosions being initiated at the closed end. In 
all the experiments here recorded lycopodium 
dust was employed. The graphs obtained were 
produced by means of a specially-designed oscillo- 
graph, full particulars of which are given in a 

per read by the author before the London Physical 
Rotiety.* Briefly, the instrument consists of a light 
rectangular steel vane a (Fig. 1), hinged by means 
of a torsion wire along the upper edge, and mounted 
parallel to the axis of the tube bin acellc. Along 
the two ends and bottom edge the vane is free. 
To one end of the vane is attached a light style d, 
which describes a line on a smoked-paper strip 


Fig.t. 
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carried by the drum e. Time is marked on the 
same strip by an electromagnetically-driven tuning- 
fork of known frequency. The instrument is 
rendered dead-beat by a dash-pot f. 

It is apparent that different initial conditions 
will be followed by different effects. The three 
undermentioned conditions were selected: (a) 
flame accompanied by a large current of air pro- 
jected into a dusty tube ; (b) same as (a) but with 
a small current of air ; (c) disturbance produced in 
the tube by concussion and ignition effected by a 
glowing platinum coil. 

_ Before discussing the experiments in detail, a 
digression on a certain rudimentary feature of the 
subject may be useful to those not familiar with 
laboratory work on dust explosions. One of the 
principal difficulties encountered by the experi- 
menter is to control the density of the dust-clouds. 
For explosions in a small closed chamber the 
difficulty is not insuperable. By properly design- 











*.‘* An Instrument for Recording Pressure Variations 


Due to Explosions in Tubes,” Proceedings of the Physical 
Society of Lenton Vol. xxvi., Part III., April 15, 1914. 








ing the chamber and the means for producing the 
cloud a fairly uniform distribution of the dust 
throughout the air space can be obtained. But 
when the experiments are performed in a long 
tube anything like the same uniformity is almost, 
if not quite, impossible to attain, and in conse- 
quence each experiment needs to be repeated a 
larger number of times with the same and different 
charges before deductions can safely be made. 
With much elaboration of apparatus the distribu- 
tion difficulty could doubtless be minimised largely, 
but simple apparatus is always to be preferred. 

As in gas explosions, a certain proportion of dust 
and air gives the maximum explosion effect. Excess 
of dust stifles combustion, and retards propagation 
of the flame. Deficiency of dust prevents the 
formation of flame. Repeated trials are necessary 
to find the approximate quantity of dust required 
to give the best result; but even when this quan- 
tity is determined, the state of distribution in the 
tube or a variation in the state of motion of the 
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the effect of the explosion on the air of the room 
was such as to cause the half-open door to be 
slammed vigorously. The magnitude of the pres- 
sures obtained in the tube was not investigated. 
If the dust was in excess, little or no flame and 
much smoké ap When the dust was 
deficient, there was little or no smoke and no 
flame. 

A large number of graphs were taken, and, as 
might be expected, they differed largely from each 
other, but the same predominant characteristic 
was found in all. Fig. 3 shows four representative 
graphs. In each case it will be noticed that the 
pressure rises comparatively slowly, and the line 
of increasing pressure is fairly regular. When the 
pressure falls the rate of change is me and rather 

lar, indications of a slight vibrational con- 
dition in the tube becoming apparent, and in some 
eases the pressure becomes negative before it returns 
to the normal value. 

Subsequently the oscillograph was moved to a 
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air, or in the source of ignition, may nullify the 
experiment. 

rding experiments under the first condition 
above aaaiieh~—anaiihe, flame accompanied by a 
large current of air projected into a dusty tube— 
the apparatus shown in Fig. 2 was employed. A 
chamber a, of about 1 cub. ft. capacity, was fitted 
to a tube b, of 14 in. diameter and 10 in. in length. 
A small quantity of dust was placed in a dish c, and 
blown up into a cloud by a puff of air from a rubber 
bulb d. Ignition of the cloud was effected by the flame 
of a gas-burner e, and ignition of the gas was effected 
by a sparking-plug f. The —- of air in the 
chamber by the combustion of the dust-cloud pro- 
duced a strong rush of air in the tube, which served 
to raise the dust-cloud, and the flame swept into 
the tube served to ignite the cloud. To obtain the 
required distribution of the dust along the tube 
prior to the explosion, a small heap of dust was 
placed at the inner end of the tube, and the 
electrically-driven fan g was rotated for a few 
seconds. A loose coating of dust was thus de- 
posited over the whole of the tube interior. After 
the explosion the chamber was opened, and the 
foul gases cleared out of the apparatus by means 
of the fan. 

In the firat series of experiments the oscillo- 
graph was placed within a few inehes of the 
inner end of the tube, as indicated by the dotted 
rectangle h. All the successful experiments were 
accompanied by a large outburst of flame, with 
some smoke at the outer end of the tube, and a 
strong puff which could hardly be called 4 noise, 
but might be called a dull report. On one occa- 





position in the tube 5 ft. from the open end, and 
the experiments repeated. A striking difference is 
at once apparent in the graphs. Fig. 4 illustrates 
three typical curves. It will be noticed that the 
pressure rises more suddenly, and rapidly passes into 
a strong vibrational condition. This phenomenon is 
extremely interesting. Two questions at once arise 
concerning it. The first is as to the cause of the 
vibration, and the second as to the probable effect 
on the propagation of the explosion. Regarding 
the first, the answer appears tu be that the vibra- 
tion is due to the sudden expansion at the open 
end of the tube ; and, regarding the effect on propa- 
gation, the answer is probably that the vibration 
contributes more than the direct motion of the air 
current. In a paper shortly to be published by the 
Institution of Civil Engineers, the author describes 
a simple experiment illustrative of the relative dust- 
raising properties of vibrational and unidirectional 
motion of the air within a dusty tube. If a pneumatic 
motor-horn be sounded at one end of a long glass 
tube, along the bottom of which a layer of fine dust 
has been strewn, a cloud which fills the greater 
part of the tube immediately rises ; whereas if the 
reed be removed from the horn and the bulb com- 
pressed so as to discharge into the tube a stream of 
air similar to the former one, only a slight disturb: 
ance of the dust occurs. From the graphs shown in 
Fig. 4 it is evident that a vibrational condition is 
automatically set up in the tube, and it is highly 
probable that this causes a greater agitation of the 
dust in advance of the flame than the unidirectional 
air-current. The possibility of pro tion of the 
flame in the absence of vibration is, of course, not 





sion, when the laboratory windows were closed, 


excluded by these considerations. On the contrary, 
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as is shown by the next experiments, a sufficient 
rush of air is necessary to carry on the explosion. 
If the initial motion of the air and flame is small, 
the explosion quickly dies out, excepting when 
there is present another condition, which will be 
described later. = 
Referring to Fig. 5, the apparatus there shown 
comprises a tube a, of 14 in. diameter and 10 ft. in 
length, fitted at one end with a small chamber b. At 
the base of the latter is arranged a dish ¢ for coa- 
taining a small quantity of dust and a tube for 
directing into the dish a puff of air from the bulb d. 
The cloud raised by this device is ignited by the 
glowing platinum coil ¢, and the resulting flame 
asses with the expanding air into the dusty tube. 
The oscillograph was first placed near the chamber, 
as indicated by the dotted rectangle f. This 
apparatus enables the second of the conditions 
above mentioned to be obtained—namely, the pro- 
jection into the tube of a flame with a small rush 
of air. As in the previous experiments, a large 





number of tests were made. In all cases, the puffs 
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although only in exceptional cases was the report 
loud, as in explosions. 

As is evident, the graphs certain peculiar 
characteristics. The vibrations are few, and there 
is one principal peak x in each case which repre- 
sents explosion proper. In d there are two 
peaks indicating two explosions. Subsequent to 
the principal peak there are evidences of more or 
less irregular pressure variations, which are prob- 
ably due to the lingering of flame in the tube. Prior 
to the peak there is an interval between it and the 
original disturbance which varies considerably. An 
explosion of this class appears to be in the nature of 
a single impulse. In coal-gas explosions the same 
characteristic peak is found. When the gas mixture 
is of the right proportion, a single irregular wave, 
distinguished by a rapid transition from the positive 
to the negative side of the zero line, and followed 
by a half-wave of positive pressure, is obtained. If 
the mixture is r or rich in the principal 
peak is either followed or preceded by a long train 
of waves.* 
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by their reports pores raphs which were ve 
similar. sont appear, ae shay that tho 
some quality of the explosion which is not shown 
by an oscillographic investigation. A curious result 
noticed was that for the production of loud ex- 
plosions with flame at the tube end in the 1-in. 
tube no other dust than that placed in the bulb 
was required, and the graphs had the same general 
appearance as those in Fig. 9. 

A fact impressed upon the author by the results 
of his work is that the initial state of motion of 
the dust has an important effect upon the rapidity 
of the explosion. In the experiments recorded 
the most rapid motion was apparently obtained 
by concussion, and it was when concussion was 
employed that the most violent explosions were 
as Dr. Dugald Clerk has shown* that tur- 

ulence increases the rate of explosion in gas 
mixtures, and it is the author’s belief that tur- 
bulence plays a greater part in determining the 
rate of explosion in a dust and air mixture than 
has hitherto been fully realised. Various experi- 
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at the end of the tube were slight, and in no case 
was the flame propagated so far as to reach ~ 
outer end of the tube, the maximum travel of the 
flame being about 6 ft. The graphs obtained were | 
all of the character shown at (a), Fig.6. KK will 
be observed that the pressure variations were 
entirely vibrational and not very energetic. With 
the oscillograph placed at 5 ft. from the end of 
the tube, graphs of the kind shown at (b), Fig. 6, 
were obtained. ‘I'he variations were of the same 
character as the first, but feebler. It is apparent 
that, notwithstanding the fact that an explosion 
tends to gather force as it travels along a dusty 
tube, the explosion rapidly dies down if not 
initiated with sufficient movement of air along 
the tube. 

Concerning experiments under the third con- 
dition—viz., disturbance of dust by concussion— 
the apparatus shown in Fig. 7 was employed. A 
tube a, of 14 in. diameter and 10 ft. in length, 
was fitted with an ignition-chamber 6, containing a 
glowing platinum coil c, and communicating with 





this chamber was.a tube d, of 1 in. diameter and 
1 ft. in length. To the outer end of the latter was 
attached a rubber bulb e of about 4 in. diameter. 


| 


The oscillograph was placed at /, a few inches from | ;,, 


the iguition-chamber. The method of the experi- 
ment was to coat the large tube with a fine layer 


of loose dust and place a very small quantity of dust | Saati 
On striking the bull aan 2 | ———— of a short, sharp flame from the end 


in the bulb. 
strong blow, a fine cloud was \projected from the 
bulb across the coil, and a disturbance produced in 
the main tube. Explosions obtained in this way 
are more rapid and energetic than any other tube 
explosions, and they closely ——— in char- 
acter to gas explosions. Fig. 8 illustrates at b to e 
four —— graphs, and at a the effect of striking 
the bulb only. The first rise and fall of pressure 


(or complete oscillation) in each of the —_ b toe! 


1s due to the bulb concussion. Graphs obtained 
ata point 5 ft. from the end of the tube a are of 
the same type. As regards the visible and audible 
effects of the explosion, flame with but little smoke 
was projected from the end of the tube, and the 
character of the flame was quite different from 
that obtained in the experiments under the first 
condition, being in the form of a sharp tongue 
instead of an expanding cloud, indicating a more 
complete and rapid combustion. The report was 
also of a higher note than in the former experiments, 


jeme a was 6 ft. long. 
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If the 1}-in. tube shown in Fig. 7 is replaced by 

a tube of 1 in. diameter, a closer approximation 
———— effects is sscured. The tube 
Fig. 9 illustrates two 


pical graphs. The explosions were attended by 





tube, and a report as loud as any obtained 
in a coal-gas explosion. As in Fig. 8, the initial 
peak is due to the bulb disturbance, while the 
explosion is represented by the peak x. Also the 
interval between the two peaks varies —— 
The full significance of these curves, and especially 
of the aforesaid interval, remains to be discovered. 
A great deal of time has been spent by the author 
on explosions of the last-mentioned kind, and one 
of the conclusions reached is that they require a 

¢ deal more investigation before their mystery 
is revealed. A comparison of the curves at Fig. 9 
with those shown, ¢.g., at b or e in Fig. 8, suggests 
that the explosions were very similar in character ; 
but judging from the noise prcduced they were 
distinguished by a much more rapid combustion 
in the latter case than in the former. And in 
explosions in the same tube it was noticed that 
explosions which were differentiated very markedly 


* See Appendix to Physical Society paper above cited. 
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menters in this country and abroad have observed 
that the explosibility of a dust-cloud depends to 
some extent on the velocity of the air, but, judg- 
ing from published records, the explanation usually 
adopted has been that a certain velocity of air is 
necessary to keep the dust in a state of suapension. 
In the author’s opinion the true explanation is to 
be found in Dr. Clerk’s theory of turbulence. On 
this point, however, a final conclusion cannot be 
reached from the results here recorded, and in con- 
sequence further work is being carried on for the 
pur of investigating specifically the effect of 
turbulence on explosions in tubes. As regards 
explosions in closed chambers, sufficient evidence 
has been gathered to prove that the rate of explo- 
sion doves depend on the state of commotion of the 
dust and air. 

Through the kindness of Mr. E. ©. R. Marks, 


the experiments above described were conducted 
in the laboratory of Messrs. Marks and Clerk at 
Birmingham. 





ICE-BREAKING RAILWAY-TRAIN 
FERRY “ LEONARD.” 

Messrs. Cammett Latrp anp Co. recently com- 
pleted, at their naval works at Birkenhead, an 
ice-breaking steam railway-train ferry for the Com- 
missioners of the Transcontinental Railway of 
Canada, and a longitudinal section and deck plans 
are reproduced on page 211. As the port and star- 
board halves of the plans are pract pe. age 
we have given in each case only a half plan. The 
cross-section on page 213 shows the noteworthy 
features of the ferry—an elevating - deck with 
double railway track, whose height can be varied 
to suit the tidal range of the St. Lawrence River, 
in wh‘ch the vessel operates. The vessel is designed 
for the special service of transporting passenger 
railway trains or freight trains across the River St. 
Lawrence, at all seasons of the year, between Quebec 


BA anaes Canet Lecture, 1913; Dr. Dugald Olerk, 
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ICE-BREAKING RAILWAY-TRAIN 


FERRY 


FOR CANADA. 


CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND ©CO., LIMITED, SHIPBUILDERS AND ENGINEERS, BIRKENHEAD. 











Fic. 6. Screw ror Evevatine Train-Deck. 


and Levis. The weight of the train to be carried 
is 1285 tons. The ferry has been designed so that 
the time taken in running the train on to the ferry, 
crossing the river (a distance of 2} miles), and 
landing and coupling up the train, will not occupy 
more than three-quarters of an hour. The per- 
spective views of the steamer on the present page 
and page 216 further illustrate this interesting 
craft. The principal dimensions are as follow :— 


Length overall... 326 ft. 
Breadth, moulded ... 65 ,, 

90 over fenders 66 ft. 94 in. 
Depth, moulded 23 ft. 


Mean draught 
Speed... inh 15 statute miles 
per hour. 
Indicated horse-power of main 
engines... ea oa <i 3200 
Indicated horse - eae of en- 
gines for ice-breaking propeller 420 


The vessel is of the twin-screw type, with a third 
ice-breaking propeller at the forward end. She is 
designed in accordance with the requirements of 
Lloyd’s Register, and is specially strengthened for 
navigating through ice. 

As already stated, the special feature of the 
design is the elevating car-deck. The railway 
tracks on the landing-berths at Quebec and Levis 
are, of course, at a fixed level, and the tidal deck 
can be brought to a level exactly corresponding to 
that of the land railway terminals, and thus take 
coaches and locomotive from the fixed tracks at 
any state of tide, the range being 18 ft. The tidal 
deck, which is shown at its highest level in the 
longitudinal section (Fig. 1), is arranged above the 


main deck of the vessel, and is carried on ten| braced 


transverse girders, the ends of which each rests on 
a large nut, and the revolving of a vertical screw 
causes the nuts to raise or lower the deck through 
the necessary range to suit the various conditions 
of the tide. 

The tidal-deck vertical hfting-screws are hung 
from ball-bearings supported on strong columns 
(Fig. 6). These columns are stayed by lattice 
buttresses and bracing against fore and aft move- 
ment, as shown in Fig. 1, and in the perspective 
view, Fig. 12, page 216, while transverse thrusts 
are provided for, as shown in the transverse sec- 
tion, Fig. 9, and in the perspective view, Fig. 11. 
Below the main deck again a specially strong- 
braced strut is built in way of each column, whic 
distributes the load to the keel of the ship 
(Fig. 9). The main deck and hull are also specially 
strengthened by additional intercostals, &c., to 
ensure sufficient strength to resist the stresses 




















Fie. 8. 


induced by the heavy loads on the tidal deck. The 
columns below the main deck also serve to 
carry the worm-gearing for lifting the tidal deck 


(Fig 7 ). ; 

ee lengths of track are fitted on the tidal 
deck, each supported on lattice girders (Figs. 3 
and 9). The length of each track is about 272 ft. 
These are well shown in Figs. ll and 12. At each 
end of the tidal deck an adjustable hinged gangway 
is suspended by means of triple purchases from 
struts fixed on the deck, as shown in Figs. 1 and 3, 
and in perspective in Fig. 8. These gangways are 
arranged with ball-and-socket joints at the ends of 
each of the girders carrying the rails, in order to 
allow for any heel of the ship, or any change of trim, 
which may take place while the train is passing on 
or off the ferry. A special motor is arranged in 
conjunction with each gangway for raising or lower- 
ing it. An electric winch with two winding-drums 
is fitted between girders of the tidal deck for hauling 





the carriages on or off the ship. 














ADJUSTABLE Hincep Ganeway. 


The machinery for raising and lowering the 
train-deck, which is placed amidships, as shown in 
Fig. 5, is of special construction throughout. The 
engine is of the four-cylinder high-pressure type, 
of massive design, driving through double helical 
spur- wheels, a second motion -shaft running 
athwartehip. At each end of this shaft mitre- 
wheels are arranged for driving the fore and aft 
line shafting arranged on both port and starboard 
sides of the vessel, Fig. 5. At equal distances 
along this shafting worm and wheel gearing is fitted 
for turning the vertical lifting-screws, which are 
driven through a loose forged-steel sleeve and 
sliding-key arrangement, fitted into the boss of 
the wheel. Heavy gun-metal nuts, into which the 
screws work, are fitted into the structure of the 
train-deck, as already explained, the load coming 
upon the screws being taken up by special ball- 
a supported by the upper structure of the 
vessel. 

Above the highest position of the carriages on the 
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FOR CANADA. 


CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND CO., LIMITED, BIRKENHEAD. 


AIOGE PROMENADE 
























eee SSA 


TIDAL CAR DECK IN HIGHEST POSITION 


TIDAL CAR DECK IN LOWEST POSITION " 



























COAL BUNKER 














tidal deck a promenade is arranged all round the 
vessel, with a bridge platform at the forward end, 
carrying a pilot-house and chart-room, Fig. 2. 
This promenade and bridge are carried, as shown in 
Figs. 1, 10, 11, and 12, on lattice girders supported 
by the buttresses. Special arrangements are made 
to prevent any stress which would result from the 
bending moment on the hull being taken by the 
girders supporting the promenade. 

The main deck, Fig. 4, so far as the part between 
the vertical screws is concerned, is only a covering 
for the coal-bunkers, machinery spaces below, and 
is fitted with skylights and hatches ; but when the 
elevating-deck is at its lowest position it is close 
down to the main-deck level, as shown in the 
perspective views, Figs. 10 and 12. On each side 
of the main deck, where space is found for the 
lattice buttresses, there are lifeboats forward and 
aft, as shown on the plan, Fig. 4, with companion- 
ways to the officers’ and crew’s quarters below and 
to the engine and boiler-rooms. 

Accommodation is arranged for officers and crew 
on a flat below the main deck forward, on both sides 
of the ship, everything necessary for full day and 
night crews being provided (Fig. 5). 

The boiler-rooms are arranged in the wing com- 
partments on the port and starboard sides amid- 
ships, with the coal-bunkers and tidal-deck engine- 
room between them (Fig. 5). The main propelling 
engines are situated centrally abaft the bunkers, 
and the engines for the ice-propeller in the hold 
just abaft the fore-peak bulkhead (Fig. 5). A 
special feed-water tank is built in the double 
bottom, extending from bilge to bilge for a length 
of three frame-spaces. Ample local stiffening is 
arranged to allow of the bottom being perforated, 
to ensure a sufficient supply of water when working 
In ice, 

The propelling machinery is of a design which 
Messrs. Cammell Laird and Co. fit to the large 
number of merchant ships built at Birkenhead, and 
which has proved of great economy and reliability. 
The two sets are of triple-expansion surface-con- 
densing type, with cylinders 23 in., 35 in., and 
°9 in, in diameter and a 33-in. stroke, and designed 
to run at 120 revolutions per minute. A special 
feature of the machinery is the shafting, which is 
made throughout much stronger than usual, to 
stand the “shock” should the propellers strike 
solid ice. The propellers themselves have also 
been made especially strong for this reason, and 












are of nickel steel. At the forward end of the vessel 
a set of compound surface-condensing engines is 
fitted, having cylinders 15 in. and 32 in. in dia- 
meter by 21-in. stroke, driving a nickel-steel pro- 
peller at the bow for clearing ice from the landing- 
stage. This propeller is arranged to run idly when 
there is no ice. Steam is supplied to all the 
machinery by eight single-ended boilers working 
under natural draught, and constructed for a work- 
ing pressure of 165 lb. per sq. in. 

A complete installation of auxiliary machinery 
has been fitted. The pumping and heating arrange- 
ments are exceptionally complete, special arrange- 
ments being made for heating the railway carriages 
during transit. The vessel is fitted with. electric 
light throughout. Two powerful steam windlasses 
are fitted, one on each side of the ship, with slip- 
drums for mooring. 

The hull and machinery, which we:e made to 
comply with Lloyd’s requirements, were constructed 
under the supervision of Mr. J. E. Hamilton. 
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> 
Screw-Propellers and Estimation of Power for the Pr . 

ston of ‘Ships By Captain farts Ww. se 4 

U.S. Navy. Vol. I., Text; Vol. II., Atlas. New 

York : John Wiley and Sons, Inc. ; London: Chapman 

and Hall, Limited. [Price 31s. 6d. net.] 

In 1901, while serving as an assistant in the Bureau 
of Steam Engineering, United States Navy Depart- 
ment,Captain Dyson was requested by the Engineer- 
in-Chief to prepare a paper on the performances of 
the screw-propellers of naval conde. 

The preparation of this paper so interested him 
in the subject that he has continued its study ever 
since, and has from time to time communicated 
papers on the design of pe pe which have been 
published in the Journal of the American Society 
of Naval Engineers. These papers have been 
widely read, and have justly caused Captain Dyson 
to be regarded as one of the leading writers on 
screw-propulsion. The book under review, which 
is published in two well-got-up volumes, one 
devoted to letterpress and the other to charts and 
diagrams, is a résumé of these various papers, from 
which all statements and deductions which later 
study has shown to be erroneous have been 
eliminated. 

The author states that the theory of design set 





forth in this book is based on the tank trial curves 
of model hulls supplied by Mr. D. W. Taylor, and 
upon Froude’s theory of the propeller, as deve- 
lo by Mr. S. W. Barnaby in his work on 
** Marine Propellers,” as well as upon the data of 
trials of poe.» vessels of the United States Navy. 
The book opens with a prologue giving a short 
history of the development of screw propulsion. 
nap I. is devoted to the subject of appendages, 
block coefficients, thrust deduction, and appendage 
resistance. The author is of opinion that curves 
of effective horse-power obtained from model trials 
of the proposed hull give the only satisfactory 
basis for estimating the power required for its 
propulsion ; but as model trials are almost always 
made on a naked hull, without any appendages, 
the increase of effective horse-power due to 
the resistance of these has to be estimated 
independently, and there always must remain con- 
siderable uncertainty as to their combined effect. 
The resistance of bilge-keels and shafts is taken as 
due to the friction of their wetted surface only. 
The other appendages enter into the residual re- 
sistance due to wave and eddy making and are 
estimated as varying according to Froude’s law of 
comparison, although the correctness of this law as 
applied to such forms is not certain. Captain 
Dyson gives a chart showing the percentage of 
increase of resistance above the naked-hull resist- 
ance for each form of appendage, such as rudder 
and post, bilge-keels, shafts and shaft struts, and 
docking-keels. These resistances are supposed to 
vary directly as the ratio of beam to length of 
vessel for standard forms of forward and after body 
lines, and the appendage resistance curves on the 
chart are based on a block coefficient of about 0.6. 
Another chart is given showing how much the 
———- resistance is increased by diminished 
wake when the block coefficient is finer than the 
standard, and how much it is reduced by in- 
creased wake when it is fuller. A chart is also 
given to enable designers to estimate the correction 
to be made for variation in thrust deduction due to 
the fullness of after-body lines. Were it not for 
the two elements of wake and thrust deduction 

ropeller problems would be much simplified. 

e effect of the wake is to increase propeller 
efficiency, the effect of thrust deduction is to reduce 
hull efficiency. The object of a designer should 
be to so place his screws as to take the greatest 
advantage of the wake to reduce slip without 
increasing thrust deduction, and with it the effec- 
tive horse-power. The recent iy md by Mr. Luke, 
read at the spring meetings of the Institution of 
Naval Architects, upon the efficiency of screws 
placed one behind the other, and revolving in 
opposite directions, as in a illustrates the 
very large effect of wake and thrust deduction on 
total efficiency. 

These combination screws in open water are 
shown to have only 86 per cent. of the efficiency 
of twin-screws, yet when placed behind a full- 
bodied vessel, where they each get the fullest advan- 
tage from the frictional wake, and have the least 
effect upon thrust deduction, the gain is not only 
sufficient to make up for the bad efficiency of the 
propellers themselves, but to show a net gain of 
15 per cent. in total efficiency as compared with 
twin-screws. This advantage rapidly armen as 
the fineness of after-body is increased and the effect 
of wake diminished, until in very fine forms of hull 
the efficiency is only equal to that of twin-screws. 

The two charts of Captain Dyson, to which we 
have referred, are, so far as we know, the first 
attempt to give a graphical guide to the correction 
needed for varying conditions of wake and thrust 
deduction, and are consequently of special interest 
and value. Chapter II. is devoted to a descrip- 
tion of the different methods in use for estimating 
power, and a very concise and lucid explanation is 
given of the method of deducing power from model 
experiments, illustrated by a concrete example. 

Chapter III. is upon theories and methods of 
design of screws. Any idea of designing propellers 
from purely theoretical formule has long since been 
discarded as impractical, and the only methods in 
use are: (1) By direct comparison when all the 
conditions for a vessel of similar form to the one 
under consideration are known. (2) By methods 
based on trials of model propellers in tanks. (3) 
By methods based on trials of full-size propellers 
in service. The author’s plan consists of a com- 
bination of all three. presenting Barnaby’s 
constants obtained from model trials grap>‘cally 





as achart, he has plotted the performances of a 
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large number of actual ships’ propellers upon the 
a and from these ane a number of factors 
directly affecting efficiency have been so co-ordinated 
graphically as to render it possible to take from 
those charts the necessary factors for use in deter- 
mining the diameter, pitch, projected area, and 
probable propulsive coefticient for any desired case 
when the resistance and form of hull are known. 

Chapter IV. discusses forms of blade and blade 
sections, and the effect of variation of width of 
blade. 

A very large number of diagrams showing the 
eatin of actual ships in the United States 

avy are given, together with the form of the 
blade sections ; and there seems to be hardly a 
conceivable form of section which has not been 
tried upon one ship or another, but the author's 
conclusion is that the ordinary form, in which the 
back of the ban v4 an - of a circle, = both 
edges are made as thin and sharp as ible, gives 
ia best results. Towards the doris goo blade, 
where, due to the thickness of metal, the angle of 
the back is steep, he thinks it advisable to slightly 
fine the entrance of the blade by throwing took the 
leading edge. This is a common practice in this 
country. om deal with the effect 
on pitch of twisting blades in the boss, with material 
for construction, with the effect of change of blade 
form, of blade surface, of pitch ratio, of number 
of shafts, and of location of propeller, on propeller 
efficiency. A number of problems are worked out 
in detail, showing how to use the various charts in 
designing propellers for different conditions, and 
this will assist those wishing to make use of them. 

In a chapter on ‘‘ Cavitation,” after describing 
the trials of the destroyer Daring, when the pheno- 
menon of cavitation was first recognised and defined, 
the author quotes the opinion of Mr. D. W. Taylor 
that the tip speed and the shape of the blade 
section are the prime factors involved, and states 
that, in his own opinion, the thrust that can safely 
be used on any particular propeller depends on the 
form of the after body of the hull, he he gives a 
chart derived from performances of numerous 
vessels showing the safe thrust to be used with 
different values of block coefticient. 

As the influence of blade section in 
producing cavitation, Captain Dyson considers that 

‘ of two sections of different form, offering approxi- 
mately the same resistance to motion through the 
water, that section which produces the greater 
increase of actual over nominal pitch will produce 
the earlier cavitation.” The meaning of this state- 
ment is, however, not quite clear, as it would seem 
to lead to the conclusion that a section in which 
the metal of the blade was divided evenly on each 
side of the nominal pitch surface—the real pitch 
being then equal to the nominal pitch—should give 
the Lest results, at least as cavitation ; 

et, as Captain Dyson states elsewhere that with 

lades of this section the resultant thrust per revo- 
lution is much lower, and the apparent slip much 
higher, than with blades of the same nominal pitch 
but of different section, it would not seem iets a 
form to be recommended. 

Very remarkable blade sections have recent 
been proposed by distinguished experimenters wi 
the object of | ete pnp but none of them, 
so far as we know, as yet advanced beyond 
the theoretical stage. Is there some truth in the 
words of an eminent engineer quoted by the author ? 
** Any man can design a propeller, but it takes 
an exceptionally fine engineer to design a bad one.” 





Le Moteur Humain et les Bases Scientifiques du Travail 
Professionel. Par Jutes Amar, Directeur du Labora- 
toire de Recherches sur le Travail Professionel. Avec 
une Préface de Henri Le Cuaresier. Paris: H. 
Danod and E. Pinat. [Price 12.50 francs.) 
Economic psychology has of late had many ex 
nents. The prospect of attaining increased oh 
ciency in production, and at the same time diminish- 
ing fatigue, is very attractive. In this work the 
author does not attack the more abstruse problems 
of psychology, which in some aspects are apt to 
grow a little whimsical, and the treatment to be 
more curious than practical. He is content to lean 
rather to the physiological side, to consider the 


mechanism of the human machine, how it is to be 
handled to produce the best results, the causes 
that make for and against its effectiveness, and 
the devices employed in measuring the results 
obtained under given conditions. Even thus 
limited there is am 
believe success will 


scope for inquiry, and we 
more marked if the older 





methods of ex 


adopted for tools of research, rather than by 


directing analysis to the resolution of intellectual | 


There is also a grive necessity for 
inquiry, since it may be admitted that the average 
individual, as the result of a definite amount of 
fatigue and exhaustion, effects far less than his 
maximum possible. He would gain in health and 
usefulness if his efficiency were judiciously de- 
veloped, while the gain to the community through 
improved economy would be enormous. 

. Amar divides his treatise into six sections, 
and by aiming at complete treatment makes the 
subject rather tedious and forbidding. The first 
book, devoted to the consideration of the prin- 
ciples of mechanics, is of that elementary cha- 
racter that would of necessity be familiar to students 
interested in, or capable of furthering, the object 
of this work. The second book deals with the 
human frame, its muscles and nerves, its method 
of nourishment and its expenditure of en by 
various means. The same subject is continued into 
the third division, which deals almost entirel 
with energy, and the physiological effects of wor 
and fatigue. Next is considered how the human 
frame is affected by the medium in which it finds 
itself, and how its capacity for work is modified 
by such external conditions as temperature, 
humidity, light, deleterious vapours, &c. Having 
submitted the human machine to a great variety 
of conditions, the author is ina position to describe 
the instruments for measuring the amount of work 
performed in various directions, cr the signs 
and amount of fatigue exhibited. This section 
is very interesting, because a great amount of 
ingenuity has been expended in devising suitable 
apparatus for measuring effects, and in arranging 
experiments that should be typical and decisive. 
In the last section we approach the main purpose 
of the treatise to nessa the conditions, mechani- 
cal and physiological, that are most favourable to 
the better production of work. 

In an appreciative preface M. Le Chatelier would 
persuade us that this work ought to serve as a 
guide and encouragement to inspectors and foremen 
in manufactories. He thinks that, on the one 
hand, the suggestions and ——- would prove 
useful to the employer, and that, on the other, they 
would ensure the hearty co-operation of the work- 
man, since the object is to obtain the maximum 
output of work with the minimum per manga of 
energy, or the reduction of personal fatigue. He 
contends that it is to the interest of employers and 
employed alike to reduce to a minimum the wear of 
the human machine. ‘‘If,” he says, ‘‘the economical 
working of a steam-engine has been the object of 
so much care and thought, a fortiori, more attention 
should be bestowed on the living mechanism.” 
This is undoubtedly true, but unfortunately 
masters and men are likely to differ as to the 
proper means of sustaining the efficiency and of 
getting the most economical return from the living 
machine, the human factor. Moreover, the work- 
man is apt to object to being made the subject 
of experiment. Not only does he resist being 
treated like a machine, but, not comprehending the 
object of the inquiry, he fears being duped and 
made to suffer for the seemingly harmless wiles of 
science. M. Amar himself has experienced some of 
the recalcitrant ways of the workman, who recoiled 
from the monotony of carrying weights a definite 
distance, receiving in return ‘‘une ration alimen- 
taire d’entretien approprié a son travail.” In 
despair, M. Amar betook himself to Algiers, and in 
a less sophisticated society found suitable subjects, 
who did not object to the monotony of existence 
im by devotion to scientific ends. 

ut, admitting the experiments to have been 
carried out successfully, and scientific selection 
made of certain workers peculiarly qualified for 
certain tasks, the case does not appear so simple 
as M. le Chatelier puts it. We have not only to 
consider the human apparatus as a tool adapted for 
the performance of certain movements, but we have 
to consider the sociological aspect. More work is 
accomplished b whabthe employer calls ‘‘ scientific 
management,” but to which the employee gives a 
very different name, embittering the relation be- 
tween the two parties to the contract. The advan- 
tages of following exact method are more on the side 
of the capitalist than on that of the labourer. The 
eternal friction and le between capital and 
labour are made more bitter and virulent, for 
though wages may be increased, the margin of 
improvement will tie with the employer. Except 











riment and measurement are | 





markets were very largely increased, of which 
there is no sign, the output of work would remain 
little altered, and therefore the competition of 
workmen, all able to effect more in the same time, 
would become so keen that wages would tend to a 
lower level, and the discrepancy of reward to the 

rs of capital and of labour respectively 
would be more marked than ever. We shall not 
rid ourselves of many of the social problems that 
make life so difficult by the scientific training of 
human nerves and muscles to perform particular 
tasks with automatic and regular rhythm. The 
whole of this question is not to be solved in the 
psychological or physiological laboratory. States- 
men and sociologists, trained in a different school, 
would alike acknowledge that the application of a 
science that tended to increase the tension in our 
industrial system was to be deprecated, and would 
view with alarm any considerable disturbance of 
existing methods. 

For it must not be supposed that the outcome 
of those who are studying new and economical 
methods affects only a small issue, something of 
the nature of a fad wherewith to tickle the 
imaginations of dilettante employers. In _ its 
entirety it involves something akin to an indus- 
trial revolution. After making every allowance for 
the ardour of pioneers and enthusiasts, it has been 
amply demonstrated by Taylor and others, whom 
M. Amar quotes with admiration, that it is 
possible in certain cases, by the scientific study of 
the physiology of movement, to double or treble 
the effective work without increasing the exertion 
of the worker. It is difficult to realise what this 
means or what it could avail under the stress of 
keen competition. In the Bethlehem Steel Works, 
under Taylor’s supervision, it was found possible 
to quadruple the amount of cinders and slag 
shovelled per man by slight improvement in method 
and tools. The author quotes a case of the build- 
ing of a wall 0.30 metre thick, in which, by the 
old method of ys, stereotyped by long 
usage, it was ible to lay 120 bricks per hour per 
man. ted pee methods, which Mr. Galbreth 
determined after a rigorous analysis of the various 
movements, it was found possible to place 350 
bricks per hour per man—practically a triple out- 
put. The author and writers on this subject have 
to overcome the difficulty of persuading us that 
some simple operation, that we have watched every 
day, representing the accumulated experience of 
centuries, can be improved. But it is the peculiar 
merit of psychological and physiological economy, 
a science of which M. Amar is an able exponent, 
to teach us that success is not attained by blind 
repetition, nor efficiency promoted by following 
our conservative instincts. : 





Elementary Practical Mathematics, with Numerous Ezer- 
cises for the Use of Students, and especially of Mechanical 
and Electrical Engineering Students. By JouHn PErry, 
M.E., D.Sc., LL.D., F.R.S. London: Macmillan and 
Co., Limited. [Price 6s. ] 

‘*Some friends of mine assert that no man or boy 

ought to be allowed to use logarithms until he 

knows how to calculate them. They say this, 
knowing that the calculation is a branch of 
higher mathematics, and that the average school- 
boy, after six years at mathematics, finds it hope- 
less to even begin the study of the exponential 
theorem. It is a hard saying; . . . it is the sort of 
unfeeling statement which so well illustrates the 
attitude of the superior person.” This extract from 

Professor Perry’s book strikes the keynote of his 

attitude towards the antiquated method of teaching 

mathematics ; and if there is any answer to it, we 
do not know it, for the plea that has been raised 
by members of the old schcol, that the advocates of 

a more advanced scheme would sacrifice thorough- 

ness to a desire to cover the ground quickly, leaves 

us unconvinced. Professor Perry was early in the 
field demanding for his students and for the engi- 
neering profession generally the tools that were 
best adapted for progress. He saw more clearly 
than most the necessity of separating the educa- 
tion of the mathematician, properly so-called, 
from the educational training of the man who 
was to use his mathematical knowledge, _how- 
ever acquired, in the pursuit of applied science. 

The one should be engaged in devising new tools, 

in advancing the frontiers of pure science; the 

other, in using the tools ready to his hand. 

Dexterity in application is not to be despised. To 

get from the average man a result, a correct 

result, with s and certainty, is no mean 
achievement, though he may not be able to 
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differentiate and integrate more than a few of the 
simplest functions that are met with in applied 
science. By the directness of Professor Perry’s 
iconoclastic attack, many a student of nimble brain 
and fingers, whose road was blocked by the 
artfully-constructed conundrums of a mistaken 
ingenuity, sees a useful career opening before him. 
Now that the victory has been won all along the 
line, there is no necessity to labour the point over 
which the struggle was keen a few years ago. The 
attack was first delivered against the hallowed 
worship of Euclid, and the fall of the idol has been 
complete. If any testimony were needed to the 
value of the reforms introduced, it might be found 
in the attitude assumed by Germany, whose 
mathematicians, justly credited with the desire 
of creating a sure and sufficient foundation for 
superstructure, now recommend the teaching of 
geometry much as Professor Perry would teach 
it, by rule and compass, by drawing and by work, 
which familiarises geometrical concepts. 

One might go a step further and ask, as he sees 
the uses to which the author turns the squared 
paper, the slide rule, and other time-saving and 
educative devices, whether our pedagogic methods 
have not all erred by leaning too much to the 
literary side. In Professor Perry’s words, ‘‘ we 
still teach as if all average boys were proceeding 
to classical studies at the University, and preparing 
to be clergymen or schoolmasters.” It is to be 
regretted that the prospect of future vocation is 
excluded from the school of to-day. Educational 
theory condemns the utilitarian as contemptible. 
We do not think that this is the author’s view. 
An industrial nation can only hold its own in these 
strenuous days, if it recognises the necessity of 
cultivating at an early age the industrial ideas and 

owers of those who are to fill responsible positions. 
Where much has to be learned, economy of time 
cannot be overlooked. To keep our workers un- 
productive in order to satisfy the philosophical 
cravings of the pure mathematician is a policy of 
doubtful value. It would seem to be a worthier 
aim of the educationist to see the teacher inspiring 
in his pupil ambitions and ideals concerning his 
future work, and training in him the beginnings of 
the skill and power to engage in it. 

Though Professor Perry has been a protagonist 
in the strife for improved mathematical teaching, 
this volume contains, we believe, his first serious 
attempt to cover the whole of the ground needed 
by the practical engineer, under the ordinary 
conditions of the profession. He has given courses 
of lectures demonstrating his method, and - has 
encouraged teachers in various ways to break from 
the old trammels. A summary of specimen lec- 
tures given to working men was published under 
Government auspices, but he complains that the 
teachers do not to any extent consult the text, and 
fail to profit by the exercises and criticisms offered. 
Apparently he has met with more success in the 
case of provincial teachers, who come to London 
for a three weeks’ course in the summer. These 
teachers are earnest and qualified mathematicians, 
who themselves select the subject of the lectures, 
and by their suggestions have influenced the form 
and direction in which some of the advanced exer- 
cises appear in the volume. In 1912, this class 
chose the subject of harmonic functions, and the 
chapters given towards the end of the book con- 
cerning vibrating bodies, alternating currents of 
electricity, submarine telegraph and telephone 
circuits, heat conduction, &c., are the conse- 
quences of these lectures. The exercises attached 
to these chapters are addressed to a wider audience 
than appears on the surface. They could be 
adopted to problems more immediately connected 
with mechanical engineering or general physical 
problems by substituting other technology than 
that of the electrician. Herein is perhaps 
suggested the merit, as well as the difficulty, 
of constructing problems that shall appeal to 
students of various branches of technology, test 
their capacity and intelligence, and avoid quibbling 
complications. In many cases, Professor Perry tells 
us, several hours’ work was necessary before he 
satisfied himself, and in some instances even days. 

But though the treatment of the more advanced 
branches of mathematics is inspiring and illumi- 
nating, the peculiar features on which Professor 
Perry insists are best illustrated in the more ele- 
mentary chapters. Only a few students can become 
interested in periodic functions or problems in the 
calculus, whereas thousands of boys might be 
benefited by what the author has to say concerning 





arithmetical processes, mensuration, the solution of 
— triangles, &c., and would express their satis- 
action, no doubt, at learning there is ‘‘ some hope 
of Euclid, and of all the recent pretences of a 
reform of Euclid, disappearing from our school- 
teaching in time.” Also hundreds of teachers might 
be enabled to make their work more entertaining 
and purposeful by grasping the general principles 
underlying the scheme, and lighten the lot of the 
coming generation. They should be induced to 
follow the less arid paths by remembering the 
melancholy fact that classes in pure mathematics 
conducted on the exploded methods of past cen- 
turies are seen to grow gradually less in numbers 
as the course advances, whereas a class in 
practical mathematics keeps up its attendance 
almost intact to the end of the session. Lookin 

at the book as a whole, as the outline of a aaa 
scheme, we have not dwelt upon any one chapter 
showing its merits or its supposed deficiencies. 
We might have asked, for instance, why ‘‘ Vectors” 
are banished to the end of the book, thus prevent- 
ing a powerful machinery being put into the hands 
of the inquirer, or s ted some further inge- 
nious applications for the use of the slide-rule or 
of ruled paper; but in a book of this character 
details are of little importance. It is the entire 
scheme which has to be considered, its capacity to 
fulfil a distinct purpose, its suggestiveness in the 
hands of a competent teacher, its flexibility, and 
its comprehensiveness. The object of this valuable 
treatise is to teach how to teach, and its merit 
must be judged by the influence it exerts. 





A Text-Book . rote Wests Weawe, aot yrature ent 
’ . MacLean WIison ., B.8e., 
and H. T. Cauvert, M.Se., Ph.D. ¥.L.C. London’ 

Charles Griffin and Co. [Price 18s. net, bound.] 

Tue authors of this volume, Dr. H. MacLean 
Wilson, Chief ioe to the West Riding of 
Yorkshire Rivers and Dr. H. T. Calvert, 
Chief Chemical Assistant to the same Board, have 
compiled a most useful and instructive book, which 
will be appreciated by members of local authorities 
who are frequently called upon to vote on technical 
matters which they hardly understand, as well as 
by manufacturers who are troubled to know what 
to do with their waste waters. A county coun- 
cillor of our days should be something of a universal 
expert on legal and technical problems properly to 
discharge his duties when deciding u mn concessions 
to be ted and regulations to id down, and 
he will be grateful when he can obtain general in- 
dependent advice, instead of, or in addition to, 
the special expert opinions which the contending 
parties place before him. Such general disin- 
terested advice, legal as well as technical, he will 
find in the book before us. The term ‘“‘ text-book,” 
used in the title, is not well chosen, perhaps, 
op not inappropriate ; the term might suggest 
the lecture-room and young students, whilst the 
authors offer an account of their own experience 
of the working of the Rivers Pollution Prevention 
Acts to men who have to make up their minds 
as to how to face practical difficulties. The 
authors had the good fortune of securing assistance 
from manufacturers and engineers who readily gave 
information on particulars of their trade processes 
and purification works, and the 340 pages of this 
volume are all the more valuable, as Continental 
and American practices receive due consideration. 

Up till the middle of the past century industrial 
waste waters, frequently together with crude 


sewage, were simply — into the nearest 


streams in this country. The law hardly interfered. 
By 1865 matters had become intolerable, and a 
Royal Commission was appointed to inquire into 
river pollution. The first report of that Commis- 
sion spoke out clearly enough; but the Rivers 


Pollution Prevention Act of 1876 remained a dead |- 


letter, because ‘‘ its administration was entrusted 
to the care of a multitude of sanitary authorities, 
nearly all of whom were themselves gross offenders.” 
The Local Government Act of 1888 placed the 
power of enforcing the Act of 1876 into the hands 
of the County Councils and their joint committees, 
which had jurisdiction over large areas, so that one 
joint committee could be formed to deal with the 
whole course of a river. Such joint committees 
are the Irwell and wg: A and the Ribble Com- 
mittees of 1892, and the West Riding Rivers Board 
of 1893 ; the Middlesex County Council obtained’ 
extended powers in 1906. The Lea Conservancy 
Board, an ancient body, reconstituted in 1868, and 
the Thames Conservancy Board, incorporated in 


1857, are likewise competent to deal with pollu- 
tion. Another Royal Commission was appointed 
in 1898 to report on the disposal of sewage, in- 
cluding liquids from factories. This Commission, 
which is still sitting, has already issued seven 
reports. 

t is noteworthy that several authorities have 
adopted the — of receiving the crude refuse 
into the sewers and accepting a payment from the 
manufacturers in lieu of insisting upon a preliminary 
treatment. As the law stands at present, how- 
ever, the authors point out, any legal proceedings 
against manufacturers for river pollution are ham- 
pered by restriction and saving clauses in the Acts 
of Parliament. When Mr. Milnes Gaskell, in dis- 
cussing these matters with Mr. Gladstone, used 
the phrase that ‘‘ Parliament had been very lenient 
to manufacturers,” Mr. Gladstone replied: ‘‘ Say 
far too cowardly.” That such statement would 
still be justified is proved by chapters I. and XII. 
of this volume; the latter chapter deals in par- 
ticular with the legal aspect of sewage disposal. 

The book covers a very wide range of problems. 
The different sections are headed : The coal trade ; 
coal- gas manufacture; grain - washing, malting, 
brewing, and distilling ; the leather trades ; the 
paper trade; the textile trades (three chapters) ; 
miscellaneous trades; pumps, screens, tanks, 
filters, and other apparatus ; a thirteenth and last 
chapter describes methods of analysis and limits of 
impurity. An alphabetical index—carefully com- 
piled to all appearance, though we cannot find 
zeolites, but find due reference to the permutit 

—concludes the volume. The authors 
escribe the ive processes briefly, explain 
the nature of the waste waters produced, and 
tell us how these waters are dealt with in 
various localities, illustrating the respective 
plants and 5 gee by 74 figures, including 22 
lates. At the end of each chapter a list of the 
iterature on the subject is given. Most of these 
lists are excellent, up-to-date, and by no means con- 
fined to British authors; German books are, in 
fact, conspicuous, as one would expect. The 
literature list on textiles is rather short though, 
particularly when we consider that the three very 
ood chapters on textiles comprise bleaching and 
yeing. Grease extraction and distillation and 
sheep-washing, as well as galvanising, alkali manu- 
facture, oil-refining, tar-spraying of roads, glue, 
size, bone-boiling, creamery refuse, sugar and 
starch, ore and ‘ade washing, &c., are dealt 
with in the chapter on miscellaneous trade, in 
rather odd order. 

Though the names of the publishers are stated 
in the lists of books, the initials of the authors 
and readers of papers, mentioned in the subject 
matter, should also have been given; it would 
further facilitate hunting up references. Messrs. 
Wilson and Calvert have done so much for the 
reader that we may allude to this point. The field 


is wide; it would be inadvisable to enter into 
details. But the authors cover large ground. They 
do not bore us with generalities and repetitions ; 


they come at once to the point, ibe many useful 
contrivances of practical merit in clear, concise lan- 
guage, and they fully justify the title of their book. 
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ICE-BREAKING RAILWAY-TRAIN FERRY FOR CANADA. 
CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND CO, LIMITED, SHIPBUILDERS AND ENGINEERS, BIRKENHEAD. 
(For Description, see Page 210.) 
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THE ALEXANDRA DOCK EXTENSION 
AT NEWPORT. 
(Concluded from page 180.) 

In this the final article of the present series we 
propose to say something of the new pumping and 
power-station which has been built in connection 
with the dock extension. The station is at present 
equipped with pumping machinery for maintaining 
the level of water in the dock and also ultimately 
for pumping-out the graving dock which it is in- 
tended to construct on the west side of the lock. 
The station also contains electric generating machi- 
nery for supplying light and power for the general 
purposes of the dock. Ultimately it will probably 
be extended and will also contain pumping plant 
for the hydraulic power system. In the first 
instance we will deal with the dock pumping machi- 
nery, which is the most important part of the 
installation. In the first article of this series we made 
reference to the fact that the water in the dock 
system is maintained at a higher level than high- 
water of ordinary spring tides. The height main- 
tained is 3 ft. above this level. Asa result of this 
arrangement the whole of the wastage of locking 
has to be made good. The old Alexandra Dock 
is supplied with make-up water from the Ebbw 
River by means of a feeder which connects the north 
end of the dock with the river at Bassaleg, about 
2 miles inland. This supply ultimately became in- 
sufficient, and was supplemented about nine years 
ago by an electrically-driven pump on the south jetty 
of the North Lock. The-construction of the dock 
extension and the new lock has now necessitated a 
still further increased supply, and the new station 
has been built to meet the demand. It is situated 
on the east side of the lock entrance, and is indi- 
cated in the plan of the dock given in Fig. 1, on 
page 33 ante. 

A plan and cross-section of the station are given 
in Figs. 146 and 147, on Plate XIX. It is in the 
main a brick building with slate roof. The foun- 
dations are of concrete, and their construction neces- 
sitated some very heavy trench work. A general 
idea of the arrangement will be gathered from 
Fig. 147. The station is divided into a main 
engine-house, 170 ft. long by 47 ft. 6 in. wide ; a 
boiler-house, 108 ft. long by 53 ft. wide ; econo- 
miser, water-softening and feed-pump houses. The 
northern end of the engine-house is devoted to the 
electrical plant, which consists of two 500-kw. 
generating sets, space being provided for a third. 
The floor of this part of the engine-house is at 
quay level, but there is a basement below at about 
13 ft. below quay level, which contains the con- 
densing plant. The southern portion of the 
engine-house, in which the pumping plant is 
installed, has its floor level at about 25 ft. below 
quay level, and an asphalt course has been run 
through the whole structure in order to ensure 
dryness in this sunk part of the building. The 
pumping - plant consists of two steam - driven 
— pumps, and space is reserved for a 
third. 

Below the floor of the lower part of the engine- 
house there is a suction-chamber from which the 
— draw their supply. It consists of a brick- 

ined chamber 78 ft. long by 25 ft. wide by 17 ft. 
deep, and is shown in section at the right-hand 
side of Fig. 147. The southern end of this suc- 
tion-chamber is connected to the River Usk by a 
brick culvert, the entrance to which is in the 
east wall of the lock outside the outer gates. A 
similar culvert connects the northern end of the 
chamber with the outer compartment of the lock, 
the intake being in the east wall of the lock oppo- 
site the northern end of the power-station. ese 
culverts can be seen in Fig. 146. Each of them 
is provided with hydraulic and hand sluices similar 
to those used on the lock levelling culverts, and 
already described and illustrated in the second 
article of this series. The outer end of each culvert 
is fitted with wrought-iron grids to prevent foreign 
bodies from being carried into the pumps. In 
order to deal with the water from the graving dock 
which it is proposed to build on the west side of 
the lock, two culverts, each 7 ft. in diameter, have 
been constructed across the lock, connecting with 
a well in the suction-chamber near its southern end. 
These culverts are of cast iron, embedded in the 
concrete of the lock walls and invert. The western 
ends of the culverts have been temporarily closed 
with brick head-walls, which will be removed when 
the graving dock is built. Sluice-pits have been 
provided on these culverts between the power- 





station and the lock, in which hydraulic sluices will 
be installed when required. The paddles for these 
sluices are already in place. Immediately to the 
south of these sluice-pits a drainage-shaft been 
formed in the concrete of the lock-wall. Pipes 
connect the bottom of this shaft with the culverts 
under the lock, and suction-pipes have been put in 
connecting the drainage-shaft with the south-west 
corner of the engine-room, so that drainage-pumps 
can be installed when uired to deal with the 
leakage into the atte det when it is empty. 
The graving-dock culverts, sluice-pits, and drainage- 
pit are shown in Fig. 146. 

At the south-east corner of the engine-room a 
two-storied store has been built, with a line of rails 
at quay-level on top of it. This line of rails is 
connected with the company’s railway system, so 
that a truck containing heavy parts of machinery 
can be brought into the station and unloaded by 
the travelling crane which spans the engine-house. 
This store can be seen in Fig. 147. Below its 
bottom floor a drainage sump has been formed, in 
which is fitted an electrically-driven centrifugal 
pump, controlled by a float. The internal drains 
of the engine-house, and steam-pipe and other 
drains, are led to this sump, and the water collect- 
ing is discharged to the river by means of the pump. 
Access to the foundations of the main pumping- 
engines, and to their lubricating-pumps and oil- 
tanks, is provided by means of a tunnel under the 
east side of the engine-room floor. This tunnel is 
shown in both Figs. 146 and 147. The foundations 
of the main engine-house under the suction-chamber 
are carried down to the marl, while the remainder 
of the engine-house is founded upon the gravel 
which overlies the marl. 

The boiler-house, which is situated to the east 
of the main engine-house, contains four Lancashire 
boilers, while space is available for five more. As 
shown in Fig. 146, the economiser, feed-pump, 
and water-softening houses are situated imme- 
diately to the south of the boiler-house. The 
foundations of the boiler-house, water-softening, 
and feed-pump houses, and part of the economiser 
house, are supported on concrete piers carried 
down to the gravel, the intermediate spaces being 
spanned by brick arches. The remainder of the 
economiser-house, 4nd the low-level coal-bunker to 
the east of the boiler-house, are carried on timber 
piles. Part of these arrangements can be seen in 
Fig. 147. Arched voids are formed in the heavier 
foundations at various points, and immediately 
below the feed-pump house a concrete storage- 
tank has been formed in the foundations, in 
which a supply of water can be stored in 
case of failure of the ordinary supply. The 
chimney, which is situated to the south of the 
economiser-house, as shown in Fig. 146, is of brick, 
187 ft. high from the bottom of the main flue, and 
is 7 ft. 9 in. in diameter at the top. The founda- 
tion consists of a block of concrete 35 ft. square 
carried down to the marl. The buildings, as we have 
already said, are mainly of brick throughout with 
boarded and slated roofs. The economiser-house 
is an exception, however, as it is constructed of 
steel framing covered with galvanised iron. Upon 
the roof of the feed-pump house is a cast-iron 
water-storage tank, part of which forms a reservoir 
for the fresh water supply of the station, and the 
remainder a tank into which the air-pump discharge 
from the engines can he pumped while the de-greas- 
ing plant is being overhauled. The contractors for 
the power-station foundgtions and buildings were 
Messrs. Thomas Doecwra and Son, London. 

With this general description of the station and 
its contents we may now proceed to a more detailed 
consideration ef some of the plant, and in doing 
this should say that the contractors for the whole 
of the machinery, boilers, economiser, steam-pipes, 
&c., were Messrs. Cole, Marchent and Morley, 
Limited, of Prospect Foundry, Bradford. Much 
of the apparatus was supplied by other firms as 
sub-contractors to Messrs. Cole, Marchent and 
Morley, and we will give their namee in connection 
with the various parts of the plant for which they 
were responsible. We may begin our more detailed 
description with the boiler-house. This contains 
four dish-ended Lancashire boilers, 30 ft. long bv 
8 ft. 6in. internal diameter, and with ‘‘ Unit” 
superheaters fitted in the downtakes. The work- 
ing steam pressure is 185 lb. per sq. in., and the 
blow-off pressure 290 lb. per sq. in. The boilers 
were supplied by Messrs. Edward Danks and Co., 
Limited, of Oldbury. and the superheaters by the 
Superheater Units Company, of Swansea. The 


stokers are of the sprinkler type, and are fed 
from overhead bunkers. 

The coal-handling arrangements are as follow :— 
Outside the south-east corner of the boiler-house 
there is a low-level hopper-shaped coal-bunker. 
The bunker is formed of concrete lined with brick- 
work, and has a line of rails carried on joista 
across the top of it. Below the rails there is a 
horizontal screen to prevent large lumps of coal 
getting inte the bunker. Two hydraulic wagon- 
tippers are fitted, one at each end of the bunker, by 
means of which the end-tip wagons in which the 
coal is received can be discharged through the 
screen into the bunker. The arrangement is shown 
in plan in Fig. 146. Sidings for full and empty 
wagons are provided to the north of the bunker, 
and an hydraulic capstan is used to manceuvre the 
wagons. The bottom of the low-level bunker 
connects with a bucket-elevator fixed inside the 
boiler-house at its south-east corner. This elevator 
raises the coal, and discharges it on a U-link con- 
veyor, which distributes it to the bunkers over the 
boilers. The elevator and conveyor, which are 
electrically driven, were, together with the sprinkler 
stokers, supplied by Messrs. Ed. Bennis and Co., 
Limited, of Little Hulton, Bolton. The coal- 
tipplers were built by the Leeds Engineering and 
Hydraulic Company, Limited. 

In the feed-pump house are fitted two direct- 
acting Thwaites feed-pumps and a single-cylinder 
horizontal engine, which drives the mechanical 
stokers and the scrapers of the economiser. In 
the upper part of this house there is a feed-water 
heater, which receives the exhaust steam from the 
feed-pumps and economiser-engine, and through 
which the feed-pumps deliver the feed to the 
economiser. On this floor is also fixed the 
motor driving the coal-elevator. The motor is 
arranged so that it can drive the stokers in case 
of breakdown of the horizontal steam-engine. 
The water-softening and de-greasing plant, which 
is situated im the water-softening house, is a 
Boby installation, in which the air-pump discharge 
passes through a measuring tippler, by means of 
which dry reagents are added to coagulate the oil. 
The effluent is then filtered by upward filtration 
through two wood-wool filters, from the second of 
which it flows into a storage-tank, from which the 
boiler feed-pumps take their supply. The make- 
up feed-water, the amount of which is controlled 
by a ball-valve in the storage-tank, is passed 
through a separate measuring tippler, which adds 
the necessary dry reagents for precipitating the 
salte. The effluent passes through the wood-wool 
filters above referred to. The economiser is by 
Messrs. E. Green and Son, Limited, of Wakefield. It 
consists of 440 tubes, with the usual scraping gear. 
Space has been reserved for the installation of a 
second economiser of the same size when additional 
boilers are put in. 

The main es plant consists of two centri- 
fugal pumps with twin-impellers direct coupled to 
triple - expansion vertical steam-engines. Each 
set has a capacity of 5,000,000 gallons per hour. 
The engines were built by Messrs. Cole, Mar- 
chent and Morley, while the pumps were designed 
and supplied by Messrs. Boving and Co.. Limited, 
of Union-court, Old Broad-street, London, E.C. 
They were manufactured by the Lilleshall Com- 
pany, Limited, of Oakengates, Shropshire. Some 
of the castings were made by Messrs. Cole, Mar- 
chent and Morley. The engines have cylinders 
19 in., 29 in., and 44 in. in diameter by 36-in. 
stroke. One of them is illustrated in Figs. 148 to 
151, on Plate XTX. As will be seen, it is of the open 
marine type, with cylinders carried on steel columns 
on the front side, and cast-iron columns at the 
back. The surface condensers and air-pumps are 
fitted hehind the engine. Theair-pump, which is of 
the Edwards type, is driven by rocking-levers from 
the main engines, as shown in Fig: 150. The valve- 
gear is of the piston drop-valve type worked by 
eccentrics on a lay-shaft lying alongside the cy- 
linders and: parallel with the crank-shaft. The 
lay-shaft is driven from the crank-shaft by means 
of an inclined shaft with worm-gears at each end. 
The arrangement of the two shafts can be seen in 
all the figures. The connecting ments 
between the eccentrics on the lay-shaft and the 
valves can be seen in Figs. 150 and 151, which are 
side views of the high and intermediate-pressure 
engines. The inlet valves at top and bottom of 
each cylinder are operated by independent eccen- 
trics, while the exhaust-valves are worked from 





@ common eccentric which actuates a rocking- 
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plate. The cut-off of the high-pressure cylinder is 


controlled by the governor, while that of the inter- | 


mediate and low-pressure cylinders is controlled 
by hand. Provision is, however, made for con- 
trolling the cut-off in all three cylinders from the 
governor if required. 

The engines have to work economically over a 
considerable range of speed owing to the great 
variation in static head which may occur on the 


pempe. At high water of a spring tide the static. 
iead may be only 3 ft. or 4 ft., whilst when pump- | 


ing out the graving dock it may rise to a maximum 


| shaft which works the valve-gear. 


of 37 ft. The governor-gear of the engines is 
accordingly designed to vary the speed from 75 to 
130 revolutions per minute. Each engine is titted 
with a governor of the Hartnell type, running on 
a vertical shaft driven by bevel-gear from the lay- 
The governor 
is controlled partly by a vertical helical spring 
fitted on the governor itself and partly by a weight 
on a horizonial lever connected by link-work to the 
governor. The governor-casing and this weight 
and lever arrangement can be seen in Figs. 148 
and 150. The weight can be moved along the 








159. Back View or Pump. 


horizontal lever by a hand-operated screw-gear. 
The effective load on the governor can therefore be 
increased or reduced by altering the leverage of 
this weight, and the speed at which the engine is 
governed is thus varied. 

Owing to the great variation in the head against 
which the pumps work, it is obvious that when 
starting up against a low head—i.e., when pumping 
from the river during high tide—the pressure in 
the pump-casing might me excessive if the 
engine speed became too high before the delivery- 
valve was opened. To meet this risk a special 
safety device has been fitted. It consists of a small 
vertical cylinder fitted on the delivery-pipe of the 
pump between the pump and delivery-valve. The 


| interior of the cylinder is connected to the delivery- 


pipe, and its piston is loaded so that it will rise 
when the water-pressure in the delivery-pi 
reaches a maximum which is considered safe. The 
piston in rising operates an electrical relay which 
releases a detent spring. This spring disconnects 
one of the links between the governor and the 
adjustable weight described above, with the result 
that the engine speed is at once reduced to its 
minimum. 

The circulating water for the condensers is obtained 
without the use of circulating pumps by by-passing 
a small quantity of water from the delivery side of 


|the pumps back through the condensers into the 


suction-chamber. A _ single-acting lift-pump is 
fitted alongside the air-pump, by means of which 
the air-pump discharge is pumped into a rising 
main to the de-greasing plant previously described. 
In the event of the de-greasing plant being out of 
use for cleaning or repairs, the air-pump discharge 
is diverted up to the cast-iron tank on the roof of 
the feed-pump house, where it accumulates until 
the de-greasing plant is again available. Meanwhile 
feed-water can be obtained either direct from the 
town main or from the tank in the foundations of 
the feed-pump house, which can be used for storing 
a supply of softened water. 

The main pumps, which are direct coupled to the 
engines, are of the twin type, each housing two 
8 ft. diameter impellers discharging in two sepa- 
rate delivery-chambers of spiral shape, which are 
connected to the 94-in, sockets of the riveted 
steel collector-pipe by means of cast-iron Y pieces. 
Delivery- valves, 94 in. in diameter, are fixed between 
the pumps and the collector pipe-sockets. The 
collector- pipe connects to the common steel 
delivery-culvert, which is embedded in the concrete 
between the engine-house and the lock-wall. The 
collector - pipe and sockets are well shown in 
Fig. 170, on page 224, although this view scarcely 
conveys a fair idea of the large diameter of the 
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pipes. The northern end of the pipe is con- 
nected to the 144-in. diameter cast-iron culvert 
running along the back of the east wall of the 
lock, and delivering into the lock, as described 
in the first article of this series. These arrange- 
ments are shown in the plan of the station given in 
Fig. 146, on Plate XTX. An interesting feature 
of the discharge-culvert is the 8-ft. diameter vent- 
shaft, placed near the junction of the collector and 
cast-iron culvert, as shown in Fig. 146. The cal- 
culation in connection with this vent-shaft formed 
a complicated problem, involving as it did the 
simultaneous consideration of pressure variation in 
the pump and in the long culvert. The latter 
may contain 400 tons of water moving at a 
velocity up to 9 ft. per minute. If no vent- 
shaft were provided, and the delivery valve were 
closed, the pumps being stopped simultaneously, 
the water ‘aa resulting would be detri- 
mental to the pipe-line. With the vent provided 
the pressure rise when closing the discharge-valve 
does not reach 1 lb. per sq. in. Owing to the 
kinetic energy of this water column, governing diffi- 
culties were inherent to the scheme, which had to be 
met by providing heavy fly-wheels on the engines, 
ensuring the n speed and load changes 
being effected without hunting. The vent-shaft is 
covered with a grid at the top. 

The pum draw from the suction-chamber, 
before described, through 120-in. suction-pipes, of 
which one is illustrated in Fig. 173, on page 224. 
The pump-casings are split in horizontal and ver- 
tical planes to facilitate manufacture and access 
to the internal working parts. The bottom casing, 
which is illustrated in Fig. 172, on page 224, 
1s embedded in the concrete roof of the suction- 
chamber, and rests with its large ribbed foot-plates 
on heavy steel girders anchored in the concrete. 
One of these girders can be seen in Fig. 147. The 
casing is oval in shape, and is connected to the 
circular wrought-iron suction-pipe by a separate 
casting, which is solidly anchored to the roof of 
the suction-chamber. This casting, erected in posi- 
tion on the suction-pipe, is shown in Fig. 173, on 

e 224, while it is shown mounted on a —-. 
uilt railway truck for transport from the builders’ 
works in Fig. 160, on page 219. The top casing of 
the pump is bolted on to the lower one, as shown 
in the general views of one of the pumps, given in 
Figs. 158 and 159, on page 219. These views also 
show the foot-plates by which the lower casing is 
carried, and the oval lower flange to which the 
suction-pipe casting is bolted. The upper casing 
has three manholes, for the inspection of the 
interior, while stay-bolts are fitted to strengthen 
the spiral-shaped portions. These bolts are pitched 
so as to secure even distribution of stresses over 
the large areas of the delivery-chambers. General 
drawings of one of the pumps are given in Figs. 
152 and 153, on page 218. 

The main shaft of each pump iscarried on ex- 
ternal bearings entirely independent from the pump 
casing. This is shown in the various figures. Hemp- 
packed stuffing - boxes with gun-metal glands, 
necks, and water-seal rings are fitted to the casing 
where the shaft through. These stufting- 
boxes are arranged to keep the shaft tight against 
either vacuum or pressure, either of which may 
exist inside the pump-casing according to the tidal 
conditions prevailing. The main shaft carrying the 
two impellers is of nickel steel, furnished with gun- 
metal sleeves where it passes through the stuffing- 
boxes. It is 265 ft. long. It is shown with the 
impellers in place in Fig. 171, on page 224. The 
main bearings are white-metal bushed. That next 
the engine is provided with thrust-rings and forced- 
oil lubrication, as indicated in Fig. 152, which shows 
the oil-pump drive from the main shaft. Some de- 
tails of the oil-cooler are given in Figs. 161 and 162, 
on page 219. The other Ciesien is ring lubricated, 
and is detailed in Figs. 156 and 157, on page 218. 
The bearings are split on a horizontal plane. 
Between the impellers the pump-casing is fitted 
with an internal white-metal »earing, supporting 
the centre of the shaft. This bearing, which is 
illustrated in Figs. 154 and 155, on page 218, is 
provided with hemp-packed glands at each end 
to prevent water getting access to the bearing, 
and is lubricated by a dead-weight grease-forcer 
outside the pump-casing. The half-coupling by 
which the pump is connected to the engine is 
forged in one piece with the pump shaft, and is 
bolted to the corresponding half-coupling on the 
engine shaft. The pumps are fitted with the usual 
appliances, such as ejectors and gauges. The latter 
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are assembled together with the engine gauges on 
the common instrument-board close to the engine 
stop-valve, enabling the driver to follow the work- 
ing of the combined sets while controlling the 
_ 

e delivery-valves which are fixed between the 


pumps and the sockets of the collector - ipe were 
supplied by Messrs. J. Blakeborough and Sons, of 
Woodhouse Works, Brighouse, Yorkshire. One of 


them is illustrated in Figs. 163 to 167, above. 
They are 94 in. bore in the waterway. The width 
over all from face to face of the flanges is 28 in., 
and the diameter of the flanges is 107 in. The 
valves are operated by hydraulic cylinders fixed 
above them, and operating crossheads which connect 
up to the plugs by vertical rods. The arrangement 
is clearly shown in the The cylinders have 
an internal diameter of 9} in., and are lined with 
ae sa The connecting-rods are of nickel steel. 

e valves work under an hydraulic pressure of 
700 lb. per sq. in., and the bodies were tested to 
a head of 43 ft. The complete valves in their 
closed position have a height of 30 ft. 24 in., and 
when open of 38 ft. 44 in. The total weight of 
each valve is somewhat over 25 tons 16 cwt. 

As the pumping-plant has to work every day, a 
high degree of economy has been aimed at and 
secured. It was specified that 25,000,000 gallons 
should be pumped by each set, on each tide, during 
five hours, from the River Usk into the dock ex- 
tension, against a head varying with the tide from 
13.7 ft. to 19.7 ft. In actual practice much wider 
ranges of head occur, which are, however, econo- 
mically dealt with by adapting suitably the speed 
of the sets as well as the time of pumping. In 
addition to this main duty the pumps were speci- 
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minutes. During the tests to ascertain the capa- 
bility of the pumps to carry out this duty, a total 
head of 39 ft., including 20 ft. suction lift, was 
dealt with. We give below some results of tests 
on pumping set No. 1, which have been furnished 
to us by Messrs. Boving and Co. :— 

Total head specified . min., 18.7 © ieee, 15.7 ft.; 


max., 19.7 
» obtained . min., 13.7 ft.; mean, 16.7 ft.; 


max., 19.7 ft. 


Duty of pump —— - .- 25 million gallons per 5 hours. 
os » Obtained .. aan million gallons 
per 5 hours. 
Steam consumption for pumping 
26,000,000 lons in 5 hours, 
guaran’ - se pa 34,000 Ib. 
Steam consumption, &., required 27,100 ,, 


While the engines were indicated, readings were 
taken simultaneously at the lock in order to ascer- 
tain levels and volumes pumped, and the following 
results were obtained :— 











Total Head in | Mean 
— Avera 
Time of mpea Fost. Steam Con- ye 
Pumping. in = ~~ sumption per dari P 
Gallons. sg € x .H.P.H. Peri 
| aR 
| per cent. 
12.24—12.32 675,000 — 15.35 — 14.4 86.0 
14.2 80.2 


12.16— 1.28 | 6,450,000 j11.6 23.8 36) 

In working out the above efficiencies the brake 
horse-power was computed from the indicated 
horse-power by deducting 2.4 lb. per sq. in. from 
the actual indicated referred pressures. The best 
steam consumption per W.H.P.H. was obtained 
when working against a mean head of 22.7ft. The 
steam required per W.H.P.H. amounted to 12.51b., 
including all losses in the condensing plant and 





fied to empty the proposed dry dock within 110 


drains. The pump efficiency at this duty was 











AUuG. 14, 1914.] a ae 





ENGINEERING. 


221 








THE ALEXANDRA DOCK EXTENSION AT 


NEWPORT; PERFORMANCE DIAGRAMS. 


SIR JOHN WOLFE BARRY, LYSTER AND PARTNERS, MM. INST.C. E., WESTMINSTER, ENGINEERS. 


§ 


GRAVING DOCK TEST 
PUMPING SET N°2. 


& 


8 


8 


Lbs. ee ag WH. PH. 


cay 


Steam 
~ 


a 


PER WH.P-H. & GALLONS PUMPED 
TOTAL 


Gall* Pumped, per %. 
om 3 


(4127.8) 


86.5 per cent. 
the results of a similar test to the above on pumping 
set No. 2, and the variations of steam consumption 
per W.H.P.H. during the whole period of graving 
dock pumping. The steam consumptions include 
that used in connection with the condensing plant, 
and the results are remarkably good considering 
the very difficult problem of dealing with varying 
pumping head and long-delivery culvert. 

The only part of the station equipment with 
which we have yet to deal is the electric plant. 
The generating units consist of two direct-coupled, 
three-crank, triple-expansion, vertical enclosed, 
high-speed engines, coupled to three-phase, star- 
wound 3633-volt 50-period generators of 500 kw. 
capacity. The engines were built by Messrs. James 
Howden and Co., Limited, of Glasgow, and the 
alternators by the British Thomson-Houston Com- 
pany, Limited. of Rugby. This latter firm also 
supplied the switch-gear, motors, and other elec- 
trical machinery. e engines have cylinders 
154 in., 224 in., and 35 in. in diameter, by 15} in. 
stroke. Their normal speed is 300 revolutions per 
minute, and they are controlled by horizontal shaft- 
governors actuating both the throttle-valves and the 
cut-off of the high-pressure cylinders. The control 
of the cut-off gear is by means of an oil-pressure 
relay, which rotates the high-pressure piston-valve, 
the oil supply being maintained .by the oil-pum 
which lubricates thecrank-shaft idmedinnen. 
The engines have forced lubrication throughout, 
with mechanically-operated sight-feed lubricators 
for the cylinders. The alternators have direct- 
coupled exciters, which are arranged so that 
either can be used to excite both generators. 
The surface-condensing plant for these sets is 
installed in the basement, and is driven by 
three-phase semi-enclosed motors direct-coupled 
to centrifugal circulating - pumps, and driving 
Edwards’ three-throw air-pumps through spur-gear- 
ing. Single-acting lift pumps are attached for 
pumping the air-pump discharge into the rising 
main to the de-greasing plant. The circulating- 
water supply is taken fram the main delivery cul- 
vert of the centrifugal pumping plant, and is 
delivered through the Moe into a drain out- 
= the station, through which it flows to the 

ock. 

The switchboard is of the British Thomson- 
Houston Company’s standard pattern, and consists 
of eight panels—namely, two generator-panels, one 
station transformer-panel, which supplies three 
single-phase transformers from which the various 
auxiliary motors of the station are supplied at a 
pressure of 440 volts, and five feeder-panels, two 
of 150 kw. capacity and three of 100 kw. Space is 
provided for a third generator-panel and additional 
feeder-panels. All the high-tension gear is enclosed 
in stone cells behind the switch and isolatin 
Switches are provided mechanically interlock 
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Feet 








Gall* per 116. Stearv 


Figs. 168 and 169, above, show | with the doors of the cells, so.that access to a cell 


is prevented until the isolating switch is opened. 

n concluding our description of the Alexandra 
Dock extension we should, perhaps, point out 
that, although we have dealt with much hydraulic 
machinery, no reference has been made to the 
hydraulic power station. This omission is explained 
by the fact that for the present the whole of the 
hydraulic supply for the new works is being taken 
from the old station, which is situated at the north 
end of the Alexandra North Dock, and which 
replaced four earlier small stations in 1904. This 
station, as will be seen from the plan of the dock 
system given in Fig. 1, on page 33 ante, is at some 
distance from the new lock, and, as we stated at 
the beginning of this article, it is probable that an 
hydraulic pumping installation will be put down in 
the near future at the new station with which we 
have been dealing. 





INDUSTRIAL NOTES. 

THE way in which all classes of the nation are 
answering the call to duty in the present crisis, so 
suddenly sprung upon us—a crisis which our Govern- 
ment made almost superhuman efforts to avert—forms 
& most pa feature in an otherwise very gloomy 
state of matters. It is not in our province to record 
the patriotism evinced by the personnel of our fighting 


» | forces and by the new recruits to these forces. Buta 


word of commendation for the great industrial army 
is being well merited by all workers. The non-fightin 

element of our population has commenced well, ont 
every man is carrying out steadfastly the work 
entrusted to his care. All workers’ ~~ Mined have 
been set aside for the present, in view of the dangers 
which lie ahead. If proof of the patriotism which at 
the present juncture animates allc of the British 
community were needed it would be afforded by the 
eagerness with which men of all crafts are trooping 
from smaller yards to our naval ce yards 
for completing in the shortest time possible sll unite 
for our fleet now in in the latter yards. 
Employers and the leaders of the shipyard trade 
unions, we are informed from another quarter, are in 
constant communication with the object of expediting 
allimportant work. The men to work overtime 
where required, and to do all in their power for 
rapidly completing Government orders. No disputes 
are to interfere with work. This proves a splendid 
spirit of national patriotism. 





Thus, as an illustration of the situation which now 


obtains, we may state that a joint meeting of represen- 
tatives of the Tyne shipbuilding, North-East Coast 
engineering, and North-East t ship-repairing 


employers, and representatives of twenty-two trade 
unions affiliated with the industries named, was held a 
few days ago at Newcastle. 

The unions ——— — i pens amated 
Society of Engin eers, Steam- ine Makers’ iety, 
United Machine Workers’ Aion, Boilermakers’ 
Society, Joiners’ Society, Shipwrights’ Society, Black - 
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smiths’ Society, North of land Brass Turners’ 
Society, Patternmakers’ Association, Braziers and 
Sheet - Metal Workers’ Society, Northern United 
Enginemen’s Association, Brass Moulders’ Society, 
Furnishing Trades’ Association, Plumbers’ Associa- 
tion, Sheet-Iron Workers’ Society, United Kingdom 
Society of Ama ated Smiths and Strikers, Wood- 
cutting Machinists’ Society, National Amalgamated 
Union of Labour, National Union of Gas and General 
Workers, Painters’ Society, Friendly Society of Iron 
Founders, and the British Steel-Smelters’ Association. 

The following resolution was unanimous) 

‘** That this joint meeting of representatives of Tyne 
shipbuilding, North-East Coast engineering and North- 
East Coast ship-repairing employers and employees 
unanimously agree to recommend their respective con- 
stituents that all working restrictions be removed and 
all necessary facilities granted in order to accelerate 
the completion of Admiralty and War Office work—as 
specially asked by the Admiralty and War Office— 
inten the present national crisis. 

‘* It is understood that the employers will endeavour 
to employ all men available and arrange for night shifts 
where —_ in preference to excessive overtime. 

‘* All existing machinery between employers and 
trade unions will continue and be requisitioned where 
n ” 


Similar meetings. at which corresponding resolutions 
were unanimously, have been held on the Clyde 
and at other naval shipbuilding centres. 

Another illustration of patriotism is afforded by the 
fact that the dispute in the London building trades 
has been settled at a conference of employers and 
trade unionists ; the threatened lock-out throughout 
the country need not now be feared; there will 
be no lock-out. The Mersey Dock Board strike 
is also settled ; a discussion took place between 
representatives of labour and of the , and an 
amicable agreement was reached early on .Friday 
morning last, the 7th inst. The strikers returned 
to oak on the same day, and all the questions 
which led to the strike are to remain pending 
until January 1, or until the conclusion of the 
war. It has been agreed that all points at 
issue between the men and the Board will be dis- 
cuesed as follows :—The Board, or other principal 
officers as the Board may elect, will receive a delegate 
of any particular union, but will not receive dele- 
gates from any federation of unions. The delegates 
must be accompanied by some of the Board’s men, who 
need not necessarily members of the particular 
union, as an earnest that the matter they may come 
about is one that affecte the men. The Board are to be 
satisfied that a bond fide majority of the workers em- 
ployed by them desire their representatives to be 
accompanied by a delegate. In the meantime the 

resent rates of pay and hours of labour obtain. The 
Board's men who have been out on strike are to be 
reinstated as and when their services are required. 





To the two above instances we may add the follow- 
ing :—The marine engineers who had been on strike 
for several weeks have been given permission by their 
union to tesume work; the Shipping Federation 
state that the men are offering themselves freely at 
all the ports and at the old wages. The Manchester 
Road Vehicle Builders’ Association, in ‘‘ view of the 
disturbing outlook,” decided, at a meeting held on the 
5th inst., to call an immediate settlement of the 
strike which had been in progress in their trades for 
the last eight weeks. On the same day representa- 
tives of the ge industry wrote to the 
Secretary of the Admiralty stating that ship re- 
pairers subordinate all interests to the needs of the 
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nation, and place their docks and premises to the 
fullest extent at the Admiralty’s disposal. ‘‘ Em- 
ployers and employees everywhere,” they affirm, 
** can be relied upon to lay aside all labour differences 
for the present, and enable the industry to present a 
united front and place its whole resources at the ser- 
vice of the couatry.” 





On Saturday last, the 8th inst., representatives of 
the Deputies’, EKaginemen’s, and Mechanics’ Associa- 
tions in the Northumberland coal trade waited upon 
the owners at the Coal Trade Offices, Newcastle, witha 
view to the adjustment of wages for the next three 
months. Mr. Thomas Taylor presided. 

Mr. Taylor intimated that in consequence of the 
reduced price shown by the ascertainment for the past 
three months, the miners’ wages were liable to a 
reduction of 24 per cent. In the ordinary course a re- 
duction of 14d. per day would have been claimed from 
the respective associations. Owing to the crisis that 
had arisen in the country, and the consequent suffer- 
ing entailed upon all classes, the owners had decided 
to forego their claim for three months, and wages 
would remain as they were for that period. At the 
different collieries in the country the pits would be 
worked as often as possible, in order to mitigate the 
hardship inflicted. 

Mr. J. M. Gillians replied on behalf of the joint 
bodies, and Messrs. Coulthard, Weighall, and Batey 
thanked the owners for their decision and reciprocated 
the sentiment expressed. 





The First Commissioner of Works has issued the 
following note with reference to the Government’s 
building programme :— 

‘*It appears from various inquiries addressed to 
the Commissioners of Works that there exists some 
apprehension lest unemployment should be increased 
in the building and other trades by suspension during 
the present crisis of building and engineering opera- 
tions provided for in the estimates of the Office of 
Works recently approved by Parliament. It is, there- 
fore, desirable to state publicly at once that it is the 
intention of the Commissioners of Works to proceed 
with all services in their charge, to employ as many 
men as possible to cirry out such services, and to 
develop and expedite their building programme in any 
way practicable. 

‘*As the Minister mainly responsible for Govern- 
ment building, the First Commissioner of Works 
would wish to take this opportunity of expressing his 
sincere hope that private individuals, companies, 
firms, and contractors will spare no effort to follow 
the policy of the Government in this matter, so far as 
circumstances admit.” 





According to the Jron Age, representative men in 
blast-furnace, steel works, and rolling-mill operations 
will be named to co-operate with safety experts of the 
Pennsylvania State Department of Labour in the 
framing of uniform regulations for the safety of such 
ong About twenty committees, representing various 
ines of industry, have been named by the department, 
and their draft of regulations will be submitted in 
the latter part of the year. 





Textile machinists in this country are certain to be 
extremely harassed should the war continue for even a 
few weeks, and some definite policy as regards working 
may be arranged by the firms concerned. In fact, 
such a step has already been unofficially proposed. 
Many textile machinists have orders in hand for 
Russia and other countries on the Continent, which 
they may be unable to deliver, although ready for 
despatch. The importance of the European trade to 
this industry may be estimated from the figures of 
exports of textile machinery to the countries con- 
cerned, as given in the Board of Trade Returns for 
1913. The values of the exports of textile machinery 
during 1913 were : — Russia, 995,306/.; Germany, 
783,945/. ; France, 735,926/.; other countries in Europe, 
1,161, 9480. 





We are informed that instructions have been issued 
to the Labour Exchange managers to register applica- 
tions from volunteers for harvest work. Any person 
wishing to offer his services should therefore commu- 
nicate with the nearest Labour Exchange. 

The Holderness (East Yorkehire) farmers who at- 
tended the corn market at Hull on Tuesday last, the 
11th inst., stated that they were greatly handicapped 
in harvesting operations owing to the impressment of 
horses by the military authorities and the loss of farm 
hands called up. Employment in the farms has been 
offered to townsmen. 

Arrangements have also been made at Birmingham 
to ensure a full supply of labour to farmers; the latter 
will soon have to gather in their crops, but so far they 
have not applied | hands to the Birmingham Labour 
Exchange. 

On Tuesday last, the 11th inst., a meeti 
of the India Section of the Manchester 


was held 
amber of 





Commerce, when it was decided that a deputation 
should wait upon the India Office to urge the advisa- 
bility of issuing an Imperial proclamation authorising 
delay in the completion of time contracts as between 
English suppliers and Indian consumers, and also as 
between parties in India. The reason for the repre- 
sentation is the impossibility of securing sailings. 
The India Office declared its willingness to receive 
a deputation, which has since called upon the India 
Offices authorities. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 29. 
THE peculiar spectacle is presented in this midsum- 
mer of ordinary quietness of unususl activity in steel. 
The advance of 1 dol. a ton a few days ago on bars, 
plates, and shapes came as a surprise, especially as the 
mills have so much idle capacity. It is a bold move, 
and was intended to let buyers understand that makers 
were determined to convince them that the end of low 
prices had come. Cheaper pig-tin led to a many 
tin-plate. Canning requirements are so heavy that 
even with American tin-plate mills running at maxi- 
mum capacity, importations are increasing: The 
buying of material for railroads is better. Negotia- 
tions for cars are pending ; one order in sight is for 
10,000 for the Harriman lines in Pacific territory, 
4600 for the Southern Pacific, 4000 for the Union 
Pacific, with other inquiries aggregating 15,000 
cars. Some two weeks ago inquiries Toe structural 
material totalled about 100,000 tons. Within a week 
orders for one third of this quantity have been fixed ; 
the balance will soon be placed. It has been a busy 
week for the implement makers. 
have placed orders for enough steel to see them 
through to the end of the year. The steel-makers 
will not do business on next year’s account except at 
an advance. Buffalé pig-iron makers booked orders 
for 45,000 tons for tunnel-plate segments, which in- 
creases pig-iron orders in that centre to 150,000 tons 
within three weeks. Every succeeding crop report 
shows still more favourable conditions. The larger 
builders of machinery, engines, and of electrical 
equipment report some improvement. The bituminous 
coal production for 1913 shows an increase over the 
previous year. Total output of all mines, 570,048,125 
short tons; men employed, 747,644; average bitu- 
minous output per man, 833 tons—an increase of 18 
tons over 1912—and in anthracite 532 tons per man— 
an increase of 47 tons per man. 
August 5. 
The war disturbances have as yet had no perceptible 
influence on the American steel industry. rices 
are firmer than a week ago, a little more business has 
been done, and in some localities production has been 
increased. The price advance noted a week or two ago 
has stimulated buying in small lots for early construc- 
tion purposes. A local electrical company has ordered 
5000 tons for building construction. Next Monday 
the Government will open bids on material for three 
battleships. The dock near New York to handle the 
Chilian ores for the Bethlehem Steel Company takes 
2000 tons of steel piling and bara. The Cincinnati 
Court House order for 7000 tons will be placed in two 
or three weeks’ time. Measures greatly to increase 
the supply of vessels for Atlantic transportation pur- 
are being taken. The prospective absence of 
furopean competition in steel products in South 
American countries, it is believed, will impose 
some additional responsibilities on the mills of this 
country. The prospective early departure of a 
vast number of miners from the Pennsylvania coal- 
fields may disarrange the present facilities for supply- 
ing both domestic and trans-ocean demand. An 
inquiry for 16,000 tons of rails for export is now 
pending. Railroads are placing liberal orders for 
track supplies. Car orders for the past week aggre- 
te over 3500. A number of new orders are in sight. 
e tone of the market must improve. There has 
been a freer movement in all lines of pig-iron, espe- 
cially in low-grade for cast-pipe purposes. New 
business at the plate-mills is moderate. The outcome 
of the Euro: upheaval is watched with deepest 
concern for its reflex influences on American trade 
conditions, which in turn will affect demand. 








Our Rarts Aproap.—There was a good demand for 
British railsin July upon Indian and Australian account, 
but less business was done with other countries, and 
especially with Argentina, so that, upon the whole, the 
exports for the month showed some falling-off, declining 
to 43,133 tons, as compared with 53,570 tons in July, 
1913, and 39,718 tons in July, 1912. 





Contracts. — The ‘Apexior” boiler compound of 
Messrs. J. Dampney and Co., Limited, of 85, Bishops- 
gate-street, E C., has been adopted by the Victoria Falls 
and Transvaal Power Company, Limited, for all their 
—— ow by = 7 eir stations * ony 

mmerpan, and Vereeniging. supply has 
also been Sthainel fee the boilers of twenty locomc- 
tives built for the Assam Bengal Railway Company. 


A goodly number | y 





ENGINEERS AND THE WAR. 
To THe Eprror or ENGINEERING. 

Srr,—There must be a considerable number of engi- 
neers, men like myself, who are in the late forties and 
early fifties, and co uently considered rather old for 
active service in the field, but who are in their prime for 
administrative and organising work. 

Such engineers can take responsibility, can manage 
men, and know how to get things done. They have 
carried out work of every description and in all parts of 
the world, and possess wide experience of men and things. 
They could execute works of construction and destruction 
for the defence of our coasts and ports when their general 
design had been indicated by the military branch of 
the profession ; and they could deal with such matters as 
mechanical transport and the organisation of supply 
services. 

I therefore suggest that engineers over the age of forty- 
five, who suitable qualifications, professional and 
poraieel should forward their names to the Institution of 

ivil Engineers, with a request to the Council to notify 
the Government that they are available. 

The younger men will, of course, join Territorial units. 


Yours very truly, 
August 7, 1914. J. G. Cargew-GIBson. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—How the steam-coal trade regained 
its lost activity, up to the point of the paralysis of Con- 
tinental shipping, is shown in the official returns relating 
to the traffic at Hull for the past month. The total 
imports were 762,013 tons, a decrease of only about 
4000 tons, but the total for the year—3,885,596 tons—was 
about one million tons less than for the same period a 

ear ago. The exports for the month increased by 
37,000 to 454,736 tons, as compared with last year, but 
on the seven months business decreased by about half- 
a-million tons, the aggregate being two million tons. The 
Denaby and Cadeby Collieries sent nearly 100,000 tons ; 
Grimethorpe and Frickley, 54.000 tons ; and Broiworth, 
ane Manvers Main, and Bullcroft, about 30,000 tons 
each. 


South Yorkshire Coal Trade.—The steam-coal position 
has undergone little, if any, improvement since last week. 
Many of the South Yorkshire pits are having the greatest 
difficulty to maintain work even in its present irregular 
form. ot only has the export trade withered, but a 
fresh and very serious difficulty has arisen in the shortage 
of pit props, for which producers have hitherto relied 
entirely on Norway and Russia. With a view to sur- 
mounting the difficulty experiments are being made in 
cement props reinforced with strips of steel. On local 
industrial account there is a slightly better inquiry. 
Those firms ay «pe on urgent orders for the British 
Government are big consumers. Apart from this branch 
of buying very little is going into many of the staple 
trades, but owing to the depletion in the ranks of pit- 
workers, as a result of mobilisation, holiday feasts, and 
other causes, the output is not veg fo excess of the 
demand, and values are firmly held. he improvement 
in house coal is fully maintained. Stocks at pits and 
dépéis are greatly reduced. Prices are not quotably 
different. Slacksare a neglected market. Gas fuels move 
freely for contract delivery. Coke is dull and unsteady. 
Quotations: — Best branch hand-picked, 15s. to 16s. ; 

ley best Silkstone, 12s. to 13s.; Derbyshire best 
brights, 11s. 6d. to 12s. 6d. ; Derbyshire house, 10s. 6d. 
to lls. 6d.; best large nuts, 10s. 3d. to 11s. 3d.; small 
nuts, 93. to 103. ; Yorkshire hards, 11s. to 12s. ; Derby- 
shire hards, 10s. to 11s. ; best slacks, 7s. to 8s. ; secon 
5s. to 6s.; smalls, 2s. to 3s. 


Tron and Steel.—Tuough faced with a crisis of unparal- 
leled seriousness, the South Yorkshire iron and steel 
manufacturers are cool and collected, and are handling 
the position in a way that reflects credit upon their 
business ‘“‘ nerves.” It was fully expected that most of 
them would follow the example of leading silver-plate 
manufacturers, and would close down for an indefinite 

riod after exhausting the arrears of orders on their 

ks. Instead, they have decided by mutual co-operation 
to do everything in their power to keep the works runni 
for the greatest possible length of time. With this en 
in view they are distributing orders over as one a 
period as is consistent with ape pase | delayed delivery, 
and have reduced the number of wor ing hours to what 
will providea minimum living wage. In the raw material 
market the outlook is not so disturbing. Now that all 
outside supplies of cheap material have been stopped, 
consumers have been obliged to fall back upon the higher- 
priced locally-produced material, with the result that 
makers are able to secure slightly improved rates upon 
the low figures that obtained for so long a time. is 
does not necessarily mean increased profits, however, as 
hematite makers are incurring additional costs in sur- 
mounting the difficulty of securing adequate supplies of 
ores. Special arrangements are being made regarding 
the working of overtime in the armament factories, but 
the char wont of the engineering trade are very 
slack. There are a few orders on hand from the more 
wealthy of big companies and big bodies; but there is 
very little movement in tool-steel or railway and tramway 
materials, a slump in Continental business having 
followed b a reduction of orders on home account. The 
special a | high-speed steel industry is also affected, for 
even where there is a demand for supplies, the lack of 
certain alloys which cannot be supplied without shipping, 


seriously interfered with I a ~— 7" - — 
are busily engaged providing for the needs of the arma- 
ment warts. Billets are dull. 
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NOTES FROM THE NORTH. 
z Gtascow, Wednesday. 

_ Glasgow Pig-Iron Market.—Last Thursday the pig- 
iron market was still closed, but with the reopeni 

of the banks on Friday morning business was resumed. 
Ia the forenoon there were no dealings, but Cleveland 
warrants were strong, and sellers named 51s. 6d. casb, 
51s. 9d. one month, and 52s. three months, with buyers at 
3d., 4d., and 6d. less respectively. The afternoon 
session was quiet, but prices were further advanced. 
The turnover was limited to one lot of Cleveland 
warrants at 51s. 8}d. cash, with buyers over at that 
figure, and sellers at 5is. 104d. For the other posi- 
tions sellers named 52s. 1d. one month, and 52s. 6d. 
three months, with buyers at 51s. 10d. one month, and 
523. three months. On Monday morning the prices for 
Cleveland warrants made an upward bound, and 4000 
tons were done at 52s. 6d. , and from 53s. 6d. to 
53s. 74d. one month, with sellers over at the latter figure, 
and at 53s. 44d. cash. Closing buyers named 53s. 14d. 
cash, and 53s. 6d. one month, and three months iron was 
not quoted. The advance was 1s. 6d. over Friday’s close. 
In the afternoon buyers were again desirous of covering, 
and prices were advanced further. The business amounted 
to tons of Cleveland warrants at 533. 104d. and 54s. 
one month, and 54s. 3d. October 14, and closing quota- 
tions were called 53s. 6d. cash and 533. 104d. one month 
sellers, but the three months position was again neg- 
lected. Oa Tuesday morning an easier tone prevailed, 
and 1000 tons of Cleveland warrants were put through 
at 53s. 14d. cash, and 53s. 3d. one month, and at the 
close sellers quoted 533. 3d. cash and 6d. one month. 
There were no quotations for three months. In the 
afternoon the market was again the turn easier, and 
1500 tons of Cleveland warrants changed hands at 53s. 
ten days, and 53s. 4d. one month. The closing quotations 
were called 53s. 2d. cash, 53s. 5d. one month, and 53s. 104d. 
three months séllers. When the market opened to-day 
(Wednesday) the tone was quietly steady, and only one 
lot of Cleveland warrants was done at 53s. 14d. cash, 
and closing sellers quoted 53s. 3d. cash and 53s. 6d. one 
month. In the afternoon there was a little more doing, 
and Cleveland warrants amounting to 2000 tons changed 
hands at 53s. 04d. nine and thirteen days, and at 53s. 4d. 
- —_ sellers over at the latter figure, and at 


Sulphate of A ia.—Pr lly no change has taken 
place in the sulphate of ammonia market, and the demand 
1s of the most meagre description. The output has been 
at curtailed, owing to so many of the blast-furnaces 
g out at present. 


Scotch Steel Trade.—The past week has been rather a 
difficult one in the Scotch steel trade, but the position is 
certainly a little better. The large withdrawal of shipping 
facilities upset things a bit, but as soon as there isa reason- 
able chance of vessels getting a safe journey export busi- 
ness will be resumed, provided the insurance rates ease 
off and the advance in freights does likewise. The only 
business doing at —_ is for the home market, and 
with Germany and Belgium out of count the local makers 
are once again having a run. Of course, there is y not 
a very heavy tonnage going through, and few of the works 
are running full, but better prices are being secured. The 
latter are necessary owing to the scarcity and high cost 
of raw material, but producers can be depended on not 
to overstep the margin, knowing that America can offer 
fairly competition. 

Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers report business as being slow but 
hopeful. Nothing very much in the way of improvement 
is anticipated until prevailing conditions settle down a 
little. At a meeting of the associated makers it was 
decided to advance local prices by 10s. per ton, making the 
quotation for “‘crown” bars 7/. 2s. 6d. per ton, less 5 per 
cent. for Glasgow delivery. The export price is now up 
to 6/. 12s. 6d. or 62. 15s. per ton net, f.o.b. Glasgow. 

Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
are moving along slowly, and there is not a very heavy 
demand for material. In the meantime the shipping 

inary 
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trade is nil, and the home demand for the 
qualities, although improving, is not of any great sig- 
nificance. Prices are firm. 





WIRELESS - TELEGRAPH OPERATORS FOR THE Navy.— 
The Secretary of the Admiralty desires it to be known 
that candidates qualified as wi telegraph operators 
who may wish to enrol in that capacity in the Royal 
Naval rve for service in the Fleet should apply 
immediately direct to the Commodores at the Royal 
Naval Barracks at Chatham, Portsmouth, or Devonport, 
who will furnish particulars of the conditions of service. 


Tue InstiroTion oF ExgcrgicaL EnGingers —The 
council of the Institution beg to s that there are 
two important directions in which the members may be 
of great service to the nation at the present time :— First, 
to place their services as electrical engi at the dis- 





posal of the War Office and of the Admiralty ; secondly, | all 


to be in readiness to fill vacancies in public services, elec- 
tric power-stations, tramways, railways, &c., caused by 
the calling up of the Reserves and Territorial forces. The 
council desire not only to receive offers of services from 
members of the Institution, but also that all members 
should assist them to obtain the names of as many qualified 
men as snp (whether or not members of the Institu- 
tion) wi to offer their services in the directions indi- 
cated. Thecouncil add that they have offered to place at 
the disposal of the War Office, for immediate occupation 
and free of charge, the available portions of the Institu- 
tion building, of a total area of 10,000 sq. ft. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esproucH, Wednesday. 
The Cleveland Iron Trade.—There is quite a b 
business doing in pig-iron. Sales, however, are entirely 
confined to Bak siness, any attempt at over-sea 
transactions having been abandoned for the time being. 
The most marked internal demand is for hematite, produc- 
tion of which threatens to be considerably curtailed by 
= obtaining adequate supplies of foreign ore. 
Three hematite furnaces have already been damped 
down, and three running on Cleveland iron are being 
Ee out of operation. The total number of furnaces now 
lowing on the North-East coast is only sixty-seven. 
No. 3g.m.b. Cleveland pig-iron is rather readily realising 
53s., at which figure quite a number of sales have 
occurred, whilst No. 1 is 55s. 6d., and No. 4 foundry 
52s. 9d. No. 4 forge is very scarce, and is — 
52s. 6d. Mottled iron is 5%s., and white 51s. le 
East Coast hematite quotations vary somewhat. They 
have risen rather rapidly, and a general impression pre- 
vails that they are likely to advance still further. Up to 
66s. bas paid for mixed numbers, but the conditions 
were exceptional, and the general market rate may be 
oo at 65s. All the foregoing quotations are for early 
elivery. There is practically nothing passing in foreign 
ore. Sellers intimate that they could do business if they 
could guarantee delivery, and they quote on the basis of 
21s. ex-ship Tees for Rubio of 50 per cent. quality, with 
the proviso, however, that freights can be fixed. Coke 
is by no means plentiful, owing to the cases of several 
colheries ; but with foreign demand cut off, the shortage 
should not be of long duration. Durham blast-furnace 
coke of average quality is at present realising up to 
17s. 6d., delivered at Tees-side works. Buyers hesitate 
to purchase at such a figure, and sellers intimate that 
they are not prepared to make forward contracts to any 
extent. 


Shipments and Stocks of Pig-Iron.—For the time a 
shipments are practically suspended, only a few sma 
cargoes to coastwise customers having been cleared during 
the tb few days. With exports — stocks are 
ead accumulating, though not to the extent that 
might have been expected. ers’ stores are probably 
es, but to what extent is not ascertainable. The 
stock of Cleveland ie ¥ in the public warrant stores 
here now stands at 86,826 tons, 4797 tons having been 
added since the beginning of the month. 


Manufactured Iron and Steel.—Producers of manufac- 
tured iron and steel take a very firm stand, and hint at 
still further advances in quotations in the near future, 
as raw material is rising. ere is now considerable 
pressure to buy joists, and there is a renewed demand 
for shipbuilding material. Rails are in only moderate 
request, and this is the quietest branch of the industries. 
Messrs. Head, Wrightson and Co. are understood to 
have booked a substantial order for bridge-work in con- 
nection with Indian railway extensions. The following are 
the principal market quotations :—Common iron 
7l. 10s.; best bars, 7/. 17s. 6d.; best best bars, 81. 5s. ; 
packing iron, 5/. 15s.; iron ship-plates, 7/. 5s. ; iron ship- 
angles, 7/. 10s.; iron ship-rivets, 8/. 10s.; iron girder- 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been greatly affected 
by the sudden war conditions which have arisen. Fresh 
business is practically suspended, and has also been 
interfered with by a Royal Proclamation relating to 
exports. Some cargoes have been despatched for the 
French Government and alsc to Egypt. Charteri 
been restricted to Admiralty business. 


Housing at Ni t.—The Planning Committee of the 
Newport Town Council recommends that in the East 
Usk district, where the Local Government Board has 
au i a housing scheme, the number of dwelling- 
houses should not exceed twenty to an acre, that the 
houses should be built singly or in blocks not exceeding 
eight in a block, that main streets should be 40 ft. to 
50 ft. wide, and side streets 30 ft. wide, and that a better- 
ment clause should be inserted in the scheme when 
circumstances justify it. 


The Continental Situation.—Sir Alfred Mond, M.P. 
for Swansea, called a meeting of business men at that 
town on Saturday evening to discuss the present inter- 
national situation. In the course of his address, Sir 
Alfred said he knew of one engineering firm which 
had already had three inquiries due to the cancelling of 
contracts placed in Germany. Mr. Henry Bond (of 
Messrs. ae ae and = written to _ 
givi a ho prospect for tin-plate trade, 
poin' - = out, ter instance, how business wake the Con- 
tinent was after all only two-sevenths of a total manu- 
facture of 500,000 tons per annum; and that the home 
trade amounted to 000 tons. We might expect 
a reasonable demand to continue from such countries as 
Roumania, Italy, Po and the Netherlands ; and 
he believed France would in a short time resume her 
orders. There was reason to suppose, too, that there 
would be a great demand for tin-plaes for packing. The 
impossibility of obtaining pe to-day in London was 
because there were no tins to put it in, the Government 
having commandeered all the tins for their own purposes. 
There should be a brisk demand in the near future from 
petrol consumers in Canada and the United States. 


Messrs. Guest, Keen and Nettlefolds.—The directors of 
Messrs. Guest, Keen and Nettlefolds, Limited, recom- 
mend a dividend upon the ordi shares at the rate of 
10 per cent. per annum for the half-year ending June 30, 
together with a bonus of ls. per share. For the last eight 
years the company has made lar distributions upon 
its ordinary shares at the rate of 15 per cent. per annum. 








University Co.tiece.—The hand-book of the Faculty 
of py | at the University College of the Uni- 
versity of London has recently been issued for the forth- 
orp — ion. Its mene —~ _— of officers -_ 
staff of the , particulars of college societies, an 
information fe mr to scholarships and exhibitions. It 
also gives partic of entrance requirements and 
curricula in engineering, mentioning the fees for all the 
different subjects and courses, and details of the labora- 
tory and workshop equipment of the college. Copies 
of the hand-book can be obtained from the Provost of the 
College, the address of which is Gower-street, London, 


tes, 7/. 15s.; steel bars (basic), 6. 15s. ; ~t W.O0 


Siemens), 6/. 15s. ; steel Sy 71. ; steel ship-angles, 
6l. 15s.; steel boiler-plates, 8/.; steel joists, 62. 12s. 6d. ; 
steel strip, 6/. 5s.; steel hoops, 6/. 10s.—all less the 
customary 24 per cent. discount; cast-iron columns, 
7l. 7s. 6d. ; cast-iron railway chairs, 4/. 5s.; light iron 
rails, 7/.; heavy steel rails, 6/.; and steel railway sleepers, 
7l.—all net at works; gaivanised corrugated sheets, 
24 gauge, in bundles, 11/. 10s. f.0.b.—less 4 per cent. 





Tue InstituTIon oF M&cHANICAL ENGINEERS AND 
THE Wak.—The Institution of Mechanical Engineers, 
by its President, Sir H. Frederick Donaldson, K.C.B., 
has offered to the Prince of Wales the use of the vacant 
top floor of the extension building, free of charge, dur- 
ing continuance of the war, for the administrative 
purposes of the Prince’s Fund. The offer has been 
warmly accepted, but the Institution has been asked to 
allow the rooms to be used by the Office of Works for 
the purpose of accelerating the designs and specifications 
for = works which it is intended to put in hand 
as quickly as ble, in order to afford employment. 
As this is wor q ite in character with the objects of 
the Prince’s Fund, the Institution has gladly fallen in 
with His Royal Highness’s views. 





Tue Carr Bripce AccipENT ON. THE HIGHLAND 
Rattway.—The accident which oceurred on the Highland 
Railway on June 19, when a bridge over a stream gave 
way near Carr Bridge, has been reported on by Lieut.- 

onel E. Druitt. The cause of the accident was the 
destruction of the bridge by a storm of phenomenal 
character and of a severity quite unforeseen. The bridge as 
originally built of stone brickwork was a sound job to 
appearances, ing adequate provision for the stream 
it crossed. The excepti rainfall and ——— 
am tee po level, together with the rapid fall of * > 


in erosion which the structure could not with- | mistook 


stand. As a consequence it failed when a passenger 
train to Inverness was passing over it. Five passengers 
were drowned and ten injured. 


hagd = aged no blame | t 
on the railway for the occurrence. e bridge is to be 


rebuilt of wider span, with increased protection in heavier 
abutments and solid concrete invert extend- 
ing to the end of the wing walls, and a curtain at each 
end of the invert sunk to a depth of 10 ft. The new 
foundations will be carried much lower than the old ones. 








Tue Suiprinc, ENGINEERING AND Macuinery EXxui- 
BITION.—It canoes fairly certain that owing to the 
disturbed conditions arising from the European war, 
this important Exhibition, which was to have held 
at Olympia between September 25 and October 17 next, 
will have to be postponed. We understand that the 
circumstances of the case have been put before exhibitors 
who had engaged space, with the result that about 95 
per cent. of them have already voted for the post 
ment. Quite apart from this, however, it seems, in view of 
the Government requirements, very doubtful if Olympia 
would be available for the purposes of the Exhibition 
at the sed dates. Of course, the postponement of 
such an bition involves not only great inconvenience, 
but also probably a considerable monetary loss to those 
en, in its tion, and this being so, the pro- 
moters trust that they will receive such me as will 
enable them to arrange for the holding &@ very suc- 
cessful Exhibition next year under more favourable 
auspices. 





Tue Reapine Raiway Accipent.—The cause of the 
accident which occu on Great Western Railway 
at Reading seems to have been a combination of a 
mistake and lapse of ~~. In this accident, which hap- 
pened on June 17, it will be remembered, an excursion 
train drew out of Reading in the up direction and fouled 
the main up line on which an up express was a h- 
ing. The two locomotives came in contact, with the 
result that the express and excursion train locomotives 
mae thrown over ° their ma the — of 

@ express train damaged. jeut. - 
Colonel P. G. Donop to the of Trade 
states that the small amount of sustained is 
testimony to the substantial construction of the coaches. 
It appears that the fireman of the excursion train 
some action tanding on the plat- 

, 1 x signal, which 
he passed on to his driver without imself that 
the starting signal was ‘‘off.” The driver, accepting the 
signal against him. 


i possible to 
up had been fouled. The fault 
satisfying himself 
for him, and in a less degree 


that the .— 
with the fireman like reason. 
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NOTICE. 


In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to Continental 
subscribers will reach them, It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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FRIDAY, AUGUST 14, 1914. 


THE AUSTRALIAN MEETING OF THE 
BRITISH ASSOCIATION. 


On Friday, July 3, the last contingent of the 
British Association overseas party sailed by the 
Orient liner Orvieto for Fremantle and Adelaide. 
Many members had left before by different 
routes, some via the Cape, some via America. Geo- 
logists, miners and farmers in particular, anxious 
to study Western Australia, went out by the 
Ascanius, of the Blue Funnel Line, to form an 
advance party, which was to join the main body 
at Fremantle by August 4. They were then to 

roceed together to Adelaide, where the Aberdeen 
iner Euripides, which left two days before the 
Orvieto, and was also due on August 8, was to end 
her maiden trip round the Cape, and to bring up 
another contingent. From Adelaide the united 

rty is to travel by train to Melbourne, Sydney and 
ethene. Inasmuch as the sectional meetings will 
commence at Melbourne and will be continued at 
Sydney, the official meeting may be said to begin 
at Melbourne to-day. But the members attend 
by invitation of the Commonwealth of Australia ; 
receptions and discourses have already been given 
in Western Australia, and though the sections will 
not meet at Adelaide and Brisbane, these two capitals 
will also be centres of the meeting. The official pro- 
gramme will end at Brisbane on September 1, and 
members will be able to hurry back by train to 
Adelaide, there to embark on the Orvieto again, 
which is due in London by October 10—unless they 
prefer other routes via the East Indies, via the 
Sandwich Islands and Canada or the United States, 
&c. On June 9 the overseas party counted 313 
members; this number comprises the invited dis- 
tinguished foreign scientists. 

This is the fifth time that the British Association 
has left the United Kingdom. When the first 
visit abroad to Montreal in 1884 was suggested, 
the question arose whether the Articles of the 
Association entitled the Council to make arrange- 
ments for meetings beyond the United Kingdom. 
But the meeting proved a success, and their 
Canadian hosts agam invited the British Asso- 
ciation to come to Canada—to Toronto this time 
—in 1897. The next visit abroad was a still more 
serious matter. In 1905 the Association went 
out to South Africa ; that meant more than a fort- 
night’s sea journey to Cape Town, or further on to 
Durban, followed by thousands of miles by train to 
Bloemfontein, Johannesburg, Pretoria, Kimberley, 
Buluwayo, Salisbury and the Victoria Falls, and 
back to Beira or to Cape Town. After that the feel- 
ing was for a time decidedly in favour of meetings 
only within the United Kingdom. But when 
Winnipeg sent invitations for 1909 there was a 
hearty response, though more than half the Cana- 
dian continent had to be crossed by rail to get to 
Winnipeg, and a journey across the other half 


was gladly added after the meeting, for studying | F 


the development of Western Canada. 

When, in 1910, Sir George Reid presented a 
formal invitation from the Commonwealth of 
Australia, members were pleased, but also discon- 
certed. The meeting involved a kind of repetition 
of the South African meeting, including a long sea 
journey and days and nights spent in trains, to 
arrive at the various centres. ‘I'he length of the 
actual sojourn in the country was to be about a 
month, as it had been in South Africa. But there was 
a month of sea voyage out and the same back again, 
instead of a little more than a fortnight, and that 
made a serious difference in the time required. The 
professorial element hesitated, and teachers of 
various descriptions, of course, form the nucleus of 
the British Association for the Advancement of 
Science. Yet the Commonwealth evidently in- 
tended to do everything to enable members to make 
the best of their short stay, and to relieve them 


so far as possible of the heavy travelling expenses. 
Thus the opposition of those who tted their 
inability to participate, and the grumbles of those 
who sneered at picnicking in the Colonies, died 
down. College authorities were found ready to 
extend the vacations of intending visitors to 
Australia a little, and when inquiries were sent 
out by the Council to old members a year ago, 
more favourable replies were received than had 
been counted upon. The result was that a restric- 
tion had to be placed on the special facilities pro- 
visionally offered. Yet the official list of the over- 
seas party counted more than 300 names, as we 
have stated already, and members left looking 
forward to a thoroughly instructive and enjoyable 
meeting, after a July passage through the sultry 
Red Sea and the monsoons of the Indian Ocean. 

It has been our custom to outline the provisional 
programme of the British Association, and the 
present time appears suitable to offer some introduc- 
tory remarks. Excellent arrangements have been 
made both here and on the Australian side. The 
Federal Hand-Book for Australia, compiled under 
the authority of the Federal Council of the Asso- 
ciation, for the eighty-fourth meeting of the British 
Association, and edited by Mr. @. H. Knibbs, of 
Melbourne, is a volume of 600 pages, full of 
valuable information on the history of the country, 
its natives, topographical, meteorological, and geo- 
logical features, railways, trade, exports, imports, 
education, &c. This book was presented also to 
members of the General Committee unable to go 
to Australia. Every intending visitor was further 

resented with guide-books to all the States of the 

ommonwealth. Information as to travelling by a 
great many routes, mostly at reduced fares, was 
sent to all members intending to participate. All 
the members, it is understood, will travel free'on 
the railways ; there will be no official party as 
distinct from other members. Private hospitality 
has been very liberally extended to a large num- 
ber of members. To ensure a smooth working 
of the big scheme, Dr. A. ©. D. Rivett, of the 
University of Melbourne, came over here last 
autumn, and remained here till recently, as general 
organising secretary for the Australian meeting. 

rofessor William Bateson, M.A., F.R.S., will 
be the President of the British Association, and 
be introduced as such by his immediate predecessor 
in the chair, Sir Oliver ge. Professor Bateson 
will deliver the first part of his address at Mel- 
bourne and the second part at Sydney. In this 
he will follow the precedent of the late Sir George 
Darwin, who presided over the South African 
meeting of 1905. The subject of his address is 
not known yet, of course ; but it is not improbable 
that the African precedent will also be observed in 
another respect. George Darwin carried evolu- 
tion into the physical world and into the universe, 
into the microcosm of the atom, and into the 
macrocosm of planetary systems and stars. Pro- 
fessor Bateson has made evolution in plants and 
animals his life study; and lecturing upon cross- 
breeding, hereditary characteristics, and Men- 
delism at the Royal Institution this spring, he 
stated that evolution did not to-day stand where it 
stood ten years ago, and that natural selection had 
to be abandoned ; we may, perhaps, hope that his 
address will deal with his own sphere of work and 
a revision of these theories. 

The President-elect of Section A (Mathematics 
and Physics), Professor Trouton, F.R.S., is un- 
fortunately too ill to proceed to Australia, and his 
address on Adsorption and Absorption of Solu- 
tions will be ms by Professor A. W. Porter, 
-R.S. Discussions will be held in the Section 
on the Structure of Atoms and Molecules, to 
be opened by Sir E. Rutherford, in conjunction 
with Section B, Chemistry ; on Wireless Te phy 
(Sir O. Lodge), in conjunction with Section G, 
Engineering; and on the Present State of the 
Problems of Australian Longitude (by P. Baracchi, 
Government Astronomer of Victoria). Astrono- 
mical lectures and papers will be presented by the 
above-mentioned, and by Professor G. G. Abbot, 
Dr. F. W. Dyson (the Astronomer Royal), Pro- 
fessor A. 8. Eddington (Recorder of the Section) 
and Professor E. W. Brown, while reports on 
astronomical and meteorological subjects will be 

resented by Professor H. H. Turner, General 
retary of the Association, and others. Pro- 
fessor W. M. Hicks will bring up the question of 
the Magneton. Professor E. Goldstein, of Berlin, 
will lecture on Salts Coloured by Cathode Rays ; 





Professor T. R. Lyle and J. A. Pollock will read 
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pers on Radiotelegraphy ; and Professor W. G. 

uffield will refer to the Pressure upon the Poles 
of a Carbon Are. 

Professor W. J. Pope, of Cambridge, will preside 
in Section B, Chemistry, and his as well 
as his contribution to the joint discussion with 
Section A may have some bearing on his 
eminent researches concerning the structure of 
crystals, elements and compounds. The classifica- 
tion of the elements will also be discussed by Pro- 
fessor Orme Masson, of Melbourne, Chairman of 
the Federal Council for the meeting. Determi- 
nations of Pressures and of Specific Heats will be 
explained by Messrs. F. H. Campbell and E. J. 
Hartung, and Mr. V. G. Anderson will direct 
attention to the Influences of Weather Conditions 
upon the Amounts of Nitrogen Acids in the Rain- 
fall near Melbourne. The section will discuss 
Metabolism, together with Section M, Agriculture, 
which will certainly be very busy uader the pre- 
sidency of Mr. A. D. Hall, F.R.S., of Rothamsted. 

Professor E. G. Coker will make Stress Distri- 
bution in Materials the subject of his presidential 
address to Section G, Engineering, and will also 
contribute papers on Stress Distribution in Short 
Compression Members and on Temperature Cycles, 
together with Messrs L. N. G. Filon and W. A. 
Scoble. Mr. W. E. Adams will speak on Australian 
Ports in relation to Modern Ships and Shipping ; 
Professor Hudson Beare will give notes on Tests of 
Petrol-Motor Fire-Engines, and the Resistance to 
the Flow of Water through Canvas Fire Hose ; Mr. 
J. J. C. Bradfield will speak on Proposed Metro- 
politan Electric Railways; Professor H. Chatley 
on the Dynamic Increment of a Single Rolling Load 
on a Supported Beam; Professor W. E. Dalby 
will describe the New Engineering Laboratories 
of the City and Guilds Engineering College, 
London; and will present papers on Railways 
and Motive Power and on the Testing of Mate- 
rials. Professor G. W. O. Howe (the Recorder 
of the Section) will speak on the Capacity of 
Radiotel phic Aerials; Mr. T. W. Keele on 
Investigation of Nile River Flood Records from 
A.D. 641 to 1451 for Traces of Periodicity ; Pro- 
fessor L. Luiggi on Irrigation in Italy; Dr. W. 
Rosenhain on the Behaviour of Metals under 
Strain and on the Distribution of Phosphorus 
in Steel; Professor W. M. Thornton on the 
Limiting Conditions for the Safe Use of Eleo- 
tricity in Coal-Mining and on the Lost Pressure 
in Gaseous Explosions; Mr. L. A. B. Wade on 
Irrigation in South Wales; Mr. H. D. Walsh 
on Applications of Reinforced Concrete to Har- 
bour Work; and Professor W. H. Warren on 
Australian Timbers. Reports are to be pre- 
sented on Gaseous Explosions and on Stress 
Distribution in Engineering Materials. The joint 
discussion with Section A on Radiotelegraphy has 
already been mentioned. 

We cannot enter into full particulars of the 
provisional programmes of the other sections, 
although they will often tempt the engineer to 
forsake his own section. The Geologists (President, 
Sir T. H. Holland) will discuss the Physiography 
of Arid Lands in conjunction with Section E, 
Geography, and Past and Present Relations of 
Antarctica, with Sections E, D, Zoology, and 
Section K, Botany. Evolution and the Origin of 
Species will be the subject of the presidential address 
of Coca A. Denaby in Section D, and will 
further be discussed ther with Section K. A 
discussion on Mimicry with Section K will be opened 
by Professor E. B. Poulton. The most interesting 
discussion of the whole proceedings will probably 
be that to be opened by Sir Douglas Mawson, on 
Past and Present Relations of Antarctica in their 
Biological, Geographical, and Geological Aspects, ina 
joint meeting of Sections D, E, K. Dr. Mawson has 
postponed the account of his unfortunately terrible 
experiences in the Antarctic until the meeting—a 

merous act, considering how he was p to 
ecture when over here recently. In Section E, where 
Sir C, P. Lucas will preside, Australian geography 
will rightly predominate. Town-Planning and 
Colonisation — will form important subjects 
in Section F, Economic Science and Statistics, 
where Professor E. C. K. Gonner will take the 
chair. Section H, Anthropology (Mr. Everard im 
Thurn, President), will no doubt attract crowds to 
hear Dr. A. ©. Haddon (Cambridge), Professor 
von Luschan (Berlin), Mr. Etheridge, Professor 
Elliot Smith, and other authorities on folk-lore. 
The subject which the President of Section I, 
Physiology, Professor B. Moore, has selected for 





his address is the Value of Research in the Develop- 
ment of National Health. Professor F. O. Bower 
will preside in Section K, Botany, and Professor 
John Perry, Treasurer of the British Association, in 
Section L, Educational Science, sections to which, 
as well as to Section M, Agriculture, Australians 
may attach very particular importance. 

Our brief epitome will suffice to indicate the im- 
portant character of the proceedings, to which 
Australian members will largely contribute. The 
number of evening discourses and lectures to be 
delivered is unusuilly large, in view of the circum- 
stance that so many towns are to be visited. Pro- 
fessor Herdman, the senior General Secretary of the 
British Association, opened the cycle at Perth on 
July 28 with ‘‘ Why We Investigate the Ocean ;” 
Professor Eddington followed there with ‘‘ Stars 
and their Movements,” Mr. H. Balfour with 
‘*Primitive Methods of Making Fire,” and Dr. 
A. D. Waller with ‘‘The Electrical Action of the 
Human Heart.” Kalgoorlie was to have a lecture 
by Mr. C. A. Buckmaster on ‘‘ School Inspection : 
a Review and a Retrospect ; or Mining Education 
in England.” Adelaide and Brisbane were also to 
be favoured with many lectures as a compensation 
for the want of sectional proceedings. Sir O. 
Lodge (‘‘The Aether of Space”), Professor Sollas 
(‘* Ancient Hunters”), Dr. Dyson (‘*‘Greenwich 
Observatory”). Professor H. E. Armstrong (‘‘ The 
Materials of Life”), Professor G. W. O. Howe 
(‘* Wireless Telegraphy’’), and Sir E. Rutherford 
(**Atoms and Electrons”) are amongst the 
lecturers there and at Melbourne and Sydney. 
There are also to be public lectures (not intended 
for British Association members), including those 
by Professor H. H. Turner on Coniets, by Dr. 
Rosenhain on the Making of a Big Gun, by Sir 
H. H. Cunynghame on Clocks, and by Dr. A. C 
Haddon, on the Decorative Art of Papua. 

Excursions, it need not be emphasised, figure 
very prominently in the programme, and members 
were left to make their choice when arriving at 
the respective centres, though numbers will be 
limited. Only iv the case of the great excursions in 
Western Australia, Queensland, Tasmania, to 
Broken Hill, and to New Zealand members were 
advised to make early applications, or to make 
their own arrangements. 

Australia is young, whatever geologists may teach, 
among the great divisions of the earth. Its history 
hardly goes back to 1600, and though it is a country 
very nearly as big as Hurope, its population does 
not come up to that of Greater London. Canada, 
the great dominion, which the Association visited in 
1909, also differs very little from Europe in size, 
and just surpasses London in population. Australia 
had been rediscovered several times before it was 
understood that the various coasts seen by navi- 

tors all belonged to a common continent. The 

ret clear mention of a great Terra Australis—a land 
separated from the big island of New Guinea by a 
narrow strait (named Torres Straits later) occurs 
in the writings of Cornelius Wytfliet in 1598, and 
Dutch sailors on the way to the East Indies found 
out that they could catch a favourable wind north- 
ward if they sailed some 3000 miles east after 
rounding the Cape (round which Vasco da Gama 
had reached Calicut, in India, in 1497-98). On 
that route they often saw the west coast of Aus- 
tralia, and mapped it all out from Cape Leeuwin 
(south-west) to the Gulf of Carpentaria. In 1642 
the Governor of Java, Antony Van Diemen, sent 
an exploring y out south-east, under Abel 
Tasman, who discovered the island now bearing his 
name, but which he himself called Van Diemen’s 
Land. The continent was mostly designated ‘‘New 
Holland,” and was called so by the first English- 
man, William Dampier, who went out there on a 
buccaneering trip to the western shores of Aus- 
tralia. 

James Cook, in his exploring cruises of 1768-70, 
circumnavigated New Zealand, which had been 
thought to be part of New Holland, and explored 
the east coast ; Cook was sent out by the Royal 
Society to study the transit of Venus in 1769, it will 
be remem Cook took ion of all the 
new land under the name of New South Wales. 
The name Australia was strongly advocated by the 
navigator Matthew Flinders in 1814, and slowly 
came into use; but the name Van Diemen’s land 
was sometimes used for the Continent, as well as 
for the Island of Tasmania. Convicts were sent 
to the new colonies, to Botany Bay first in 1788, 
until the settlers resented the inhumane convict 
system. In New South Wales it was forbidden in 


.| practice, and very simple in form. 





1840, when some 120,000 convicts had been landed 
there. But Van Diemen’s land maintained the 
system until 1856, when the island changed its name 
into Tasman‘a; Western Australia had received 
convicts since 1843, and only abolished the system 
in 1868. As regards treatment of the natives, 
Australia certainly has not a cleaner record than 
most other colonies. The gold boom in Victoria 
dates from 1851; the gold-fields in Western 
Australia were discovered in 1887; the gold- 
mining industry has, as often occurs, been more 
indirectly than directly profitable to the land on 
the whole. 

Scientific exploration of the continent began 
early. Gradually the belief in an absolutely 
barren desert interior vanished, mines and sheep- 
farms ce towns rose, railways were built, 
the six different colonies consolidated, after much 
quarrelling, to a Federation in 1900, and the pre- 
sent King—then the Duke of York—opened the 
first Parliament of the Commonwealth in 1901. 
The Commonwealth is anxious to advance. The 
colleges of the old cities have shown what they 
cando. New colleges are rising in newer towns, 
and it is in their interest sestlecladhy that the invi- 
tation to the British Association was tendered. 





THE COLLAPSE OF SHORT TUBES. 

Iv spite of the fact that boiler-flues are used in 
very large numbers, it cannot be held that the 
theory of the resistance of tubes to collapse is in a 
wholly satisfactory condition. No doubt for the 
immediate ends of the boilermaker and user the 
empirical formule of the Board of Trade or Lloyd’s 
and the like are entirely adequate, being quite 
reliable within the limits covered in ordinary boiler 
This latter 
consideration is by no means the least important, 
as complicated formulz waste time and increase the 
risk of arithmetical errors. When, however, empirical 
rules are applied to unusual conditions, disaster is 
imminent. For example, a bad collapse occurred 
some little time ago on the Continent in a case in 
which it was necessary to construct a cylinder 
4} metres in diameter to withstand the external 

ressure due to a head of 6.1 metres of water. 
lying upon one of the old empirical formule 
deduced from experiments on boiler- flues, the 
draughtsman made the plating only 6 mm. thick, 
and there were no stiffening-rings. e liability to 
collapse was aggravated by the fact that the joints 
were lap-riveted, and the structure wag accordingly 
not truly cylindrical in form. As might have been 
anticipated, the cylinder collapsed under its normal 
load, with re-entrant bulges at three places, which 
were not = yap distributed. 

No doubt an engineer with a more adequate 
knowledge of theory and practice would have 
detected the danger from a mere inspection of the 
drawings; but at the same time it must be admitted 
that existing theories as to the strength of short 
and thin cylinders leave much to be desired. Indeed, 
experiment itself often yields discordant results. 
Probably this is inherent in the very character of 
the failure. As is well known, whilst bars tested 
in tension give closely concordant results, this is 
by no means uniformly the case in compression 
tests. In fact, since failure ultimately originates 
in some local defect of elasticity or the like, a very 
close accord between experiment and theory is 
hardly to be anticipated, the figures recorded tend- 
ing to lie at varying distances to one side of a 
theoretical limit-curve. 

The collapse of a short, thin tube is a still more 
complicated phenomena. Indeed, as Professor 
Unwin pointed out years ago, there is a some- 
what close analogy between the failure of a 
tube by collapse and the failure of a strut by 
crippling. The number of virtual struts into which 
the tube divides is, however, a function of the 
length of the tube, and so far, no very definite 
law connecting the two has been discovered. As 
the result of an extensive series of experiments, 
Professor Carman concluded that a tube 6 diameters 
long would collapse in the same way as one of 
infinite length, for which he found the collapsing 
pressure to be given by the relation :— 


p = 80,200,000( +), 


where the ratio of 5 must not exceed j,. From 


theoretical considerations, Mr. R. E. Southwell 
concluded that the length of tube which collapses 
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in the same way as one of infinite length is equal 


to :— ° 
L=2,/2, 
t 


leaving the constant k undetermined. Professor 
Carman proposed that, making his assumption, the 
pressure of collapse of a short tube of length | 
could be taken as given by 

i y 4 Pp 
where p denoted the collapsing pressure for a tube 
of infinite length. 

In a paper recently published in the Philosophical 
Magazine, Mr. G. Cook, M.Sc., compares the fore- 
going with the results of experiments he has con- 
ducted at Manchester with short steel tubes 3 in. 
in diameter, of varying lengths, with a thickness 
varying from ;}, in. up to} in. The experimental 
curve he has obtained does not appear to agree well 
either with Carman’s view or with that of Southwell, 
and apparently the ditferences are systematic. Mr. 
Cook does not, however, consider that his experi- 
ments are sufficiently numerous to establish the 
true law, although they were remarkably consistent 
inter se. This, no doubt, is to be attributed mainly 
to the great care taken in preparing the specimens, 
which were carefully machmed to a uniform thick- 
ness. The cost of this preparation was defrayed by 
the Vulcan Boiler and General Insurance Company. 





THE CONDUCT OF BOILER AND 
STEAM-ENGINE TRIALS 

It is a well-recognised truism that the extra. 
ordinarily rapid development of the heavy electrical 
industries is in no small degree attributable to the 
ease and accuracy with which electrical measure- 
ments can be made. Indeed, although this depart- 
ment of engineering enterprise was inaugurated 
more than a generation ago, the principles on 
which electrical measurements are based had been 
pretty thoroughly worked out by the telegraphist, 
who had, in fact, gone further and perfected many 
of the most important of the apparatus and appli- 
ances still in use. 

The steam engineer was less fortunate. Indeed, 
for a long time the indicator, even in its early 
imperfect form, was oue of the trade secrets of 
Boulton and Watt, the first public knowledge of it 
coming, if our memory serves, from so distant a 
locality as St. Petersburg, where it was used by 
some engineers from the famous Soho works. 
Useful tool as the indicator is, it provides neither 
as convenient nor as accurate a method of mea- 
suring power as a good wattmeter. It is not 
surprising, therefore, that accurate engine-testing 
was of slow development, and for long remained a 
scientific or technical curiosity, rather than an 
effective aid to steam-engine improvement; the 
more especially as the practical side of theoretical 
thermodynamics was badly understood, and test 
results were expressed in a fashion which was per- 
haps somewhat discouraging to the progressive 
engineer. For example, some thirty to thirty-five 
years ago, a very interesting method of engine- 
testing was developed, in which the heat carried 
away from the engine by the condensate was com- 
pared with the heat supplied. What was most 
evident in this method of presenting the facts was 
the smallness of the useful work done in compari- 
son with the total energy supplied. An engine 
which wasted 85 per cent. of the total heat supply 
hardly appeared to the casual observer as markedly 
better than one in which the losses were 1 per cent. 
greater, whilst it generally cost very considerably 
more. 

It was therefere quite intelligible that most 
practical engineers preferred to guarantee fuel 
consumption, lumping together accordingly boiler- 
room and engine-room losses. So long as the same 
firm supplied both the steam-generators and the 
power-generators, the disadvantages of this un- 
scienti © procedure were, perhaps, not particularly 
evident, and the plan had the great advantage of 
making its ap to the purchaser in terms readily 
comprehended, even by those with but rudimentary 
ideas on thermodynamics. 

With the advent of the electric-light station 
matters, however, changed. The low load factor 
of some 7 to 10 per cent., at which these stations 
were worked, made it very difficult to give any satis- 
factory guarantee of fuel consumption, particularly 
in the case of the earlier systems, in which a number 





of small generators were belted up to a (for those 
days) large engine. This engine to run the whole 
twenty-four hours, most of its time under little or 
no load. The disabilities attaching thereto were 
sufficiently serious even with direct-current gene- 
rators, and were woefully augmented when the 
current was alternating, since some of the earlier 
alternators are said to have absorbed as much 
power at no load as at full output. The obvious 
way out was the introduction of the direct-coupled 
high-speed steam-engine, in spite of the fact that 
the earlier forms acquired a reputation succinctly 
expressed in the opprobrious epithet of ‘‘steam- 
eater,” a term specifically invented on their behoof. 
In spite, however, of the fact that at full load 
these engines could not compete in efficiency with 
the large, slow-moving Corliss engines, the full-load 
efficiencies of the latter were by no means in har- 
mony with the fuel expenditure at the station, since 
whilst, as the load fell off, the smaller direct-driven 
units could be cut out one by one, it was necessary 
to keep the large unit still turning round at but a 
small fraction of its designed output. 

By d the economy of the high-speed type 
improved, and the leaders in this movement found 
it advisable to establish definitely the high degree 
of efficiency realised. Fuel guarantees were use- 
less to this end, owing to the peculiarities of 
station practice already adverted to, and the era 
of accurate commercial engine-testing commenced. 
In this work a very important and prominent 
part was taken by the late Peter Willans, to 
whom we are indebted for two very important 
advances. Of these, one is embodied in the now 
well-known Willans law, the utility of which is on 
a par with its simplicity. No earlier investigator 
seems to have observed that the total consumption of 
asteam-engine, when plotted against its load, gives 
a curve which never differs very much from a 
straight line. The second great service of Mr. 
Willans was the popularising of the method of 
rating the efficiency of the engine by comparing it 
with one operating on the ideal Rankine cycle. 
One drawback has attached to this innovation— 
viz., that it endowed us with two thermodynamic 
efficiencies. There is still apparently no definite 
distinction made between these by Continental 
writers ; but, on the advice of a committee ap- 

inted by the Institution of Civil Engineers, the 
Willans efficiency has been named the efficiency 
ratio, whilst the thermodynamic efficiency is the 
ratio of the work done to the total energy supplied. 
Willans’s innovation gave us efficiency numbers of 
the order of 60 to 80 per cent. in place of, say, 
12 to 18 per cent., and the moral effect of the higher 
figures has probably not been wholly illusory. It 
is surely more encouraging to realise that some 
70 per cent. odd of the theoretical perfection is 
attained rather than some 18 per cent. at most. 

Highly convenient and accurate methods of 
engine-testing have been worked out on the testing- 
beds of our high-speed-engine builders, but it would 
still seem that many engineers are far from being 
well versed in the precautions necessary for the 
attainment of reasonable precision. It is improbable 
that such a trick would be attempted nowadays as 
that tried some years ago, in which a dynamometer 
brake was fitted with a stop in the wheel-pit to 
relieve the engine of most of its load, whilst the 
presence of this stop was concealed by flooding the 

it with water, ostensibly for cooling pur . 

evertheless, certain engineers, quite capable in 
their own lines, still do not hesitate to append their 
signatures to reports of boiler and engine trials made 
under the crudest conditions, and support claims 
for economies which are wholly inadmissible. 

The Institution of Civil Engineers has accord- 
ingly established a further claim on the gratitude 
of the profession by the timely and authoritative 
report of an exceptionally competent committee on 
the best methods of tabulating the results of steam- 
engine and boiler trials. For this committee the 
Institution were fortunate in obtaining the services 
of Captain H. Riall Sankey as chairman, and of Mr. 
OC. H. Wingfield as secretary. A better selection 
could not possibly have been made. In this report 
just issued the committee have interpreted the 
terms of their reference very widely. They have, 
it is true, prepared most convenient and com- 
plete forms* for the recording of results, but 
they have also compiled what is in facta most 





valuable ‘‘ practical guide to boiler-testing,” in which 
the various sources of error are fully discussed, 
and the precautions nec to reduce these 
errors toa minimum are clearly and exhaustively 
stated. In their report they distinguish between 
scientific and commercial trials, it being unneces- 
sary in trials of this second type to record certain 
data, although these are highly valuable from the 
view-point of technology, and hence a special set 
of commercial forms has red ce in addition 
to the more complete set adopted for more ex- 
haustive series of tests. 

The greater bulk of the report has relation to 
boiler-testing, and the very elaborate and complete 
notes on the instruments required are supplemented 
by carefully-considered detailed instructions for 
the conduct of the test. The committee note in 
the first place that the duration of a test should 
bear some relation to the weight of fuel consumed. 
The principal source of error in this lies in the 
difficulty of securing that the same amount of coal 
shall be on the grates at the beginning and at the 
end of a test, a in the same condition. It is, of 
course, im ible to ensure this equality of con- 
ditions with absolute accuracy, and some method 
of measuring the thickness of the fuel-bed is neces- 
sary. The committee recommend for this purpose 
the use of the tool illustrated in Fig. 1, and with 
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this they say the thickness can be measured within 
lin. In making corrections for differences in the 
thickness of the fuel, they give the following 
formule :— 


Weight of fuel on grate a5 =2.5 A.T. for slack, 
pounds... we ...) =1.7 A.T. for large coal, 

where A = grate area in square feet, and T thick- 
ness of fuel in inches. They draw attention to the 
importance of ensuring that the fire is in about 
the same condition at the end as at the beginning 
of the trial. An obvious error, to the advantage of 
the evaporative efficiency, would arise were the fuel- 
bed burnt down thin, and then made up with 
green coal just before the conclusion of the run. 

As to the length of the trial it is pointed out 
that this should depend on the rate of combustion. 
The unavoidable error in the fuel estimation may 
be as small in a 3-hour forced-draught trial as in a 
low-power trial of three times the duration. The 
duration of the trial should, moreover, be a func- 
tion of the time between cleaning fires, of which 
the total trial time should be a multiple. If fires 


2. 
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are cleaned every four hours, then the test should 
not be five hours long, but eight hours. The fre- 
quency with which the grates are cleaned depends, 
of course, on the quality of the fuel. Admiralty 





* Obtainable in foolsca 
inters, Messrs. Wm. 
ymarkt, 8. W. 


size from the Institution 
iowes and Sons, Limited, 31, | 


ractice, the committee state, is well represented 
y the curve reproduced in Fig. 2. 
Attention is also drawn to the extreme importance 
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of establishing a uniform régime before the test is 
commenced. The time required for this varies very 
much with the type of boiler. In the case of a 
Lancashire boiler there are large masses of brick work 
in the flues, capable of absorbing heat at the rate of 
30 B.Th. U. per cub. ft. for every 1 deg. Fahr. rise in 
temperature. Hence, if a test of a Lancashire boiler 
is started from the cold, much of the heat which is 
debited to the steam has really gone into the brick- 
work. Conversely, if such a boiler is forced for 
some time before a low-power trial, the brickwork 
acts as a regenerator storing up heat during the 
preliminary period of rapid firing, to the benefit of 
the apparent evaporative efficiency recorded during 
the actual test. The following table gives, the 
report states, the minimum time at which boilers 
of different types should be run under approxi- 
mately the trial conditions before the test is 
actually started :— 
Period of Steaming Prior to Test. 


Type of Boiler. At Ordinary Under Test 
Rate. Conditions. 
Water-tube -- 3 to 5 hours 
Lancashire 2 days 1 hour 
Marine... _ to 1 hour 
Locomotive a to 1 hour 


Of nearly equal importance is the maintenance 
of steady conditions during the trial. If a boiler 
be rapidly steamed, lowering the water level, which 
is then made up to the standard level just before 
the termination of the trial, there may be a dis- 
proportionate amount of relatively cold water at 
the bottom of the boiler. The gauge-glass level, 

ain, is affected by the rate of steaming, being 
about 1 in. higher under full steam than when the 
stop-valve is closed. 

In sampling fuel for determining its calorific 
value by analysis, the report says that errors of 
4 to 3 per cent. are easily possible, unless very 
special care be taken. On the other hand, with a 
skilled and careful observer they may be reduced to 
as little as 0 5 per cent. A common source of error 
is the assumption that fuel is of uniform quality 
if from the same batch. This, the report states, is 
generally without justification, and ‘‘coal must be 
treated as an essentially non-uniform substance.” 

In the case of large Welsh or other high-quality 
coal the sampling should, it is stated, be made by 
taking half a shovelful from each lot as it is weighed 
out, before firing. All these samples should be stored 
in a covered box placed where it is not exposed to 
heat. The total amount thus collected should not be 
less than 2 per cent. of the total burnt. In the case 
of washed coal a difficulty arises owing to the varia- 
tions in the moisture present. Hence the samples 
collected should be in a tared metal receptacle, and 
at the end of the trial spread on a shallow metal 
tray, of which the weight is known. The total weight 
of coal taken is determined, and the tray is then 
left for forty-eight hours exposed to a temperature 
of not more than 120 deg. Fahr., at the end of 
which period it may generally be taken as 
fully air-dried, a condition which can be tested 
by finding if further exposure occasions further loss 
of weight. After this air-dried state is reached 
the batch is ready for the securing of a sample by 
quartering. Tothis end the Committee recommend 
that the batch be broken so that no piece is larger 
than a 2-in. cube. The batch is then thenvulihy 
mixed and piled in a conical heap, which is quar- 
tered by flattening it a little and dividing the cone 
into four right-angle sectors. Two opposite sectors 
are then rejected, and a fresh cone built up out of 
the remainder, after further reduction in the size of 
the lumps. This cone is treated in the same way, 
the operation being repeated till the final sample 
amounts to about 3 per cent. of the original batch. 
The calorific value of a sample thus obtained will, 
it is said, be a fair average of that of the bulk of 
the fuel. 

Some useful hints are given on the measurement 
of the feed. In the case of small outputs this 
may be weighed, but where large amounts of water 
are evaporated, calibrated tanks must be used. 
One plan recommended requires two cylindrical 
vessels, having conical ends, and mounted side by 
side under a three-way cock, from which each is 
filled to overflowing alternately. A pipe fitted 
with another three-way cock connects the two to 
the feed-tank. Each vessel is filled to overflowing 
and emptied alternately into the feed-tank. The 
use of cocks, rather than of valves, is recommended 
owing to the possibility of the latter leaking by 
the jamming of, say, a stray fragment of wood 
between the valve and its seat. 





A single calibrated tank may be used where the 
ter cost of two tanks is a consideration, pro- 
vided that the feed-tank has enough space above 
datum level to accommodate half a charge. The 
measuring-tanks, the report states, should be 
cylindrical in form, so as not to be subject to the 
deformations to which flat-sided tanks are liable. 
The feed-tank, on the other hand, may be of any 
shape. The conical bottom recommended for the 
calibrated tanks is particularly necessary at sea, 
as it is difficult to ensure that a flat-bottomed tank 
is each time equally emptied. 

The Committee remark that leakage may be an 
important source of error in boiler experiments, 
since under 150 lb. pressure as much as 1500 lb. of 
water will through an opening of ;},5 sq. in. 
per hour. ence in a boiler trial all connecting 
pipes are best blanked off. Even so, there is the 
risk of a certain amount of leakage from the boiler 
in places where it cannot be seen, the best safe- 
guard against which is a careful flue inspection 
both before and after the trial. A fair measure 
of its amount can be effected by blanking off all 
openings after the trial, maintaining the steam 
pressure by light firing as required, and noting the 
gauge-glass drop at the end of four hours. 

The radiation loss, the report states, is impor- 
tant but unavoidable. In this connection it may 
be noted that the use of the term ‘‘ radiation loss ” 
is unfortunate ; but it is probably too late in the 
day to alter a practice so long established. Asis now 
well known, the radiation losses proper of either 
boiler or a steam-pipe are remarkably small, the 
relatively large losses found being really due to 
convection. To estimate these losses, the taking of 
a cooling-curve is recommended. This is done by 
closing (and luting, if necessary) fire-doors, flues, and 
dampers, and noting the fall of pressure at intervals 
for a period of six hours. On plotting these results 
on @ curve, the ‘‘ radiation ” loss in the trial con- 
ditions is obtained by measuring the slope of this 
curve at its origin. With a well-set Lancashire 
boiler the drop in pressure will not exceed some 
15 per cent. in the six hours. The steam-pipe loss 
is reckoned at 4 to 5 B.Th.U. per degree per hour 
“ied square foot of surface of bare cast-iron pipe, a 

gure which is raised to 6 or 7 B.Th.U. if the pipe 
is exposed to wind. A non-conducting covering 
1 in. thick will reduce the loss to two-thirds of a 
heat unit, or even to half a B.Th.U. per square 
foot per hour and per degree, if the covering be of 
specially good quality. 

For collecting samples ef the flue-gas for analysis, 
it is recommended that a steel tube, perforated 
with small holes for the whole of its length, be 
placed athwart the flue. To obtain reliable results, 
very much more gas must be sucked out than is 
retained for the actual analysis. 

As already noted, less space in the report is 
devoted to engine trials than to boiler trials. 
Where the engine is fitted with a surface con- 
denser, the most accurate results are obtained by 
weighing the condensate, which is very readily 
done by turning it into a tank mounted on 
a weigh - bridge, and noting the time required 
for a given weight to collect. In this way great 
accuracy can be obtained even in a comparatively 
shortrun. As, however, owing to gland and other 
leakage, the condensate is always less than the feed, 
this factor should be borne in mind in demanding 
guarantees. With large plants there is a difficulty 
in measuring the power developed. In the case 
of steam-turbines, this is commonly accomplished 
by taking the electrical horse-power developed at 
the terminals of the generator, but the calibration 
of the latter is difficult and troublesome. 





“SUCTION” BETWEEN PASSING 
SHIPS. 
By Stpngey A. Reeve, M.E., New York. 
(Continued from page 198.) 

II. Sare-Waves anp Sea-Contours.—(continued). 
Tue form in which the stream-line ship, derived 
mathematically from sources and sinks, was left by 
Mr. Taylor's last addition to its theory, was still 
unsatisfactory for the analysis of suction between 
actual ships. Its outline was everywhere convex. 
Stem and stern were both rounded, there was no 
hollow entrance or run, and the middle body was 
not parallel. While such a ship-form might do for 
the study of the general principles (which, indeed, 
could be well understood without any stream-line 
analysis), yet for any estimate of quantitative 


aspects of the problem a better ship-form must be 
had. The magnitude and exact form of the con- 
strained wave accompanying a ical steamship 
could be had only by mathematical deductions 
which were based upon a ical ship-model, 
having a long parallel middle body, hollow entrance 
and run, and s prow and stern. 

To the writer it appeared likely that Taylor’s 
method might be made to yield these results, pro- 
vided a suitable function of sources and sinks could 
be found to form the premises. This could be 
determined only by the cut-and-try method, which, 
as each try involves tedious repetition of simple 
computations, proved to be laborious. However, 
the nineteenth function tried gave a fairly satis- 
factory model, as may be seen from Fig. 7, the 
ship-form in which is a mathematical stream-line 
and not an assumed form, and upon that model 
all the curves and contours presented here are 
based .* 

Taylor’s method was modified slightly in order to 
facilitate the work of investigating many different 
premises, by taking a larger number of points and 
relying upon averages, rather than integrating a 
separate curve for each one of the thousands of 
points investigated ; yet even with this the method 
1s laborious. The ship’s length was divided into 
twenty parts, and in terms of these longitudinal 
units, and for each one-fifth the beam extending 
laterally, the stream-lines were computed over a 
sea-surface extending nearly a ship’s length forward 
of the stem, and nearly two ship’s lengths abeam. 
In this work only one quadrant, from the course 
ahead to either beam, need be computed, because 
the mathematical treatment makes the four quad- 
rants symmetrical. But in actuality the viscosity 
of the water and the energy lost in wave-making 
make the constrained wave astern smaller than 
that ahead. 

This plan would apparently give over two 
thousand observations in each quadrant, but in the 
regions furthest from the ship many points were 
omitted, the contours there being of less curvature. 
Taylor’s intermediate curve was plotted on a sheet 
4 ft. square, the largest practicable in this case, 
and final values of stream line widths were com- 
puted to@four decimal places (preceded by a 
characteristic), with intermediate computations 
carried to five or six places. Students repeating 
this work will do well to plan for greater accuracy 
than this, for whatever scale is adopted at the start 
must be adhered to throughout the work. The 
stream - lines were all drawn as accurately as 
possible, but the computed values were charted 
thereon and formed the sole basis for deduction, 
no values being taken off graphically, except in the 
use of the ‘‘intermediate” curve, where precau- 
tions were taken to have the graphical work suffi- 
ciently accurate. 

Fig. 7 gives the results for a single ship. The 
model has a beam one-eighth its length, with a 
parallel middle-body of half its length, sharp stem 
ard stern, and slightly hollowed entrance and run. 
The draught was taken as four-tenths the beam. 
The curves are true for a relation of speed to 
length indicated by any of the following propor- 
tions, from which other lengths or speeds can be 
interpolated ; but the numerical scale of elevations 
will vary with the square of the speed, that noted 
in Fig. 7 being true only for an 800-ft. ship going 
at 20 knots. 

Length ft. 200 300 400 500 650 800 1000 
Speed knots 10 12.35 14.14 15.82 18.03 20 22.37 


The curves of Fig. 7 are level contour lines. 
For readers not familiar with the preceding article, 
it may be repeated that these contours show not 
actual elevations or depressions of the sea, but 
surpluses and deficits of sea-pressure in an imagi- 
nary sea having just the depth of the ship, and 
confined by a thin sheet of rigid ice on its surface. 
These are assumptions necessary for practicable 
mathematical treatment, but it is obvious that, 
while the vertical release of the water under actual 
conditions would vary these curves somewhat, yet 
that their relative disposition cannot be far from 
those shown. 





* Students should be cautioned that all writers on this 
stream-line topic complain of the labour and tedium of 
computation. The writer appreciated this only after he 
had e involved. The processes are simple, and 
anyone in command of a corps of clerks could easily carry 


the Taylor method to further and better results than are 
here presented. But anyone attemp to investigate 
alone, as a spare-time occupation, must prepared for 





very slow and tedious progress. 
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Through the centre of the ship’s displacement 
are drawn the 45 deg. lines which would be its 
mean sea-level contours if its displacement were 
reduced to a single point. Asymptotic to these 
lines are the re hyperbolic mean sea- 
level contours due to the elongated form of the 
ship. These hyperbolas extend indefinitely away 
from the ship, but all the other contour-lines are 
closed curves, or would be if the diagram were 
sufficiently extended. 

Between the limbs of each hyperbola, ahead and 
astern of the ship, rises an oblique cone of water at 
stem and stern, reaching an altitude of 8 ft. above 
mean sea-level. This altitude, it is to be remem- 
bered, is exclusive of the bow waves or stern waves. 
It is relatively to this conical surface that these 
waves raise their crests and depress their troughs. 
While the peak of this constrained wave is sharp, 
its base is very broad. At a distance of half a 
length ahead of the stem the sea is elevated 3 in. 
over an area extending more than a length athwart 
the course. But on either beam the depression of 
the sea is still more marked in extent. For five- 
eighths of a length out away from either rail the 
sea is a foot or more below normal level, while the 
3-in. depression extends out to a distance probably 
of several lengths, not measurable on the diagram. 
It is this wider area of depression than of elevation 
which probably has given the name ‘‘ suction,” 





; a 
/ (8795. E) 


rather than ‘‘ repulsion,” to the phenomenon. 
is noticeable that the deepest depression does 
not occur directly abeam, but on either bow or 
quarter, where occurs a pocket reaching a depth of 
9 ft. From this point the water-line rises to less 
than 5 ft. below normal, sinks again to more than 
5 ft., where the curvature of the bow alters to the 
straight lines of the middle body, finally rising to 
less than 4 ft. at mid-length. The peculiar form 
of the 4-ft. curve led to its being checked by a fresh 
computation for that district upon a larger scale ; 
but the result only confirmed the earlier curve, 
strengthening the writer’s confidence in the virtual 
accuracy of the entire diagram. 

The symmetry of these constrained waves as 
between bow and stern depends not merely upon 
the assumption of perfect fluidity in the sea- 
water, but upon levelness of sea-bottom. Should 
the ground beneath the ship be rising, this con- 
strained wave will be in process of formation, to 
the magnitude shown, from the smaller constrained 
wave of deep water; and this formation must 
take place first at the bow. This explains how it 
is that a high-speed boat, such as a decteape, will 
feel a bank many feet beneath its bottom, so 
forcibly as to fetch the crew up against rails or 
bulkheads. As the bow passes over the bank this 
cone of water must form ahead, while the stern 
has yet no corresponding cone pushing it ahead. 

These contours also explain how it is that a ship’s 
resistance is so se te increased in shoal water. 
It also explains how a high-speed boat seems to 
settle in the water. One case is reported where a 
paddle-steamer failed to come to s on her trial 
trip, it being found finally that her paddles had 
not been located with a view to this depression of 


It 





the water on either beam, so that before she 
attained full speed the floats lost their full contact 
with the water. In all ships of appreciable ot 
having a painted water-line the uncovering of the 
underbody throughout the greater portion of her 
length by the trough of the constrained wave is 
‘sage | visible. The heaping of the water about 

er stem is more or less p Ral by the bow- 
waves ; but at the stern, although the stern-crest is 
smaller than the bow-crest, the regathering of the 
water under the counter is usually plainly to be 
seen. The importance of a fine run for taking 
advantage of this phenomenon is apparent when it 
is noted that in the model of Fig. 7 the amount of 





energy constantly being stored in the constrained 
wave is some 40,000 horse-power. The bulk of | 
this power is being as constantly regained at the | 
stern, but because of the viscosity of the water, not 
all of this enormous supply comes back. It is the | 
office of the ship’s run to regain as much of it as 
possible. 


III. Interaction BETWEEN Two orn Mors SuiIps. 


The problem of determining the distortion of the 
sea-surface in the neighbourhood of two ships 
moving on parallel courses, and overlapping, which 
is the standard ition for the development of 
suction forces, is impossible of exact mathematical 
solution, so far as the writer is aware, even with the | 





| the other’s quarter. 


lowing out the 45-deg. lines from the centre of 
displacement C common to the two ships, it is 
evident that the area of superpressure included in 
the ‘‘ hyperbola” ahead of the leading ship must 
be unsymmetrically placed. All the curves depict- 
ing the cone of superpressure ahead of the leading 
ship corroborate this view. Her head is being 
steadily pushed to port more than is visible in the 
small scale reproduction of the curves. 

But it is also true, as could not be predicted 
from the general disposition of the 45-deg. lines, 
that the head of the following ship is also being 
pushed to port by a cone of superpressure ahead, 
which bears ae | more obliquely than in the case 
of the leading ship. It is the pressure of this cone 
of water, into one side of which the following ship 
is always heading, which crowds her over towards 
It is the rapid exaggeration 
of this cone, both in altitude and obliquity, by the 
piling up of all the water displaced by the leading 
ship, as soon as the following ship yields at all to 
its insistent pressure, which explains the sudden- 
ness with which suction collisions occur, and the 
complete unmanageability of the following vessel as 
soon as she is permit to head in the slightest 
degree towards the other. 

It is also to be noted that in Fig. 8 the altitude 
of all four cones of water has been e erated, 
both in comparison with Fig. 7 and with each other ; 

















aid of the imaginary sheet of ice and the restriction 
of the water to motion in horizontal directions. 
But the stream-line method offers at least two ways 
of securing approximations to the truth which are 
near enough to shed very much more light upon 
the situation than is available in our present state 
of knowledge. 

The first method consists in taking two sets of 
stream-lines identical with Fig. 7, overlapping them 
in the relationship between the two vessels which 
is to be investigated, and then adding them. 

The result of such a procedure is shown in 
Fig. 8, which is derived from two ships like Fig. 7, 
placed on parallel courses a half-length apart, with 
one ship lapping a quarter-length over the other. 
The resultant stream-lines and sea-contours are 
quite accurate, but they have now lost their prac- 
tical value as being founded upon ship-models fairly 
typical of actual ships. For the models secured 
by this mathematical method are themselves fluid 
(until we imagine them momentarily solidified), 
and therefore each ship-model has now become 
warped, narrowed, and distorted by the influence 
of the sources and sinks forming its neighbour. 
The beam has been reduced about one-half, the 
axis of the model is no longer straight nor co- 
incident with the intended course, while the 
general heading of each model has been sheered 
away from its neighbour. 

All of these features tend to minimise the mutual 
hydraulic reaction due to the solidity, in actual 
practice, of the neighbouring hulls which is called 
‘**suction.” Nevertheless. Fig. 8 shows plainly, 
in comparison with Fig. 7, the ‘general directions 
in which the sea-contours about each ship are 








for, since the beam of the vessels has been halved, 
the cones of Fig. 8 should naturally be only 4 ft. 
high, and the same at each end of the ship. But 
in Fig. 8 the cones at the overlapping ends are 
nearly 5 ft , and at the distant ends well over 5 ft., 
in height, or nearly a quarter larger than propor- 
tionate to Fig. 7. At the same time the larger 
cone constantly retards the ery of the leading 
ship, while accelerating that of the following 
vessel. 

One of the earliest instances of hydraulic inter- 
action between following ships (Narragansett- 
Providence, in 1869) witnessed how this last-men- 
tioned feature may lead to the actual towinz of a 
slower consort for considerable distances by the 
leading and slightly faster of two vessels upon 
parallel courses in restricted waters, purely by 
**suction.” This is what is called in America a 
** wireless tow.” The phenomenon may not result 
in collision. In the case cited the ‘ towing” 
continued for several miles. The final collision, 
occurring in Hell Gate, may, or may not have been 
materially aided by suction forces. The action is 
common in suction collisions, and one of the best, 
although late, warnings which the pilot of a follow- 
ing vessel may have is the sense that his ship is 
being ‘‘ picked up” or accelerated by the faster 
ship which has almost passed. When this occurs, 
although collision may not be inevitable, it is a 
sign that his ship is in unstable steerage, and that 
the first irregularity of sea-bottom, or projecting 

ier, or even the approach of some otherwise harm- 
ess third vessel, may precipitate a disaster against 
which all his skill and engine power will be un- 
availing. But even a slight sheer away from the 





modified by the presence of the other. First, fol- | other 


ip, taken in time, wil] suffice to avert it. 
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One method by which Fig. 8 might be developed become compiete. Considering that the uncertainty , 
— to a minor fraction of a minor correction— 
ti 


into a set of contours for typical ship-models would | 


consist in starting all over again, from initial func- 
tions of sources and sinks which would be arbi- 
trarily selected upon curvilinear axes (convex 
towards each other), and of double strength, so 
judged that when the two sets of stream-lines were 
added the effect would be to straighten out the 
hulls into normal shape, on straight parallel axes. 


But this method promises an exaggeration of even | 
the laboriousness inherent in the work reviewed | 
While its fruits would be mathematically | 
exact, and therefore worthy of full confidence, its | 
penalty in the form of labour was too forbidding | 
for the writer’s command of leisure. and an easier | 


thus far. 


‘*tide step” was taken around the diffi.u'ty. 

This consisted in going back to the original set of 
stream-lines from which Fig. 7 was developed, and 
superposing them as for the preparation of Fig. 8, 
but then regarding the two hulls as remaining solid. 


This methed gives very closely the volume of water | throughout the length of the solid hull before again 


entrapped by each stem as it cleaves its course, which 
volume must find its way aft as best it may, con- 
strained by solid hull and sea-bottom and superficial 
ice. The question then remaining is: Along what 
stream-lines does this water distribute iteelf ? 

This question cannot be answered mathematic. 
ally, but the guidance provided by the composition 





e form of the resultant contours oe chiefly 
upon the particular localities in which a positive or 
negative correction is appended to a previous posi- 
tive or negative departure of stream -line from 
parallelism, rather than upon the magnitude of the 
correction itself—it is believed that Fig. 9 is worthy 
of credence, as offering the only approximation to 
the truth regarding following ships which has yet 
been offered from even a semblance of a mathe- 
matical basis. 

The contrasts between Fig. 9 and Figs. 7 and 8 
are numerous and interesting. In the first place, 
whereas Fig. 8 is inevitably symmetrical, from its 
mathematical origin, in the sense that it make: 
no difference in which direction the two ships are 
moving, in Fig. 9 this is no longertrue. Owing 
to the different surplusage of water entrapped by 
the two stems, which surplus must then travel 


exerting ils influence upon the water on the other 
side of that hull, the contours about one hull are 


which to estimate the effect of variations from its 
particular arrangement of dimension of hulls, the 
results of this particular arrangement can best be 
seen in the form of profiles of the water-lines of 
the two ships—assumivg again that the computed 
pressures of Fig. 9 might be translated into actual 
elevations of water by the removal of the imaginary 
superficial sheet of ice, without altering the values. 
Such profiles are given in Fig. 10, in which the 
vertical scale is exaggerated five-fold for better 
visibility. They are plotted directly from Fig. 9. 
On each profile is shown a conventional centre 
of lateral pressure C, taken at one-fifth the ship’s 
length from the stem. Comparing the two pro- 
files, and remembering that the steering of any 
ship depends upon the horizontal moment deve- 
loped between the rudder forces at the stern and 
this centre of lateral resistance C (which is always 
well forward in the direction of the ship’s motion), 
it again becomes obvious why it is that it is usually 
the following vessel which is diverted from its 
course. Until Fig. 9 was developed, this explana- 
tion had to depend upon the fact that the following 





appreciably different from those about the other. 


he oblique cone of water ahead of the on agen ff 


ship is quite different, both in magnitude an 
angle, from that following the leading ship. The 
excess of pressure from one quarter over the other, 


vessel was usually the smaller and weaker. Now, 
however, it appears that the forces at work upon 
the after vessel are so much larger than upon the 
leading ship, even when the ships are of equal size 
and speed, that the following vessel must still be 


Fg.10. PROFILE WATERLINES OF OVERTAKING VESSELS. (From Fig.9) 
Starboard Waterline full line. 
Port . broken 
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The Overtakerv Vessel; Having the other on its Starboard quarter 




















of Fig. 8 permits a fair estimate to be made as to 
how the exact stream-lines would be influenced by 
the additional water entrapped on each side of each 


hull by the solidity thereof. The estimate thus 
applies merely to a minor correction of values 
p sar obtained with mathematical accuracy, and, 
although the form of the contours is influenced 
considerably by the method of correction adopted, 
it is thought that the result is fairly accurate. It 
at least shows accurately the direction in which 
Fig. 8 would be modified if the hulls were solid ; 
and the amount of correction in this direction 
might easily be more than that shown in Fig. 9. 
This diagram I would therefore style a ‘‘ mathe- 
matical conjecture.” 

The mathematical form of correction must be 
one easily applied to thousands of points in repeti- 
tion. The one most readily suggesting itself, in 
view of this requisite and of the facts become 
familiar during the preceding work, was to assume 
that the surplus or deficit of water entrapped by 
the stem is distributed over the sea - surface 
away from the ship’s side in what amounts to a 
logarithmic curve, agowensting zero as the distance 
increases indefinitely. That is to say, it was 
assumed that 1/nth of the surplus or deficit was 
retained between the first two stream-lines, 1/nth 
of the remainder between the next two, and so on. 
The factor n was given a different value arbitrarily, 
in the light of the preceding work, for each different 
point of the ship’s length. 

Whatever criticism may be directed at the choice 
of this particular method of distribution, it is 
beyond question that the true stream-lines for two 


solid hulls like Fig. 7 must consist of a distortion 
or correction of the stream-lines on which Fig. 7 
was built, by some factor which has its greatest 
effect at the ship’s side, with a gradual dissipation 
of that effect wi 


lateral distance which can never 






































which is the principal force acting to 
sheer the ship off her course, is much 
reater in the following than in the 
eading ship—which aapiion again how 
it is that it is usually the following 





ee 








ship which is deflected. 

In general, however, Fig. 9, which is 
really derived by a quite different and independent 
line of reasoning from Fig. 8, corroborates that dia- 
gram. The leading ship is seen to be sailing con- 
tinuously up-hill, against a cone of water at its stem 
which is 3 ft. higher than that at its stern, while the 
following ship is likewise sailing down-hill all the 
time into a relative hollow of equal depth. This is 
caused by the leading ship’s shouldering the burden 
of displacing the water for both of them, the reac- 
tion from which displacement rises under the stern 
of the following ship, and aids her progress. 

In Fig. 9 the pairs of cones of water ahead and 
astern of the ships respectively are each merged 
into a single ‘‘ hyperbolic” cone asymptotic to the 
45-deg. lines, whereas in Fig. 8 they were separate ; 
but this is because in Fig. 9 the ships lap by four- 
tenths of a length, whereas in Fig. 8 they lapped 
by only a quarter len It is probable that a 
slightly greater la four-tenths would ex- 
aggerate the mutual distortion of contours and the 
development of suction forces, but the labour of 
computing even a single relative position was so 

t as to be prohibitive of any comparative 
investigation of different ones. In Fig. 9, as in 
Fig. 8, the lateral distance between the two courses 
is a half-length, but in Fig. 9 the beam of the 
ships reduces the minimum distance between hulls 
to about 0.385 of a length. In both diagrams the 
full-line contours are those drawn through com- 
puted points, while the broken lines indicate where 


~ 3775.1 





the contour was interpolated by estimate. 
While Fig. 9 gives the best foundation from 


¢ 





the one more liable to diversion from her course, 
even when somewhat larger. 

As to speed, it is not evident just what difference 
it would make as to relative forces. The suction 
forces are the mutual product of the two ships, 
acting co-operatively. They are the result of the 
aggregate rate of displacement by the two vessels, 
so that any increase on the part of either ship must 
result in the exertion of increased divertive forces 
upon both. ; 

Fig. 10 should make it plain why it is that a 
vessel in the grip of suction forces pays no atten- 
tion to a hard-over helm. Making every allowance 
for the exaggerated vertical scale, the length of 
after-body, far from the centre of lateral resistance, 
which is exposed to a head of several feet of water- 
pressure acting laterally, is overwhe: ly larger 
than any lateral force imaginably to be developed 
by or ona rudder. It is utterly impracticable to 
build or navigate ships so as to defy suction-forces. 
These forces can only be avoided, and that only by 
foresight. 

But the most important question of all: Why do 
not suction collisions happen more frequently, and 
why do they happen es in situations 
apparently encountered frequen before in 
eatety ? remains to be answered. e answer in- 
volves the third wall of the ‘‘ Venturi” - 
way between the two ships—namely, the sea- 
bottom, or else some equivalent outlying factor not 





yet brought into the discussion. 
Figs. 9 and 10 are based upon a degree of 
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propinquity which is seldom reproduced in actual 
navigation, even disregarding our mathematical 
assumptions of imaginary ice, &c. That is to say, 
ships seldom mov? at full s on parallel courses 
within half or third a length of each other, in water 
barely sufficient to float them. The explanation of 
why suction-collisions do not occur is that even a 
moderate deepening of the water belowtheir draught 
rapidly moderates the forces at work, so that by the 
time the water is deep enough to permit full speed, 
it is deep enough to make fairly close overlapping 
courses safe. The explanation why suction-colli- 
sions do occur when they do is usually the fact 
that a moderate contribution of solidity to the 
ships environment, by sea-bottom or by a third 
vessel, or an accentuation by even a slight converg- 
ence of courses, is competent to exaggerate back 
into control these forces which the previous depth 
of water had rendered innocuous. 

For deep water, while reducing the intensity of 
the constrained wave, correspondingly increases its 
volume or extent; and it also permits increased 
speed on the part of the ship. It is when the ship 

asses suddenly from deep to shallow (or otherwise 
imited) water that trouble arises. This great 
volume of constrained wave, moving at a speed 
above that attainable by the ship in uniformly 
shallow water, piles up into a degree of intensity 
which it could never assume in uniformly shallow 
water. If it begets disaster, it does so by suddenly 
releasing an enormous accumulation of energy 
which the ship has been carrying with her, in 
addition to that currently at work. 

A glance at Fig. 9 will show how rapidly all the 
conditions creating suction will be exaggerated by 
any angular swing of the following ship toward the 
leading one. The two pockets, 11 ft. deep, on her 
port bow and starboard quarter are there because 
a surplus of water is trying to get to its ultimate 
destination, which is off her port quarter, as rapidly 
as possible. To give it the necessary horizontal 
acceleration a drop in head must occur. But how 
much more will this region off her port quarter 
lack its supply of water if the bow swings toward 
the leading ship, cutting off the channel between 
them, while the stern swings out, lengthening that 
route for the water? 

But what most commonly happens is that while 
the courses remain parallel the ships run over a 
hump in the sea bottom, or they pass a pier-head 
or bank, which, when opposite the trailing ship’s 
starboard quarter, reduces the pathway for water, 
and therefore deepens the pocket on that portion 
of the hull—the former being the more common 
cause of disaster. Such a combination of circum- 
stances will instantly exaggerate into uncontroll- 
ability suction forces which previously—perhaps 
during a considerable period of overlapping—had 
proven harmless. It may be that the vague 
fear of suction, so often mentioned by pilots 
as felt when steering such following courses, had 
been stilled by such preceding period of security, 
only for the relaxation of alertness just at the time 
when the alteration in the depth of water created 
the real danger. Too many suction collisions occur 
just where the water shoals slightly to permit dis- 
regard of this factor, although it is impossible to 
bring it into any mathematical discussion. Nor 
are the data of actual disasters sufficiently accurate 
so that the shoal can often be located exactly, in 
relation to the ships, when action occurred. But 
it is seldom that unquestionable suction occurs 
when only the two ships are present, surrounded 
by open water. 

A similar contributing factor in many of the 
minor cases occurring in American inland waters 
is a third vessel. Fig. 11 shows how such a com- 
bination may produce disaster. A and B are ships 
moving in the same direction on parallel courses 
and overlapping. CO is a third ship upon another 
parallel course. If C be moving in the same direc- 
tion as A and B, B is plainly (from Fig. 9) steering 
in very unstable equilibrium, sailing steadily down- 
hill into the pocket created by the displacement of 
Aand C. The slightestswerve of B’s head towards 
A, as at B', will not only starve the Q-region of 
water needed at R, as would be true if C were not 
present, but will trap an over-supply of water 
between B! and C, a pag the ket at U 
and creating an additional one at T. B’s head will 
be crowded towards A and her stern and middle 
body drawn towards C with irresistible forces, which 





grow stronger with every additional degree of swing. 
Not only are there several instances where this | 
situation has led to {disaster after two of the three 


ships (say A and B) had sailed closely but safely for 
some time, but there are a few cases where the only 
plausible explanation of an otherwise inexplicable 
a of B —S was that C had exerted this same 
effect, even although ing in the opposite direc- 
tion. These are al in the pwr aeanshe con- 
necting the Great Lakes, used by boats of heavy 
tonnage ; but the speed was correspondingly low, 
a circumstance minimising the danger of suction. 

Only two attempts have been made, to the 
writer's knowledge, at the experimental determina- 
tion of suction forces. One was the Taylor experi- 
ments with models in the Washington towing-tank 
already mentioned. These observations confirmed 
in every way the hydraulic theory already pre- 
sented. They were limited in their educational 
value, however, by the fact that the models were 
fixed relatively to each other, thus preventing any 
knowledge as to how rapidly these forces are 
enhanced by the natural swing of the vessels 
towards each other. Any determination of this 
acceleration will, of course, be very difficult ; but 
since it is quite impossible by mathematical analysis, 
and is virtually impracticable even with models 
(because the prime question is whether such action 
occurs more or less rapidly, in full-size ships, than 
the human organism can act), it is unfortunate that 
the idle ships of the British or United States navies 
cannot be utilised for this purpose. When suction 
was the thing anticipated and under measurement, 
it would be easy to make the experiment safe. 

The other known set of experiments was made 
with actual vessels, if small ones, by Professor 
A. H. Gibson and Mr. J. H. Thompson (reported 
in Eneineerine, September 27, 1912). These 
experiments also corroborated bydraulic theory in 
every respect. Their chief drawback was the in- 
equality in length between the two boats, as well 
as their small size. One, a steam-yacht, used as 
the leading vessel, was virtually three times the 
length of the other, a motor-boat. From Fig. 9 it 
will be obvious that it is important that the two 
ships be at least similar in length. In one promi- 
nent suction collision, however—the Brockton- 
Hartt—the leading boat was much larger than the 
attracted boat ; and in this instance, too, arose a 
beautiful example of interaction between the con- 
strained wave of the smaller boat and the échelon 
wave of the larger (the two waves being of similar 
length) as the contributing cause which converted 
an otherwise safe situation into a disastrous one.* 
This collision is further the more remarkable in 
that it occurred in comparatively deep water, out- 
side Sandy Hook, between vessels of compara- 
tively light draught. 

In the next issue there will be given a brief de- 
scription of a few of the more prominent or illus- 
trative suction collisions. Anyone who has studied 
the entire list of such recorded disasters will be 
impressed with the clear way in whiah all but a very 
few are explicable as natural, if not inevitable, 
phenomena, so soon as the foregoing hydraulic 
theory is applied. But he will also be impressed 
with the variety of combinations of circumstances 
which may arise to create suction forces powerful 
enough to produce disaster, and thus to record 
themselves in civil suits at law. These combina- 
tions are too many to be always remembered, nor 
can the list of possible ones be already exhausted. 
We have not yet finished with suction disasters. 
While channels are continually being deepened, 
longer, deeper, and more ed hulls are appear- 
ing at an even higher rate of progress. 

or these reasons the subject cannot be dismissed 
without at least a word as to the possibility of pre- 
venting future suction collisions. The general 
education of pilots is one obvious measure of relief, 
and it is to that end that the present article is 
primarily aimed. But another more formal and 
reliable preventive is feasible, in the writer's belief, 
and this is an amendment to our international 
navigation laws covering the case of overtaking 
vessels. The su sted amendment (which is 
offered tentatively, by one who is not a certificated 
navigator) should read to this effect :— 

That when an overtaking vessel asks for and 
receives from the leading vessel permission to pass, 
by the exchange of the usual signals, the acquies- 
cence of the leading vessel shall enforce upon both 
vessels the slowing of their engines, those of the 
following vessel being reduced to ‘“‘half speed,” 
and those of the leading vessel to ‘“‘ slow,” which 
condition is to be maintained until the overtaking 


* See next issue for description of this accident. 





vessel’s stern has passed clear of the overtaken 
vessel’s bow. In restricted waters such a proce- 
dure is the only safe alternative to the overtaking 
vessel remaining astern until wider sea-room has 
been reached. 

(To be continued.) 





STRESSES IN A PLATE NEAR A PLUGGED 
HOLE. 


The Distribution of Stress ina Tension Strap having 
a Circular Hole Filled with a Plug.* 
By Dr. K. Surgureo, Member. 

THE mt psper is an extension of a r entitled 
“The Distribution of Stress in Plates bovine Discon- 
tinuities, and some Problems Connected with It,” pub- 
lished in ENGINEERING in 1911 (vol. xcii., pages 280, B91). 
Though such a purely scientific paper as this bears little 
on matters of pr ctical impo: tance, the experimental 
researches upon the same subject made by Professor Coker 
have encouraged the author to publish it.t In this paper 
the notation is kept, as far as possible, the same as in the 
previeus one. But in order to avoid the trouble of 


referring to the previous » 8ome parts of it 
recapitulated bese nr — 


Two-dimensional polar co-ordinates. 

P = Radial normal stress—i.e., stress compo- 
nent, in the direction of radius, across 
circumferential area. 

Q = Transversal normal stress—i.c, stress 
component across radial area in the 
direction of tangent to a circle. 

R = Shearing stress along radial or trans- 
versal plane. 

u and v = Radial and transversal displacements of a 
point respectively. 

E = Young’s modulus. 

o = Poisson’s ratio. 

= Modulus of rigidity. 

“> Eo 

l-o¢ - 26? 


The present problem is one of plane stress, and not of 
plane strain, so that the plate will not only be strained 
in its plane, but also in the direction of the normal to the 


By applying the method of ‘‘ generalised plane stress,” 
such a problem can solved as if it were one of plane 
strain, provided that the elastic constant ) is replaced by 
& new constant \’, and ordinary stress and strain are 
replaced by mean ‘‘stress and strain.” Thus the stress- 
strain equations in this case are :— 


P=NA+ 2p 0™ 
or 
—_ , ou 
Q=( + 2u)A- 2h ae Stross - stenin equa- 
R= -24w+2y 0” 
or 


in which 
,_ 2rXyu 1 . 
= » P= ~ 
ry Pr [Pes &e., 
y é nh 
= a O“ds &eo., 
cr Zt mY 


t being the half thickness of th 
rotation and dilatation res Ss etches 


It can be shown that the general solution satisfying 
the displacement equation of equilibrium is :— § 
u = Mr+Nr-! (3 1+log r + +.) 
2 N+2yu 26 
(A’, cos 6 + B’; sin 6). 


x n+2 n\ nti . 
+2 (yaa ~ 2) giee (An con n+ Bn sin n 0), 

Se. wh e-eet ... aah 
+2 UPB p ~ a) dwn) (A'n 008 nO + Brasin n 6), 


a n- —(n 
+z [- "(-Dn 008 n 0 + On sin n 6) +r = 
(D'x 0080 0—C'n sin 9) | ° - (1) 
v=M'r + Nir '+ (2 lone 1+ logr 
2N +24 2h *) 
(B’, cos @— A’; sin n @) 
+E (*22- _” an 
1 BK‘ N + 2 /4 (n+1) 
(—Bn cos n§+ An sin n@) 


“in-2 n r-nti ; a 
+2, ( NF Bp) dw 1) (Bn008n— A'nsin nd) 


x 
+z r"—-1(Cpcosn 0 + Dasin n 0) + r- (n+) 
(C'n 008 n 6 + D’n sin n 6) | : - (2) 





* Pa read at the ing mee of the i f 
Miainnnn.ioniat* 
+ “The Distribution Stress Due to a Rivet in a 
— by Professor E. G. Coker, EnoiInggR1nG, March 28, 


t Love's “Mathematical Theory of Elasticity” (Second 
Edition), pages 135 and 205. wid 
§ Love’s ‘* Mathematical Theory of Elasticity” (First 


Edition), vol. i, page 336. 
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We have to determine the constants in these equa- 
tions in such a manner that the displacement components 
wand v satisfy various boundary conditions peculiar to 
the present problem. ; d 

Now let a wy thin elastic plate 2¢ thick, 
pierced with a circular hole (radius a) in its centre and 
filled with a plug, be subjected to edge traction (T per 
unit area) in its plane, normal to the sides A D and B OC 
(Fig. 1). If the breadth of the plate is —— to be 
sufficiently large compared with the size of the hole, the 














¥ 
- v 
teh u 
s TP\ o a 
= / 4 at 
r+}- ® 24 —x|\-r 
re | \Rad.-a a 
“ a“ 
-_ - a 


(461A 


displacement of a distant point will not be influenced by 
the presence of the hole; so that the displacement of 
such a point is given by :— 


yr tans? ) pi ter’ cos2e + 5 pine = 
T  c08204+ — >%+2e 
“ 4 w (3+ 2) 
tren =~ DEL + a) 9 sino er 


in which 7’ is the distance of the point from the centre, 
which is large compared with a. Comparing these equa- 
tions with (1) and (2), we may assume that the equation 
giving the displacement components u, v of a point in 
the plate to be as follows :— 


w= (— Der - 1 a’,i+D,1 Jooe2@ + Mr + N 2 
2h r r® r 


1 1 » o : 
y= if D A’, —-+D;, 24, 
v (ie + oan < 2; ) sin 
in which © 
D, = 

2 én 

and 
= AXN+2yu 


4 w(3X + 2u) 
Remembering that 





nae 2\p 
N+2y 
we have 
= 1 1 1 ) 
= As ¢ Dee 20+ 
” (c 2h ae 2 =) 008 
T A+2u r+NnL >. (3) 
4 w(3A + 2p) r | 
= A+2yu rl TL 
pali- — A’,- +D *,) sin 20 
’ ( 4u 8u(A + w) - 33 


Substituting these into the stress-strain equations, 
we have :— 
= , 9 +80 xo . 1 
P=(= + A’,— — 64D’, — | cos 20 
(3 aa+n) 2 7) 
+ 


1 
Peeisin (4) 
+ 64 D's >, )ooa2e + T oun! 

rt 2 r2 


= 


a 
2 


4(\ +p) “r? 


Next suppose that the plug is of the same material 
as the plate, and just fills the hole without exerting any 
initial stress on the plate. Then the following assump- 
tions may not be unreasonable :— 

1. The radial displacement, as well as the radial normal 
stress of the plate and plug, will be equal over the con- 
eg by ma 

2. e shearing stress over the contacting boundary 
will be nil—+.¢., the friction between the plate and plug 
negligibly small. 

ow in virtue of the condition (1), and the equations 
(3) and (4), and remembering that the displacement of the 
centre of the plug is zero, we may deduce the value of 
the component displacement w’ v’ of the plug from the 
general equations of displacement (1) and (2) as follows :— 





—6u D1 )sin0 
rt 


nN’ : 
o = ‘a ae 5. d. cos 2 6 
“= (- saree” ~ 4) cae 
v= ( 3\ + 3p a:r? +dyr )sin20 + m'r 
6 u(N + 2p) 


(For the sake of distinction, the constants are here 
written in corresponding small letters.) Substituting the 
value of \’, these are transformed into :— 


1 r : 
~— . R- 20 
al | i8 pQ+n)’. dy 1) cos eel 
d= 7X +6nu . 
(ota aay te) sine + m . | 


from which the stress components P’, Q’, R’ of the plug 





are found to be as follow :— 











’ 4 2u(3X+2u). ) 1 T A+Q 
P=-2 cos 20 + —N - =- 
os t+ the eu- os 4u(3X+2y)" 
8X+2u , ) 3X +2u 6 yu » 4 
af>* 20 St i , = 
(Say @? ore . 6 + pat A2- gs Ds +2uh=-| 
w(8A + 2p) 2u 2u(3X\ + 2u) T 
+2m N+ 2p otis, "73 
5 3A+2u ; 3A +2 6 = 
B= (22228 at ) ee 
40, +n)" +2yud,)sin2@ | a +n) @ A’ gi D2=5 
All the r equations being thus found, we have (3X + 24) a2 
to determine the constants A’,, D’, and N in the equation +n) + 2ud,=0 
(4) im such a manner that the equations for the stress : : 
and displacement of the plate and plug satisfy the| from which we obtain the values of the constants as 
boun: conditions given above. follows :—- 
Now by the conditions (1) we obtain the following ae as TA+ M) 2 
relations :— sn 8A 43n 
mh - ee om be 
uraa=(qo a - oF A’, s + D'z,7) 008 20 D,= os Ru 
T A+2e J yl N=0 
4 w(3A — 2p) a Substituting them into (4) we have 
eth T T a 3a 
= =a={ -— 3 2 = - 
: ur=a ( 12 uA +n)?" d,a) cos 0 + ma P=F+5(1 a > ax ) 008 2 8 
an 
=" 2 3 at P 
Praa=(9+ aa A’, 5 -_ 6 uD, 7 )os 26 Q=9 -3(1 +3 a ) 00820 
a 
Tt 1 o- las 25 - 2S \ense 
+5 -2e#N—= au 27 27 joe” 
These are the required equations for the stress in the 
P’, ag =-2 ud, cos29 + 2H(SA + 2m), late. : 
AN+2u Among these the transversal normal stress is most 
‘4 ° ra7 w 4 
’ Fig. : cd TENSION MEMBER 
; WITH RIVET IN HOLE. 
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} Distribution of Stress — a 
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‘ section of the Strap. i 
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(are) - — ois bein | 
r a ; 
! 
Y 
TaB.e I. 
. —, ——— ‘ - ae 
Distance from the centre = + .. 1.00 1.10 1.20 1,30 1.40 1.50 1.75 | 2.00 2.50 3.00 
Filled { Longitudinal stress = Q --| 1.750; 1.615 1.363 1.263 1.196 1,149 1.081 | 1.047 1.019 1.009 
\ Transverse stress = P .. -| 0.250 | ~ 0,102 | -0.015 0.084 0.060 0.074 | 0.083 | 0.078 | 0.061 0.047 
Not fillea / Longitudinal stress = Q 3.000; 2.444 2.073 | 1.821 1.648 1.520 1.325 1,219 1.118 1.074 
\ Transverse stress = P 0.000; 0.215 0.318 | 0.363 0.375 = 0.371 0.330 | 0.281 0.201 0.149 


Radius of hole a = 1. 


This set of equations must hold for all values of @. 
Therefore :— 


1 1 1 r 


T oe | , 2 
—a- A’,— + D’ =- — 3 " 
i. ‘x<ca" 
T A+ 2 +Niame 
4 pw(3A+2ph) a 
T 3rX+2pu,, 1 . , 1 
+ A’; -6uD =-2 ' 
; 5 + a) a wD, | Md 
T _oyn l= 2# A+ 2u),, 
2 u* N+ 24u 
Also, by the condition (2), 
fT. 3rA+ 3a ,, 1 » —s 
nami-_ + A’. -6 D 
Rr=a ( 2 4 (A + w) rr) , 24) 
sin 2@ = 0, 
and 
R'r=a= (= + 3 ay a*+2 4 dy ) sin 20 =0. 
4(\ + pw) 
Therefore, 
_~T,3A + 2u , 1 ¢up.1=0. 
2 4(\ + mw) a? at 
SA+Se, +8 ed, =O 
4(A + 4) 
Rewriting these equations with a slight rearrangement, 


we arrive at the following simultaneous equations for six 
unknowns, A’, D's, N, ao, do, and m :— 


1 P . ras 
~ ga Ast wo D+ yoLaem” 


+ad;= - 


an * 








Edge traction T = 1. 


| important ; ite maximum value is Q = 1 ; T at the points 
3r 


v 


| 
e=z@a,6= or 


Thus on the boundary of the hole in the minimum 
section of the plate there occurs a tensile stress of 
intensity of 1f times the average. Remembering that if 
the hole is not filled a tensile stress three times as intense 
as the average is set up at the same points, the stress on 
the boundary, in this case, is very much reduced by the 
presence of the plug. 

The stress along the minimum section is given by 


Longitudinal stress Q = (1 + . = r. 
Transverse stress P = 1 ( ¢.2 2 \r. 
2\ r2 2 r 


_ The distribution of stress worked out from these equa- 
tions, together with the same when the hole is not filled, is 
shown in Table I. and Fig. 2, in which both T and a are 
taken as unity. 

Fig. 3 is the result (for the case of the hole filled by the 
plug) experimentally determined by Professor Coker, 
using a photo-elastic method. It will be seen that the 
general features of the stress distribution well coincide 
with my theoretical investigation. 

To conclude, the present investigation discloses the fact 
that an engineering structure can be partially relieved 
from stress concentration due to the presence of a hole 
by filling the hole with a plug. 





Agro Encines.—The Secretary of the War Office 
announces that the naval and military aeronautical 
engine competition is now closed, and that the results 
will be published shortly, 
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35-HORSE-POWER MOTOR FIRE-ENGINE. 
CONSTRUCIED BY MESSRS. MERRYWKATHER AND SONS, LIMITED, 
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Practice in the design and construction of fire- 
brigade apparatus changes from time to time, and 
at present there seems to be a tendency on the 
part of fire-brigade officials to ask, in order to supple- 
ment the larger-sized units, for automobile pumping 
plant of a similar capacity to the standard size laid 
down as being most convenient for the use of the 
London fire establishment by the late Sir Eyre M. 
Shaw in the early ‘eighties, having a pumping capa- 
city of about 200 gallons per minute, a few of which, 
we believe, are still in commission. Since the advent 
of the petrol-motor fire appliance, pumps of more than 
double that capacity have been in vogue, and some of 
these have been illustrated and described in these 
pages from time to time. The demand for lighter and 
smaller motor pumping apparatus, however, exists, 
and to meet it Messrs. Merryweather and Sons, 
Limited, of Greenwich, have just put on the market 
a ‘‘ Light Brigade” automobile fire-pump, the first of 
which type we illustrate herewith. 

This machine, although constructed on much the 
same lines as the heavier and more powerful types 
above referred to, has several important differences 
in details of — = The petrol-motor has four cylin- 
ders, 100 mm. in diameter by 130 mm. stroke, and gives 
35 horse-power on the brake. The transmission is by 
& leather-faced cone-clutch, and a change-speed gear 
of standard design, with three forward speeds and 
one reverse, arranged in a single steel casting, 
which also carries the differential gear and the clutch 
to the pump-drive pinion. The drive to the rear 
wheels is by roller-chains, as in all Messrs. Merry- 
weather’s motors. The spring-suspeusion to the rear 
axle is on the lines of modern car practice, suitably 
modified to deal with the larger load. The centre of 
the spring is fixed to a bracket carrying the differential 
shaft and compression stays, the forward end bein 
carried by swinging shackles, and the after en 
attached direct to the solid forged flaps on the rear 
axle. There is ample accommodation for hose and 
gear and a full crew of firemen. 

The most interesting feature of the machine is the 
se itself, which is constructed generally on the 

ines of the firm’s well-known ‘‘ Hatfield” pattern, 
having three plungers worked from a sin gle crank. In 
the new pattern the barrels, instead of being fitted with 
solid single-acting plungers, as hitherto, have double- 
acting cylinders, giving six delivery impulses for every 


revolution of the pump crank-shaft. The suction-| ad 
& 


valves are so arranged that the clearance is very small, 
and almost the whole of the air in the barrels is dis- 


placed ut the end of the stroke. A sufficiently high | has 


vacuum is obtained to enable the pump to lift water 
from a de th of 27 ft. without any special priming 
device. This pump is designed to deliver 220 gallons 
per minute ata pressure of 130 lb. on the pump, and 
® pump pressure of 150 lb. per «q. in. can easily be 
cbtained on a slightly reduced quantity. The single 
working jet is +§ in. in diameter, and reaches a height 





of 140 ft. when working through a short line of hose, 
the quality of the jet being compact and steady. A 
large automatic by-pass valve is arranged between the 
suction and delivery passages, so that shut-off nozzles 
can safely be used without undue shock to the hose 
and fittings. 

The machine illustrated has been supplied for the 
protection of Captain Hall’s estate at Weetirg, Suffolk, 
which covers a considerable area and has several large 
farms on its outskirts. The water supply on the 
estate is procured from wells in the chalk, the water 
reaching to within 15 ft. or 20 ft. of the ground level. 
It will be noticed that wide ‘‘ K.T.” tyres are fitted 
to enable the machine to travel well on soft grass land. 





*“*CuinesgE Se_r-Tavcut.”—This is the title of a book 
by Mr. J. Darroch, Litt.D., published at the price of 4s. 
in the “‘Self-Taught Series,” os Messrs. E. Marlborough 
and Co., 51, Old Bailey, London. The series in ques- 
tion already comprises twenty-four different languages, 
including Esperanto and Latin; the books appeal to 
tourists and travellers, since they are got up in the form 
of guides to conversation. The one for Chinese gives 
the English words, the Chinese equivalents in Chinese 
characters, and the pronunciation of the latter. 


Trox MineERALS IN GERMANY.—The imports of iron 
minerals into Germany in June were 1,369,409 tons, as 
compared with 1,249,987 tons in June, 1913; while the 
exports were 196,667 tons, as compared with 222,117 
tons. The principal imports in June were :— From 
Sweden, 509.486 tons; from France, 320,011 tons; and 
from Spain, 271,320 tons. The principal exports were: 
—To Belgium, 114,133 tons; to France, 77,148 tons; 
and to Austria-Hungary, 3999 tons. The aggregate 
imports for tke first half of this year were 6,748,083 tons, 
while the aggregate exports weré 989,127 tons. The 
corresponding totals for the first half of 1913 were :— 
Imports, 6,843,646 tons ; exports, 1,374,980 tons. 





AN AUSTRALIAN INSTITUTION OF ENGINEERS. — A 
scheme has been set on foot, and probably by now 
broughé to a successful conclusion, for laying the founda- 
tions of an Australian Institution of Engineers. There 
are no means under Commonwealth law of enabling the 
various technical bodies of the several States to come 
together to form one inter-State organisation, and the 
only way by which such a condition can be brought about 
is for each y to adopt identical constitutions under 
their own State laws. e Victorian Institute has taken 
a definite step in this direction, and, we understand, has 
opted an incorporation scheme which has been evolved 
mainly by the efforts of Mr. J. A. Smith, Past-President, 
and Colonel J. Monash, President. A wide constitution 
been drawn up, and was approved ata meeting held 
on June 10. There was some hesitancy as to whether it 
was wise to acopt the title given above, but it was ex- 
plained that the object of the whole scheme was to bring 
engineers in Australia together, and that there was no 
intention of arrogating the suggested title to the Victoria 
branch alone. It was hoped the other States would 
follow suit, and the Victorian body would always be 
known as the Victorian Branch, 





Turrp Sea Lorp or THRE ApDMIRALTY.—With the 
appioval of His Majesty the King, Rear-Admiial Archi- 
bald G. H. W. Moore, ©.V.O, C.B., Third Sea Lord on 
the Board of Admiralty, will hoist his flag in H.M.S. 
Invincible, on August 15, and will be succeeded as Third 
Sea Lord by Rear-Admiral Frederick C. T. Tudor, 0.B , 
at present Director of Naval Ordnance. It is further 
announcerd that Rear-Admiral Sir David Beatty, K.O.B., 
M.V.O., D.S.O., commanding the First Battle-Cruiser 
Squadron, has received the acting rank of Vice- Admiral. 





On AccumuLaToR Execrrotytes —The July issue 
of the Proceedings of the Société Bi Jge des Electriciens 
states that most of the patents taken out in those 
countries where there is no preliminary examination 
cover re-inventions, not genuine inventions. This 
is due to the fact that the majority of researchers 
explore fields which are not familiar to them and 
neglect to inform themselves thoroughly on all points. 
According to our contemporary, this state of matters 
prevails in the construction of electric accumulators 
more than in any other branch of industry. The 
immobilisation of the electrolyte, for example, constantly 
gives rise to a number of patents dealing with processes 
some of which have been known for the last thirty years 
or more. 





Tuer PropucrocraPu.—It is often a difficult matter to 
determine the reason why differences in the productive 
capacity of machines, or ranges of machines, arise. OCon- 
stant supervision is necessary if these differences are to 
be reduced to a minimum, which often means that the 
manager himself has to take an active part, and several 
times a day visit each department. at such work is 
onerous and often inconvenient must be admitted, and, 
therefore, the apparatus called the Productograph merits 
careful consideration. Briefly, the Productograph occu- 
pies a comparatively small space, is placed in the 
manager’s office, and indicates clearly the constant 
operation and output of the machine. It bas already 
been employed in connection with machines of widely 
varving character, and is shortly to be tried in connection 
with textile machinery. If successful, there is no doubt 
that it will prove of immense value to the spinner and 
manufacturer, because wide variations in pr netion are 
often met witb, especially on the weaving side. Essentially 
the apparatus—which is of American origin—comprises 
4 lead anager chart mounted on a revolving cylinder, and 
spaced to show each hour and minute of the working 
day, a series of magnets, and a corresponding series of 
needles. The magnets, on being energised, attract the 
needles, and cause them to trace a line on the chart, 
the number of these lines and their length indicating 
the operation and output of the machine. On the various 
machines switches are carried, and wires run from them 
to the magnets. The switch consists of a small cast-iron 
box, with the switch-arm connected witha rotary or other 
moving part, from which an accurate record of the 
machine’s operations can be obtained. A reduction gear 
is located inside the switch-box, and this reducing gear 
actuates a plunger in an air-chamber, which makes the 
contact by bringing two springs together. Immediately 
after making a contact, the plunger returns to its original 
position, so that, in whatever. position the machine is 
stopped, the switch cannot be short-circuited. 
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COLONIAL AND FOREIGN ENGINEERING | ti¥& consists of « bronze bell-whistle A. and a lever © |locomotives on the Chemin de Fer de l'Rat. | He alse 


PROJECTS. 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information i 
i from the Commercial Intelli- 

h, 73, Basinghall-street, 
awe Be, E.C. 


Canada: The Commercial Intelligence Branch of the 
Board of Trade is notified by the Toronto Commissioner 
of Works that tenders are invited by the Toronto Depart- 
ment of Works for the construction across the Don Valley 
(in connection with the Bloor-street viaduct) of a — 
of five steel-arch spans, with piers and app! es. The 
width is 86 ft., and the approximate length is 1618 ft. At 
their own cost tenderers may also submit pro for 
the construction of a reinforced-concrete bridge. 

Spain: The Gaceta de Madrid states that a Royal 
Decree has been approving a new project for re- 
constructing the La Galera mole at the port of Algeciras, 
the estimated cost of which is 1,409,170 pesetas (about 


52,200/.). The directing engineer of the works is to pro- 
ceed, without delay, to study such pines works as 
the repairing of the Verde d breakwaters, and the 


dredging of the anchorin penne necessary to ensure 
a good roadway to the La Galera mole. 

Mexico: The Diario Oficial, Mexico City, contains the 
text of a contract entered into between the Secretario 
de Estado y del Despacho de Comunicaciones y Obras 
Publicas and Sefior Licenciado Enrique Torres Torija 
for the construction and working of a railway line in the 
States of Tabasco and Chiapas. The line is to start from 
Montecristo, pass through Palenque, Tumbal4, Simo- 
jovel, and Santa Marta, and terminate at San Cristobal, 
with a branch line from Montecristo to Tenosique. The 
concessionaire must complete at least 20 km. (about 124 
miles) the first year, and the same distance during each 
succeeding year ; the whole distance has to be completed 
within ten years. The concession is for fifty-two years. 





SIGNALLING ON RAILWAY TRAINS IN 
MOTION,* 
(Stx Brier Descriptive Papers BY FRENCH ENGINEERS.) 
NorTHERN Rattway (CHEMIN DE FER pu Norp). 


Description of the Fixed Ramp, The Electro- Automatic 
Whistle on Locomotives, and the Electro-Automatic 
Indicator for Trains Passing Distant Signals. 


By A. Sartraux. Engineer-in-Chief of the Traffic 
and Working Department. 


Tx following descriptions and i have been put 
together by the author to explain to the members the 
system now being used experimentally on the Chemin de 

‘er du Nord. 

The author, at the same time, wrote that Mr. Moutier, 
the chief engineer of the technical department of the 
railway, will be glad to put himself at the disposal of 
the members, to explain the apparatus further, at the 


meeting. 
[7ranslated. } 

Fixed Ramp or ‘‘ Crocodile.” —The fixed ramp is an appa- 
ratus which is set in the centre of the track, parallel to 
the rails at a distance from the signal, varying, as the 
case may be, from the foot of the signal itself to 200 m. 
(about 218 yards). Fig. 1 is a diagram of the electric 
circuit. The ramp consists of an oak beam A, Fig. 2, 
2 m. long (6 ft. 62 in.), resting on two wrought-iron sup- 

ts B, B’. The oak beam, which, to start with, has 
soaked in boiling linseed oil so as to preserve and 
insulate it, carries a cover-plate of brass resting on small 
wooden bushes or porcelain washers, and firmly screwed 
to it. A stout square piece of copper, which is riveted 
to the plate, is connected to the wire from the battery. 
This square piece lodges in a hollow carved into the wood, 
and closed bya small galvanised-iron plate. If the speed 
of the train exceed 50 km. (31 miles) per hour when goin; 
over the fixed ramp, two such ramps are used, gino’ ond 
to end, in order to increase the duration of contact. The 
fixed ramp rests on the sleepers, on which it is held by 
wood screws; but care is taken in the first instance to 
pack between the supports and the sleepers cushions of 
tarred felt, so as to reduce the vibrations due to trains 
passing. Facing the nose of the ramp in the direction 
of motion of the trains is another wooden beam, also 
fixed on the sleepers. This is the shield C, the surface 
of which slopes "P. Sometimes a shield is provided 
facing each end of the fixed ramp. This shield is intended 
to protect the nose D of the fixed ramp from being caught, 
torn, or lifted by any piece projecting from the engines 
or the carriages. The fixed ramps should always be set 
in the centre of the track. The surface of the brass plate 
= ed = poe 4in.) ee the level Be the rails. 

‘o . xed ramps in position, a speci uge is 
used, Fig. 3. The maintenance of the contact ourface of 
the fixed ramp in proper condition is effected by rubbing 
the brass cover-plate with a cloth, and some very fine 
sand if it be very wet if soiled only, it can be cleaned 
with adamp cloth and thoroughly dried. Care must be 
taken that no dirt accumulates round fixed ram 
in the winter they must be carefully freed of 
Again, when slee are chap 
accumulation of round them. 

The Electro-Automatic Whistle.—The whistle is an 
electro-automatic apparatus intended to warn drivers 
that they are reaching a distant signal set at “danger.” 
This apparatus, Fig. 4, which is installed on all locomo- 


* Paper read before the Institution of Mechanical 
Engineers at Paris, July 7, 1914. 


and 
snow. 
must be no 








(carrying a plunger-valve H), which the tube B puts into 
Seeaediogiion with the boiler or with a compressed-air 
cylinder, the whole being bolted on to a cast-iron box 
fixed to the screen of the og. in front of the driver. 
The lever C also carries a rod F, round which is a st 
spring continually tending to pull the lever down an 
let steam or compressed air into the whistle. The rod 
F joins at its other end the arm G of a H electro- 
magnet D. If a current be sent through coils in a 
certain direction, the magnet immediately ceases to 
attract its armature, the lever C comes down, and the 
whistle A keeps going until the driver brings back the 
lever and the armature by pressing on the hand-lever E. 
The Brush.—One of the wires of the electro-magnet 
working the whistle connects with the body of the engine 
and goes to earth through the wheels and the rails, the 
other wire goes under the engine through a cable, per- 
fectly insulated, and connects on to the brush shown in 
Fig. 5. The brush consists of a series of small ms of 


hard but elastic copper wire, soldered on to a metallic | 


Fall Lines show connexion from Sugnal to Blow Wiastle 
&DashLines 





show connexvon trom Engine toWarningBell. Desc 


apparatus during the experimental period. 
(Translated. } 

EXTRACTS FROM THE PRINTED Descriptive Norice. 

Ramps.—The fixed contact or ramp is a contrivance 
placed parallel to the rails in the centre of the track, and 
at a distance from the signal-post, varying from the foot 
of the post itself up to 400 metres to suit the require- 
ments. The ramp consists of an oak beam 2 m. (6 ft. 6? in.) 
long, resting on two cast-steel chairs. These chairs are 
screwed to the sleepers and rest on cushions of tarred 
felt, so as to decrease vibration. The oak beam is soaked 
in boiling linseed-oil, so as to preserve and insulate it. 
It carries a brass plate covering its surface. This plate 
restson w or po in washers, and is screwed 
down firmly. Its surface is kept at 100 mm. (nearly 
4 in.) above the level of the rails. F, Fig. 7, isa galva- 
nised-iron cover closing the hollow cut into the beam to 
take the connection from the battery. The wire joins on 


Fig.l]. DIAGRAM OF ELECTRIC CIRCUIT 
































Fig.2. FIXEO RAMP OR CROCODILE” 
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plate, which the cable aforementioned connects to the 
electro-automatic whistle. This apparatus is either 
adjusted at the loco shed to a maximum of sensitive- 
ness in unclutching, a battery of three cells being used, 
or the engine is driven over a fixed ramp called a “‘test- 
ing” ramp, set at the exit from the shed, and which 
Ny ed fed by a battery of four cells, as shown in 


Fig. 
: The Switch and the Electric Circuit.—The signal vane 
is provided with a switch, which is worked by a finger 
keyed on the signal-post. This switch serves to control 
the position of the signal-vane as well as to release the 
whistle. It is adjusted so as to work the bell registering 
at the signal-box the position of the signal, and to release 
the whistle the moment the disc has turned 70 deg. round 
from its normal position of ‘‘line clear.” The braes 
late having been connected with the positive pole of the 
ttery placed near the disc, the negative pole joins on 
tothe switch, which sends the current to earth when the 
disc is turned to danger, and disconnects it the whole 
time the line is clear. Fig. 1 (above) explains the 
ral installation and shows the electric circuit. The 
attery registering at the station the position of the 
signal-vane has eight cells, the one connected to the fix 
ramp has twelve cells. Both batteries are protected in a 
little cement shed built at the foot of the signal-post. 
It is important that earthing be perfect. 
_ Indicator for Trains Passing Distant Signals.—The 
indicator for trains passing distant signals is intended to 
give audible and optical warning to the station officials 
and the pointsman thata train is approaching. It con- 
sists of two fixed ramps A A’, Fig. 1, the first of which 
works the electro-automatic whistle as aforesaid, and 
the second the warning-bell every time a train or an 
engine goes over it, this irrespective of the position of 
the si -vane. The warning apparatus installed in the 
nal-box consists of a loud warning-bell provided with 
a little vane, which becomes visible when the Hughes 
electro-magnet, which is inside the apparatus, has 
released by the brush going over the second fixed ramp. 
The appearing vane closes the circuit of a local battery 
which includes a loud trembling bell. 


Eastern Rariway (Cuemin pg Fer ve 1’Est). 

Description of and Modifications to Electrical Warning 
and Recordeng Apparatus. 
By F. Laxorenon, Locomotive and Rolling-Stock 
Superintendent. 

Tue author seat a printed descriptive notice with 
detailed plans relating to the electrical ing and 
recording apparatus in use upon a certain number of 


to a copper bracket, which is riveted to the.brass plate, 
asshown. Fors s of 50 km. per hour two such ramps 
are used, end to end, so as to increase the duration of 
contact. Placed immediately in front of the ramp is a 
protecting beam or shield, crewed on the sleepers at a 
distance of 50 mm. to 150 mm. (1}% in. ay in.) from the 
nose of the ramp. ‘This shield protects the nose of the 
ramp from being caught and torn by any piece projecting 
from the train. It is about 14 m. (about 5 ft.) long, 
—- up in the direction of motion of the train, and the 
facing the nose of the ramp is kept at about 25 mm. 
(1 in.) above the level of the rails. In curves the surface 
of the shield is generally touched up so as to keep to this 
difference of level. In cases where the traffic is impor- 
tant both ways two such shields are used, one at each end 
of theramp. Two fixed rumps are used (Fig. 8). The 
first is = at the origin of a “field of vision” deter- 
mined for the signal ; the second at the foot of the aol 
itself. In this way the position of the disc will be 
known, not only when the driver passed the signal, but 
also when he passed over the first ramp on entering the 
** field of vision.” 
Switch.—The switch at the signal.disc, which connects 


ed | the two sets of batteries with the ramp, is in a cast-iron 


box, Figs. 9 and 10, page 236. The lever B is keyed on the 
shaft A, which is connected to the signal-disc. The shaft A 
carries se cams for different purposes. Two of theee, 
D and E, are used in connection with ramps. Two springs, 
F and G, face cam D ; two others, H and K, face cam E. 
When the diec is at ‘‘ danger,” Fig. 9, the lever B brings 
cam D to bear on the end of the spring F. This, in its 
turn, bearing on G, establishes connection between 
the termini L and N, so that the positive ne 
the batteries is connected with the ramp (L and N join- 
ing with the battery and the a When the disc is 
at “safe,” Fig. 10, cam E bears on H, bringing it down to 
bear on K, thus connecting the termini M and N, so that 
the negative pole of the other battery connects with the 
ramp. le of the cams is such that contact is 
established w the disc has still to turn round 20 deg. 
— it is at “safe” or 7, oy ae - 
‘arning Apparatus.—This is sim e@ appara’ 

described for the Nord, but a horn is used instead of a 
bell-whistle, which means that more steam is required. 
In order to provide for this, an additional device, called 
& servo-motor, is introduced. ' é 

In Fig. 11 the rod of the valve A carries at its other 
end a pi — trea upon 7% ae, i 
the -valve (Fig. 4, page u » 
eieted t cng. As soon as the of the steam 


= of one of 





B becomes than that of the spring keeping the 
valve A beck, latter opens and the horn fe fed directly 
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from the boiler. oe 2 tome a pipe C. This in 
certain cases is added to serve a second servo-motor, 
which brings the armature of the magnet back into posi- 
i that the driver has nothing to do with the re- 
oa and cannot stop the warning too suddenly. 
Five different devices have been tried for this :— 

(a) The first isa liquid speed-lag, working cataract way 
between two cylinders of different sizes, the larger one of 
which contains a piston, which its rod connects with the 
lever of the electro. 

The escape through the small cylinder can be regulated 
so as to vary the = of movement of the piston. 

(b) The second device disconnects the lever and the 
armature, so that the driver has no more control of the 
apparatus until it is set to work once more by the brush 

over another ramp. : 

(c) The third is purely automatic, and consists of an 
auxiliary servo-motor, which brings the armature back. 

Ai The fourth is a combination of the first and the 
third. 


Fig.3. GAUGE FOR RAMP. 
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of these pins will, when one of 


B. When one of 





in position by « spring, then 


the ratchet 
| of the tooth-wheel 


| 


, the levers E F to tilt up and down. 


which carry teeth each, gear with the drum of 
the -indicator through a bracket M keyed on the 
shaft L, and ing on 


the arms of the armatures A and | ** danger”) will be used to w 
c © armature arms moves away from | This unclutching force will be increased by means of com- 
the magnet, it presses the bracket back and turns the 

shaft L. A lever arm O, which is keyed to L and —_ indicator. In the first place a balanced valve will feed 


b and a small lever R, which then | case the ad: 
against an eccentric S keyed on the shaft of the 
| drum of the indicator. The rotation of this eccentric 8 
| engages and releases the ratchet P, and Q turns round. 
| As Q is keyed on the same shaft T as the toothed plates 
|G and H, the latter turn round with p Nmpoen d causing 

is movement is 


the arms of the armatures are two pins Cand D. Either | section 1 mm. by 3 mm. (0.04 in. by 0.12in.). These 
press against a lever Ki F Sep sivemdan't | be She bare cf tb phn 

t a lever Ww is pivoted at its centre | between of the ramp sora) ff the hoar-frost 
and tilt it one way or the other until one of its ends 4 on adi 
bears on one of the toothed plates G or H. These plates, 


| blades are made u bundles of four. 


jane @ good electric contact is ensured under all condi- 
ons. 

Warning Agparains, —In future the unclutching of the 

| armature at the registering og ae (signal being at 

ork the warning apparatus. 





air, or by gearing with the main shaft of the speed- 


the air-whistle placed in the driver’s cab; in the second 
mission of steam will be done mechanically. 
Thus the servo-motor and corresponding electric circuit 
will be dispensed with. 

Control of the Workingof the Apparatus.—For this pur- 
pose the unclutching of the armature at the registerin 
apparatus is used (signal being at ‘‘ safe”). This sets a 
ringing when the ine passes a signal at “safe.” The 


‘carried to the stylo-pen through the lever V, which is | driver thus knows if his apparatus is in working order. 
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Fig. 6. DIAGRAM OF CONNEXIONS. 
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Fig.7. RAMP SECTIONS 
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DIAGRAMS OF ELECTRICAL CONNEXIONS AT “DANGER”’AND SAFE "POSITIONS. 


At this Point 
Dise must be seen 
Engine Driver 
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(e) The fifth is a device which the driver has to a 

hand. Once he has set it, the armature goes slowly 

into position, and the driver has no more control over it. 
Again, the lever D is added so that the driver may 

work the horn himself, in case he wants to send special 


i) 

Recording Apparatus.—The record is taken on the tape 
of the speed-indicator itself (Flamand system). A third 
stylo-nib is fixed between the two others recording the 
time and the speed, and dots down the position of the 
signals passed. The a tus consists of two 
electromagnets with their poles reversed, so that one is 
demagnetised by a — current, and the other by a 
negative current. © two electros are in series, and join 
on at one end » Cowes hee - brush. The other end 
is connected engine, and thence goes to earth. 
Under those conditions, supposing the disc is at “danger,” 
one of the magnets will be ised (the other keep- 
ing its armature), and the stylo will make a mark on one 
side of the normal line. If the disc be at ‘‘ safe,” the 
other magnet will be demagnetised, and a mark will 
be recorded on the other side of the normal line. We 
have thus from the two ramps four combinations, Fig. 12. 
Theleverage of the armature is too weak to work the stylos, 
80 as to ensure a distinct mark. The small le they 
give is used simply to work an auxiliary ism, 
which, in its turn, works the stylo. In Fig. 13 the arma- 
tures A, B, the arms of which turn freely rouad the 
shaft L, are acted upon by two springs, which tend to 
pull them away from the magnet, so that immediately 
one of the armatures is released it is pulled back. On 
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keyed on the same shaft as EF. At 
one end this lever V carries a pin 
which 
W keyed on the shaft X. The move- 
ment is then communicated to the 
pen through a third lever keyed at 
the other end of the shaft X. 

The machinery stops thus: The 
arm M carries a catch which bears on another toothed 
plate U, keyed on the shaft T immediately under M. 

soon as this catch engages in the tooth of the 

late U, the shaft T ceases to turn. The jerk is imme- 
Fiately taken up by the spring acting on the lever O, 
the ratchet P of the wheel Q unclutches, and the lever 
R is brought back away from the eccentric 8. 

1.A Fixed on the Track. Cells.—The two 
batteries installed at the disc have a by a 
alternately 


aon Earth 


—— battery, each pole of which is connec 
to the ramp and the earth. > i 

“* Crocodiles” or Ramps.—The ramps described in the 
book of instructions have been replaced by a ramp in the 
shape of a gridiron, and com of bars or angle-bars 
parallel to the track. The object of this modification is 
to eliminate the causes of failure due to hoar-frost. 
Experiments have been carried out on a — the surface 
of which was protected against hoar frost by petroleum 
oil a over it continuously. 


2. Fized on the Brush Collector.— 
The modification to the brush follows that of the ramp. 
Instead of a collector isting of copper wires, a very 


rigid brush is used, Fig. 14, made of steel blades with a 
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Soutaern Rariway (CHEMIN DE FER DU Mip1). 
Electro-Automatic Warneng and Danger Signal 
Recording A 


& Cols 


By A. Herpner, Locomotive and Rolling-Stock 
Superintendent. 

i om has aed! copy of service anit way de- 
scribing warning registering apparatus for danger 
signals adopted the Chemin e fer du Midi, subject 
to the approval of the head office. He also sent a draw- 
ing showing the general instalation of the a) tus on 
one of the express engines, together with a diagram of 
the installation on the track. warning and register- 
ing —— pee y ¥ oye being ay ge oe on 
twenty engines automatic signals, di rom 
the one mentioned above, in that the battery is placed on 
the engine ay of on the aad ssenven,, the 
origina] apparatus does not possess an appliance by whi 
the driver’s vigilance may be controlled. . 

[ Translated. | 
DEscRIPTION OF THE INSTALLATION. 


Apparatus Mounted on the Engine.—This consists of :— 
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1. A metallic brush-collector fixed on an insulated sup- 
port under the rear platform of the engine, Fig. 15. 

2. A special steam-whistle controlled by a servo-motor, 
Fig. 16. The latter receives steam from the boiler through 
a pipe branching off the pipe through which steam 
is supplied to the whistle, and is normally closed by a 
valve controlled by an electro-automatic contrivance to be 
de.cribed hereafter. The steam-pipe of the special whistle 
is provided with a stop-cock at the boiler end, so that, 
. case of necessity, the warning apparatus may be cut 
off. 

8. An electro-automatic contrivance, by Lartigue and 
Forest, fixed on the screen of the cab, and working, on a 
shaft, two special stylo-pens of the Hausshaelter speed- 
indicator, as well as the valve admitting steam to the 
servo-motor of the warning whistle. The shaft of this 
apparatus carries a hand-lever within reach of the driver. 

4. An insulated conductor connecting the brush to the 
electro - automatic y peer which is itself earthed 
through the body of the engine and the rails. 

5 An appliance controlled by a hand-lever within reach 
of the driver, and working one of the special pens of the 
speed-indicator. 

Appliance Mounted on the Track.—This comprises for 
each disc :— 

1. An electric battery. 

2. A fixed ramp, which is installed on the track, parallel 
to the rails near the disc, in the line of action of the 
brush, insulated from earth, and connected by an insu- 
lated wire to one of the poles of the battery, Fig. 17 
(page 237). 





1 i Fig. I. 
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Article 2.—Any automatic home-signal which is set so 
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ce of ‘‘danger” signals and of| Article 3.—Drivers must re in their journal all 
incidents referring to the working of the warning and 


recording apparatus (normal working, non-working in the 
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Fig.2. AT DANGER. 
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The Engine has gone over the two Ramps, the “‘ Disc” being at ‘‘ Danger.” 
| Me 
The Engine has gone over the two Ramps, the “‘ Disc” being at ‘‘ Line Clear.” 


| \ 
The Disc was set at ‘‘ Danger” after the Engine had gone over the Ist Ramp. 
! 


| 
The Disc was set at ‘‘ Line Clear” after the Engine had gone over the Ist Ramp. 
| 
| 
(The horizontal line is traced by the stylo-pen when at rest.) 
Fie. 12. 
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BRUSH COLLECTOR FIXED 
TO THE ENGINE 
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3. A switch dis so as to establish the connection | 
between the second pole of the battery and the rails when 
the disc is turned to ‘‘danger.” 

The a of the Apparatus.—The moment the 
driver of a train sights a disc turned to “danger,” he 
must immediately work the handle of the control appara- 
tus, which then causes a special pen to trace a particular 
mark on the paper of the speed-ind'cator. 

When the engine arrives at the stop-signal, the col- 
lector rubs on tho ramp, and the circuit becomes closed 
—on one side through the switch of the disc and on the 
other through the brush in contact with the ramp. The 
current then passes through the electro - automatic 
apparatus and releases it, co that its shaft works simul- 
taneously the two special pens of the Hausshaelter indi- 
cator, and the steam-valve of the rervo-motor. The two 

trace on the same vertical on the paper of the speed- 
indicator two particular marks, which must follow the 
single mark made by the controlling device ; the valve, 
admitting steam to the servo-motor, sets the warning 
whistle going. 2 

The driver stops this by pressing on the lever of the 
shaft, thereby closing the valve and bringing back the 
armature of the electromagnets, and thus closes the | 
steam-valve. 



















INSTRUCTIONS TO BE OBSERVED IN THE WORKING OF THE 
WaRrNING AND Rxoorpine Apparatus FoR Srop- 
SIGNALS. 
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as tn cause the warning-signal apparatus and the recorder | presence of a disc provided with the special appliances, 
Article 1.—The use of the warning apparatus for stop- to »ct mu-t be considered as at “dang: r,” whatever may | working at the wrong time, 
signals in no way modifies the directions which the drivers be the position of its flag or of its vane, 


&e. ). 
Article 4.—The officials at the sheds, who couple the 
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ap fitted with the warning and ey f eee electrical connection for the recording apparatus. A | ratus, which is the same in the main as described for the 
report in the ordinary way any breach of orders and ing brings B back into position—+.¢., from right to left. | Eastern Railway. 
tions in force which an examination of the dia- | Passing round the tube A are four sleeves—two sleeves ¢| The “* Orocodale ” or Ramp.—A, Fig. 19, is an angle-iron 
grams will disclose. They will ask the drivers who have | and d to the left and two tothe right. These sleeves | of fixed length and profile, pivoted at B on a bearing ©, 
not operated the apparatus of control in due time to give | are toothed at one end, so as to unclutch in only one which is bolted to the channel-iron D. E is a counter- 
immediate explanation. They will, besides, prepare at | direction of rotation. This is, for the pair of sleeves to | weight, regulated so that A balances very sensitively, and 
the beginning of each month, for the preceding month, | the left, the reverse of what it is to the right, as indi-| just bears on the cam G with its pin F. This cam is 
reviews of all the incidents relating to the working of | cated by the arrows, Fig. 18. , eyed on the same shaft as the two sectors H, J, which 
the electro-automatic apparatus mounted on the | Cast on each sleeve are two keys—one on each side. | are weighted, and is regulated so that it sets the ‘‘croco- 
belonging to their sheds. These reviews will be) These slide in grooves inside the sockets C and D, and | dile” in position long before the danger signal is fully on. 
addressed to the district engineer, who will forward them | compel the sleeves c,d to turn with the latter. The) A chain, the end of which is pinned to H, establishes the 
on the 15th of each month to the locomotive super- | sockets carry hanging arms KE, F. At the top they are | connection with the signal. Inside the channel iron is a 
intendent. — to four ae springs fixed Lay 4 4 cylinders | - yw ~_ ney ey = - off, —eare to the positions 
¢, ese spr tending to bring them back into posi- | of A, and rings a in i -box. 
State Ratways (CHEMIN DE FER px 1’Erat). a2 the conn | they on pA wey The hanging come ean 
Mr. A. Claveille, general manager of the State Rail- | E, E are those which come into contact with the ramp 


ways, states that four safety devices are being subjected | and move to an angle when they pass over it, being imme- | PA8!8, Lyons. anp Meprrerranean Raitwar (CHEMIN 








to comparative tests on the Chemin de fer de |’Etat. | diately brought back into position by their springs when| ?* Fer pe Paris A Lyon et A LA MEDITERRANEE. 
These are :— they are clear of the ramp. As will be seen, these arms 
(a) The Cousin system, fitted to 55 locomotives. |are the only two which admit a longitudinal displace- 
(b) The Van Braan system, fitted to 28 locomotives. | ment of the rod B. They are called the ‘active ” arme. 
(c) The Augereau system, * fitted to two locomotives. The other two arms F, 


By L. Mareouat. 
Mr. L. Maréchal, Locomotiveand Rolling-Stock Super- 
| intendent, wrote that he could not for the present make 
F, called the “‘ neutralising arms,” | any definite statement regarding warning and signal- 


ELECTRO-AUTOMATIC WARNING AND REGISTERING APPARATUS FIXED TO SIDE OF CAB 


Fig ls. = — 
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hang clear of the ramp, their only use being that, ther , recording apparatus on the line, as these had but recently 
with E, E, they constitute 2 qnes’. If the obstacle be a | been fixed on a few engines running on certain sections, 
small one, it will have practically no effect on the arms, on | and were being experimented upon. : a 
account of their strong springs holding them back. Ifit| Mr. Maréchal referred besides to the difficulties in- 
be a heavy one, it will still produce no impression if only | herent to the winter season, and suggested that it would 
con 4 ails F butts against it. But if E catches it as well, it might | be premature at this stage to say how efficient the 
"40890. : set the horn going. This will give the same result as if | apparatus was likely to be. This made him desirous not 


the a danger signal—an accident |to make any statement before a long trial had taken 

{d) The ‘*Est” type apparatus, fitted to 27 locomotives. which “wil be Par RN when the record chart is| place. But he would add that experiments were being 

a different systems are still in the experimental |¢xamined. Such #m accident is termed in French a | carried out on 140 reo locomotives and on 415 kilo- 
peri ou 





Th déclenchement intempestif, which means ‘‘ unclutching out | metres a Fem K 4 bie om, eg = discs , Say 
@ following desocripti taken f inted | of season.” equipped. hough it was not possible describe the 
book describing the Gouiie eputem, out foots Qaaeinae The apparatus works in this way :—When the arm E | apparatus, owing to the continue! improvements carried 
which have been sent to the Institution. comes into contact with a ramp it is set at an angle and | out and the constant on he was willing to give 
. : turns the socket C partially round. This twist is taken up | the general principle on which it worked. 
ce Se ised Translat by the ci ¢ penage Fags mae away Ly es 4 —_ [ ] 
, arning Apparatus.—A tube A, Fig. 1 atter is kept from sliding, c to travel longitu y- : Translated . : 
18 supported 6 two Readhete bolted on the pad os at In so doing it carries w:'bit the ring b, and thereby the} The warning and recording apparatus for signals at 
engine, and is fixed in them by two pins. rod B. Again, the buffe: screwed to KB moves back with | “danger,” which is now being experimented upon on the 


is tube extends right through. A steel rod B moves | the latter. The top edge of this buffer bears in a recess | Paris, Lyons, and Mediterranean Railway, works thus 
freely in it longitudinally, in the direction of the arrow, | cut in the piston G. As soon as the buffer moves back | when the engine goes over a ramp :— : 

48 shown, its total displacement in that direction being | the piston is brought down sharply by its epring until it| 1. It actuates a special whistle, which warns the driver 
x=9mm. (0.35 in.). Two pins, aa, pass through the | bears on the bolt which goes through it. It is this sharp | and the stoker. ee 

rod, through the tube A and through two rings bb, to | thud of the piston which unclutches the apparatus at the| 2. It traces on the roll of the speed-indicator a conven- 
the outside of which they are sboetel The longitudinal | horn, and sets it blowing. tional sign, the tion of which fixes the signal which 
motion of these pins is provided for by two slots made in| Reclutching takes place thus:—The arm E goes back | was at ‘“‘danger.” Both these results are obtained simul- 
the tube A. At its left extremity the rod B screws on to | into position the moment it is clear of the ramp, and the | taneously by of an as ge of devices placed 
a buffer, which butts against the piece carrying the pero rape *y and d clutch in ; but the buffer of the | on the track and on the engine. 








Bis still bearing against iston, and the driverhas| The apparatus placed on the track comprises an insu- 
* A printed book and drawings of this system were | to turn the hand-lever te pull the piston up. The elec-| lated conductor, called a “crocodile” or ramp, fixed 
received at the Institution just before going to press. trical connection is simply used for the recording appa-| between the rails near the signal corresponding to it, a 
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switch worked by the same signal and connected to the 
ramp and the rai : ’ 

The apparatus on the engine consists of :—A brush 
which rubs on the ramp when the passes over it ; 
a pneumatic horn giving the warning; an automatic 
device for unclutehing and sending compressed air 
through the horn; an automatic device acting on the 

istering mechanism of the speed-indicator ; an electro- 
pneumatic relay which provides the unclutching device | 
at the horn and the registering apparatus with the com- 
air required ; a battery which provides theelectro- 
pneumatic relay with the current required ; a compressed- 
air receiver which feeds the apparatus (on engines already | 
provided with pneumatic brakes no extra receiver is neces- 
sary, the one used for the brakes serving both purposes). | 

This warning and registering system is based on the | 
combined use of electricity and compressed air. It makes | 
it necessary to use switches and ramps similar to those | 
adopted on other railways where the system is entirely 





(which is fed electrically from the battery on the engine 
and pneumatically from the receiver) being closed, the 
compressed air becomes the agent which definitely pro- 
vides the mechanical power required for unclutching and 
reclutching. 





Og.eans Raitway (CHEMIN DE FEB DE PaRis 
A Opukans). 
Audible Signals intended to Repeat Signals 
Along the Line. 
By E. Soracrour, Locomotive and Rolling-Stock 
Superin t. 
[ Translated. : 

For more than fifty years the Orléans Railway has 
adopted a signalling system consisting of placed 
at a distance in advance of the danger-point, the un- 
clutching of which, when set at ‘‘danger,” is revealed by 





the explosion of two cartridges placed automatically on 


Fig.18. WARNING APPARATUS. COUSIN SYSTEM. 
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The distance between the point which is to be protected 
and the signal-post is such that, even if the driver, due to 
circumstances as just mentioned, does not take measures 
atop his Se he _ heard the aoe of 

e cartridges, still ample time to u ‘ore 
he reaches the obstacle. yn 

The report produced by the explosion of the cartridges 
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electrical. In this latter case, electricity is the medium 
which brings about the unclutching of the apparatus 
during the very short time that the engine takes to pass 
over a ramp. This unclutching means a certain force 
being exercised, which, however weak, is not a negligible 
quantity, so that at very high speeds there might easily 
be failures. — 

In the Paris, Lyons, and Mediterranean system, elec- 
tricity comes into play = release the armature of 
the eleotro- taagnet of the relay and close a circuit on the 
engine itself, without doing any mechanical work. 
Through this local circuit of the deuce quemmatie relay 





7839 @ 


the track when the signal is at “danger.” These signals, | 
which are placed at a great distance from the point they 
oa. ae +x order for aot ae set at 
‘danger.” To steam t them bri a punish- 
meat on the drivers, who therefore keep a vigilant look- 
out; and it is very seldom that they the posts, at 
any rate, not for a long distance. f, on account of 
atmospheric conditions, or a moment’s inattention, a 
driver does not notice the stop-si he will be warned 
of its at the moment he passes the post by the 
explosion of the two cartridges, which the 





guided on the rails when turned on to “ danger.” 


— 0 ! 4500 "a 
Sy EES ae ee 
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is so loud that it is impossible for anybody on the engine 
or in the front curriage not to hear it. This system has 
therefore the advantage not only of warning the driver 
himself of the presence of a stop-signal, but also the 
officials on the train, and e. op ence oes, aos. 
generally epesking ». everyone who bappens to be in the 
eighbouioed © the train paanes & stop- signal 
Therefore this system constitutes a safety device which 
is just as efficient, if not better, than a locomotive cab- 
signal. It has besides proved itself to be so, as there is 


has | no accident on record on the Orléans Railway due to « 
da 


river having passed a stop-signal in front of him. 
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THE PRODUCTION OF WHITE SALT 
FROM ROCK-SALT. 


Ir can scarcely be said that much progress had | through the tap-holes into 


been made in the mechanical appliances for the 
production of white salt from rock-salt until the 
** Tee” process was perfected, and as success has 
been achieved not only in the methods adopted, 
but in the product from the furnaces, a descrip- 
tion of the works now in operation at Carrickfergus, 
Ireland, will be of interest. First, as regards the 
rocess generally, it may be said that it differs 
m all existing methods, and consists in reduc- 
ing the rock-salt to a molten state in a furnace, and 


Fig.1 
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made *‘continuous’—i.e., the rock-salt is con- 
tinually fed into the melting-chamber, and a 
continuous fiow of molten salt is maintained 
the rotary pans, 

where the crystallising and delivery of finished 
salt is also continuous, the entire plant being 
worked from Sunday night at 8 p.m. to the 
following Sunday morning at 8am. The next 
stage in the evolution of the mechanical appliances 
was to run the purified molten salt out of the 
furnace into open cast-iron pans, where, by means 
of hand-rakes, it was kept in an agitated state, 
— process of cooling, when it crystallised ; 
this did away with the necessity for grinding 
machinery. The open cast-iron pans were, however, 
soon replaced by mechanically - operated rotary 
which now form the crystallising plant at the 
ickfergus works, owned by the International 


Salt Company, Limited. These rotary pans are 


Fig. 8. 
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explosive heing placed in holes from 3 ft. to 4 ft. 
deep by 1} in. in diameter, which are drilled by 
means of compressed-air drills. There are two 
seams of rock on the company’s property, one 
below the other, but only the bottom seam is being 
worked at present, as it is more than sufficient for 
the present output. The No. 1 mine has been 
worked for about fifty years, about 1 acre (see Fig. 1) 
being opened up; and as the company 

mining rights under some 17 acres, where there is 
a known supply of rock-salt, there is an almost 
illimitable supply. No, 2 mine is not being worked 
at present. The rock, after blasting, is filled into 
tpugks running on angle-rails, and these are run by 
hand to the cages, of which there are two, working 
in a common shaft. The cages are at present 
operated from the surface by a Robey winding- 
engine, steam driven, but are shortly to be elec- 
trically driven from the power-station at the works. 
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separating the impurities from the pure salt by 
blowing compressed air through“the molten mass. 
Owing to the difference in their specific gravities, 
the impurities sink to the bottom of the molten 
mass, and the pure salt remains at the top. In 
the early experimental stages the rock-salt was 
first melted in a furnace, and then run out into a 
converter, into which compressed air was blown, 
when the impurities settled to the bottom. The 
entire mass was then allowed to cool, when it was 
broken > and run through grinding machinery to 
reduce the crystals to the required sizes. Later 
on, the pure salt on the top of the mass in the 
converter was run into moulds, where it was 
allowed to cool, then broken up and ground as 
before. The furnaces were originally partly gas 
and partly oil-fired, and were pcos H after the 
style of a Siemens steel furnace, having air-regene- 
rators only, the entire contents of the furnace in 
rock-salt being melted and then run out through 
lannders to the converters at intervals, about four 
times per 24 hours. This arrangement proved to 
be somewhat expensive to work, and by a suitable 








made either single, double, or triple, according to | Each cage conveys from 12 cwt. to 15 cwt. per run, 


the grade and quantity of crystallisation required, 


and deliver the finished —. salt to the 


elevators, which convey it ti 


h the screening- 
house tothe finished store, the eal 


t 


saving in time 


being deposited | aerial ropeway buckets, which a | 
in a finished state ready for the market within half fining works unloadin 
an hour of coming out of the mine. The great station, as shown on 


and is operated at from 5 ft. to 8 ft. per second. 

At the surface the rock is automatically weighed 
by an Avery weighing-machine, then filled into the 
it to the re- 

station. he unloading 
e general arrangement of 


required for manufacture thus works (Fig. 2), extends the entire length of the 


effected is one of the features of this process, and | furnace-house, the rock-salt being deposited in 


this, 
obtained per ton of fuel, and consequent cheapening 
of production, places this process for salt-refining 
ahead of — known method. It is aleo to 
be noticed that the salt is absolutely sterilised, and 


is said to be the only sterilised salt obtainable in| 


the world. The drawings of the works, which are 
reproduced on the present page and pages 340, 341, 
and 342, will therefore be studied with interest. 
The Carrickfergus works are divided into two 
rtions—the mines and the refining works—these 
Chiee connected by an ically-driven aerial 
ropeway about three-quarters of a mile long. The 
No. 1 mine is about 480 ft. below the surface 


arrangement of launder the furnaces were then | level, and is worked by quarrying or Dlasting, the 


ether with the very high quantity of salt 


| and is of the travelling-rope type, 
| driven by a Crompton 20-bra 





bunkers opposite each furnace as required. The 
aerial ropeway has a capacity of 25 tons per hour, 
being electrically 
ke-horse-power motor, 
through belt an g- The average horse- 
power required is from 10 to 12. 

The rock-salt is hand-fired into the three fur- 
naces, where it is melted, and runs by gravity 
through successive chambers, where it deposits its 
‘* slag” or impurities, passing finally through the 
tap-holes into the patent rotary where it is 
crystallised. The crystallised salt is continuously 
discharged into shoots, by a simple arrangement 
of scoop, which lifte the finished salt out of the 
rotating-pan. The shoots, as shown in Fig. 3, 
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discharge it into the boot of an elevator, which 
elevates it to the top of the screening-house, where 
it is screened or separated into the various grades 
required by the trade, the screens being of a 
simple stationary type. Underneath the screening- 


SS 
Fig. 10 \ 














Fig. is. ™ 





all along one of the longer sides, and travelling 
straight across the works in the course of manu- 
facture, to the finished store on the opposite side. 
This will greatly facilitate extension, as shown in 
the dotted lines on the plan (Fig. 2), complete units 
of furnaces, rotary pans, shoots, and elevators to 





stores being added as required. 














. 
~ 


runs down the sloping table towards the “bath” B, 
as it melts, carrying with it (also in a molten state) 
the ‘‘residue” or impurities of the rock-salt. The 
greater proportion of these impurities is depo- 
sited on the floor of the slagging-chamber OC, from 
whence it is removed by a steel ladle, every 15 
minutes or so, by the “‘slagger”—a man whose 
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my fe the Pag store, whan _— salt is stored in 
Duik, bags, tins, and ets. e ing-room 
18 situated below the + aononee Be cre: the 
salt 1s mechanically handled from the time it leaves 
the mine until it is deposited in the finished store, 
with the exception of the process of hand-firing it 
into the furnace from the rock-salt bunkers. The 
works, it will be seen, are designed in the shape of 
4n oblong (Fig. 2), the raw material being delivered 








{12951} 


In describing the 
Gay spcial features of the 
’ refining plant, we take 
first the furnaces, of 
which there are three, all 
of similar design, two 

being designed oe ti 
ing out 30 tons of refined 
salt per 24 hours, and one 
fur 10 tons per 24 hours. 
All three are, however, 
capable of melting con- 
siderably more than 
their rated capacity, if 
required. One of the larger furnaces, that. num- 
bered 3 on the plan, Fig. 2, is illustrated by 
Figs. 4 to 9 on page 240. Like the others, it is 
built with both gas and air regenerators, and is 
worked by reversing valves in the usual way. The 
dimensions of all walls and chambers are given in 
the sections and plans. The rock-salt is fed or 
fired on to the ‘table ” of the melting-chamber A, 
in Figs. 4, 6, and 7, in conical piles, and by gravity 














as it accumu- 
uired for each furnace. 


entire duty is to remove the s| 
lates, one slagger being 
In each of the chambers D and E there is a hori- 
zontal 3-in. wrought-iron pipe. with a number of 
¢-in. holes in it, through w compressed air at a 
of from 8 lb. to 10 lb. per sq. in. is 
lown. The state of agitation into which this 
throws the molten salt results in a further deposit 
of slag in both chambers. This is occasionally 
fished out by the slagger as it accumulates. The 
last chamber F is the settling-chamber, the purified 
molten salt passing slowly h it to the reservoir 
G, from whence it runs th the two tap-holes 
in the rotary pans. 

These tap-holes are of special construction, and 
sections ‘are given in Figs. 10 to 14 on the present 
page. They are of cast iron, and are jacketed, so 
thyt the gases of the furnace can pass down the 
jacket, and keep the barrel at a sufficiently high 
temperature to prevent the stream of the molten 
salt from cooling or coagulating. 

The rotary pans, illustrated in Figs. 18 and 19, 
cryetallise the molten salt in one operation by means 
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242 
of stationary rakes. (These latter orm the 
function of agitating the rapidly-cooling molten 


salt in such a manner as to crystallise it, ready for 

the market, in various grades and sized according to 

requirements.) The pans are made of cast iron, in 

as many as eight sections, and are either single, 

double, or triple, according to the work for which 

they are required. They are designed so as to) 
allow for the expansion and contraction due to, 
varying temperature, and some of them have now | 
been running in constant work for over eighteen 
months without repair of any kind, and in the| 
opinion of the company are still good for many | 
years’ service. The pans are all interchangeable, 

the work of taking off one pan and putting on | 
another occupying about one hour, most of which is 

taken up in allowing the pan to cool. The aim of | 
the design throughout has been towards simplicity 
and strength, so as to withstand the varying con- 
ditions under which the plant has to work. 

The detailed design of a rotary pan is shown in 
Figs. 18 and 19, the pan itself being built in nine 
sections—viz., one inner solid plate, 19 in. in 
diameter ; four quarter pieces composing the inner 
pan, 3 ft. 6 in. in diameter ; and four outer pieces 
composing the outer pan, 5 ft. 8 in. in diameter. 
The entire pan is held by one solid-steel plate, | 
5 ft. 8in. in diameter and in. thick, through , 








Fig.27. DETAIL OF TRENCH. 


of this reversing-valve is shown in Figs. 20 to 23, 
page 241. The exhaust- pass away by the 
regenerators, reversing-valves, and exhaust-flues, 
which are underground, to the chimney. The 
heat of the exhaust gases is utilised in various 
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steam per brake horse-power hour, with direct- 
coupled 60-kw. Crompton 500-volt dynamo, for trans- 
mitting electrical power to the mine. The remaining 
units consist of a quadruplex air-compressor by 
Reavell, of Ipswich, for supplying compressed 
air to the furnaces, two 25-brake-horse-power 
220-volt Crompton dynamos for lighting, one being 
used as a stand-by, an evaporator of 7 tons per 
24 hours capacity for the make-up feed-water 
supply, a Weir boiler feed-pump, and a gravitation 
feed-water filter by Carruthers, of Glasgow. The 
entire plant is designed and laid out so that each 
— unit can be duplicated for stand-by 
ant. 

The engine drives the first-motion shaft, as 
shown in Figs. 24 to 27, by means of five 14-in. 
ropes running at 5100 ft. per minute, and this 
shaft drives the rotary fans, elevators, air-com- 
pressors, and lighting dynamos. The arrangement 
of the shafting trenches is interesting, as there is 
afforded ample room for inspection and overhaul. 
They are shown in Figs. 25 to 27. 

e shafting is designed to be sufficiently strong 
for working six furnaces. It is carried on self- 
oiling ring Tubricated bearings, the brasses of which 
are of a special alloy of phosphor-bronze by the 
Phosphor Bronze Company, Limited. The thrust- 
_ bearings are situated at the driving end on each side 
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which project 1-in. studs, a sheet of asbestos } in. 
thick being placed between the pan bottom and 
the steel shake to allow of sufficient elasticity and 
also to help to insulate the pan. The cast-iron 
spider and distance-piece about 8 in. deep, carried 
on the top of the upright shaft, forms the con- 
necting link between the pan and the driving 
mechanism and serves tc prevent the upright shaft 
from a too hot. The pan is operated or 
stopped at will by means of a Hele-Shaw clutch 
situated in the horizontal cross-shaft. 

The stationary rake-plate, which keeps the salt 
in motion in the revolving pan, is made in four sec- 
tions, as shown in Figs. 15 and 16, and is supported 
from the horizontal arm of the operating gear ; it 


is guided by three upright steel columns, which 
pass through the cast-iron brackets (Fig. 17). The 
vertical e-bars of various sizes, shapes and 


sections, according to their » pass through 
the ta guides, which are cast with the plate, 
being held therein by steel wedges. 

The path of the gases after leaving the gas-pro- 
ducers through the gas-main (which runs along the 
furnace-house the entire length of the three fur- 
naces), ony) through = sha si — to the 
reversing-valves, when they pass the regene- 
rators to both furnace and bath. The air, which 
is either at natural pressure or forced draught, as 
required, passes through a reversing-valve to the air 
regenerators, then to furnace and bath, and meets 
the gas just as it enters the furnace. The design 
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ways for drying and finishing special blocks of salt 
for agricultural purposes, cattle and horse-licks, &c. 

The furnaces are usually maintained at a tem- 
perature of from 1800 deg. to 2000 deg. Fahr., and 
require a partial renewal of the firebrick lining 
once in two to three years. The exhaust gases 
enter the chimney at from 450 deg. Fahr. to 550 
deg. Fahr. Five men are uired in each watch 
to work a 30-ton per 24-hour furnace, and as much 
as 12 tons of finished salt to 1 ton of coal has teen 
obtained, the present average being about10to1l. At 
present the is not being utilised on a commer- 
cial scale, but glass has been made experimentally, 
and as soon as the quantity of slag is sufficient, 
the company intend putting down a plant for the 
manufacture of glass. bottles. 

The motive-power plant is designed for driving 
the mine, ropeway and the necessary transmission 
for six furnaces (of which three have so far been 
installed). It consists of a 30-ft. by 8-ft. Galloway 
Lancashire boiler, evaporating about 84 lb. of water 
per pound of coal, and fitted with a Green’s 
economiser of ninety-six tubes, and a downtake 
superheater by the Superheater Units, Limited, 
capable of superheating 3500 lb. of steam per hour 
to 550 deg. Fahr. The boiler works at a steam 
pressure of 160 1b. per sq. in. The engine, which 
runs continuously from Sunday to Sunday, is a 200- 
brake-horse-power triple-expansion high-speed, 
forced lubrication, surface-condensing engine, by 
Belliss and Morcom, Limited, using 13 lb. of 
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of the first-motion rope-pulley, and the design 
allows for the inclusion of two expansion couplings 
in the shafting required for six furnaces. The 
drive for the rotary pans is by means of cross- 
shafts through Hele-Shaw clutches. These cross- 
shafts are driven by means of machine-moulded 
bevel-wheels, the entire shafting installation being 
carried out and erected by Messrs. Ritchie, Hart 
and Co., Limited, of Belfast. ‘Two very important 
points in salt-works design were achieved by the 
arrangement adopted—a clear furnace-house floor 
over which heavy weights, material, &c., may be 
carried without interference from shafting, gearing, 
belts, &c.; and no ibility of salt becoming 
contaminated by oil dropped from overhead 
shafting. 5 

The gas-producers are of the pressure type, two 
being by the Gas-Power Corporation, Limited, and 
one by the Morgan Company, Limited. The last- 
named is fitted with a Georgé automatic feeding- 
gear, and‘is capable of working three furnaces of 
capacity of 30 tons of ee mar salt oa —_ 

= ucers are respectively capable of gasifying 
xs cwt., x 8 = 4 coal per hour, the 
Morgan producer bei e largest. 

The Game is of brick, and is capable of dealing 
with the gases from the four furnaces and the boiler ; 
it is 130 ft. high by 6 ft. 6 in. in internal diameter 
at top. Its stability is calculated to withstand a gale 
of 100 miles per hour velocity. It may be added that 





the railway sidings can accommodate some sixty 
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trucks, so that large quantities of salt in bulk, or 
of rock-salt, can be quickly despatched for export. 

The works have been desi by, and con- 
structed under the supervision of, the company’s 
consulting engineer, Mr. Alfred W. Brown, 
A.M.I. Mech. E., of Belfast. 





“SUCTION” BETWEEN PASSING 
SHIPS. 
By Srpney A. Reve, M.E., New York. 
(Concluded from page 231.) 
IV. Acruat Instances or ‘‘ Suction” Co.uisron. 

Tue following descriptions are condensed from 
the records of the American Admiralty courts. 
Usually the quotations are from the decision handed 
down by the court, summing up and balancing the 
conflicting testimony. Wherever possible, charts of 
the date of the collision have been consulted. 

Case 6: Andus-Saratoga, September 21, 1877, 
Hudson River, near Albany (Fig. 12). A south- 
bound tow, consisting of eleven barges, banked 
three abreast, was moving parallel with the ‘‘ dike” 
(really a wharf, the true dike being on the opposite 
side of the river). The steamer Saratoga, 300 ft. 
by 66 ft., also south-bound, undertook to 
between the tow and the wharf. When the bow of 
the S had overlapped the aftermost barge some 


Fig.12. HUDSON RIVER BELOW 
ALBANY BRIDGE. 
Scale, J Inch-1270 Fe. a 
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that distance, or have sensibly neutralised or de- 
layed the effect of the hard-a-starboard helm, which 
her officers say the R was then under, and in spite 
of which, as they say, the vessels came together.” 
But had the Court been equipped with an adequate 
theory of suction, the decision would probably have 
been reversed. The Court was misled by the idea 
that suction is a force drawing the two hulls bodily 
together, whereas it is almost wholly a sheering or 
swinging pair of forces, one attracting the bow and 
the other repelling the stern. It is the forward 
momentum of the pivoted vessel, and not the 
attraction of suction, which brings her into the 
other ship. Thus, in this case, the R was travelling 
at about 1350 ft. per minute. According to the 
Court's theory, the point of collision was only some 
170 ft. to starboard of the R’s course. At her rate 
the suction-sheer necd have been through an angle 
of only two points, beginning } minute before the 
impact, to have cleared the space between the two 
vessels, and at its inception the ships would have 
been only 400 ft. or 500 ft. apart. ‘‘ Most of the 
witnesses on both sides seem to agree that shortly 
before the collision . . . the stem of the R seemed 
to be ———— the A’s quarter more suddenly 
and rapidly than their previous angle of convergence 
would account for. . . . The evidence leaves no 
doubt that the R’s engines were stopped and re- 


versed just prior to the collision.” The Court, know- 
Fig.13. 
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40 ft. ‘*the tow sagged down with the wind (which | ing that the R carried a hard-a-starboard helm, and 


was westerly, but very light) 
Court held that the wind-theory was not upheld by 
the facts, and hence disbelieved that the ‘‘sagging”’ 
occurred at all. The term ‘‘suction” was not 
mentioned, but in the light of later knowledge it is 
a clear case. The courses are such that a shoaling 
of the water from 14 ft. to 9 ft. occurs just where 
the wharf also converges on the courses. The 
vessels probably had a draft of about 6 ft., and 
their aggregate beam amounted to nearly the width 
of the channel. Under such conditions suction 
was inevitable. But its hydraulic theory in this 
case falls more under that of ‘‘ canal-waves” than 
of two-dimension stream-lines, which former the 
student will find discussed in the references listed 
in the first article of this series, page 195 ante. 
Case 14: Aurania-Republic, September 19, 1885, 
3.24 p.m., 2 miles north-east by east of Sandy Hook 
(Fig. 13). This is the first recorded suction collision 
between first-class liners. In fine weather, with 
sea smooth, tide flood and wind light, the A (480 ft. 
by 56 ft. by 26.5 ft. draught, 14.7 knots) and the R 
(420 ft. by 42 ft. by 25.2 ft. draught, 13.2 to 13.5 
knots) collided as they were about to enter Gedney 
Channel, the stem of the R striking the port 
quarter of the A when the latter’s stem was about 
100 ft. west of the buoy (double circle in Fig. 13). 
The A had come down the (old) Main Ship Channel, 
and the R down Swash Channel. Each vessel 
headed for the buoy. There is the usual conflict 
of testimony as to locations and courses, but the 
agreement is closer than usual. The Court con- 
cluded that the ships were on courses converging 
by 14 points, as drawn; but this conclusion 
disregarded the R’s claim as to angles and 
distances, because at a distance of 500 ft. to 700 ft. 
apart, one minute before collision, ‘‘no possible 
suction, port helm or other influences from the A, 
could have had any sensible effect upon the Rat 


against the 8.” The) fi 





nding no other explanation, attributes the sheer 
to the 4-mile breeze! Navigation would be 
hazardous indeed if a four-mile breeze could entail 
such a disaster. 

Fig. 13 (from a chart of 1884) shows that the 
water was shoaling rapidly beneath the A, at the 
rate of 15 ft. ina ship’s length, at the time and 
place of collision. is, coupled with the con- 
vergence of courses at an angle variously stated 
as from 16 deg. to 38 deg., was undoubtedly the 
cause of the overwhelming suction. Although an 
unknown depth of tide must be added to the sound- 
ings of the diagram, the ships were drawing most of 
the water to be had beneath the A’s stem. Had 
they met a minute later, over a flat sea-bottom, 
they would probably have escaped disaster. This 
same locality became the scene of another suction 
collision (case 35) between sea-going liners, but at 
a later date, when dredging had deepened the shoal 
spots. 

"Ga 17: Hartt-City of Brockton, September 
29, 1887, outside Sandy Hook. The b (paddle- 
steamer 283 ft. long) overtook the tug H (125 ft. 
long) as both were going to an international yacht 
race. When Sandy Hook was passed and South 
Channel reached (see Fig. 13), at about the time 
when the paddle-box of the B was abreast of the 
ilot-house of the H, the latter ‘‘gave a sudden 
urch towards the B, which shortened the distance 
between the two about one-third. The H then 
—_= up. Then she lurched again teward 
the B, and instantly the collision occurred, . . . 
the bow of the H striking first the port paddle- 
box of the B and then running under the B’s port 


where.... she was near being capsized, | by 


most of her passengers being thrown into the sea.” 
The movement of the H is described by ‘‘ Mr. A.” 
as a “lurch.” ‘It wasn’t a case of gradual con- 
verging.” Another calls it, ‘‘ a grand swoop right 





around.” Another says, ‘‘she madea dive for us.” 
The Court attributed the action to *‘ the power- 
ful aetion of the B’s wheels,” but hydraulic theory 
finds complete explanation in the interaction of the 
H’s constrained wave with the B’s echelon waves. 
The latter are independent of the ship's model, 
their le depending only upon the speed. The 
B’s speed is stated as ‘‘14 to 15 miles.” At 14 
knots its echelon wave would be 109 ft. from crest 
to crest, and at 15 knots 125 ft. It is plain that 
the H’s constrained wave must have a length 
suitable for interaction with the B’s echelon. As 
one echelon crest came into phase the H took its 
first lurch. As the next crest came into phase the 
second lurch occurred. It is not likely that the 
sea-bottom was a contributing cause, though there 
are banks about 20 ft. deep in this vicinity, which 
may have helped. 

18: Switzerland-La G e, January 21, 
1888, New York Upper Bay; both vessels bound 
to sea; water 60 ft. to 75 ft. deep. In clear day- 
light, with no other vessels interfering, the L G 
(480 ft. by 52.3 ft., 7415 tons gross, 15 to 16 
knots), ‘‘having come up with the S (329 ft. by 
38.8 ft , 2601 tons, 9 to 10 knots), was passing her 
on the p rt side at a distance estimated by various 
witnesses at 150 ft. to 300 ft. The bow of 
LG had drawn ahead of the bow of the S when 
the vessels came into collision, the S’s bow striking 
L G on her starboard quarter at an angle of about 
30 deg. The Lower Court held the S at fault, but 
the Upper Court reversed this. Both Courts, in 
order to develop a consistent explanation in lack of 
true hydraulic theory, were forced to disregard some 
well-founded evidence. But with suction properly 
in mind no violence to the facts is needed. The 
LG had to port somewhat at this point in the 
channel, and a very slight convergence of the two 
courses, if not noticed immediately by the 8, would 
bring the latter into control of suction very quickly. 
Collision might occur from this cause within 
43 seconds from an original distance of 250 ft., or 
in 26 seconds from 150 ft., if the L G’s porting had 
been only one point. 

Case 20: Devereaux-Folsom-Mitchell, August 13, 
1890. This was the first case in which the Court 
considered suction as a cause when the vessels were 
peesing in opposite directions. It occurred in a 

ged channel between Lakes Huron and Michi- 
gn about 300 ft. wide by 25 ft. deep. The D (270 ft. 
y 37 ft.) passed at 4 knots the tug F (185 ft. by 
35 ft.), and sheered enough, uncontrollably, as she 
did so, to collide with the schooner M in tow of 
the F. The tendency of every ship to ‘‘ smell” a 
bank and sheer away from it was mentioned in the 
decision ; and it is certain that this tendency would 
be exaggerated at the moment the F ed. 

Case 21: City of Macon-Nedjed, December, 
1890, Savannah River; a variation «f the pre- 
ceding case. When the M (about 300 ft. long) was 
partly lapping the N (320 ft. by 45 ft. by 19} ft. 
draught), about 100 ft. away in a channel 400 ft. to 
450 ft. wide by 20} ft. deep, the N sheered across 
the M’s bows, away from the wharves, and ran on 
the mud-bank opposite. 

Case 24: Mather-Vhio-Siberia, in daylight, date 
not stated, Mud Lake, St. Mary’s River, Great 
Lakes. Mud Lake is virtually open water, being 
3 miles wide by 26 ft. to 30 ft. deep for 100 ft. to 
300 ft. on either side of the course. The M (260 ft. 
by 15 ft. draught) had overtaken the S (274 ft. by 
15 ft. draught) about 40 ft. to 75 ft. away on the 
latter's starboard hand. The O was meeting 
the S port to port. When the M was about a 
half-length in advance of the S the latter ‘* sheered 
suddenly to port, and within less than 60 seconds 
struck the O,” and sank her. ‘‘ The evidence 
seems to leave no reasonable doubt that when the 
effect of suction began to be noticeable these boats 
were within 40 ft. to 75 ft. of each other, and that 
the stern of the M was about abreast of the fore- 
igging of the S. At this point it is in evidence 
from sides that the speed of the S seemed to 
be increased, and that she ran up on the M some 
10 ft. or 15 ft. Yet it is uncontradicted that the 
steam of the S§ was not increased. This temporary 
increase of s by the slower boat is shown to be 
one of the effects of suction . . . It has been argued 
that, if suction had exerted any force upon the 
navigation of the S, it would have shown its effect 
attracting or drawing her closer to the vessel 
within whose influence she was, and not as a re- 
ee force throwing her off to port. But evi- 

ce of just such an attracting force a vP 
Evidence is then quoted by the Court tending to 
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show that the S was first drawn in towards the M, 
and then, later, whether assisted by a starboard helm 
or not is not known, sheered off toward theO. The 
facts emphasise the instability of steerage under 
such conditions. Perhaps a hard-a-starboard helm 
was assumed when the first sign of suction ap- 
peared, and? this, after steadying her against the 
suction, carried her too far to port for her to 
recover within the 30 seconds available before she 
met theO. Or the lack of testimony as to the helm 
of the S might suggest a jammed helm. In any 
event suction was plainly the original cause of the 
disaster. 

Cxse 25: Aureole-Willkommen, January 13, 
1898, 2 p.m.; Delaware River, about 1 mile down 
Deep- Water Point range, with apparently ample 
room laterally, but very little depth. The bottom 
is even, but the charted depths are everywhere less 
than the draught of either ship; tidal depth not 
known. The A (345 ft. by 46 ft. by 23.5-25 ft. 
draught) overtook the W (325 ft. by 41 ft. by 
22.5-24.5 ft. draught) on the latter’s port hand, 
passing at distances variously stated as from 75 ft. 
to 300 ft., the Court favouring the smaller distance, 
as from more reliable witnesses. ‘‘ Before the A’s 
bow was opposite the W’s bridge, the W’s pilot 
ordered the wheelsman to port the helm — 
because he saw the A wascoming too close. When 
the A’s bow got abreast of the W’s bridge, he says 
he told the captain to slow the ship to half-speed, 
and that when her stern got somewhere about 
half-way between the W’s fore-rigging and the 
bridge he had the engine stopped ; that he then 
asked if the wheel was a-port, and that the chief 
officer replied that it was hard-a-port ; that he then 
went and looked himself, and found that it was so, 
and that the A was at that time about 75 ft. to 
100 ft. away.” When the A’s stern came. forward 
of the W’s bridge the W took a sheer and struck 
the A a glancing blow upon the starboard quarter 
about 35 ft. from the stern. ‘‘This sheer of the 
W the pilot accounts for by what he calls ‘suction.’” 
Both vessels had to return to Philadelphia. 

The Court referred to the cases of the Folsom, the 
Cleveland, the Unit, the Mariel, and the Brockton. 
‘* The cases above referred to, judicially recognisin 
the existence of the force called ‘suction’ an 
its power, under favouring circumstances, to draw 
one vessel towards another, cannot be disregarded 
by this Court.” 

Case 26: Masaba-Smith-Aurania, ‘‘on a bright 
July day in 1898,” in the dredged channel in Lake 
St. Clair, above Detroit. In 1898 the St. Clair 
Channel was 350 ft. to 400 ft. wide by 20 ft. deep, 
the Detroit channel 800 ft. wide, and of equal depth. 
As itis not stated just where the collision occurred, 
both widths are given in Fig. 14, which is drawn to 
scale as to the fengths of the ships and tow-line, 
but not as to lateral distances, which are unknown. 
The case is cited as an interesting one of three-ship 
action, which is plainer from the diagram than 
from the description. The S was apparently not 
affected by the M until the Aurora was met, 
although the first two had been travelling at not 
widely differing speeds. The S recovered from her 
first sheer, apparently caused by her bow enterin 
the Aurora’s lateral depression, but took a secon 
and uncontrollable sheer just after passing the 
Aurora. ‘‘ The Aurania’s helm was hard-po: and 
the Aurora’s engine stopped, and the lever con- 
trolling the towing-machine on the Aurora re- 
leased so that the cable might reel out, there 
being no time or opportunity to let go the line 
on either vessel ; but so extreme and rapid was the 
sheer of the S that she struck the tow-line at 
nearly a right angle, about 100 ft. ahead of the 
Aurania, parted the wire cable, and then swung 
around the bow of the Aurania, which struck the 
S on the starboard quarter. The vessels came 
together with great force, driving the bow of the 
A to port and straightening the S up the channel, 
so damaged that she filled ard sank after going a 
short distance; while the A, with bows badly 
stoved, forged and drifted diagonally down and 
across the channel until she brought up on the 
bottom, aided in this by a stern anchor which she 
had let go." 

Case 35 : Martello-Mesxba, September 22, 1900, 
10.42 a.m., New York Lower Bay, entrance to 
Gedney Channel, Fig. 13, but by this date dredging 
had reduced the slope of the bank to about 10 ft. 
in a ship’s length. Nor is the place of collision 
so exactly located as in the case of the Aurania- 
Republic. An ebb-tide of 1 knot was with the 
ships. Both ships went down the old Main Ship 


Channel. They passed Sandy Hook with the Mar- 
tello (370 ft. by 43 ft. by 28 ft. draught, 10 knots) 
said to be } mile ahead of the Mesaba (482 ft. by 
52 ft. by 294 ft. draught, 13 knots); but if this gap 
were closed by the time they reached Gedney, there 
could have been a difference of only about 2 knots 
in their speeds. While the Mesaba was passing the 
Martello on the northern side, ‘‘ probably from 
100 ft. to 150 ft.” distant, ‘‘when the Martello’s stem 
was about abeam of the Mesaba’s amidships, or a 
little more aft, the Martello’s bow was seen to turn 
to port toward the Mesaba, and it continued to 
turn more rapidly as the Mesaba advanced, until the 
bluff of her port bow, about 20 ft. from her stem, 
struck the starboard quarter of the Mesaba, about 
100 ft. forward of her stern, a violent blow. .. . 
The Martello was obliged to return to New York, 
while the Mesaba continued her voyage.” The Court 
held that suction was the cause of the collision. 
Case 37 : North Star-Nourmahal, September 28, 
1901, 4 p.m. Swash Channel, New York Lower 
Bay (Fig. 13, just beyond the northern edge of 
which, where the eastern bank of Swash Channel is 
steeper, the collision occurred). The yacht N 


(247 ft. by 30 ft. by 10 ft. to 16 ft. draught, 15 knots) 
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was overtaken on her starboard hand by the NS 
= ft. by 46 ft. by 13 ft. to 15 ft. draught, 17 knots). 

hen the yacht was about 600 ft. ahead of the NS 
they were “‘ apparently something more than 100 ft. 
_—_ but were drawing slightly nearer, and when 

e N S’s stern reached a point about atte the 
bridge of the yacht, the latter, being influenced by 
the S’s suction, turned towards her, and the 
veseels came together, notwithstanding a starboard 
then hard-a-starboard helm on the part of the yacht. 
. . . There was no change in the course of the 
NS... . Thecollision can be accounted for in no 
other way than as a result of suction.” The NS 
was held solely at fault. 

Case 39: Denver-Lehigh, March 31, 1906, 
5.15 p.m., New York Lower Bay, below West Bank 
Light.—The steamer D (390 ft. by 174 ft. to 23 ft. 
draught, 12 to 124 knots) overtook and partly 

the sea-going tug L (150 ft. by 15 ft. draught) 
{almost as fast’). The L was following a slightly 
converging course on the D’s port hand, about 
160 ft. distant. When the stem of the L wes 
abreast, or slightly forward, of the port side of the 
D’s bridge, the L, which was bound up Raritan 
Bay, to D’s starboard, slowed her engines ‘‘ to let 
the D get well ahead, and was instantly caught in 
the suction of that vessel and drawn against her 
side,” contact occurring ‘‘ with the bow of the L 





against the D’s port quarter, some 40 ft. from the 
stern, with the tug at right-angles with the steam- 





ship.” Court held the L at fault for slowing, 
whereby ‘‘she surrendered a certain amount of 
power” and ‘‘ became less manageable.” es 
were divided. The water was 26 ft. to 31 ft. deep, 
with no marked lumps in the bottom. 

Case 41: Saratoga-Taunton, June 17, 1907, 
Delaware River, Horseshoe Bend (Fig. 15). This is 
an interesting case of bank-sheer. The S (430 ft. by 
50 ft. by 18 ft. draught), coming down the river at 
8 knots with a helping tide of 2 to 24 knots, struck 
and slip off the ‘‘seventeen-foot lump” at 
buoy C 37, sheered suddenly about 4 points across 
the channel and collided with the T. 

Case 43: Parima-Prinzessin Irene, April 4, 1908, 
New York Lower Bay, 700 ft. to 1000 ft. north of 
the buoy on point of the shoal between Main Ship 
and Swash Channels, and 1700 ft. to 1800 ft. west 
of the red bell-buoy. No Court decision was ever 
rendered on the facts of this case, the following 
outline being the result of the author’s attendance 
at the trial. The P (335 ft. by 42 ft. by 21.3 ft. to 
23 ft. draught) was going down Main Ship Channel at 
103 knots, when she was overtaken on her starboard 
hand by the P I (524 ft. by 60 ft. by 22.6 ft. to 24.8 ft. 
draught) at an estimated speed of 13.8 knots. 
The ebb tide increased these speeds about one 
knot, and altered their apparent courses 4 deg. or 
5 deg. eastward. When the bow of the PI was 
abreast of the P’s mid-length, and from 150 ft. to 
250 ft. distant, the P sheered to port, ran over the 

rch-and-square buoy, and ran aground. The P 

ibelled the P I as being the overtaking vessel and 
the cause of her going aground. 

The case is, in the writer’s belief, a plain case of 
repulsion of the leading ship during the first phase 
of passing. The water, which shows a general 
depth of 31 ft. to 32 ft. (plus 2 ft. of tide), isamply 
restricted to account for the sheer, which took 
place against a hard-a-port helm. In addition, the 
1: 40,090 chart of New York Harbour shows a single 
sounding of 22 ft. at or just north of the place of 
sheer ; but a chart of 1: 5000 which appeared in 
Court did not fully corroborate this lump. But 
even without it, a sheer on the part of the smaller 
ship, passed at such speed and propinquity by a 
vessel of over three times her tonnage, drawing 
most of the water in the channel, would be only 
natural. This case is of further interest in that 
the officers of the P I were not aware, until they 
reached Germany, that their ship had been regarded 
as connected with the accident in any way. 

Case 44: Monterey- United States, April 16, 1908, 
1.30 p.m., New York Lower Bay, Main Ship 
Channel, just above the entrance to Swash Chan- 
nel, in almost the identical spot of Case 43, except 
further toward the westward side of the channel. 
Weather clear, wind light, tide last of ebb, 
netting 0.8 ft. below the mean low water of the 
chart soundings. The twin-screw steamship M 
(341 ft. by 474 ft. by 20 ft. draught, 12 knots) 
was overtaken, ‘‘ about abreast of the bell-buoy 
and well over to the westerly edge of the channel,” 
by the US (601 ft. by 58 ft. by 274 ft. draught, 
15 knots), which was converging on the M’s course 
by a half-point. The clearance was stated as ~~. 
thing from 75 ft. to 800 ft. (the entire width of the 
channel being 1100 ft.), the Court favouring 100 ft. 
‘As the US drew up abreast, the helm of the M 
was kept ‘steady a-port,’a caution to the wheelsman 
to keep her perfectly straight and counteract any 
tendency of the vessels to veer together. When 
the U.S. was from one-third to one-half past and 
the bow of the M was opposite a point about two 
points abaft the beam of the U S, the M turned in 
the direction of the U 8, notwithstanding a hard 
a-port helm and the starboard-engine being put 
full-steam astern, and the port-engine being kept 
going ahead to assist the port-helm. Upon its 
being found that these precautions did not have the 
desired effect, both engines were reversed at full- 
8 , but the collision occurred, the bow of the 

striking the starboard side of the US at an 
angle of about two points. There were two blows, 
one s' ing the other almost immediately. 
The US was damaged to such an extent that it 
was nD to beach her. The M was also seri- 
ously damaged, but she remained afloat. ; 

The lump in the bottom of thischannel, mentioned 
in connection with Case 43, apparently extends 
entirely across the ve mae ~ Se “ at - 
black spar-buoy o ite the r -buoy ¥ 
26.2 ft. that ay. Considering that the M, which 
must have been close to this bouy, was drawing 
20 ft., while the U' S drew over 27 ft., the slightest 
lump in the bottom would suffice, in addition to the 
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CANADIAN CUSTOMS TWIN-SCREW CRUISER 


“MARGARET.” 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND ©O., LIMITED, SHIPBUILDERS AND ENGINEERS, SOUTHAMPTON. 














half-point of convergence, to develop a suction | 


sheer. The lateral proximity of the bank on the 
M’s starboard hand would also contribute a strong 
tendency to sheer to port, towards the US. 

It is also to be noted that, whereas in many 
cases of suction the sheer occurs in spite of a hard- 
over helm, in this case it defied the controlling 
power of twin-screws as well. In the Chicago- 
Owego case (not reported here) the latter vessel, 
when she sheered, dragged one tug sideways 
through the water broadside and overcame the 
direct engine power of another, working in conjunc- 
tion with partial power from her own engines. 
Such facts as these show how uncontrollable is the 
force of suction when once initiated. 

Case 45: Murcia-Sif, November 26, 1908, 2 p.m., 
Delaware River, Cherry Island ‘‘cut,” opposite 
Wilmington, Del. (Fig. 16), weather clear and calm; 
flood tide. In the ‘‘cut,” which is about 750 ft. 
wide by 33 ft. deep by chart, or 29 ft. by testimony, 
the M (303 ft. by 41.5 ft. by 21 ft. draught) was 
overtaken on her port side by the S (325 ft. by 
47 ft. by 21 ft. draught). Speeds are not stated ; 
clearance stated contradictorily, but, according to 
the 8, 300 ft. to 400 ft. According to testimony 
on behalf of the initial clearance, when they 
began to overlap, was 100 ft. to 150 ft., but that 
‘‘as the S gradually drew ahead of the M the 
former converged slightly upon the course of the M, 
so that when the S was about half-way by the M 
the distance between them had been reduced to 
from 50 ft. to 100 ft., when the engines were 
slowed, then stopped, and finally put full speed 
astern, and the om a-port. . . . Notwithstand- 
ing this manceuvre, the M continued to approach 
the S more rapidly, and then gave a sudden ‘dive’ 
in the direction of the latter, the bluff of the M’s 
port bow striking the S on the starboard side at 





Fie, 1. 


a point about 100 ft. forward of the latter’s stern. 
. . -« Both vessels were injured.” 

The Court quoted the opinion of Judge Gray in 
Case 25. In this present case, however, in con- 
trast with Case 39, the pilot of the overtaken vessel 
was commended for slowing his engines. In this 
case, too, as in several others, the Court leant 
toward the smaller of the variously-stated clear- 
ances, on the ground that the time available would 
not permit the sheering vessel to cross a wider 
intervening space. But as nearly all these deci- 
sions have been rendered without any more accurate 
idea of suction than as a bodily attraction between 
the two hulls, the rapidity with which a ship in 
motion can cross lateral space by being rotated 
rapidly while she moves ahead—which is what 
suction does, as well as accelerate the forward 
motion at the same time—has not been appreciated 
by the Court. This line of reasoning annuls the 
Court’s conclusions as to the probable actual clear- 
ance, and makes it probable that many of these suc- 
tion sheers occurred under initial clearances much 
greater than those stated in the Court decisions. 

Case 47: Kennebec-Strathnairn, January 26, 
1910, 8 a.m., Patapsco River, Baltimore Harbour, 
weather clear ; wind light ; tide, early ebb. The 
S (380 ft. by 52 ft. by 24 ft. draught, 2811 tons, 
5 or 6 knots) came down the Sparrows Point 
Channel (100 ft. wide by 25 fc. deep) and made 
the almost square turn of 70 deg. into the 
Brewerton Channel (600 ft. wide by 30 ft. deep). 
There she met on her starboard hand the K (250 ft. 
long, 1930 tons, 7 to 9 knots), also going down 
Brewerton Channel. When the ships met, their 
courses were parallel or slightly converging, the S 
being from 250 ft. to 300 ft. ahead, so that the K 
overlapped by 75 ft. to 100 ft. ; lateral distance 
not stated. The vessels came together in the 








usual suction manner, but without room for as 
much angular rotation as usual; nor were the 
speeds high. Consequently the K struck the S 
with the side of her bow, and while each vessel was 
damaged, neither was disabled. 





CANADIAN CUSTOMS CRUISER. 

On the present page, page 246, and on Plate XX., 
we illustrate the revenue cruiser Mar t, built to 
the order of the Canadian Customs’ Department by 
Messrs. John I. Thornyoroft and Co., Limited, at 
Southampton. The vessel is designed for custom- 
patrol service on the Atlantic coast, and was built 
throughout under the inspection of Mr. Frank L. 
Warren, M.I.N.A., M.I. Mech. E., of London. The 
Margaret sailed for Halifax, N.S., on March 25 last. 
As will be seen from Fig. 1, she has a ram stem and 
cruiser stern, and presents a very attractive appear- 
ance. Her len over all is 200 ft., and between 
petpendiculars, 185 ft. The moulded breadth is 32 ft., 
and the depth, 16 ft. The draught is limited to 


10 ft. 6 in. when ing & load of 175 tons. The 
vessel is largel intended or service in the vicinity of 
ice, and a double bottom is fitted under the engines 
and hold forward, the hull is stiffened to resist ice, 
and the shaft is housed in the hull for the whole of its 
length. These features can be seen in the longitu- 
dinsl section, Fig. 3, and in the cross-sections, Figs. 10 
to 14. 

The boat is very completely fitted up. There isa 
wireless-telegraphy outfit, and an electric installa- 
tion, which, in addition to furnishing general lighting 
and power for the wireless outfit, supplies current for 
a 24-in.-projection searchlight, fit in the crow’s 
nest on the fore-mast. The searchlight is of 25,000 
candle-power, and is controlled in its movements 


by electric power operated from the wheel-house. 
Alternative -control from the crow’s nest is 
arranged for. Refrigerating plant is installed for- 


| ward in @ compartment which can be seen in Figs. 3 
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and 7. It consists of two CO, machines of Messrs. 
J. and E. Hall and Co.’s make, ice-moulds, cooled 
drinking-water tanks and store-rooms. The vessel 
is hea by steam throughout, steam being taken 
from either of the two boilers, and reduced to 25 lb. per 
sq. in. by a reducing-valve. In view of the severe 
climate, a large heating surface—viz., 24 sq. ft. for 
100 cub. ft.— been allowed for each radiator 
and coil. Steam coils are fitted to water-tanks where 
the latter are exposed to the weather. Steam water- 
heaters are fitted to all baths, pantries, and galley. 
Those for the baths are of Shanks’ pattern, using 
salt and fresh water; others are of the Watsonia 
pattern. The radiators in the captain’s quarters, 
state-rooms, saloon, and chief engineer’s cabin, consist 
of copper coils in brass casings. Other radiators are 
of the Walworth pattern. 

On the forecastle-deck there are two 6-pounder 
quick-firing guns of the Vickers type. They have 


Fig.10. FRAME N°20 LOOKING FOR® 
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The system of pumping has been carefully arranged, 
steam suctions being led to each water-tight =. 
ment and each bunker and ballast-tank. These p 
can also be pumped out by means of a6-in. Admiralty- 
type Downton pump placed on the upper deck. This 
latter pump can also used in connection with the 
fire, wash-deck, and sani services. The sanitary 
service is normally supplied by a main leading from 
a steam-pump in the engine-room, which keeps up 
@ constant pressure of 40 lb. per sq. in. on the main. 
A sanitary tank is fitted on top of the bridge-house 
for use when the steam pump is not running. This 
tank is filled off the main or by the Downton pump. 
A fire-main is run under the = deck, with rising 
mains in convenient positions, all fore and aft. These 
are fitted for 2-in. hose with Nunan and Stove’s con- 
nections. The main, which is also used for wash-deck 
service, is supplied from a steam pump in the engine- 
room at 100 lb. per 4: in. Provision is also made for 
working this main from the Downton pump. The 
fresh-water service is carried out in the same manner 
as the sanitary service, except that the pressure on 
the main is 30 lb. per sq. in. A service tank is placed 
close to the sanitary tank for use when steam is not 
available. These tanks are indicated in Figs. 3 and 5. 
A 3-in. hand lift and force pump is fitted near the 
galley for filling the fresh-water tank by hand when 
necessary. Two large fresh-water tanks, shown in 
Figs. 3 and 9, are provided below the lower deck. The 
forward one holds 4000 gallons and that after 6300 

allons. A reserve feed-tank is arranged in the double 

ottom under the engines. It contains 5000 gallons of 
fresh water. A sea-valve is fitted for flooding the maga- 
zine in case of fire. It is worked from the upper deck. 

The vessel is well provided with water-tight bulk- 
heads, the bunkers being made oil-tight also. Slidin 
water-tight doors of quick-closing type are fitted, all 
operated from the upper deck. There is one horizontal 
door to each tunnel in the after engine-room bulkhead, 
and one vertical door to the pavsage-way through the 
cross-bunker fitted in the fore engine-room bulkhead. 
There is also a vertical bunker door to each side 
banker. The boat is rigged asa fore-and-aft schooner, 
having two pole-masts, the lower part of each mast 
being of steel and the topmasts of wood. A gaff 
is fitted on the main mast for signalling and for carry- 
ing the main try-sail, and a small signalling-yard to 
the foremast. he aerials for wireless telegraphy are 
carried at the top of, and between, the masts, as shown 
in Figs. land 2. The foremast is fitted with a stay- 
sail, and the main-mast with a stay-sail and try-sail 
for use in case of emergency. 

The outfit of boats, which can be seen in Fig. 6, 
consists of a 30-ft. motor-launch, & 26-ft. lifeboat, a 


telescopic sights, and can be seen in ri 1 and 2. 








22-ft. captain’s cutter, and a 16-ft. dinghy. The 
motor-boat is built on the double-skin system, each 
thickness being of mahogany, and is fitted with a 
standard Thornycroft petrol-motor with four cylinders 
= in diameter by 6-in. stroke. The engine is of 
about 37 brake horse-power, and gives the boat a 
speed of 10 knots. The remaining boats are carvel 
built, of selected yellow pine, the lifeboat being fitted 
to Board of Trade requirements. All boats are fitted 
with Mill’s disengaging gear, and are stowed, under 
davits, on chocks on the boat-deck. There is a Clarke- 
Chapman steam boat-hoist on the boat-deck. It is 
reversible, and has two cylinders 8 in. in diameter by 
12-in. stroke. It is capable of lifting 24 tons at 120 ft. 
a minute when working with steam at 90 lb. per 
sq. in. Steering is by means of a balanced rudder, 
having a cast-steel frame. Screw steerfng-gear is fitted 
directly on to the rudder-head in a steering compart- 
ment. It is worked on the right and left-hand screw 


Fig. t. 
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90 lb. Both these gears were made by Messrs. Harfield 
and Co. 


The arrangement of the accommodation for the 
officers and crew will be followed from the figures on 
Plate XX. On the bridge there is a teak house for the 
wireless’ operator’s cabin and wireless office, and on the 
boat-deck a steel house, which contains the wheelhouse 
and the captain’s accommodation. The captain’s day 
cabin is panelled and moulded in polished mahogany, 
and the sleeping cabin is yellow pine, enamelled white. 
On the main forecastle deck are a lavatories 
for the officers and crew, lamp-room, carpenters’ shop, 
&c. A hot and cold water system is led to the lava- 
tories. The officers quarters are in the main deck- 
house forward. There is a mess-room, panelled in 
pitch-pine, on the port side, and a pantry and the first 
and second officers’ cabins on the starboard. The 
main galley is situated at the after end of the boiler 
casing. It is fitted with a large range, grill hot closet, 
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rinciple. 
orward of the rudder-head. It 
6 in. in diameter by 5-in. stroke. Control r is led 
to steering pedestals fitted one in the wheel-house and 
one on the bridge above. Control shafting is of steel 
with machine-cut bevel wheels. Stand-by hand- 
steering gear is fitted on the upper deck above the 
steering compartment. It is connected to the gear 
below by bevel-gearing, and a clutch arranged for 
throwing in or out of connection as may be required. 
The whole of this gear was supplied A Messrs. J. 
Hastieand Co. A steam and hand capstan is fitted at 
the after end of the upper deck for warping purposes. 
It is capable of giving a dead pull of 6} tons at a speed 
of 80 ft. per minute when supplied with steam at 90 Ib. 
per sq. in. On the forecastle deck forward there is 
a horizontal steam and hand-windlass capable of work- 
ing the ship’s 14,-in. cables, and giving a dead pull of 
6} tons at a speed of 120 ft. per minute with steam at 


The steam steering-engine is placed just 


as two cylinders 








| bain-maries, &c. The floor is tiled. The aft deck- 
house forms the main entrance to the engine-room, and 
(at the fore end encloses a gallery around the engine 
tops. Aftof the engine casing there is a steward’s 
cabin on the port side and a pantry on the starboard 
side. The main saloon is situated aft of these quar- 
ters. It is panelled in polished mahogany, with 
overheads enamelled white. The furniture is of 
mahogany, and upholstered in morocco leather. Lead- 
ing from the saloon there are two main stations 
_ panelled in yellow pine and enamelled white. Cabins 
are fitted with electric bells and fans. 

The accommodation on the lower deck aft comprises 
| two state-rooms on the starboard side, fitted similar to 
those on the upper deck, and bath-rooms, &c., on the 
| port side, fitted with Shanks’ appliances. The floors 

are tiled. Alongside there is similar accommodation 
| for the engineers. © engineers’ quarters are at the 
fore end of the lower deck aft, with entrance from 
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the engine-room. The cabins are in yellow pine, 
connalied white, with mah y furniture upholstered 
in railway cloth. Accommodation for the petty officers 
and crew is provided on the lower deck forward. 
There are four double-berthed cabins, panelled in 
yellow pine, enamelled white, and a large mess-room 
in the centre. The seamen’s quarters are on the port 
side, and the firemen’s on the starboard at the forward 
end. Hoskins’ patent berths and the necessary lockers 
are fitted in each case. The quarters are lined with 
yellow pine, painted white. 
(To be continued.) 





INDUSTRIAL NOTES. 

Tux Director of the Department of Labour Statistics 
states that employment in July, before the war period, 
showed a further decline, but still remained good on 
the whole at the end of the month. There was little 
change in the building, iron and steel, tinplate, and 
engineering trades, but the shipbuilding trades were 
not so fully employed, and there was a decrease in the 
number of pig-iron furnaces in blast. There was some 
recovery in the lace and hosiery trades, but employ- 
ment in other branches of the textile industries 
showed a further contraction, especially in the cotton 
trade. 

Compared with July, 1913, employment showed a 
falling-off in most of the principal industries. The 
decline was most marked in the pig-iron, iron and 
steel, cotton and woollen trades. the tinplate 
trade there was a considerable increase in the number 
of mills working. 

The changes in rates of wages pane oy in July 
affected 101,600 workpeople, of whom 28,800 received 
increases and 72,800 sustained reductions, the net 
result of all the changes being an increase of 400/. per 
week. The principal increases affected over 3000 
joiners at Glasgow, 8000 surface workers at coal mines 
in Northumberland, 6100 engineers in Bolton, Bury, 
and district, and 3000 timber workers at North and 
South Shields and Blyth. Among those whose wages 
were reduced were 46,000 coal hewers and other under- 
ground workers in Northumberland, 17,000 ironstone 
miners, limestone quarrymen, and blastfurnacemen 
in Cleveland and Durham, and 6250 blastfurnacemen 
and iron and steel workers and mechanics in South 
Wales and Monmouthshire. 

The number of new disputes in July was 99, and 
the total number of workpeople involved in all dis- 
putes in progress was 98,112, as compared with 82,752 
in the previous month, and 126,912 in July, 1913. 


The estimated total te duration of all disputes 
during the month was 1,327,800 working days, as 
com with 1,072,900 in June, 1914, 1,184,500 
in July, 1913. 


Cases dealt with during the month under the Con- 
ciliation Act include boot and shoe operatives, United 
Kingdom ; dock, &c., employees, Liverpool ; building 
trade operatives, at Coventry and at Oxtord ; tramway 
employees, London County Council; boot and shoe 
operatives, Stafford and district; cotton - spinning 
operatives, Bolton; lace-workers, Newmilns ; brick- 
makers, Bristol; and tinplate workers, Swansea. 
Matters have been dealt with by independent chairmen 
under the Railway Conciliation Scheme, and an 
amending award issued by the independent chairman 
for West Yorkshire, under the Coal Mines (Minimum 
Wage) Act. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the five weeks ended July 17, 
1914, was 26,043, as compared with 25,878 in the 
previous four weeks, and with 24,608 in the five weeks 
ended July 18, 1913, The ave weekly number of 
vacancies filled for the same periods was 19,488, 19,086, 
and 18,562 respectively. 





The report for the present month of the United 
Society of Boiler-Makers and Iron and Steel Ship- 
builders states that the balance in hand was 54,5771. 
on April 11, and 57,584J. on July 4. The members 
signing the book at the end of July numbered 2101 ; 
the members on home donation numbered 2347 ; 
those on superannuation numbered 2468 ; and those 
on sick fund 2323. 

The report of the Associated Blacksmiths’ and Iron- 
workers’ Society for the month ending July 25 gives 
the statement of accounts for the quarter endi 
June 21, which shows a balance in hand of 23,6751. 
The members of the Society number 8393. 

The report for July of the United Pattern-Makers’ 
Association shows a ce in hand on June 30 of 
20,141/., and a membership of 8604. 





The Yorkshire Post gives the following paragraph :— 
“It will be good a ae to the ~— thousands of 
clothing operatives in Leeds, and to citizens generally, 
that this district—the most important clothing centre 
in the kingdom—is likely to share in the Government 
orders for Navy and Army clothing. A locsl firm of 
wholesale clothiers, accustomed to this particular class 
of work, have been asked to place their factory at the 





disposal of the Government, which means that other 
work which they are therefore unable to undertake 
will get distributed among other houses. A week or 
two, however, must elapse before activity can become 
general. The khaki has to be er ney oe Ngee 
in the Leeds, Dewsbury, and Batley districts, where 
some mills are mow working full time—and until 
deliveries of the piece goods are made little can be 
done at the clothin tories. The Government 
supply the whole of the materials; all that the 
lothing factories have to do is to make them be and 
everything has to be carried out strictly according to 
Government specifications. Only a limited number of 
firms who make a specialty of the work are on the 
ised Government list, and, of course, when they 
are busily employed thus, the ordinary trade must be 
done by others.” 





We are informed that the Swansea coal trade with 
the French ports has now been resumed. There being 
now no German competition in the tin-plate industry, 
a boom is anticipated in that industry, and it is 
announced that a number of Welsh tin-plate works are 
going to be started working afresh. 





Lecturing on “Arbitration and Conciliation in 
Trade Disputes” at Cambridge, on Friday last, the 
14th inst., Sir George Askwith said that, whatever 
criticism might be directed inst arbitration and 
conciliation, the advantage of the existence of the 
principle of conciliation, and in a less d of arbi- 
tration, in trade disputes had been wonderfully vindi- 
cated at a time of crisis. Throughout the country, 
when war became imminent, all the great organisa- 
tions of employers and workpeople had sunk their 
domestic troubles and had met together to unite in a 
concerted effort for the welfare and preservation of 
the nation. The method of settlement had been by 
the boards of conciliation that existed in those trades, 
under their ordinary or independent chairmen, or by 
means of arbitrators called in under their rules or 
- -—- by the associations’ representatives on each 
side. Great objects could scarcely have been attained 
without the existence of associations able to control 
their members, and with their machinery available for 
the settlement of details which could be applied to the 
majority of persons engaged inthe trade. In fact, the 
major disputes existing in the country continued in 
cases where one side or the other was disorganised, or 
where no association existed suitable for bargaining, 
carrying authority, and fitted with machinery of con- 
ciliation. 

But if the machinery had proved, perhaps unex- 
pectedly, to be valuable at a time of natienal crisis, it 
could only be so as the result of slow building up and 
organising in a time of peace. That had, in fact, been 
the case, not indeed in view of the national crisis, but 
because, on the whole, both the employers and em- 
ployed in the great trades had gradually felt that the 
results of struggle were incommensurate if they could 
be avoided by discussion, bargaining, and organisa- 
tion, and because the trades of a country and of the 
world were so closely interlocked that no fighting could 
occur without affecting other trades, and also the inno- 
cent public. Hence collective action on both sides 
had been continually growing, and had forced itself 
to the front, being applied, as it were, at both ends 
of the scale of labour—by the old trade unions in 
highly-organised trades, such as cotton, coal, and ship- 
building, and by the State itself in those trades where 
collective bargaining was impracticable, owing to the 
position of the people en; in them, es com- 
monly known as swea es. 

Sir George expressed the opinion that the future lay in 
voluntary action, and not in compulsory arbitration, 
which he did not think would besuitable in this country, 
because it could not be enforced. There must be con- 
sent to make government or agreement in the long run 
effective. Organisation was bound to be increased 
and strengthened in the future, and the only manner 
in which strong organisations could deal with each 
other was by having machinery for bringing complaints 
of each side to the other. Such organisation and such 
machinery could only be a matter of voluntary agree- 
ment, although it might be possible, when the parties 
desired it, to have in some measure the sanction of 
the law. 





In a letter to the district committees, Mr. J. T. 
Brownlie, the chairman of the Amalgamated Society 
of Engineers, and Mr. Robert Y , the eral 

, state the following :—‘‘ In view of the fact 
that the nation is involved in war with European 
Powers, the executive council have had under con- 
sideration a request from the ray ys Federation, 
due to pressure being brought to bear by the Govern- 
ment, tor the completion of vessels required by the 
Admiralty, and all o work for the 
nation’s requirements. As this undoubtedly has 
special reference to the working of overtime, the 
council have given serious consideration to the matter, 
and to all that is involved therein, and hereby request 


that district committees shall instruct our members to 


work the overtime necessary under the circumstances.” 





The Agricultural Consultative Committee appointed 
by the President of the Board of Agriculture, issued 
on Thursday, the 13th inst., a statement in relation to 
the shi of harvest labour owing to mobilisation. 
The Committee announce that active steps are bein 
taken to supply the deficiency, by means of specia 
instructions issued to the Labour Exchanges. The 
Committee appeal to landowners to facilitate the em- 

loyment of members of their estate staffs, such as 

ee and woodmen, on neighbouring farms. Fur- 
ther, the Committee have accepted a timely offer from 
the Boy Scouts’ Association to use Scouts in the con- 
veyance of m es between farmers and possible 
sources of labour, and they record the fact that local 
Scouts are being enco to assist farmers in their 
respective neighbourhoods, Scouts, it is added, are 
entitled to receive fair remuneration for their work. 





The last issue of the Revue du Travail which we 
have received from Belgium is dated July 15, and the 
information it contains on the state of the Belgian 
labour market in the month of June last is of retro- 
spective interest only. In June, the number of appli- 
cations per hundred vacancies was 152, whilst in 
the preceding month of May the applications num- 
ell | 140 per cent., and in June of last year they 
numbered only 101 per cent. These figures point to 
a gradual decrease in the trade of the country. 
Detailed information given in the same pamphlet, and 
classified according to districts, shows that the iron 
and steel market was most depressed during the 
month under review, production being reduced to a 
minimum. At the present time, all work throughout 
Belgium is of a necessity, and through no fault of the 
country, at a complete standstill ; the coal mines have 
stopped running; it is probably impossible to work 
the mine-draining pumps ; the blast-furnaces have had 
to be neglected and will become useless, even if not 
destroyed by artillery... The damage suffered by 
Belgium will take years to make good. 


The question of holding the Trades Union Congress 
at Portsmouth next month was discussed last week by 
the Parliamentary Committee, when it was decided 
to postpone the Congress for a little time. The Com- 
mittee will meet again during the first week in Sept- 
ember, when the situation will be reviewed, and 
arrangements made, if circumstances then permit, for 
the holding of the Congress later in the year. 


In their fourth annual report, which was issued on 
Monday last, the 17th inst., the Standing Committee 
on Boy Labour in the Post Office state t the Post 
Office have acted on their reeommendation to the 
effect that all discharges of boys of 16 years of age and 
fit and willing to continue in the service of the Post 
Office should cease, and, except for 38 cases, which 
occurred early in the year, no boys at 16 years of 
were sent away in 1913 for lack of prospects. In the 
year before the appointment of the Committee the 
number who left in these circumstances was 4471. 
The statistics of absorption are satisfactory, the total 
number of Post Office p secured by boy messengers 
(2593) showing an increase of about 900 on that for 
any previous year. The Committee estimate the total 
number of permanent situations in the Post Office 
likely to be taken up annually by boy messengers at 
close on 2700, against the previous year’s estimate of 
2275. In 1913, it is stated, only 26 boys entered the 
Royal —- as wireless operators, and 10 passed into 
the Royal Engineers as telegraphists, printers, &c. The 
War Office have proposed that the scheme for training 
for the latter corps should be abandoned, but the Com- 
mittee are averse to this, believing that the scheme 
will eventually be found advantageous both to the boy 
messengers and the military service. During 1913 
69 boy messengers entered other branches of ihe Navy 
or Army. By an arrangement with the Board of 
Customs and Excise, 22 boy messengers out of 31 with 
some experience of rowing-boats were successful in a 
competition for appointments as Customs preventive 
men, but it seems unlikely that any such number of 
Customs poste can be relied on as available in normal 
years. 

The future authorised establishment of boy messen- 
gers is estimated at 13,000, against 15,788 in 1910. 








PeRsonaL.—Mesers. Fraser and Chalmers, Limited, 
Gu, Mptherwoh to tcpement ten tf 
Ps . 
British Electrical Plant Com: ti Limited 
. ‘2 eeFintarie sin E.O items, et. London 
, Queen Victoria-street, -, 08 it in 
England he business carried 


and South of — on 
the name of Pfeil and Co., at 145 to 157, St. John-street, 
Clerkenwell, London, E.C., will in future be carried on 


under the name of Farmer and Co., under which name 
it oe aA upwards of 100 years posse to 
w it passed present proprietorshi tl ough 
the name of the firm won Gorman peone of that nationality 
has ever been connected with it. 
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(3667.8) ‘0 
pinion gears into a spur-wheel 21 ft. 10g in. in dia- 
meter, which is mounted on the main mill shaft. This 
main shaft also carries a 160-ton fly-wheel, 30 ft. in 
diameter. The arrangement of the drive is shown in 
detail in Figs. 2 and 3, above. Fig. 3 gives data 
in reference to the gears, which were manufactured 
by Messre. Scott and Hodgson, of Guide Bridge 
W orks, near Manchester. Other views of the drive 
are given in Figs. 7 and 8, on page 252. 

With the motor running at its normal speed, the 
speed of the rolls is about 32 revolutions per minute. 
In order to give some regulation, however, and to 
allow the rolls to be run more slowly, a liquid slip- 
regulator and starter is fitted in connection with the 
— mer oP on it to be run continuously at 

r cent. below synchronous speed. The re tor 
and starter consists of three tanks, o ted one 
tively to the three slip-rings and mounted in a cast- 
iron frame. In the tanks are three electrodes, which 
are raised and lowered by a common hand-wheel, and 
are 80 arranged that the rotor circuit is never broken. 
The regulator is provided with straight wrought-iron 
cooling-pipes, and is capable of dissipating horse- 
power continuously. A recording and indicating tacho- 
meter is driven from the motor-shaft and records the 
fluctuations in the speed, while an alarm device is fitted 
10 connection with it, which sounds an alarm-bell in case 
— motor speed drops below a predetermined value. 

he high-tension supply to the motor is controlled b 
&n iron-clad pillar containing a three-pole oil-ewiteh 
— with @ no-volt and overload release, with time- 
— relay. The pillar also carries three isolating 
i ugs and integrating and indicating watt-hour meters. 
~ addition to the main drive the mill is fitted with a 

arring-gear driven by a 40-brake-horse-power, 360 
revolutions per minute, slip-ring motor working from 
& 550-volt three-phase circuit. The barrio -gear 
operates on the fly-wheel, and is arranged so that it 
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The control-gear is situated in a brick"switch-house 
built at the back of the driving gear. It can be seen 
in Figs. 4 and 8. The whole of the electrical apparatus 
in connection with the main and barring drives was 
supplied by the British Westinghouse Electric and 
Manufacturing Company, Limited, of Trafford Park, 
Manchester. The mills are in operation for 24 hours 
a day, 54 days a week, the product consisting of sheets 
up to 40 in. wide by 10 ft. long, and from 10G. to 
31 G. in thickness. The tachograph records show that 
the motor is always operating close up to its full 
capacity, and that prolonged periods of overload are 
not uncommon. 

The doublers are shown on the left-hand side in 
Fig. 4. They consist merely of a fixed cross-arm 
carrying an hydraulic cylinder, which operates a 
moving crossh which comes down and doubles the 
sheets against a block fixed at floor-level. The moving 
crosshead is balanced by weights below the floor. 
Power is supplied to the doublers from an hydraulic 
accumulator fixed in the south-west corner of the 
mill-shop. It is shown in Fig. 1. The accumulator, 
which supplies pressure water at 700 lb. per aq. in., is 
charged by an electrically-driven three-throw pump. 
Other tools in the mill-shop are six shears for trim- 
ming the sheets to size before they are sent on to the 
annealing furnace. Five of the shears are of the 
under-crank type, the other being of the over-crank 
type. They are all separately driven by electric 
motors. The sheets, after shearing, are passed through 
the cold rolls, and are then packed on bogies and 
taken to the annealing oven. In the rolling-shop there 
is also an hydraulic press for baling the scrap from the 
shears. It is p at the north end of the shop, as 
shown in Fig. 1. and is driven from the same accumu- 
lator as the doublers. Along the west side of the shop 
there are a series of small outbuildings, containing the 
fitting-ehop and dross-house, &c., and the boilers for 


sutomatically falls out of gear when the mill motor | the 


speeds up. The gear can be seen in Figs. 2 and 3. 





The annealing bay contains a Dowson-Mason con- 








View or Mitt Bay Looxine Norra. 


tinuous gas-fired ‘annealing furnace and space ‘or a 
second one of the same size. The furnace can accom- 
modate nine bogies inside and one outside, each bogie 
taking about thirty-six hours to pass through. e 
bogies are pushed through the furnace by an hydraulic 
charger, which is worked from the accumulator in the 
rolling-shop. The furnace is supplied with gas from 
two Duff | ae which are fired from the level of 
the top of the embankment wall already referred to. 
The furnace-filue is carried to a brick stack, which 
can be seen in Fig. 5. The larger stack in this view 
is that for the mill furnaces, and the smaller that for 
the annealing furnace. After leaving the annealing 
furnace the loads of sheets are allowed to cool slowly, 
and are then passed on to the galvanising bay. The 
lay-out of the annealing bay and the relative posi- 
—_ of the furnace, producers, &c., are shown in 

ig. 1. 

The galvanising-shop contains a free area at ite 
south end, in which the unloading of the bogies is 
carried out. At the other end it contains pickling- 
tanks and three automatic galvanising-machines, whic 
are arranged side by side and in the direction of the 
length of the shop. In connection with the pickling- 
tanks, three acid tanks are fixed outside the annealing 
bay in the south-east corner of the works, These 
tanks are charged from acid wagons, which come up 
on the siding alongside, and are connec to the 
pickling-tanks by ebonite pipes. The position of the 
tanks and the general lay-out of the galvanising-shop 
are shown in Fig. 1. The pickling-tanks are of stone, 
and the sheets are fed into them by hand. They are 
then passed into wooden washing-tanks and on to the 
galvanising-machines. These consist of solid-welded 
es baths, wrought-iron washing-tanks, and 

rick drying-stoves. e metal baths and nye 
stoves are heated by coke furnaces, which are self- 
contained with the machines. Each machine is fitted 
with an endless-chain conveyor and a series of rubber 
rollers, by means of which the sheets are automati- 
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cally conveyed from the galvanising bath, through 
the washer and dryer, and out at the far end of the 
machine. The galvanising plant, which is shown in 
Fig. 9, on e 252, was supplied by Mr. John 
Thompson, of Wolverhampton. 

After galvanising, the sheets are examined, and 
passed on to the corrugating-shop. This contains two 
corrugating - machines, also — by Mr. John 

w 


Thompson. The machines, ich are shown in 
Fig. 10, on e 252, are capable of dealing with 
sheets up to 12 ft. long, and are fitted with Thomp- 


son’s patent clamping attachment. The crosshead 
of each machine has an up-and-down reciprocating 
motion, the dies continually opening and closing. 
Continuity and uniformity of pitch, depth and shape 
in the corrugations, is ensured by the patent clamping 
attachment. This consists of an auxiliary crosshead, 


which is connected to the main crosshead through the | then 


intermediation of four compressed-air cylinders. The 
auxiliary crorshead is secured to the piston-rods of 
the air-cylinders, as can be seen in Fig. 10. When the 
machine makes its downward stroke, the auxili 
crosshead, which carries an upper registering die, is 
in advance of the main cross , 80 that it comes 
down on the part of the sheet already formed, and 
holds it in position on the lower die. The main cross- 
head then comes down and forms the next section of 
the sheet, the auxiliary crosshead being held in posi- 
tion the whole time by the pressure in the air- 
cylinders, which keep it up to its work, and at the 
same time allow the necessary relative movement 
between it and the main crosshead. The air-cylinders 
are connected up by flexible tubes to an air-compressor. 
These connections can be seen in Fig. 10. 

The packing bay contains certain machines, and 
among them an —— stretching-machine, also 
built by Mr. John Thompson. This is capable of deal- 
ing with sheets up to 12 ft. long. Other machines in 
the packing bay consist of machines for curving or 
flattening the corrugated sheets, in addition to a 
ridging-machine and slitting-shears. All these ma- 
chines are electrically driven from a 550-volt three- 
— circuit, the motors being supplied by the British 

estinghouse Company. The ae bay, as already 
stated, and as shown in Fig. 1, has a railway 
siding running down its west side. Owing to the 
configuration of the site, this siding lies at a con- 
siderably lower level than the floor of the bay, so 
that trucks have to be loaded by lowering the 
parcels of sheets by a crane. For this purpose a 5-ton 
overhead electric traveller is provided. It will be 
seen from Fig. 1 that the siding, although below the 
level of the floor of the bay, is none the less situated 


under the roof, so that loading can be carried out| 7 


free from interference by the weather. The heavy 
line in Fig. 1 marks the vertical retaining-wall carry- 
ing the floor of the shop, and it will be noted that the 
columns are fixed outside the siding. The entrance 
to the siding can be seen in Fig. 5, which also shows 
the weigh-oftice for dealing with loaded trucks. 

The whole of the electric power for operating the 
works through a special sub-station built at 
the east side, and shown in Fig. 1. This sub-station 
receives power from the Ebbw Vale Company’s Vic- 
toria generating-station, which is situated at their 
steel works. Three-phase power at 2200 volts and 
50 periods is conveyed to the sub-station by overhead 
aluminium transmission lines. The station contains 
the necessary switch-gear for the control of the over- 
head lines and of the 2200-volt circuit to the main mill 
motor. The high-tension gear also controls the high- 
tension side of two 350-kw. step-down transformers 
which are housed in the station. These transformers 
supply the 550-volt circuits for the various smaller 
motors in the works. The connections between the 
sub-station and the works are made across a cable- 
bridge, which is carried well above the intervening 
railway —-. The switch-gear and transformers 
were supplied by the British Westinghouse Company. 

In concluding this description we should say that 
Mr. Walter Dixon, of Glasgow, was the consultin 
engineer for the electrical part of the equipment, an 
should express our thanks to Mr. Frederick Mills, 
M. Inst. C.E., the managing director, and to the other 
officials of the company for courtesy and assistance 
extended to us during our visit to the works. 





Auvoy-Stze, Grars in Macutne Toois.—The issue 
of Machinery, New York, fo: the present month, says 
that alloy steels, such as chrome-vanadium and chrome- 
nickel, has been used with morv or less success for gears in 
machine-tool construction. Onemachine-tool builder inthe 
Middle- West has tried both these alloys for gears ; very 
unsati results were obtained, and he gone 
back to ordinary carbon steel, having a carbon content 
of 0.20 per cent., heat treating the steel in the most 
scientific manner known. Our contem states that 
with special alloy steels the limits of fluctuation in the 
heat treatment are much narrower than in ordi: 
carbon steel, and the material must be handled m 

carefully results are to be expected. 
machine-tool bui i 


the builder in ques- 
tion has found that his teoubles in the wag of becahage 
and stripping of gear-teeth are practically eliminated. 





OXY-ACETYLENE WELDING. 
To THe EpiTor or ENGINEERING. 

Sir,—In reply to your correspondent, Mr. W. H. 
Tozer, in your issue of the 7th inst., I can answer his 
question in the affirmative. Nearly three years ago I 
welded the crown of a gas-holder of smaller size, the 
crown consisting of ,,-in. sheeting, which is working at 
the present time and has given satisfaction in every way. 
On several occasions I have also repaired crowns which 
have been damaged in transit. 

ane holders with a crown of }-in. plate would be 
straightforward work for an expert welder if the follow- 


mg mated is carried out :— seams should be butt- 
ed. Th 


sections of plate should be shaped and | land 


placed in position, taking care to leave a clear space 
of yy in. to 4; in. between each section. The operator 
should then tack the plates together by oa at every 
12 in. or 14 in. until the crown is completed. e should 

commence welding the seams, ~~ care to prevent 
any distortion. When the welding of the crown is com- 
pleted, it should be placed on the walls of the bell, tacked 
in a few places toleee welding, and if extra strength 
should be required in the seams, the welds should be 


* slightly shouldered. 


he oxy-acetylene process is particularly suitable for 
this class of work, rm cannot fail to give satisfaction if 
performed by an experienced welder. 


‘Yours truly, 
Ws. Toureoe, Instructor, 


August 13, 1914. Oxy-Acetylene Welding. 





Yorksuire Ooiiiery DervetopmMeNnts.—As regards 
mining extensions in the Barnsley district, we have to 
record successful sinking to the Parkgate seam at the new 
Darton Main emf od es is near the Darton station 
of the Lancashire and Yorkshire Railway. The sinking of 
two shafts commenced in October last year, and has been 
carried on expeditiously. The seam was reached at a depth 
of 190 yards. It is fully 4 ft. in thickness, and is of good 
quality. The second shaft will be carried down to the 
same seam in a short time, and sinking is to be continued 
to the Thorncliffe and Silkstone seams, which lie at a 
further depth of about 70 yards. It is expected that the 
e will be opened out rapidly, and that it will eventually 

nd employment for about 1500 men. 





War Maps.—We have received from Messrs. Edward 
Stanford, Limited, 12 to 14, Long Acre, London, W.C., 
a series of admirable maps of special interest at the 

mt time. One sheet of mtral and Eastern 

+ 4 includes the part of Europe comprised within 
the tern frontier of France, Tunis, the Island of 
Crete, the Western Coast of Asia Minor, the Western 
frontier of Russia and Southern Sweden and Norway. 
Another sheet is a map of the Netherlands and Belgium, 
with the Northern frontier of France, Luxemburg and 
the Western frontier of Germany. A third map is that of 

rance, including Southern England, Northern Spain, 
the Eastern frontiers of Italy, Switzerland and Germany, 
and a part of Belgium and of the Netherlands. The three 
maps, which are most complete, are published, at various 
prices, according to the manner in which —_. are 
mounted. Messrs. Stanford announce that war map No. 4, 
of the Franco-German frontier, and war map No. 5, of 
the North Sea, are in preparation. 





Tue City anp GuiLps or Lonpon Instrtuts. — The 
annual report of the Council of this body, to which the 
whole manufacturing industries of the country are so 
deeply indebted for the promotion of technical studies, 
has just m issued. Amongst the interesting facts 
brought out is that nearly half the “internal” under- 
ee ay taking engineering in the University of 

mdon hail from the coll of the Institute, mostly 
from the City and Guilds (Engineering) College, since 
that at Fimsbury has only recently extended its normal 
course of instruction to three years. At the South Kens- 
ington establishment the chemical department has been 
closed, the work being transferred to the Royal Co 
of Science. extensions are, however, being m 
to the buildings, through the generosity of the Gold- 
smiths’ Company, whose benefactions already amount to 
87,0002. The —— of this extension is estimated to 
cost 24,0000. notable change during the year has 
been the division of the department of civil and mecha- 
nical pets into two, a separate civil engineering 
section being formed, with Professor 8. M. Dixon as 
its head, whilst the mechanical section will remain 
under the direction of Professor W. E. Dalby. The 
number of candidates taking the entrance examina- 
tion continues to rise, and numbered 190 last year 
the average age being 19.2 years. Of these, 38 
been previously engaged in works, whilst 15 came 
from other technical colleges and schools. At Finsbury 
a special third-year course has been added to the curri- 


culum for mechanical engineers, and a similar provision | been 


is now pro for those taking the electrical engineering 
course. present two-year courses are, however, to 
be also maintained, having proved of great value to those 
apprentices and improvers who are unable to afford the 
time necessary for the longer training. Valuable as the 
pom dry claoee onan LY AN oy 8 4 
evening pire by 

De ent of Technol do not constitute a still 
higher claim on the ti of the public. During the 
year covered in — 4859 such classes were 
organised, and attended by 54,510 students, this being 
Ee ee ee ee ee 
Examinations were held in 74 subjects, for 
which 21,878 candidates entered from centres in the 
United Kingdom alone. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was steady and a fair iness of 
2000 tons of Cleveland warrants changed hands at 53s. 1d. 
cash and 53s. 5d. one month. Closing sellers quoted 
53s. 1}d. cash and 53s. 4d. one month, but the 
three months position was not mentioned. re was 
little change in the afternoon, when 1500 tons of Cleve- 


land warrants were put through at 53s. . five days 
and 53s. 34d. month, with closing ers naming 
53s. 1d. cash and 53s. 4d. one month. On Friday 


morning the market was idle, but steady, and Cleve- 
warrants were quoted at 53s. 14d. cash, 53s. 44d. 
one month, and 53s. 9d. three months sellers. Buyers 
of hematite were offering 64s. one month, but no 
dealing. took place. In the afternoon Cleveland 
warrants were firm, and the turnover amounted to 3500 
tons at 53s. 14d. cash, with sellers over at 536. 2d. cash 
and 53s. 44d. one month. On Monday morning the tone 
was just the turn softer, and 3000 tons of Cleveland 
warrants were dealt in at 53s. 1d. cash, 538. 4d. one 
month and September 22, and at 53s. 9d. three months. 
At the close sellers named 53s. 1d. cash, 53s. 4d. 
one month, and 53s. 10d. three months. The afternoon 
session was dead idle, but sellers of Cleveland warrants 
made a nominal advance of 2d., quoting 53s. 3d. cash, 
53s. 6d. one month, and 54s. three months. Prices were 
steadier again on Tuesday morning, and the dealings 
amounted to 2500 tons of Cleveland warrants at 53s. 1d. 
cash and 53s. 3d. twenty-two days, and closing sellers 
quoted 53s. 1}d. cash and 53s. 44d. one month. No 
transactions of any kind were recorded in the afternoon, 
when sellers of Cleveland warrants quoted 53s. 1d. cash 
and 53s. 44d. one month, with buyers down to 52s. 11d. and 
53s. 24d. a When the market opened to-da 

(Wednesday) the tone was steady, but no business too 

place, and sellers of Cleveland warrants named 53s. 14d. 
cash, and 53s. 44d. one month. In the afternoon there 
was an easier tendency, and Cleveland warrants were 
done at from 52s. 11d. to 52s. 104d. cash, and at the close 
the quotations were 52s. 104d. cash, 53s. 14d. one month, 
-_ — 7d. three months sellers. The turnover was 

ns. 


Sulphate of Ammonia.—With an easier demand for 
sulphate of ammonia the price has gob weaker. The 
shipping trade has gone quite off, and there is little 
being required for home use at present. 


Scotch Steel Trade.—Affairs in the Scotch steel trade 
are still just a little uncertain, as similar conditions to 
those prevailing now have no parallel. The majority 
of the works are quite busy and a lot of business is 
going through, but raw material and shipping facilities 
orm considerable drawbacks. These, with the absence 
of foreign competition, have caused fairly heavy ad- 
vance, in prices, which, it is freely stated, are only the 
first steps on the upward ladder. Consumers are not 
coming forward with their orders as one might expect, 
and dilatoriness in this respect may be a serious matter 
to them later on, when prices have risen further. The 
former levels of a month or two back cannot be looked 
for for a long time to come, and now that Britain and 
America are left to supply the world’s requirements, 
prices are bound to be on a higher level than formerly. 
All quotations are without engagement, and for imme- 
diate reply. It is difficult to name prices, but for ship- 
plates the figure is about 7/. per ton, less 5 percent., for local 
delivery. © export trade is practically at a standstill, 
although some owners have managed to get their vessels 
off. © position is daily getting a little easier, and 
when the outlook becomes clearer, and the war insurance 
not so heavy, there is every prospect of a considerable 
revival in the export demand. Meantime, however, 
inquiries from overseas are not so numerous as wakers 
here would like, but a number of orders formerly given 
to Continental houses, and now cancelled, have been 
placed locally. 


Scotch Pig-Iron Trade.—There has been a very good 
demand for the ordinary qualities of scotch pig-iron 
during the past week, and sales have been numerous. 
Prices are considerably up, and are all a matter of 
arrangement, so no list of current quotations can be 
given. Contracts for forward supplies are not being 
entertained, as everything depends on the duration of 
hostilities. 

Scotch I of Iron and Steel.—The outbreak of war 
between Britain and Germany has caused a considerable 
upset in business circles, and the ¢ month’s returns 
in the matter of imports will show a decided ae pe 

ing the month of July the regi imports of the 
undernoted iron and steel manufactures into the ports of 
Glasgow, Greenock, Grangemouth, Leith, Dundee, and 
Aberdeen, amounted to 12,667 tons, with a total value of 
85,895/., and of that lot no less than 10,960 tons, valued at 
71,6552., came from the Continent. These imports have 
growingly steadily, and now that they are cut off, 

the home The 


ers will become much busier. details 
are :— 
Ex-Oontinent. Ex U.S.A. 
Tons. baa Tons. ar 
Iron &e. .. 3 123 20,809 — _ 
en eae &e. oe ee bor 16,302 221 2,331 
Iron and hoops and strips .. 1,278 8,638 1,486 11,909 
Iron and steel plates, not under jin. 3,975 25,248 — _ 
Iron and steel plates, under jin. .. 82 es — _ 


Total . 10,960 71,655 1,707 14,240 
Malleable-Iron Trade.—The improvement which has 
taken place in the malleable-iron trade of the West of 
Scotland is indeed most welcome, but the scarcity of raw 


material is a serious matter. The current price for 
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“*crown” bars is now 7/. 12s. 6d. per ton, less 5 per cent., 
delivered locally, and the — ing quotation is also cor- 
responding\y higher at 6/. 163. to 7/. per ton net, f.o.b. 
G Ww. ese advances were arranged at a meeting 
of the local Bar-Iron Makers’ Association, held in 
Glasgow last Friday. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The steam-coal market 
has ee very little ch during the last week. 
Though inducements have been held oat for shipment to 
neutral countries, few people are willing to undertake 
the risk attaching to cargoes. A heavy tonnage is read 
for despatch at ports should those risks be minimised, 
or more favourable covering terms be offered. The 
difficulty arising from the shortage of pit props has not 
been lessened, and the price of the _ supplies 
available has risen 30 per cent. in the last fortnight. On 
local industrial account there is a brisk inquiry, princi- 
pally because of the pressure at works employed on 

ritish Army and Navy orders. The position at the pits 
is less satisfactory. pite compulsory reductions in 
output, stocks are rising, and owing ad a at the 
ports, owners are experiencing a shortage of wagons. 
Prices are easier. Hous coal is in steady demand, 
though the recent panicky rush has ceased. th at pits 
and dépéts normal activity prevails. Few stocks are 
left. Prices are steady at last week’s rates. Slacks are 
stronger, chiefly owing to the fact that many of the hard 
steam pits are idle. ke is er. Quotations :—Best 
branch hand-picked, 15s. to 16s.; Barnsley best Silk- 
stone, 12s. to 13s.; Derbyshire best brights, 11s. 6d. to 
12s. 6d.; best la nuts, 10s. 3d. to 11s. 3d.; small 
nuts, 9s. to 10s. ; Yorkshire hards, 10s. to 11s. ; Derby- 
shire hards, 10s. to 11s. ; best slacks, 7s. to 8s. ; seconds, 
5s. to 6s.; smalls, 2s. to 3s. 


Iron and Steel.—The situation in the South Yorkshire 
iron and steel trades has not deteriorated to any marked 
extent during the past week. Manufacturers are begin- 
ning to find that, whatever the ultimate effects, the 
present decline in activity is not nearly so sharp as they 
were led to expect. The wisdom of local raw-material 
producers in refusing, prior to the outbreak of war, to 
enter into long - da’ contracts, is more apparent. 
With the cutting off of Continental supplies common pig 
and hematites have risen from 5s. to 10s. per ton, an 
there is prospect of further advances. East Coast hema- 
tite has advanced from 68s. 3d. to 77s., and West Ooast 
from 73s. 6d. to 80s. 6d. Owing to the shortage of ore, 
a number of furnaces have been damped down, and 
production is now very little in excess of the demand, but 
smelters are hoping that shipping with neutral countries 
will shortly be restored, and that the bulk of the blown- 
out furnaces will be put into blast again. Common pig- 
irons have appreciated considerably, if to a lesser extent. 
Transactions in Lincolnshire foundry sorts are reported 
at 59s., Derbyshire foundry at 60s., Lincolnshire forge 
at 58s. 8d., and Derbyshire forge at 56s. is repre- 
sents all round advances of from 5s. to 6s. on the prices 
nominally quoted a fortnight ag0. The most marked 
advance has been in the case of bars and billets. In 
accordance with the decision of the South Yorkshire 
Bar Iron Association, bar iron has advanced from 
7l. 5s. in the case of crown bars to 8. per ton, de- 
livered less 24 per cent. With the cessation of Con- 
tinental dumping of cheap products an equally large 
advance has been made in the — of basic billets. Soft 
billets have moved from 41. 15s. to 6/., and hard billets 
from 5. 10s. to 61. 10s. - Everything required for war 
purposes has, in fact, risen, there having been a 
menal demand for horse-shoes, hoop-iron, and transport 
wagon parts. Plates and sheets have advanced by 15s. 
to 20s. per ton, and hoop iron by 30s. The armament 
works are en at record ure on orders for 
guns, shells, and plates for the British War Office, and 
incidentally are keeping other small departments —— 
engaged. Nor is there any likelih of an 
in the present — Most of the steel works 
have been occupied for the greater part of the 
week. Manufacturers anticipate to benefit considerably 
from the diversion of Continental trade. Already a 
number of orders have been placed in Sheffield which 
hitherto were executed in y, and there seems 
every rey of a further improvement on similar 
lines if the difficulties of obtaining necessary ma 
can be overcome. One of the most serious causes of 
obstruction is the shortage of which, in common 
with other valuable alloys of foreign production, is 


advancing in ce. Special works will probably be 
established to sacl, the difficulty, American alloys 
being too dear for local use. 





Tue InstrTuTIOV oF MininG EnGingEeRs.—The twenty- 
fifth annual meeting will be held on Wednesday, Septem- 
ber 9, 1914, at 10.30 a.m., at the Central School of Science 
and Technology, Stoke-on-Trent. The following papers 
will be read, or taken as read :—(1) ‘‘The Absorption of 
orygen by Coal,” Part IL, IIL, IV. and VI., by Mr. 
T. F. Winmill, B.A. ; (2) “‘The Absorption of Oxygen 
by Coal,” Part V., by Mr. J. Ivon Graham, B.A.; (3) 
oto nwa hy tus and sy Se 
or Use in Irrespirable Atroospheres,” » de 
Haldane, F.R.S. ; ae Unknown Clays in Coal 
— Mr. J. W. Mellor, B.Sc. The following 
papers will be open for discussion :—{a) ‘“‘A Method of 
Measuring Temperature,” by Mr. T. F. Winmill, 
B.A. ; (0) ‘The Al tion of Ox by Coal,” Part L., 
by Mr. T. F. Winmill, B.A. ; (c) * -Contained Rescue 
Apparatus for Use in Irrespirable Atmospheres” (First 
Report), by Dr. J. S. Haldane, F.R.S. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The local races timed for 


this week have been abandoned, but the usual annual | d 


holidays are being taken, and, with offices open only in 
the forenoon, business is on a very limited scale. A lot 
of pig-iron is being taken up for home use. Traders are 
not dis to commit themselves ahead to any extent, 
and the sales recorded are almost entirely confined to 
transactions for early delivery. No. 3 g.m.b. Cleveland 
pig is selling at Bos. + No. 1 at 55s. 6d.; and No. 4 
oundry at 52s. 6d. No. 4 f is in exceptionally 
heavy demand for Scotland, and, as a consequence, is 
very scarce, with the result that this quality is realising 
nearly as much as No. 3. Mottled and white iron are 
each in the neighbourhood of 52s. As is usual after 
brisk buying there is a lull in the demand for East 
Coast hematite pig, home consumers havin sqparendly 
satisfied their needs for the time being. ers 8 

hold out for 70s. for mixed numbers, and report a 
little business at that figure, but second hands have sold 
at 68s. and 68s. 6d. There is not much doing in forei 

ore. A few have been disposed of this . 
one sale of best Rubio being at 20s. 6d., and quotations 
for other foreign ores are on that basis. There is much 
difficulty in arranging for ore-boats. A fixture, Bilbao- 
Middlesbrough, has this week been made at 6s. 3d. Coke 
is still scarce. Up to 18s. 6d. is named for bee-hive Durham 
blastfurnace coke of average quality, delivered at Tees- 
ag _— but some patent cokes are offered freely at 

8. 3d. 


Shipments and Stocks of Pig-Iron.— Shipments to 
foreign buyers are at a standstill. There are a few 
clearances to coastwise customers, but altogether this 
month’s despatches of pig-iron by sea threaten to be very 
small. Stocks are now steadily accumulating. Makers’ 
stores must be increasing considerably, but to what 
extent is not ascertainable. The quantity of No. 3 Cleve- 
land pig in the public warrant stores here now stands at 
panne | tons, 7720 tons having been added so far this 
month. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel are now very 
well off for work. Since the outbreak of war substantial 
contracts have been made with home customers, and 
orders are still coming in. Values are advanci The 
following are the principal market quotations : mmon 
iron bars, 8/.; best bars, 8/. 7s. 6d.; best best bars, 
81. 15s. ; iron ship-plates, 7/. 5s. ; iron “oO 71. 10s. ; 
iron ship-rivets, 9/. ; steel bars, 64. 15s.; s' ship-plates, 
7l.; steel ship-angles, 6/. 15s.; steel joists, 7/. 2s. 6d. ; 
heavy steel rails, 6/. 15s.; and galvanised corruga 
sheets, 11/. 10s.—sheets less ody cent., rails net, and all 
other descriptions less the usual 24 per cent. 





Tae Unirep States Coat Ourreut.—We read in the 
Iron Age that the coal —- in the United States for 
the year 1913 has again broken all previous records. e 
figure given by our contemporary is 570,048,125 net 
tons, or considerably more than double the output of 1900, 
and more than eight times that of 1880. e value 
of the coal mined in 1913 is given as 760,488,785 dols. 
158,000,000/.). Compared with the year 1912, the output 
or 1913 shows an increase of 35,581,545 tons, or yn | 
7 per cent. Pennsylvania mined more coal in 1913, bot 
anthracite and bituminous, than in any previous year in 
the record of the industry. The output reached 
265,306,139 tons, of which 91,524,927 tons was anthra- 
cite and 173,781,212 tons bituminous. 


A Heavy Train.-—The large triple articulated locomo- 
tive for the Erie Rai , of which we recently gave a 
description, was submitted to a capacity test a short 
time ‘ —— it develo & maximum draw- 
bar pull of 130,0001b. Ata speed of 14 miles per hour, 
on a section in which the worst conditions were a com- 
bination of a 0.09 per cent. up-grade and 5 deg. curva- 
ture, this locomotive hauled 250 50-ton steel ola cars, 
loaded, and a dynamometer car, the train behind the 
tender weighing 17,912 short tons. Its total | was 
8547 ft.. or 1.6 miles. The test was made on the Susque- 
hanna division of the Erie Railroad. In starting the 
engine was assisted by pushers in order to minimise the 
rik of damage to the draw-gear. 





Tue Cannon-Srreet Raitway AcormpEent. — Major 
J. W. Pri ‘8 report to the Board of Trade on the 
accident which occurred at Cannon-street, on the South- 
Eastern and Chatham Railway, on June 27, leaves little 
doubt that this adds yet one more to the list of preventible 
accidents ; in fact, the driver of the train to which the 
collision was due admits that he was in error owing to 
an unfortunate assumption on his part. He neglected to 
look at an indicator placed under his starting signal at 
Cannon-street Station, and on getting outside 
an advance signal which, had he attended to the indicator, 
he would have realised was not intended for him, with 
the result that his train ran into another — > the 
opposite direction. This he might have avoided at the 
last moment had he noticed that his engine was taking 
a road he had not anticipated at slip-points ; but he seems 
to have failed to notice this owing to the shouting of men 
who were endeavouring to attract his attention. The 
fault lay with the driver for his neglect of the indicator, 
and his error in connection with the advance signal. The 

also appears to have been attending to parcels, &., 
instead of keeping a look-out on this intricate piece of 
line. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Inquiries have become more numerous, and 
exporters have shown a greater dispos:tion to overcome 
any difficulties. Freights have exhibited an easier ten- 
ency, while war risks are considerably less serious, the 
sea being practically clear of the enemy’s shi Not- 
withs , however, the more favoura’ colin it is 
considered + some time must ela: before normal 
business can be restored, while there is some apprehen- 
sion that stop) of pits among collieries working 

coal will continue to be numerous. Supplies of 

fptions a = soy 4 - demand ; bunker 

descriptions have ie 78. to > ton, and cargo 

qualities 4s. 6d. to 6s. 6d. per ton. ithe best Admiralty 

steam coal has not shown much change; secondary 

ualities have ranged from 18s. to 19s. ; and ordinary 
escriptions from 17s. to 18s. per ton. 


Providing Employment. — The Carmarthen Count 
Council has decided to proceed at once with the enetrey. 
tion of a light railwa m Llandilo to Lampeter. The 
Glamorgan County ncil also proposes to proceed with 
new , and wideni The object is to 
find as much employment as possible for the population. 


The Tin-Plate Trade.—More tin-plate works are being 
brought into full operation in the Llanelly district. 
Messrs. Richard Thomas and Co. have started eight mills 
at their South Wales works. The Burry Works, owned 
by the same firm, also started on Friday. At the Old 

astle Works fifteen mills have been started out of a 
total of twenty. The Western Works, the Old Lodge 
Works, and the Dafen Works have also resumed opera- 
tions ; and six mills of the Duffryn Tin-Plate Works have 
restarted. 


Welsh Steel Rails.—Messrs. Guest, Keen and Nebttle- 
folds have obtained orders for steel rails on Indian 
account. Prices have shown a sharp advance, and heavy 
sections now stand at about 6/. per ton, free on board. 


Labour Disputes Subsiding.—Settlements of three dis- 
putes were arrived at by the joint sub-committee of the 
Welsh Conciliation Board, at an adjourned meeting at 
Cardiff. These disputes affected over 3500 men, who had 
been rendered idle. The ae in view is to eliminate 
all labour troubles from the th Wales coal-field during 
the — are entertained that other disputes may 
be satis y disposed of; the trouble at the Ffaldan 
colliery was settled on Monday. 


The Swansea Valley.—Business in the Swansea Valle 
has been unsatisfactory in consequence of the war. Col- 
lieries have been only working two or three days per 
week upon local orders, and there has not any 
doing at — og The blast-furnaces have been in fu 
operation, the aggregate production of pig-iron has 
been heavy. The tinplate trade has shown depression, 
but it is considered to be reviving. 





Bounty ror SuHipsvr.pers.—A telegram from Mr. 
A. F. Yarrow has been posted in his firm’s works at 
Scotstoun to the effect that if the firm are fully satisfied 
with the speed of completion, when the last of the three 
new destroyers, Miranda, Minos, and Manly, on which 
their men are working night and day and on Sundays, 
has been handed over, 1000/. will be distributed among 
the leading hands and others. 





British Locomotive Exports.—July was another 
month in connection with our locomotive exports. 

be present war in Europe will prove an adverse 
influence, but account should be taken of the fact that 
the i demand which has been noticed of late 
for our locomotives has set in from other quarters. The 
main cause, for instance, of the great increase in the 
July shipments was a much demand on Indian 
account, the engines delivered to British India durin 
the month being valued at 213,479/., as compesel 
with 147,627/. in July, 1913, and 23,9342, in July, 1912. 
There was also a very encouraging demand in July 
for locomotives for Australia, engines to the value of 
52,0701. being forwarded to that part of the Empire in 
the course of the month, as compared with 7: and 
879561. The gross value of our locomotive shipments in 
July was 347,573/., as compared with 234,212/. and 
164,0730. ; and for the seven months ended July 31, 
iF ya, 2,431,3241., as compared with 1,487,111/. and 


BritisH Coat ABROAD. —The shipments of coal from the 
United Kingdom in July amounted to 6,599,481 tons, as 
compared with 6,975,211 tons in July, 1913, and 7,041,866 
tons in July, 1912. France headed the list during July 
of countries importing British coal, with a demand for 
1,090,169 tons, as compared with 1,161,473 tons, and 
Lon Sh wees Germany took 922,088 tons, 

wi A 


noreased to 55,168, 
and 44,274,901 cons by the addition of coal shipped for 
the use of steamers engaged in foreign trade. 











7 a ie 


252 ENGINEERING, [Aue. 21, 1914. 








GALVANISED CORRUGATED-SHEET WORKS AT EBBW VALE. 


rn er 


(For Description, see Page 248 ) 








ye ae 
oh 


oF gé § ee 
ia = 








PPCneaa ny ug bic - q 














Fic. 5. GENERAL ViEW or Works Looxine Norta-East. Fic. 6. View or MILLs, 








-ssaaee 


somes 
— 
eas 
MC ae 0m 
se li 
aan 
a 
Penal 
Ss ctlitaed 
vere, 
A 
= 
Ce ad 
en 


4 eS 


sf 
& 

















Fic. 7. Drivina Gear From Motor Sipe. 


Fic. 8. Drivine Gear From Front SIpeE. 



































Fie. 9. Gatvanistne Macurnes, CoRRUGATING MacHINEs. 


v 


cere aes 


Ave. 21, 1914.] 


ENGINEERING. 





253 








SSS 


AGENTS FOR ‘“ ENGINEERING.” 


AvustraLia: Gordon and Gotch, Limited, Melbourne; Sydney; 
Brisbane; Perth. Turner and Henderson, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W. OC. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

Avustria-Huneary, Vienna : Lehmann and Wentzel, Kartnerstrasse. 

Beveium: E. F. Satchell, 45, Avenue de Terneuzen, Brussels. 

Canapba, Toronto, Ont.: Wm. Dawson & Sons, Manning Chambers. 
Montreal: Sells, Limited, 302, Shaugnessy Building, 
McGill-street. 

EprxpureH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, 22, Rue de la Banque. 
For Subscriptions and Advertisements, Librairie B. 
Tignol, 53bis Quai des Grands Augustins, Paris. Also 
for Advertisements, Agence Havas, 8, Place de la 
Bourse. 

Germany, Berlin: A. Asher and Co., 13, Unter den Linden. 
Leipzig: F. A. Brockhaus. Mulhouse: H. Stuckelberger. 

Giaseow : William Love. 

Invi, Calcutta: Thacker, Spink and Co. Bombay: Thacker and 
Co., Limited. 

Iraty : U. Hoepli, Milan, and any ee. 

TiverPoot: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, 143, Deansgate. 

New ZraLanp: Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerDAM : H. A. Kramer and Son. 

Sovrn Arrica: Central News Agency, Limited, Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Eliza- 
beth, Bloemfontein, Durban, and their various branches 
and bookstalls throughout South Africa. Also Cape 
Town : Wm. Dawson and Sons, 31, Long-street. 

TasmaNniA : Gordon and Gotch Proprietary, Limited, Launceston ; 
Hobart. 


ts) , 
Unirep Srates, New York: W. H. Wiley, 432, Fourth Avenue, 
Chicago : H. V. Holmes, 957-958, Monadnock Block. 


"ADVERTISEMENT RATES. 





The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven wo! yment must accompany all orders 
for single advertisements, otherwise their insertion cannot 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside may be obtained on application. The 
are 12 in. deep 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. — a tinagt Naina MR 5 

SUBSCRIPTIONS, HOME AND FOREIGN. 





“ENGINEERING ” can be supplied direct from the Publisher 
o-_ free, for twelve months, at the following rates, payable in 
vance :— 


For the United Kingdom ............ £1 9 2 
For Canada— 
Thin paper copies .......... £1 11 6 ($7.65 
Thick at) peeeewosed £1 16 0 ($8.75 
For all other places abroad— a ° 
Thin PUES cccccssese 16 
Thick - a apaprermntonan £2 0 6 


When foreign subscriptions are sent by Post-Office orders, 
aivice should be sent to the Publisher. 

Foreign and Colonial subscribers receiving incomplete copies 
through newsagents are requested to communicate the fact to the 
Publisher, together with the agent’s name and address. 

All accounts are payable to ‘* ENGINEERING,” LIMITED. 
Cheques should be crossed ‘‘ Union of London and Smith’s Bank. 
Limited, Charing Cross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 

Offices for Publication and Advertisements, 


35 and 36, Bedford-street, Strand, London, W.C. 


We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 


THBORAPHIC ) «s ENGINEERING,” WESTRAND, LONDON. 


TELEPHONE NumBers—3663 and 8598 GERRARD. 





. 


RRapine - Cases. — Reading-cases which will hold twenty-six 
numbers of “ ENGINRERING” may be had of the Publisher or of 
any newsagent. Price 6s. each. 


CONTENTS. 


PAGE PAGE 

The Production of White The Effect of Engine S 
Salt from Rock-Salt (JI- on the Weight of Petrol- 
eaten cag A EA Be BS Engines (/Uustrated) .... 255 
a Suction ” between Pass- errr nines ’ 
_ing Ships (/Uustrated) .. 248 Note on the Distribution 
Canadian Customs’ Cruiser of Pressure Around Cy- 
(llustrated) ............ 245 lindrical Rods and Bodies 


Industrial Notes .......... 247 when Exposed to Uni- 
Galvanised-Sheet Mills at form Air - Currents (/1- 

Ebbw Vale (1Uustrated).. 248 Ree 257 
Oxy-Acetylene Welding.... 250 Literature ................ 258 
Notes from the North .... 250 | Books Received ......... 
Notes from South York- The Munich Gas Exhibition 259 
GES, stctiaci ci setter 1 Four - Spindle Drilfing and 
Notes from Cleveland and Tapping-Machine (/ilus.) 260 

the Northern Counties .. 251 Stress Distribution in Mate- 
Notes from the South- GN oh boebns 04 sveses sels 261 

Wins’ age shiuiecti cas 251 Some Tests on a Diesel 
ze a = Trade 253 Engine ( . 

e tic an lack Sea Colonial and Forei 

Canal Scheme .......... neering abel 266 


With a Two-Page Plate of the CANADIAN CUSTOMS’ 


be | consolidated and every emergency provided for. 


pages | lished command of the sea at the most crucial 


—= | is that associated with the manufacture of electrical 


256 | impetus before Britain took the work in hand, and 


NOTICE. 


In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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THE GOVERNMENT AND TRADE. 


Ir is only fitting that the Government should 
utilise as far as is possible that spirit which has so 
splendidly sustained the best traditions of our race 
during the most trying fortnight ever experienced 
by the present generation. With a patriotism and 
energy, all the greater because so silently exer- 
cised, great deeds have been done, and now the 
most momentous issues can be awaited with 
calmness, provided the trade of the country can 
be maintained under normal conditions. The 
Government has done most efficient service so 
far as administration is concerned, not only in 
connection with the defence of the Empire, 
but in the equally essential function of arranging 
for financial and commercial equilibrium during 
the first onslaught of a crisis of extreme gravity. 
The finance resources of the country have been 


The Navy, by its silent yet sure service, has estab- 


period of our history, and has rendered oversea 
traffic as safe almost as in times of peace, while the 
Government, by its State system of war risk insur- 
ance, has brought confidence to all shipowners and 
shippers throughout the world. There should 
thus be the minimum of interruption to industry 
and commerce, and the Government has wisely 
pointed out the advantage which must accrue from 
all factories being maintained at their normal rate 
of production. This is essential in order to ease 
the social condition of the people. The Commer- 
cial Intelligence Branch of the Board of Trade have 
therefore done well to offer guidance and help 
towards this end by emphasising the importance 
of prompt and vigorous propagandism, in order to 
extend our markets by the taking of every legiti- 
mate means of utilising the opportunity presented 
by the cessation of exports from Germany and 
Austria-Hungary, particularly to our Colonies. 

The total exports from Germany during the 
six years ended 1912 increased from 312} to 4404 
million sterling. If we take only manufactured 
articles, we find the increase is from 211 to 
2844 million, while in iron and steel and manu- 
factures thereof the advance has been from 35} 
million to 60 million sterling, and of machinery, 
including locomotives and boilers, from 17.3 to 34.8 
million sterling. The Board of Trade have issued 
a series of memoranda on special groups of trade, in 
order to awaken our manufacturers to the import- 
ance of active effort, with a view of guiding them 
along the lines on which they could compete in the 
future more keenly with Germany and Austria-Hun- 
gary in neutral markets. -One of the industries 
which has suffered most from German competition 


appliances and apparatus. Owing to the course of 
legislation in this country, the development of 
electric traction, and generally the organisation of 
large power-stations, was delayed and hampered, 
a point to which there is no need here to refer 
further. The result was that Continental firms, in 
the initial stages of the industry, gained valuable 


we have had great difficulty in overcoming the handi- 
cap. In 1912 Germany’s dan of electrical appli- 
ances and apparatus exceeded 8 million sterling. 
Of dynamos, our exports in 1913 were 2,269,000/., 
whereas Germany’s total in 1912 was 2,521,000/. 
In the case of electric glow-lamps the disparity is 
enormous, the exports from Britain being 152,5001., 
as compared with 2,477,000/. from Germany. And 
so it is throughout practically the whole range of 
electrical industry. In this respect alone, it will be 
seen that there is a great field for British endeavour. 
The textile industry is one of very great consequence, 
even to engineers by reason of its machinery r quire- 
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exports of cotton stockings and socks in 1913 
totalled only 199,0001., those from Germany totalled 
3,319,0001. in 1912, the last year for which German 
export statistics are available. The United States, 
Argentina, France, and almost all countries in the 
world have been captured by Germany. Of 
woollen and worsted piece goods Germany’s exports 
totalled 134 million, and here Canada, Australia, 
Argentina, Japan, and British India, in the order 
named, account for a very considerable part of the 
total. In respect of cutlery our exports were 
836,0001., whereas Germany’s were 1,447,800. 
double our total. In the case of iron and steel 
wire our exports totalled 1,058, 1001., and Germany’s 
3,176,000/., or three times our total. Of enamelled 
hollow-ware, &c., our exports were only 531,0001I., 
and those of Germany 1,776,000/.—again more than 
a three-fold total. 
The great disparity which is brought out by 
these Government returns of the British and 
German exports serves to illustrate clearly the 
efficiency of Germany from a commercial and 
industrial point of view. No one can for a single 
moment have doubted this efficiency, or the keen- 
ness with which commerce, particularly overseas 
commerce, has been pursued by the people of 
Germany. Time and again we have enforced this, 
and have sought to point the moral. Consequently 
there can be no base motive attributable to us in 
again directing attention to this question. We 
have contended that if we are to fight Germany 
in neutral markets we must adopt the German 
methods so far as these are essential. In the great 
majority of cases the superiority of our products 
has been recognised, but less durable and cheaper 
oods are obtainable from other countries. is 
is a fault of our qualities. We are an old nation. 
We seek for that substantiality which is also charac- 
teristic of the basis of our national history. We 
are willing to pay a higher price for a superior 
article because we recognise its endurance. With 
new countries it is otherwise ; capital is not plenti- 
ful, and with a brief t there is not the same 
recogvition of the value of durability. There is 
therefore, as is pointed out in one of the Board of 
Trade pamphlets, a tendency to sacrifice quality 
and durability to the temporary advantage of a 
saving in price. This seems, for instance, the 
case in connection with cutlery, and probably 
accounts for the fact that the German exports in 
this section are exactly double those of the United 
Kingdom, notwithstanding the unquestionable uni- 
versally accepted superiority of Sheftield material. 
In iron and steel wire, again, where the German 
exports are treble those of Britain, the same holds 
good. In the interior of Africa and in the uplands 
of Australia, the purchasers of fencing-wire, whether 
plain or barbed, do not think that any advantage 
is to be gained by the superior and climate- 
resisting qualities of the British wires, except 
where they are in use close to the seaboard ; 
so that the black wire is often preferred to 
galvanised wire. Thus, as our Trade Com- 
missioner in New Zealand points out, prac- 
tically any wire will last under such conditions, 
and people want the cheapest. The same applies 
throughout the whole gamut of manufactures, and 
the time has probably arrived when in this, as in 
other matters, the British manufacturer must be 
prepared to meet the wishes of the client. We 
would, however, be false to ourselves asa nation if 
we assumed a superiority throughout the whole 
field of manufactures. It is right that we should 
be fair to Germany. The producers of that country 
who have taken up new industries have profited by 
a study of our appliances, and, in some cases, have 
succeeded in achieving greater economy in produc- 
tion with equality in efficiency. They are therefore 
able to underbid us in some manufactures, assisted as 
they are also by the procedure of sending to foreign 
countries, and to Britain even, the surplus produc- 
tions of their factories, against which there is not 
debited either establishment charges or profit. 
Moreover, wages are lower, hours of labour longer, 
and idle. time less, so that, with the same, or as 
good, plant, the cost of production is lessened. 
There are many —— in which our producers 
do not sufficiently closely study the particular needs 
of clients. We have persistently advocated that 
designers in engineering structures ought to utilise 
as far as possible standard practice, and it must be 
admitted that there is a sufficient , for in- 
stance, in sections of steel bars and beams to meet all 
requirements. But in details we show great reluct- 





ments, and it is found, for instance, that while our 


ance in meeting the specified needs of the prospec- 
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tive purchasers of our manufactures. There isa case, 
for instance, of tin-plates, where a market was lost 
because British mills would not roll the particular 
sizes of plates required for making, without any 
wastage, the tins needed in a South European 
country. As the orders were extensive, there was 
no justification for this refusal to comply with the 
client’s conditions. Again, there is the question of 
packing goods. We know of a case where a great 
variety of sizes of barrels—in fact, any odd barrels 
which could be picked up—were used for a chemical 
extensively employed for agricultural purposes, 
and, as a consequence, not only was there im- 
mense complication in the cha for transport 
over-sea and inland, but there was great trouble 
in the retailing of the casks, because of the variable- 
ness of the volume of the contents. The Germans, 
on the other hand, willingly guaranteed uniformity 
with 60 kg. cisks. The Board of Trade in their 
circulars make particular reference to this matter 
of packing the goods for transport, and generally the 
attractiveness of the goods. It is known, for in- 
stance, in the case of Mexico, that the Germans 
= the knives, with oil paper around each, in card- 

rd boxes, and these again are enclosed in zinc- 
lined wooden cases. In the case of China prefer- 
ence ‘* for German packing and boxing is said to 
have resulted in cutting out a great deal of British 
business.” 

Another important consideration is the represen- 
tation of British firms in neutral markets ; in this 
respect the Germans have offered an example 
which ought to be very carefully considered. e 
agencies for engineering firms ought to be in the 
hands of trained engineers, so that a maximum of 
information may be obtainable and the fullest 
measure of compliance with requirements assured. 
In other cases it is a that agencies should 
be placed in the hands of firms with a complete 
command of a whole country, or a large section of 
it, so that the field of operations may be very 
extensively covered. In this way there would be 
attained a ter selling force, resulting, as is 
pointed out in one of the Government reports, in 
greater economy in handling and a more energetic 
method of marketing. Where repeat articles or small 
articles are cupaitel, the agent ought to have some 
guarantee of continuity or fixity of price, so that 
the purchaser could indicate his ne riodically 
with some surety that the prices would Secumienk 
In all cases the quotation made should conform 
with the monetary conditions of the country, and 
not necessarily be in English notation. This also 
applies to language in the case of foreign countries. 
Again, quotations should be made to include all 
charges. The Germans have made a special feature 
of quoting ‘‘ex-warehouse,” which includes all 
duty and port dues. These efforts towards simpli- 
fying purchase operations by clients in colonial 
and foreign markets are of incalculable advan- 
tage, and those who conform to them invariably 
profit immensely. They involve, we admit, a 
certain measure of intelligence and care in the 
commercial departments of our industrial establish- 
ments, but we are convinced that with the exten- 
sion of commercial education, the requisite ts 
can be filled by capable men, with immense advan- 
tage to the export trade of the firm and of the 
country. 

The State has also a duty in this matter of in- 
creasing the area of British markets. The Com- 
mercial Intelligence ent of the Board 
of Trade, who are undertaking the new cam- 
paign, have done useful service in the recent 
past, and they will, we doubt not, increase their 
efforts. But much more can be done, particularly 
in the ensurance of favourable conditions for trans- 
port and for a greater measure of financial assist- 
ance in co-operation with the British and Colonial 


banks. On former occasions (see ENGINEERING, 
vol. xcii., 801) we have referred to the assist- 
ance rend by the more liveral banking condi- 


tions in Germany, and we 3ee no reason why 
similar help should not be given by our banking 
and financial institutions in connection with the 
foreign and colonial work of our industrial firms. 
Britain has wakened from a state of complacency 
in many matters, and we hope that one result 
will be that the banks will, without in any way 
jeopardising that safety which is so pronounced a 
eature of their isstion, see their way to give 
more liberal consideration to what is, after all, a 
safe speculative business—the promotion of export 
business on terms. Regarding transport, we 
regret that some of the shipping companies are 


dealing very hardly by the shippers, especially at 
the present juncture. Had the British Navy not 
maintained the command of the sea, and had the 
British Government failed to insure war risks by 
direct financial help, there might have been some 
reason for heavy freight charges at the present 
moment; but war ies having been minimised 
or tly reduced, the duty of the shipowner 
to-day is to cast in his lot with all who are doing 
everything in their power to maintain normal 
industrial conditions. 





THE BALTIC AND BLACK SEA CANAL 
SCHEME. 

Tue project for joining up the natural water- 
ways between the Baltic and the Black Sea by the 
construction of artificial connecting channels has 
recently made an important advance. Although 
primarily intended for the development of com- 
merce, the strategic value of such a connection 
between the great seas to the north and south of 
Russia will not be lost sight of, in view particu- 
larly of the demonstration of the value of the 
Kiel Canal in the German scheme of naval tactics. 
Thus, an impetus will be given to the Russian 
project, which cannot be without great influence 
on the present study of the report of the Govern- 
ment Commission appointed to investigate the 
whole subject. This Gomatesion, which was ap- 
pointed by the Duma and Senate four years ago, 
while intended to make a comprehensive survey of 
the whole scheme of internal navigation in Russia, 
was required to give primary consideration to the 
Baltic and Black Sea Canal scheme, and particu- 
larly the proposal to construct locks to circumvent 
the rapids on the great southern river, the Dnieper, 
which rapids at present check the complete utilisa- 
tion of this great natural waterway, piercing north- 
wards from the Black Sea into the very heart of 
European Russia. With its tributaries it affords 
navigable channels of nearly 4000 miles, except- 
ing for the obstructicrg rapids near the mouth. 
The canalisation, for moderate-sized ships, of a 
connection between the river north and south of 
these rapids, now decided upon, must itself have a 
very important influence on the internal trade of 
Russia, apart altogether from the advance which 
would thereby be made towards the realisation of 
the main project of water communication between 
the Baltic and the Black Sea. 

A study of the map of Russia shows that the 
rivers of European Russia flow over great, broad 

lains between the two ranges of the Carpathian 

ountains in the west and the Ural Mountains in 
the east, and that between the Baltic and the 
Black Sea two of the principal rivers are the 
Dnieper and the Dwina, the former, as we have said, 
flowing into the Black Sea at Kherson, and the 
latter into the Gulf of Livonia at Riga, and thence 
into the Baltic Sea. These rivers, too, are navi- 
ble for small craft for great distances into the 
interior, although in the case of the Dnieper there 
are rapids, owing to the great step-like formation, 
between the towns of Ekaterinoslav and Alek- 
sandrovsk, some 200 miles from the mouth of the 
river, and in the case of the Dwina in the last 100 
miles or so from the mouth to Jacobstad. As will 
presently be explained, there are projects for insti- 
tuting electric-power generating-stations at the 
falls in both instances ; but the necessity for navi- 
— will be the primary consideration, the 
essing of waterfalls being subsidiary and con- 
— upon the requirements of shipping. 

e sources of the two rivers at the ‘‘ divide” 
are not far apart, and the idea of connecting them 
by artificial waterways occurred to Peter the Great, 
who called in a Dutch expert to make a survey of 
possible routes through which canals could be con- 
structed. Catherine II. supported this work of 
survey, but it was not until Russia had absorbed 
the Polish provinces that any material progress 
was made with the project. The canals then made, 
early in the last century, were intended for flood- 
ing p and not really for shipping. Within 
the last twenty years, schemes for a deep canal 
without locks have been worked out, but the 
authorities considered the scheme impracticable 
from the financial point of view. Ultimately, as the 
result of private initiative, a company was formed 
and laid a scheme before the Government for 
the construction of a waterway free from locks, and 
with — hout the navigable channel of 
14 ft. @ main aim was to develop interior trade, 





and at the same time to afford a means of transit 





for merchandise passing through the Suez Canal to 
ae —— on = » heme of the pea and the 

tic Sea ports. It was proposed in this project 
to use eel vere with eaten which would Seabee 
the goods at the terminals of the canal and deliver 
them either on the waterway or to large ocean- 
going vessels at the other end. At the same time 
the strategic value of the canal was recognised, but 
the scheme did not then meet with sufficient sup- 
port. Now, however, owing to the more liberal 
constitution which has been introduced into Russia, 
and when more attention is being devoted to trade 
and commerce, there is greater prospect of the 
Government ogy cans, | the value of such an open- 
ing up of the natural resources and industrial 

tentialities of the interior of European Russia. 

t year a large number of members of the Duma 
took the initiative for the actual completion of the 
Baltic-Black Sea Canal ; they urged that exhaustive 
plans of the entire waterway, at the instance of the 
Public Works Department, should be ready at the 
beginning of 1914, and that from next year the 
Budget of this department should contain annual 
grants sufficient for the completion of this water- 
“~— in the course of five years. 

he scheme which commends itself is that to 

which we have already referred—namely, the joining 
of the upper waters of the Dnieper and the Dwina, 
thus connecting Kherson, on the Black Sea, with 
Riga, on the Baltic. The length of such a water- 
way would be about 1540 miles. The Dwina ex- 
tends southward from the Riga port on the Baltic 
for a distance of 625 miles. Formerly there was a 
very extensive use of this waterway for barges, of 
which 21,000 annually traded to Riga with corn and 
other products from the upper reaches of the river. 
These barges had a ing capacity of about 225 
tons, and were carried down with the stream when 
the melting snow created a spate, but they were of 
little use for cam, ae les up country. Rail- 
way competition soon killed this method of trans- 
port, and now sailing vessels of from 10 tons to 
80 tons or 90 tons capacity are used, and are navi- 
gated in both directions. Under these circum- 
stances, the traffic has not increased greatly (except 
for the floating down of timber, to be made into 
rafts for shipment at Riga). In the upper reaches, 
however, for a distance of some 380 miles or so, 
steamers are in use, while for 940 miles, in 
tributaries and in navigable channels connected 
with the River Dwina, small steamers can 
navigated. The river, from Vitebsk to Riga, a 
distance of about 370 miles, has a total fall of 
348 ft., but the greater portion of this, as already 
indicated, is in the lower part of the river. The 
proposals for three hydro-electric |p none 
one of 4000 horse-power and two of larger power— 
have been made in association with the canal 
parallel to the yt but, as has already been 
indicated, these will be subject to the main idea of 
making a canal through to the Black Sea. It may 
be said that from the upper Dwina a waterway 
debouches and communicates with St. Petersburg, 
but no survey has been made, although it is under- 
stood to offer no special difficulty in the way of 
development for navigation. 

It is proposed to make a connection between the 
upper navigable part of the Dwina and the upper 
navigable part of the Dnieper, not by using the 
abandoned canals made 110 years ago, but by fol- 
lowing the course of a tributary of the Dwina and 
one of the Dnieper near the watershed, which is 
some miles to the west of Smolensk. In the 
uplands there are two lakes which would be most 
useful for the feeding of the canals on each side of 
the water divide. e level of the water of the 
Dwina at Vitebsk is about 70 ft. lower than that of 
the Dnieper at the most suitable point of junction. 
The distance between the rivers to be canalised 
is under 60 miles, and the proposal under considera- 
tion provides for three locks for the Dnieper and 
eight for the Dwina from the highest point. The 
cost of this canal, with wooden locks, is estimated 
at about 19 million roubles, and with stonework 
locks 64 million roubles more. 

The Dnieper, which is the third largest river in 
Europe, the Volga and Danube excelling it, has a 
length of nearly 1350 miles, and in its course 
there is a population of something like 20,000,000. 
With the tributaries the total waterway is nearly 
8000 miles, of which about one half is navigable 
for small vessels. The products of the district are 
corn, timber, ore and coal, and undoubtedly there 
would be a great development of the natural and 
mineral wealth were the route to the sea im- 
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proved. The obstacle, as we have mentioned, is the 
rapids between Ekaterinoslav and Aleksandrovsk. 
The largest vessels using the river below the rapids 
have a capacity of about 1000 tons, and more than 
300 steamers and 1200 sailing craft are engaged in 
the service. Above the rapids the river, so far as 
it is to be used on the route, from sea to sea, is 
navigable for a distance of over 800 miles, and 
beyond this it is pro to use the Beresina 
and the new canals already referred to. The Bere- 
sina is about 260 miles long and has a fall of about 
90 ft., and it is pro to canalise this portion 
with fourteen locks. Beyond this, as already 
indicated, there will be the canals connecting 
with the Dwina River, flowing into the Baltic. 
Although in the upper navigable part of the 
Dnieper there is a fall of 200 ft. in 560 miles, it 
is thought that it would be practicable to make it 
navigable for larger vessels without locks, by 
means of regulation works and dredging. For 
160 miles of the distance in the upper navigable 
region of the Dnieper, sandbanks are experienced, 
and regularisation and dredging will have to be 
extensively done ; for the next 270 miles the prin- 
cipal work would be the consolidation of the banks, 
and for the remaining 130 miles or so to the rapids 
there is granite. Then come the rapids, the river 
breaking through a granite ridge. The fall in a 
length of 40 miles is 90 ft. imber is floated 
through here, but the river is impossible to naviga- 
tion, except at spates. Recently projects have been 
proposed for the harnessing of the water power, 
and a commission was appointed to investigate 
the subject. The plan now proposed is to build at 
the foot of the rapids a dam of granite, with Port- 
land cement mortar. The canal for the —— of 
ships—parallel to the river, but independent of the 
flow to the turbines—is to be 90 ft. wide at the 
bottom, with a minimum radius of 1500 ft.; the 
depth of water is to be about 7 ft., and the canal 
is to be constructed of brickwork where it does not 
through the natural rock. The locks are to 
made in pairs alongside each other, and to accom- 
modate two vessels of 180 ft. long, with a tug- 
boat of 120 ft. long. The cost of the work in 
connection with the navigation is calculated to be 
between 27 and 28 million roubles. The water- 
power part of the undertaking is designed for three 
power-stations with vertical reaction turbines ; the 
aggregate capacity throughout the whole year is 
calculated to be 100,000 horse-power. The cur- 
rent, of 5000 volts, will be transmitted to the dis- 
tributing stations in the vicinity of Ekaterinoslav 
and as far as Nishni Novgorod. A French syndicate 
is understood to have just made an offer to the 
Russian Government to undertake the construction 
of the locks and hydro-electric power-stations on 
the Dnieper. 

The funds for the improvement of the Dnieper 
River from the mouth at Kherson to the falls were 
voted some four years ago, and the work is prob- 
ably completed by this time. The actual com- 
mencement of the work, through the medium of 
the State, of an undertaking comparable with that 
of the Siberian railway, will, if decided upon by the 
Duma, be of t advantage to the commerce and 
industries of aah. Mr. A. Pabst, harbour engi- 
neer in Riga, who has for years been deeply inte- 
rested in the movement, and on whose recent 
lecture on the subject our article is based, is to be 
——— on the progress of the propaganda 
work, 





THE EFFECT OF ENGINE SPEED ON|®' 


THE WEIGHT OF PETROL-ENGINES. 


A QUESTION of great interest at the present time 
is the engine speed which will give the lowest 
weight per horse-power for the ordinary petrol- 
engine. In all adi meting machines the weight 
is a matter of the test importance, yet we 
find that the speed. of revolution adopted for 
different classes of petrol-motors varies a great deal. 
Thus for motor-cars and motor-cycles in Europe 
very high speeds are used, while in the United 
States more moderate ones are adopted, and in 
aeroplane work, where the weight permissible is 
. aller — in + still lower ones Bong —. 

is interesting therefore to com e results 
obtained by adopting different s ~¥ 

In making any comparison of different methods 
of construction it is obvious that a given standard 
of durability must be assumed, as otherwise the 
com 


weight of any machine by cutting down the factor 





parison is useless. We can always reduce the | by 


of safety and the in for wear ; hence it is of no 
use to com two different constructions unless 
they have the same margin in these res . 
In considering the effect of the on weight, 
it must be remembered that the cylinder-barrels are 
usually not by any means the most important part 
of the engine. Thus even in the actual cylinder 
casting the valve-seatings and valve-chests, &c., 
usually weigh more than the actual cylinder-barrels. 
In the case of the ordinary vertical engine, how- 
ever, the cylinder casting is by no means the only 
heavy part, the crank-chamber, crank-shaft, and 
bearings making up a very large part of the total. 
The sixes of these depend entirely on the pressures 
on the bearings, and can therefore be made lightest 
where the pressures are smallest. The relative 
importauce of the various parts depends on the 
arrangement of the engine. Thus in the radial 
type the crank-shaft and case is relatively small 
compared with the cylinders, and therefore the gain 
from reducing the latter should be the greatest. 
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At first sight it would appear that the smaller 
the cylinders and the higher the speed, the lighter 
the engine would be per horse-power, and up toa 
certain speed this is undoubtedly the case. By reduc- 
ing the size of the cylinders the explosion pressures 
are reduced, and therefore the various parts can be 
made lighter. Even if the pressures due to the 
explosion are the only ones considered, however, 
the reduction in weight is not in proportion to the 
increase in revolutions, for two reasons. In the 
first place, the valves must be the same size for a 
iven power whatever the speed, and therefore there 
is no saving in weight either in the valves or valve 

In the second place, the rubbing s of 
the journals increases, and therefore their area 
cannot be reduced in the same proportion as the 
load. As the size of the crank-case and length 
over the cylinders is largely determined by the 
length required for bearings, this means that these 
parts cannot be reduced in proportion to the 
reduction in cylinder size. 

When really high are used, however, the 
_—— is still further affected by the wth of 

e pressures on the bearings due to the inertia 
forces of the moving parts. It must be remem- 
bered that the petrol-engine is, in this ina 
very different position from that of the steam-engine. 
In the latter, every stroke is a working one, and it 
is possible to arrange that there should be —e oe 
cushioning at the end of every stroke to bring the 
moving parts to rest without this having to be done 
on the brasses. The ordinary four-stroke 
petrol-engine, however, has only one working stroke 





out of every four. During the other three strokes, 
therefore, the reversing of the motion of the 
piston must be effected & the connecting-rod, and 
this produces heavy pressures on the various bear- 
ings. We see the result of this if we consider the 
case of an engine, with cylinders of given dimen- 
sions, run at gradually increasing speeds. Pre- 
suming that the valve area is increased’ in pro- 
portion to the speed, the horse-power will go up 
practically as the speed, and although the valves 
and valve-gear will have to be made larger, the 
extra aan of these will not be very t. The 
weight will thus not go up anything like as much 
as the horse-power, and the engine will there- 
fore be lighter per horse-power, as long as the 
inertia forces are ignored. The latter, however, 
go up as the square of the speed, and at high 
a the pressures due to them greatly exceed 
those due to the explosion pressures. In this case 
the strength of the crank-shaft and other parts 
must be increased to take the stresses, while the 
bearings must be greatly increased in area to take 
the pressures. As the rubbing s is greater, 
the bearing pressures per square inch must be lower ; 
hence it is evident that the area of the bearin 
must increase in a ratio above the square of the 
speed, and there will be a point beyond which the 
increase in weight will be ter than the increase 
in horse-power, and therefore the engine will get 
heavier per horse-power. 

Another point which affects the question is the 
compression pressure used. With a moderate- 
speed engine a moderate compression can be used, 
but with very high-speed engines a very high 
compression must be used in order to get the charge 
to burn in the available time. The mean pressure 
during the working stroke is not materially raised 
by a very high compression, but the maximum 
explosion pressure is raised considerably, and must 
be provided for. 

e can see the relative effects of the explosion 
and inertia forces by comparing three engines 
of the same power, but with different sized 
cylinders and running at different speeds. Thus, 
for the sake of example, we may take a moderate- 
speed engine, with cylinders 4 in. by 5in., running 
at 1500 revolutions. Such an engine should develop 
about 40 brake horse-power. To compare with this 
we may take an engine running at half the speed and 
one running at twice the speed—i.e., 750 and 3000 
revolutions per minute respectively and all giving 
the same power. In order to simplify the com- 
parison it is convenient to assume a constant 
stroke and a varying cylinder diameter, and in 
this case the cylinder diameters will be 5.66 in. 
and 2 83 in. for the low and high-speed engine respec- 
tively. We may assume that the reciprocatin 
parts of the engines weigh 7 lb., 34 lb., and 1} Ib. 
respectively, and that the rotating of the 
crank, lower half of the connecting-rod, &c., weigh 
6 lb., of which half is the crank-pin and effective 

rts of the webs, and half the big-end brasses and 
ower half of the counesting- cod. Also we may 
assume an explosion pressure of 300 lb. per sq. in. 
These are only assumptions, but are sufficiently in 
accordance with ordinary practice for the purposes 
of comparison. 

Calculating out the explosion and inertia forces, 
Figs. 1, 2, and 3 show the forces acting on the 
crank-pin to produce bending stresses on the shaft 
and pressures on the main bearings. We see that 
in the extreme low-s engine the maximum 
force on the pin is lb., due to the explosion 
pressure. In the moderate - ——- this is 
reduced to a maximum of 2047 lb., partly owing to 
the reduction of the cylinder area, and y to 
the increased inertia of the parts which acts against 
the explosion pressure. On the other hand, when 
we examine the forces on the shaft of the extreme 
high-speed engine, we see that the maximum force 
on the shaft is 5242 lb., and is due to the inertia 
forces at the end of the exhaust stroke. 

The size of shaft necessary for strength is deter- 
mined by the forces acting on the crank-pin and 
the length between the main bearings. The latter 
depends very jargely on the length of the crank- 


pin brasses; and this, again, on the ures 
acting on them. Accordingly, Figs. 4, 5, and 6 
show the pressures acting on the crank-pin brasses 


of the low, moderate, and high - speed engines 
respectively. It will be seen from these that the 
maximum pressure on the brass is 6957 lb. in 
the case of the low-speed engine, and is due to the 
explosion pressure. This falls to 2631 lb. in the 
moderate - engine, but rises to 3306 lb. in 
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the extreme high-speed one, owing to the inertia 
forces. In considering the effect of the pressures 
on the size of i 
remembered that the area depends not only on 
the maximum pressure, but on the mean. Thus 
the pressure due to the explosion only occurs for a 
very short time at the end of each stroke, while 
the pressure due to the inertia of the reciprocating 
forces comes at the end of three strokes out of four, 
and the pressures due to the centrifugal forces 
act all through the revolution. It must also be 
remembered that in the low-speed engine, increas- 
ing the size of the bearing does not increase the 
pressure on it to any great extent. In the high- 
speed engine, on the other hand, the very fact of 
making the big-end larger increases its weight and 
therefore the centrifugal force. In addition to this, 
larger area per unit of load should be allowed for 
the high-speed engine, on account of the greater 
rubbing speed. 

When these points are considered, it will be seen 
that the big-end bearings in the extreme high- 
speed engine will have to be very much longer than 
in the case of the moderate speed, and probably 
quite as long as in the extreme low speed. To 
keep the stresses uniform, the crank-shafts will 
have to be much in the same proportion. Owing 
to the extra weight of the crank-pins and big-ends, 
the actual pressures on the main bearings of the 
high-speed engine will be greater than shown on 
the figures, and they will therefore have to be 
proportionately large. It will be seen that the 
middle bearing has to carry very heavy pressures 
indeed at the bottom of the stroke of the two 
middle cylinders, the two end-bearings having 
corresponding upward pressures ; these conditions 
being, of course, reversed each half revolution. 
This explains why the middle bearing of the ordi- 
nary three bearing engine has to be made of such 
great length in a high-speed engine. 

The above considerations conclusively show that 
there is a very definite speed which will give the 
lightest engine, and that if the speed is increased 
beyond this the weight will increase at a very 
rapid rate, or the durability will suffer. In order 
to ascertain the exact speed which will give the 
best results the conditions should be carefully 
studied, and the probable weight of the parts 
determined with fair accuracy. Curves of the 
pressures and stresses can then be made which will 

ive the desired information. The best speed will 

epend on the construction of the engine and the 
standard of durability desired, and, other things 
being equal, will be lower the greater the standard 
of durability assumed. It is, however, noticeable 
that the large majority of successful aeroplane- 
engine builders keep the revolutions below 1500, 
although the standard of durability required in an 
aero-engine is very low. 

So far we have ignored the effect of the fly-wheel 
weight, and have only considered the running at full 
power. This fairly represents the condition of an 
aero-engine, but in motor-cars and cycles other points 
come in. Taking the latter vehicles first, a large 
proportion of them have single cylinders, and there- 
fore the fly-wheel forms a very considerable part of 
the total weight. Further, it is often enclosed in the 
crank-case, whose weight, therefore, depends on the 
fly-wheel diameter. In this case a high speed is 
necessary in order to keep down the fly-wheel size. 
Even here, however, it is probable that the high- 
speed engine may be overdone, for while the power 
got out of a given sized cylinder is increasing, the 
weightof motor-cycles has also increased enormously. 

In considering the best speed for a motor-car 
engine two fresh factors come in. Firstly, the 
engine must be capable of being run over a con- 
siderable range of speed ; secondly, it runs most 
of its time very much throttled, owing to the fact 
that it is now desired that a car should be able to 
climb considerable gradients on its top speed, and 
therefore a very considerable margin of engine 
power is provided for this. 

The fact that a large range of speed is required 
favours the high-speed engine, as a large fly-wheel 
is required to make a ae taeee engine run slowly. 
This will, however, be less for the six and eight- 
cylinder engines than for the four. On the other 
hand, the fact that the engine is largely run throttled 
favours the low-speed engine, from the fact that the 
explosion pressures are reduced, while the inertia 
forces remain the same. This has a very great influ- 
ence, as will be seen from the fact that in a car with 
a fair reserve of power, the engine usually works at 
about a quarter of its possible power. The explosion 


bearings necessary, it must be | part 





pressure does not fall quite in proportion to the 
mean pwr but it is probable that the greater 

of the time, in an engine of the power assumed, 
it would be below 150 lb. per sq. in. Hence Figs. 
7, 8, and 9 show the forces on the crank, and, 
therefore, on the main bearings at this pressure, 
the same sized cylinders and revolutions as before 
being assumed. It will be seen that in this case 
the maximum is 3136 lb. in the low speed, 1653 lb. 
in the medium, and 5242 Ib. in the high. Further, 
the mean pressures of the latter are enormous, 
while in the low-speed engine they are very low. 
It is therefore probable that the extreme low- 
speed engine could be built very nearly as light as 
the moderate speed engine, and a great deal lighter 


than that with the extreme high speed. 
t | 
3136 


| Fig.7 
1653 
t 
1416 
ewe Fig 9. 4317 | 
¢ t 
| | 


' Y 
4768 4768 

















466 466 









































1416 





















































When we consider the practical advantages of 
the different types, it will be seen that they all lie 
with the low-speed engine. Thus the noise of both 
engine and gear is less, and the difficulties of keep- 
ing the engine in tune much less. Hence it is 
evident that the engine speed should be as low as 
is consistent with lightness. Taking it all round, 
therefore, it appears that the motor-car engine 
should not run at more than about 1500 revolu- 
tions per minute when giving its maximum power. 
As the majority of people desire to drive at a 
moderate speed, but to have a reserve of power 
for a spurt, if necessary, this means that in ordi- 
nary running it will run at about 1000. This is 
about the speed used by the majority of American 
makers of small cars, and although European 
builders get the same powers out of much smaller 
cylinders, it is noticeable that for a given actual 
power and carrying capacity, their cars are con- 
siderably heavier as a rule. This matter is of 
great importance, in view of the very great exten- 
sion of the American motor trade. Price is only 
one factor of their sales, the really important point 
being that their cars are light for their power and 

uiet ; both these advantages coming largely from 
the use of the moderate-speed engine. 





NOTES. 
THe Panama Canal, 

STEAMSHIP service was inaugurated through the 
Panama Canal on the 15th inst., without, however, 
any great international ceremony. The first vessel 
to make the trip was the United States War 
Department steamer Ancon, on board which were 
a number of officials and guests, including Colonel 
Goethals, Governor of the Canal Zone, President 
Porras, of the Republic of Panama, and others. 
We regret to note that the closing stages of the 
work have been marred by one of the worst acci- 
dents during the construction of the canal by the 
United States. The loss of life through accidental 
eee been very small in view of the magni- 
tude of the undertaking. In the Central Division, 
for instance, though over 23,000,000 Ib. of dyna- 
mite were used in four years, only eight men lost 
their lives, and these in the course of handling 
the material, and not h premature explo- 
sions. On July 20, however, a premature explosion 
occurred at the foot of the Cucaracha, where the 
drill = Teredo was at work, resulting in the 
sinki this in about 30 ft. of water and 
the loss of three lives, with injury to fourteen 
men, two others being re missing. In the 
eighth article of the series in EncmngER1ne, describ- 
ing the Panama Canal, we gave an illustration and 
description of this drill barge.* The barge mea- 


* See ENGINEERING, vol. xcvii., page 40. 





sured 112 ft. by 36 ft. 8 in. and was provided with 
four timber spuds, and originally had three drill 
frames, 38 ft. igh, on each of which was mounted 
a 5}-in. rock-drill. Subsequently the barge was 
equipped with six drills. The casualties were due 
to the wrecking of the barge sybsequent to the 
actual explosion. A group of eight holes, which 
had just been drilled in submerged rock, were 
being charged, when an explosion occurred in 
the last one to be filled. e whole lot were 
detonated. The Teredo tilted to one side and 
sank. The prompt action of two men averted 
a much worse explosion. On the first signs they 
cast off and pushed away a barge containing the 
store of dynamite. is drifted far enough 
away to get out of the danger zone, and the store 
was, fortunately, not exploded. It was found 
impracticable to raise the Teredo, which has, there- 
fore, been cut up and removed in pieces. The barge 
has been cut by exploding on it lengths of old 
hose filled with dynamite, fairly clean cuts along 
the line of the hose being made by this means. 


Execrgaic Furnaces oF Unirorm TEMPERATURES. 


When the tubular electric furnace was intro- 
duced, it was claimed that the difficulty of maintain- 
ing a uniform temperature throughout a furnace 
was easily solved when tubes were wound with 
wire or ribbon resistance. But it was soon found 
out that, for accurate scientific research at any rate, 
the problem was far from being solved. Even 
when the wire c»ils were crowded near the tube 
ends, the temperature at the ends was not the 
same as in the middle, and in wide open tubes the 
temperature was by no means constant in a ver- 
tical section through a horizontal tube. Probably 
the best results were obtained by C. W. Waidner 
and G. K. Burgess at the Bureau of Standards, 
Washington, by providing a second independent 
heating coil surrounding the first, and making it 
project beyond the tube ends. They succeeded by 
trial only, however, and the uniformity obtained 
for one temperature—say 1300 deg. Cent. —neeessi- 
tated a new laborious rearrangement of the coils to 
secure uniformity again at some other tempera- 
ture. In Scientific Paper No. 219 of that Bureau, 
A. W. Gray describes experiments and fur- 
naces in which he realised a most remarkable 
uniformity of temperature—as perfect almost as 
the reliability of the thermo-couples permitted 
of measuring—though only at temperatures up to 
700 deg. Cent. so far. In his first experiments he 
tried the effect of plugging the tube with plugs of 
considerable length. e took a brass tube, heated 
it by circulating hot oil on the counter-flow prin- 
ciple through a double jacket, formed by an inner 
and an outer coil, and plugged the ends with blocks 
of a heat-conductor, separated by a layer of a poor 
conductor. The results were very satisfactory. 
In a furnace specially designed for determining 
the thermal expansion of metals he then filled the 
tube practically with a cylindrical block of iron, 
which was pierced by an upper and a lower square 
cavity, both horizontal, the one to receive the bar 
under test, the other to receive a dummy bar ; the 
tube ends were plugged, and thermo-couples were 
introduced through the plugs into the two bars. 
The furnace was heated by a coil wound on its 
surface. In the second and most recent electric fur- 
nace described, which was of similar construction, 
he surrounded the furnace-tube proper by two con- 
centric tubes, between which the resistance was 
placed between layers of insulators, and ked 
the wide outer space between the second tube 
and the furnace-shell with magnesia and asbestos. 
The method of winding is novel. The nichrome 
ribbon is woven into a kind of mat, together with 
strips of micasbeston (an insulator consisting of 
mica flakes and a resinous cement pressed into 
thin flexible sheets) ; the nichrome strip runs longi- 
tudinally forward and backward, being folded over 
at the ends, and the insulator strips run circum- 
ferentially. This method of winding is non-induc- 
tive and has several advantages. The thermo- 
couples of platinum and platinum-rhodium are 
encased in a tube of glazed porcelain, and the wires 
are kept apart by tubes of unglazed porcelain 
(within the first tube), and further away by glass 
tubes which are joined to the porcelain by tees of 
brass or copper, to i a certain flexibility to the 
joints; the glass tu - ba with — 
paraffin, and spare wires for le ening or for re- 
placing the alaasiiens are coiled around the glass 
|tubes. Thus fitted up, the furnace was fairly satis- 
factory as regards uniformity of temperature ; but 
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there was always a drop of temperature within the 
plugs, which take up a deal of the tubular 

, and beyond them until flat heating coils were 
x noe on the front faces of the plugs (in planes 
at right angles to the axis of the tube). ese 
flat coils have proved a great improvement. The 
paper gives full details concerning some points, but 
not about all. It is mentioned, for instance, that 
the uniformity of the temperature in the oil-heated 
furnace was much impaired when the plugs were 
replaced by plugs of equal lengths of cork or cotton- 
wool ; but the atts of the original plugs and of 
the poor conductor blocks between them is not 
stated. It is also said that the electric furnace, 
which has a length of 74 cm., takes a long time 
to heat up; particulars as to time and current 
are not given, however. 





NOTE ON THE DISTRIBUTION OF 
PRESSURE AROUND CYLINDRICAL 
RODS AND BODIES WHEN EXPOSED 
TO UNIFORM AIR-CURRENTS. 

By A. P. Tuurston, D.Sc., F.R. Met. Soc., 
A.F. Aé, 8. 

Durtnc the last few years the author has carried 

out many experiments on the distribution of pres- 

sure around various ies in a current of 
air. A few of these experiments have already been 
published in these columns* and elsewhere. +t 

In response to a special request further particulars 





are now given of the experiments relating to the 
distribution of pressure around cylindrical rods and 
bodies when exposed to uniform air-currents of 
various velocities. 

It is known in a general way that an air-current 
exerts a pressure on the front of a bar or body 
placed in it and a suction on the rear portion, and 
that dead-water regions are formed in the front 
and rear. Nevertheless, when the pressure at 
every point on the body is obtained by experiment 
and plotted, the results are often most unexpected. 
It is so to some extent with cylindrical bodies. 

Curves of the pressure distribution around a cylin- 
drical body are shown plotted in the figure above for 
five different velocities. The periphery of the 





* See Encingerine, August 8, 1913, Fig. 13, page 181. 
+ Aeronautical Journal, July, 1913. 











body is taken as the datum line, and compression 
is measured radially inwards and suction radially 
outwards. The readings are in hundredths of an 
inch of water. 

The experiments were made in the following way: 
A hollow circular rod 0.832 in. in diameter was 
taken, its ends were sealed and a small hole {, in. 
in diameter was drilled in the centre. This tube 
was placed in a wind tunnel with its axis at right 
angles to the direction of the air current. One arm 
of a micromanometer or tilting-water gauge was 
connected to the interior of the tube and the other 
arm of the manometer was connected to the static 
member of a Pitot tube placed in the tunnel. The 
pressure of the air at the point occupied by the 
small hole could therefore be determined. Means 
were provided to allow the rod to be rotated, and 
a pointer outside the tunnel indicated the number 
of degrees through which the rod had been rotated. 
The pressures at the various angles were noted, and 
are plotted in the radial diagrams in the figure. 

it be assumed that the pressure indicated by 

the manometer, when the hole in the rod is normal 
to the air, is the same as that given by the dynamic 
tube of a Pitot tube, then the velocity of the air is 
given by the well known equation :— 


v= /2gh, 
where v is the velocity in feet per second, h is the 
pressure in feet of air at the statical temperature 
and pressure of the air in the tunnel; g is the 
acceleration due to gravity. 


From this equation we find that the velocity of 
the air for the five curves is as follows :— 


Curve. Velocity in M.P.H. 
1 6.2 
2 10.8 
3 17.0 
4 23.0 
5 27.4 


A butterfly diagram is obtained for every velocity 
when the pressures are plotted in the manner pre- 
viously suggested. It will be noticed that in all 
cases the portion of the rod which is subjected to 
compression subtends an angle of 78 deg., or 39 deg. 
on either side of the centre line. us a large 
portion of the bar on the side facing the wind is 
actually in suction. It will further be noticed that 
the maximum suction occurs on the side of the bar 
which faces the wind, and at about 70 deg. on 





either side of the centre. The curves appear to be 
of similar shape for every velocity within the range 
of the experiments. us the maximum com- 
pression is always in the centre line of the side of 
the bar facing the wind, the points of zero ure 
coincide at 39 deg. on either side of the centre 
line, and the maximum suction is at 70 deg. to 
either side. 

The author has already pointed out in these 
columns* that the resistance of a circular bar does 
not vary strictly as the square of the velocity. 
M. Eiffel, in a very interesting paper,t has also 
shown that, at « certain critical velocity, the resist- 
ance of a sphere suddenly fails, and that this 
critical velocity varies with spheres of different 
diameters, the critical velocity increasing inversely 
as the diameter of the sphere. Thus the critical 
velocities were found to 12, 7, and 4 metres per 
second for spheres of diameter 16.2, 24.2, and 
33 centimetres respectively. In the case of the 
smallest sphere a critical speed was found at which, 
as the a of the air increased, the resistance 
diminished. From this he concludes that there 
are two systems of flow according bo the velocity. 
He also states that the law of the resistance vary- 
ing as the square of the velocity only applies for 
velocities higher than the critical velocity. 

Professor Morris has shown} that the disturb- 
ance produced by a rod of 0.826 in. diameter in a 
current of air covers a much larger area in the case 
of a small velocity than in that of a high velocity. 
It would also appear to follow from the author's 
experiments on the resistance of bars and wires, § 
and from the above experiments of Kiffel, that the 
smaller the wire or rod the greater is the area 
of disturbance produced since the resistance per 
unit subtended area increases as the diameter 
decreases. 

Thus it would appear that the form of flow around 
a circular bar varies both as the diameter and as 
the velocity. Nevertheless, from the diagrams 
shown in the figure for velocities ranging from 
6 to 27 miles per hour, the general shape of the 
curves of pressure distribution appear to be sub- 
stantially similar. It would be interesting to 
obtain a corresponding series of pressure-curves on 
spheres and circular bars in the neighbourhood of 
their critical velocity, and also a series of curves 
around large circular objects, such as lighthouses, 
factory chimneys, gasometers, and the funnels of 
steam-vessels in a high wind, to see if the general 
shape of the distribution-of-pressure curve changes 
at the critical velocity or for very large bodies. 
There is reason to suppose, however, that the 
shape of the distribution-curve does not vary very 
greatly as the velocity or the diameter increases. 





Tue EvecrricaL INDUSTRIES IN JAPAN.—In an article 
on this subject, the Scientific American says that motors, 
erage and transformers are built in Japan in 
arge quantities, to meet a ~ great demand, which 
increases every year. Oarbon-filament lamps are made 
in the country in a satisfactory way, though some diffi- 
culty is experienced in making them for volts, and 
the filaments of superior qualities are all imported. 
Porcelain insulators are manufactured in Japan, leaving 
no roum for importation, as suitable raw materials are 


plentiful ; but the making of straight and uniform tubes 
seems to be limited to the of about 30 cm. (11.8 in.). 
Ammeters, volt-meters, kilowatt-hour meters are 
largely imported. 





Tue Copren Market.—In their report, dated the 
17th inst., Messrs. James Lewis and Son state that the 
Metal Exchange has been closed during the past fort- 
night, and no official transactions in ard copper are 
recorded, though privately 597. to 601. is reported to have 
been paid for cash, and 611. for three months prompt. Sales 
of electrolytic at 701. to 72/. per ton ex-warehouse are 
reported, manufacturers of ammunition being in urgent 
need of it. In New York it is quoted 12§ to 123 cents per 
pound. It is stated that in order to maintain prices there 
will be a considerable reduction in the output of some of 
the American mines, so as to obviate the accumulation 
of large — by refiners. The shi 
Germany being at present stopped, av 
quanti of about 20,000 tons would either 
retained in the United States or shi: to England and 
France, increasing the st in these countries corre- 
y oe = unless production is curtailed. No return of 

ican refiners’ statistics for the month of July has 

—_ ——- -_ it is i ape will be issued 

uring the war. We are evi y to be kept in ignorance 

of the tion there. No statistics have been received 
from Weare or Germany. 


monthly 
ve to be 





* See ENGINngERING, January 30, 1914. 

+ ¢ Rendus, No. 27, Sichaber 30, 1912, 
t See Encivegrine, August 8, 1913. 

§ See ENGingERING, January 30, 1914. 
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Engineers’ Costs and Economical Workshop Production. 





By Dempster Sauitu, M. Sc. Tech., M. I. Mech. E., 
and Pumir ©. N. Proxworrn, M. Sc. Tech. Man- 
chester London: Emmott and Co., Limited. 


[Price 4s. 6d. net. } 
ALTHOUGH one readily agrees with the authors of 
this excellent treatise that the engineering student 
has few opportunities of studying this branch of 
his profession, the book is pre-eminently one for 
the practitioner, and without the aid of a year, at 
least, of actual participation in the commercial 
practice outlined, the student will probably find it 


a difficult text-book. It is true that a knowledge |i 


of the elements of commercial engineering practice 
should be part of every practising engineer’s 
armoury, however remote his own part in a par- 
ticular industrial activity may be from the—to a 
scientific man—unimaginative field of commerce ; 
and the purely technical man will find that the 
aim of the authors, to treat the subject from the 
engineers’ rather than the accountants’ standpoint, 
has been well achieved. 

A study of this work serves to emphasise, more 
than ever, the need of a practical workshop training 
as the first essential in the a of an engi- 
neering cost accountant; and the increasing demand 
made a manufacturers for reliable and accurate 
estimates, and clear comparative statements of 
estimated and actual coste, calls for a practically 
new class of trained men, trained, at present, 
where such men are found, solely on their own 
dynamic initiative, by leaving the beaten paths 
of technical and commercial sub-division and grap- 
pling with the intricacies of the numerous problems 
of cost- keeping, and the many other questions 
common to the commercial organisation of the 
average manufacturing concern. To such men the 
publication of this book is a noteworthy event. 

An outline of the components of the selling- 
price of a product forms a concise introduction to 
the volume before us ; and it is fair to mention here 
that this qualification of conciseness is consistently 
and admirably maintained. Some commendable 
hints and practical suggestions follow, which will 
appeal to every executive member of a staff, from 
th ing director downwards ; for example, 
the note that in the drawing-office should be dis- 
played the capacities of the principal machines of 
the shop equipment. Many such suggestions might 
well be adopted by estimating departments, where 
such exist as established units, as is, perforce, be- 
coming more general. 

The consideration devoted to pig-iron, wrought 
iron and steel, and the non-ferrous alloys, although 
brief, is valuable, the comparative market prices 
and tables of casting and forging rates included 
being particularly useful. Specifications of mate- 
rials are briefly dismissed, but with sound informa- 
tion as to when and where these are n . In 
the stress of modern competition it is usually found 
impracticable to include, with every inquiry, an 
ideal specification, though such would invariably 
assist, rather than hamper or irritate, the concern 
tendering. The importance of the provision of 
complete and definite specifications cannot be ex- 
aggerated, but it is found, in practice, that only in 
large contracts, or for tenders involving a consider- 
able quantity of repetition pieces, as, for example, 
railway axle-boxes or their bearings, can the work 
of preparing an accurate specification be incurred. 
A point of contention may be found in the state- 
ment that no patent or ay article can be 
made the subject of a specification. Usually the 
design may be immune from alteration, but it is 
often the custom of we companies and cor- 
porations, and nearly always of large Government 
departments, to furnish a detailed specification of 
the materials of the most proprietary iality, 
any addition to the price being of secondary con- 
sideration compared with a ntee of the quality 
required ry he ary oes Designers will welcome the 
guidance afforded by the information on the teste 

rescribed by the British ym mer ym Standards 
Ganniiten, which are given in lucid form, covering 
the usual range of physical tests of the more 
common materials. 

The exhaustive treatment of wage systems is 
quite beyond the student’s requirements, but the 
— manager will find all the material 
or the most intensive study of this important part 
of executive administration. ‘nly those who have 
actual dealing with the work.ng of piecework and 


premium systems can appreciate their difficulties, 
and only with the increasing knowledge of economic 
principles among the wage-earners can these diffi- 
culties be effectively surmounted. Of all the 
itions in a modern works one of the least 
enviable is that of the rate-fixer. He is neces- 
sarily a man who has extensive practical experi- 
ence behind him, who is an expert mechanic, and 
who has an intelligence and clear-wittedness far 
above those of his fellows. Upon the work of 
this man (or these men, in the case of a depart- 
ment) depends practically the entire measure of 
success of the system, upon whichever model it 
may be formed. The importance of the technical 
details of the system fades in the light of the 
importance of the personality of the man respon- 
sible for the rate-setting; and in spite of a pre- 
vailing opinion among managers to the contrary, 
the best man to be appointed to the task is not an 
outsider, but the best mechanic in point of prac- 
tical knowledge and ability, character and repute 
among his fellows, provided such a man can be 
persuaded to undertake the work. Tact and per- 
sonality play such an important part in the adjust- 
ment of wage systems, that the essential qualities 
of a successful rate-fixer can only be born, not in- 
stilled. The authors’ treatment of the entire 
system of the remuneration of labour has an 
academic excellence, but one looks in vain for the 
chological element so keenly observed by the 
t American exponents of the subject. 
Profit-sharing and co-partnership are fairly and 
sympathetically explained, mainly from the em- 
ployer’s point of view; and, on the whole, no more 
complete exposition of wage systems can be desired 
by an employer or manager wishing to formulate 
his own idea of the best to suit his individual re- 
quirements. The following chapter on shop organ- 
isation, though brief, introduces a much more 
practical application of the principles which have 
proved so successful in America. In fact, the nine 
pages devoted to this most expansible subject con- 
tain material sufficient to frame the fabric of the 
most complicated system. The planning depart- 
ment advocated is the subject of the most needed 
reform in the factories, large and small, of to-day, 
in the engineering field more than in any other ; 
and he is a wise commercial manager who is follow- 
ing the path described so clearly in Chapter VII. 
of this book. The following chapters investigate 
in the most praiseworthy detail the differences 
between theory and actual results in the varied 
machine-tool operations, and the knowledge com- 
piled by the authors in these succeeding four 
chapters alone will be deemed invaluable by every 
practical engineer who applies it. The Sey = 
of the Manchester experiments, the effect of the 
varying forms of tools, of speeds and feeds, and of 
lubricants, should be of t assistance to rate- 
fixing departments everywhere, and, we might very 
well add, to the machine-tool designer, the relation 
of the load applied to the machine by the different 
cuts to the strength and rigidity of the machine 
having been consistently borne in mind and con- 
sidered. The case for grinding is briefly but 
effectively made out, and the whole treatment of 
machine-tool operations is most comprehensive and 
convincing, rendering the more critical study of the 
seasoned payee as interesting as the unbiased 
reading of the student. Even the somewhat risky 
inclusion of standard times for the more general 
hand o tions is justified, and of all readers of 
these Chapters, VIII. to XI., the estimator will 
share with the shop superintendent, or the rate- 
fixer, his appreciation of the value of the treatise. 
The essential corollaries of the modern premium 
system, and the machining methods which have 
made the system possible—namely, the strict defini- 
tion of limits of accuracy and the contingent work 
of rigid inspection—are well summarised in their 
natural order in the book, the authors having con- 
tented themselves with the enunciation of the prac- 
tice formulated by the Engineering Standards Com- 
mittee. The part | question of establishment charges 
receives effective and most original treatment, 
although the system propounded could be adopted 
only in quite modern concerns where the complete 
valuation of the plant had been, or could easily be, 
carried out. It is so easy to theorise upon this 
topic, and so hard to apply even one’s own theory, 
originated to meet the peculiar needs of one’s own 
concern, that it is more than one can expect to find 
an absolutely final, standard practice outlined by 
any one author; however, in one short chapter, 





one finds here a wealth of suggestion which may 


i much practical application. The whole 
ifficulty as regards the correct allocation of estab- 
lishment charges lies in the necessity of avoiding 
as much clerical work as ible, otherwise it 
would be fairly simple to divide the indirect 
expenses of an establishment into two or three 
sections, and to apportion them over the costs of 
the work by several separate calculations ; but the 
objection at once has to be faced that the extra work 
laid upon the cost office staff is unwarrantable. 

According to this book, the method of Messrs. 
Wm. Sellers and Co., U.S.A., seems to approxi- 
mate more closely to strict accuracy than most 
of the prevalent English systems. The pro- 
prietor of an engineering establishment dealing 
with work of a continually varying or general 
nature will still find himself loth to employ the 
method of dividing the total indirect expenses 
between the individual costs in proportion to the 
direct labour charges ; though here again the diffi- 
culties of each case are peculiar, and a study of 
one’s own problem will usually prove to be of 
more assistance than the blind adoption of any 
generalised principle. The importance of reserve, 
maintenance, and depreciation funds occupies the 
succeeding chapter, the summarised experience of 
the authors being again usefully employed, and 
forming an excellent and sound guide on these 
points. 

In these days of rapid and radical changes of 
machine design the problem of allowing satisfac- 
torily for replacement of | ae gemg plant 
has me much more difficult than it was fifteen 
or twenty years ago, before the innumerable 
innovations had made further inventions possible 
in almost geometrical progression. In the fierce 
struggle of modern competition the executive policy 
which wins is the surprisingly bold and daring one, 
guided throughout by sovereign prudence and 
foresight, and in no one line is this more clearly 
evident than in the repair, maintenance, and re- 
placement of plant. e most successful firms 
to-day readily provide for the supersession of their 
high-speed turning, boring, milling, and -grinding- 
tools, about every five years, in some cases more 
frequently still. The added responsibility of the 
cost-keeping staff is obvious. 

The following chapters of the book on selling 
expense, railway and shipping rates, are excellent, 
and quite in order of position ; though these take 
such a regular place in a course of business 
methods that their inclusion in this volume is 
justified mainly by the additional convenience for 
reference thereby obtained. The treatment of cost- 
ae my could hardly be simplified, and here, and 
in the final chapter on estimating, will the student 
really find the subject handled in a manner most 
applicable to his needs. The broad principles of 
costing and estimating are not difficult to assimilate, 
and they have been, therefore, briefly, but effec- 
tively, stated in these concluding pages. 

The outstanding merit of the k we have 
been reviewing is the great value of its intensive 
study of actual practice and experiment in most 
of the lines of mechanical application, which form 
the source of productive expenditure, and the 
value of the information thus collected to the 
practitioner with little experience of, and less 
time for, experiments. The demerits are few, and 
will, of course, vary with the judgment of the 
readers ; but the worst is, perhaps, the brevity of 
the final chapter on estimating. is, of course, 
forms another and a difficult subject, and the 
problems which confront the engineering estimator 
must, it is true, be left to the powers of solution 
of his own intelligence and initiative, so that, 
armed with the knowledge available in the book as 
a whole, he will feel that its publication has well 
met a hitherto unsatisfied demand. 





Outlines of Mineralogy for Geological Students. By 
Grenvitte A. J. Cous, Professor of Geology in the 
Royal College of Science for Ireland. London: Long- 
mans, Green and Co. [Price 5s. net.] 

CoNSIDERABLE experience in the tion of 

technical treatises has enabled Professor Cole to 

compress within a narrow compass a vast amount 
of information. He covers a -_—_ subject whose 
borders are rapidly extending. It borrows much 
from the sciences of physies, optics, crystallo- 
graphy, and chemistry, and the author has use- 
ully — these sciences to illustrate and deter- 
mine the character of minerals. The application 
may be extended indefinitely, just as skilfal mani- 








pulation will devise new methods and artifices to 
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detect minute variations, but all the generic prin- 
ciples involved in testing and identifying minerals 
are clearly exhibited and adequately explained. 

The book is divided naturally into two sections, 
the first treating of the character of minerals and 
the processes of examination, the second giving a 
description of minerals, or at least those which are 
more likely to be encountered by geologists. After 
struggling, not too successfully, with the difficult 
task of defining a mineral, the author describes the 
more superficial characteristics—those which do 
not involve or permit of rigorous measurement. 
These include colour, hardness, tenacity, lustre, 
&c., in which the looseness of descriptive terms 
becomes painfully evident. Where we have not 
the advantage of a continuous scale and an accurate 
standard, we suffer from the want of exactness. A 
rough scale of order can be arranged, of which the 
oft-quoted ‘‘ table of hardness” is an example. 
But colour, in its infinite variety, presents greater 
difficulties. To give scientific precision to colour 
terms in everyday use, however desirable, would 
be to undertake an impossible task, and the author 
wisely does not attempt it. Scales founded upon 
the blending of spectrum colours have not proved 
satisfactory, and since no mention is made of 
instruments which aim at building up or imitating 
tints by combination of approximately monochro- 
matic colours in varying amounts, the inference is 
that the author has little confidence in their con- 
venience or trustworthiness. 

The contrast between loose description and 
accurate measurement is more marked when, in the 
succeeding chapters, the student is introduced to 
the rigorous scientific methods employed in crystal- 
lography, whether in the geometrical measurement 
of angles by some form of goniometer, or optically, 
in determining refractive indices and other charac- 
teristics. The attainment of accuracy, the possi- 
bility of repeating results, the certainty of deduction, 
and the rigour of the methods, not only make the 
study fascinating, but constitute it a vehicle of 
great educational value. The author writes of the 
somewhat forbidding subjects of symmetry and 
crystallographic systems—forbidding only in that 
they require a particular notation and nomen- 
clature—as one enamoured of a fascinating subject 
and wishing to make others share his enthusiasm. 
It must be admitted that the theory is not simple, 
except approached through a rather severe pre- 
liminary course of physics and optics, and practi- 
cally, difficulties become patent when, in the case 
of a minute double refractive crystal, it is necessary 
to determine the amount of double refraction, or 
the angle between the optic axes in a biaxial sub- 
stance. Many a clever dodge for making peculiari- 
ties more manifest has been worked out by experts, 
and lies hidden in the transactions of some learned 
society, but is here placed at the student's disposal, 
for Professor Cole’s acquaintance with the literature 
of the subject is general and exhaustive. As an 
example of this clever manipulation, reference may 
be made to the methods of observing the relation 
between Refractive Index and Total Reflection, 
Pleochroism, &c. The care of the conscientious 
tutor can be recognised in the minute instructions 
given for the use of the blow-pipe. 

In a work intended for students, and to serve as 
an introduction to more elaborate treatises, it is 
inevitable that a large section must be devoted 
to simple description and classification of minerals. 
The details of special characteristics, whether 
derived optically or from chemical and weet as 
tests, are not icularly interesting, though the 
author often enlivens his text by introducing some 
note of economic or geologic importance. The 
method of arrangement, or general order of 
description, is, however, worthy of notice. The 
order is decided by the fundamental element 
present in the mineral, the elements bei ed 
in the inverse order of Mendeléef’s table. The 
iron group stands first, and the arrangement pro- 
ceeds through manganese to sulphur, and, finally, 
to the hydrogen group. 

In this arrangement there is apparently no con- 
venient room for the silicates that form so large a 
part of the rocks that the geologist has to study. 
Professor Cole prefers to treat them separately in a 
group by themselves. The reason given for this 
plan is that the chemist will be most readily 
attracted to the study of the mineral kingdom if he 
can apply the processes of chemical reactions and 
analysis with which he is familiar; while the 
geologist is not obli: to ap h his more 
difficult work till he handied and examined a 





variety of minerals, and become acquainted with 
specimens where crystalline form is readily appa- 
rent. These are matters in which it is safe to 
trust to the experience of the teacher. In any 
case, the work is provided with an excellent index 
to facilitate reference, and this will be found of the 
greatest service to the chemist, the geologist, or 
the mining expert and prospector. 
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Tue Conpvuct or Borer AND Sream-EnGine TRIALS : 
ErratumM.—We learn that there is an error in connection 
with the diagram, Fig. 2, which we published on page 227 


of our last issue, re ing the Admiralty practice 
See fires. The — | below the figure should 


Grate area (square feet) x 100 
Pounds of coal per hour . 


The correction has, we are informed, been made in a 
later edition of the report from which our figure was 
copied. In the last sentence in the paragraph imme- 
diately below Fig. 1, the word “‘advantage” was inad- 
Segue cod oth bave clestel Uti ccapemien seonak 
ve e' ttle evaporation 
debited to the boiler. 





“FicuTine Suips, 1914.”—At the present time, when 
practically the whole of Europe is under arms, for reasons 
which it is needless for us to dwell upon, the book on 
** Fighting Ships,” by Mr. Fred. T. Jane, for the present 
year, the seventeenth year of issue, is most as 
it will prove of great value for reference purposes. It 
contains illustrations, identification silhouettes, and par- 
ticulars of the various ships of all the navies in the world. 
The particulars include the dimensions of the charac- 
teristic classes, data on their armament, protection, and 
machinery, the names of the builders, &c. the 
illustrations are general plans of the naval bases g 


to the nape naval Powers. A ial chapter, by 
Me. eee agate M. Inst. C.E., —_ with = 
in naval engineering. is pu 
ished by Mesers. Sam Low, Marston and Co., 
Limited, Overy House, 100, Southwark-street, London, 
8.E.. at the price of 21s. net. 





THE MUNICH GAS EXHIBITION. 


In connection with the fifty-fifth annual meeting of 
the German Association of Gas and Water Engineers 
at Munich, a report of which has already appeared 
in our columns on July 17, 96, a very comprehen- 
sive and well-arranged Gas Exhibition was held, the 
exhibits filling the Prince Ludwig Halls of the Per- 
manent Exhibition Buildings at Munich, belonging 
to the Municipality. 

The gas production of Germany for the year 1912-13 
was graphically represented, showing that, from 1700 
works, 2733 million cubic metres were produced. The 
comparative yearly production was also indicated. 
There are 1522 million marks of capital invested in 
a ——— _—. m , 

e exhibits illustrating the manufacture of lighti 
gas were very re and embraced meotheds af 


conveying the coal from the colliery to the gas- 
works, the construction of the various kinds of 
retorts, o i ischarging systems, purifica- 


and d 

tion, condensing, coke-quenching, screening, tar and 
ammonia treatment. In regard to tar it was demon- 
strated that tar from vertical retorts, being more fluid 
than the ordinary product, may be in Diesel 
engines. The great quantity of water required in gas 
works was hically represented, as was also the 
extent to which electricity is being employed there. 
Water-gas was represented, and the exhibits generally 
showed that in the manufacture of gas practically 
every branch of science is involved. 

The fine working model, one-tenth full size, of a 


*| works for the production of 100,000 cub. metres of gas 


per day deserves special mention. Costing about 
1000/., it was made from drawings supplied by various 
mat ad manufacturers in Germany, and will even- 
tually be placed in the German Museum at Munich. 
It was e by Friedrich Schroder, of that town. 

Mr. Heinrich Koppers showed a sectional model of 
his horizontal regenerative coke-oven plant, heated by 
producer-gas, and a model of his complete tar and 
ammonia plant. An interesting collection of gas mains 
was shown, from which one ph the conclusion that 
steel mains are now taking the place of cast iron, but 
that they require to be carefully coated for protection 
against oxidation. In the jointing devices which were 
exhibited, it was seen that resilience is obtained by 
means of rubber when mains are subject to vibration. 
High-pressure gas installations ocoupied an important 
place, there being some excellent examples shown ; com- 
pressors, pressure-regulators, and safeguards against 
stray earth currents from electric tramways were 
shown in considerable detail. 

Gas-meters—wet and Ey and 
station-meters were shown. In house-lighting the 
incandescent system was well illustrated in a series 
of beautifully furnished and decorated rooms. The 
usefulness of the inverted mantle was — exem- 
— Distance oo by means of the by-pass, 
erro-cerium, the pill, and by electricity were shown. 

In Hall No. 3 was shown a representation of the 
organisation of the Deutsche Verein von Gas und 

asser-fachwannern ; the work carried on in its labora- 
_ at Oarleruhe was excellently demonstrated. Plans 
and views of old gas-works, &o. ; diagrams illustrating 
the formation of coal ; apparatus for guarding against 
fire-damp ; methods of research, and experiments 
with gas, and various laboratory apparatus were on 
view, including appliances for light-measuring, analy- 
sers, and tar and ammonia testing were exhibited ; 
Bunsen burner tests, and methods of measuring yield 
in heat and candle-power, were also dealt with. 

Some well- i 8 were on view, giving 
statistics of and coke production in Germany ; 
— of gas; number of workmen employed ; 

ength of mains and branches ; consumption of gas in 
relation to population ; development of the a> 
the-slot eu tem, and street-lighting in Munich. 

Hall No. 3 contained the exhibit of Herr Friedrich 
Lux, of Ludwigshafen am Rhine, and should be speci- 
ally referred to, as it included the instruments made 
by Messrs. Alex. Wright and Co., of Westminster, 
for whom Herr Lux is the German agent. The 
exhibit comprised specimens of the well-known Lux 
purifying material, facetiously called by the German 
wharfingers ‘‘ Lux’s cocoa,” by reason of ite appear- 
ance, Lux single-pipe suction and pressure-meter, and 
the two instruments of the lish makers—the 
gravitometer and the caligraph—of which we hope to 
publish full particulars in an early issue. 





Surppine, ENGINEERING, AND MACHINERY EXHIBITION, 
Otyme1a, Loxpon, W.—It has been decided vo postpone 
the above Exhibition to a period, between July 13 and 
September 14, 1915, which will be fixed jn consultation 
with the Hall authorities in the beginning of 1915. 


a | A etn ae that the fant Devet 
ve made some changes in organisation their 
staff, and Mr. H. P. Maybury, who became Chief 
Engineer to the Board in November last, has been 
pointed to a new post, with the title of manager 


ap- 
and 
engineer. 
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Tuk accompanying illustrations show a new type 
of horizontal multiple-spindle drilling and tapping- 
machine, designed and constructed by the Langelier 
Manufacturing Company, of Providence, R.I., U.S.A. 
The actual machine illustrated, of which Fig. 1 is a 
back view, and Fig. 2 a front view, has four spindles 
capable of simultaneously drilling, counterboring, or 
tapping holes up to 3 in. in diameter in mild steel, 
cast iron, brass, and other metals, but similar machines 
are constructed with larger or smaller numbers of 
spindles, and with different drilling and tappin 
capacities according to requirements. Figs. 3 to 
illustrate examples of the class of work for which the 
machines are intended. 

Referring to Figs. 1 and 2, it will be seen that the 
work is clamped to a stationary table in the centre of 
the bed of the machine. The vertical distance 
between the planed surface of the bed at this point 
and the centre lines of the spindles is 57 in., so that 
fairly large work or jigs can be handled on the machine. 
Qn each side of the table is a movable head having 





two spindles; actually only one epindle on each 
|head can be i 
| other is immediately behind it in the same plane. 
| The 


seen in the illustrations, but the 
two heads are mounted on finished and 

ibbed saddles, and they may be set so that the 

istance between the inner ends of the spindles is 
anything between 84 in. and 18} in. The heads are 
also interconnected, so that the drills or taps are 
simultaneously fed into or withdrawn from the work 
by the movement of a single hand-lever, shown on the 
right-hand side of Fig. 2. Adjustable stops are pro- 
vided to limit the depth of the holes produced. In 
order to make the transverse distance between the 
spindles variable, the front spindle of each head is 
mounted on a cross-slide, and by turning screws, the 
ends of which are visible in Fig. 2, the distance 
between the centre lines of the spindles can be varied 
from 1} in. to 34 in. The spindles are each provided 
with No. 1 Morse sockets to take drill-chucks or tap- 
holders with shanks of the corresponding taper ; 
drills or taps of any size up to the standard limit of 





Fig.6 














that taper can thus be used. The thrust on the 
spindles is taken on thrust-washers of hard phosphor- 
bronze and hardened steel, and means are provided 
for taking up any end-play. 

It will be seen that the machine is driven by leather 
belts of circular section, these belts having been 
chosen because they enable the machine to be reversed 
more easily and rapidly than would be ible with 
flat belts, and also Segaiaen they reduce the floor-space 
occupied. The belts are ? in. in diameter, and run on 
grooved fast and loose pulleys, 10 in. in diameter. The 
main shaft is situated at the back of the machine, as 
shown in Fig. 1, and power is transmitted to the 
spindles by means of spiral gears capable of sliding 
along the main and transverse shafts ; the gears are 
all completely enclosed to comply with the most 
stringent safety regulations. When drilling or tap- 
ping, the machine is driven by the pulleys shown on the 
right-hand side of Fig. 1, these pulleys being keyed 
directly on to the main shaft, but the reverse drive 
is by means of the pulleys on the left-hand side 
of this view. These pulleys, it will be noticed, 
drive the main shaft through spur-gearing, by means 
of which the speed is increased and the direction 
of rotation is reversed without using crossed belts. 
The arrangements are such that when the heads 
come up against the adjustable depth stops in tap- 
ping, the tap-holders automatically unclutch. The 
operator then shifts the main driving-belt from the 
fast to the loose pulley by hand, and this movement 
simultaneously shifts the reverse driving-belt from 
the loose to the fast pulley, thus reversing the 
machine and backing the taps out of the holes at 
& higher speed than that used for tapping. The 
countershaft, which has been specially designed for 
this machine, provides two — and two tapping 
speeds which are sufficient for all ordinary require- 
ments. 

The machine is provided with a rotary oil-pump, 
which delivers oil to the drills or taps through flexible- 
jointed piping fitted with pet-cocks to control the 
supply. The surplus oil and chips are collected on 
the of the machine, which has a high rim formed 
round it for this purpose. The oil eventually gravi- 
tates into a reservoir fitted with astrainer, from which 
reservoir the pump draws its supply, so that the oil is 
continuously circulated. Ample provision is also 
made for the lubrication of the gearing and all other 
moving parts. 

With these machines it is claimed that large quan- 
tities of high-claes accurate work can be produced by 
unskilled operators, and that the ease with which the 

itions of the spindles can be ad — adapts them 
or a very wide range of work. The weight of the 
machine illustrated is under 16 cwt., the floor 





space occupied is about 5 ft. by 2 ft. 
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STRESS DISTRIBUTION IN MATERIALS. 
Engineering Section of the British Association. 
Presidential Address.* 

By Professor E. G. Coxer, M.A., D.Sc., M. Inst. O.E., 
President of the Section. 

THE subject of stress distribution in materials, which I 
have chosen for this address, is not one which an engineer 
can claim as his —— province, for it has been, and 
still is, a fruitful field of investigation for the mathe- 
matician, the physicist, and the geo! t, and has always 

m so since the commencement of scientific inquiry ; 
indeed, it must have been the source of speculation ai 
controversy ever since mankind from a primitive 
state, and to fashion dwellings, weapons, and tools 
from the materials at command. : 

The development of ee from _ = 
dwellings of savage races to the great temples Sy 
and Greece, the bridges and aqueducts of the Romans, 
and the medieval buildings of Europe, all bear witness 
to the accumulation of tical knowledge of the pro- 
perties of materials and of the stress distribution in 
structures, which we cannot fail to admire, altheugh we 
know far too little of the way in which these ancient 
structures were planned and constructed he magnifi- 
cent arched and domed buildings of the Roman period, 
and the stately cathedrals of later times, with their wealth 
of architectural form—tower and spire, flying buttress 
and vaulting—all show how considerable was the practi- 
cal inesteiee of stress distribution possessed by the 
master bui'ders who planned and carried out the-e great 
structures. We, who inherit these buildings as a precious 
legacy of bygone ages, have at our command far greater 
resources in the accumulated knowledge of centuries of 
scientific discovery and invention, and can build more 
complex structures—great bridges of steel, toweri 
frameworks covered by a thin veneer of masonry, 
floating arsenals of the most bewildering intricacy. All 
these we can show to our credit as the resultof thesteady 
increase of scientific knowledge applied to practical ends, 
but, even now, knowledge of the stresses which come 
upon these complex structures and machines is relatively 
small. Scientific investigations of engineering problems 
of stress still lag behind constructive ability, and defec- 
tive knowledge is obscured more or less by te 
theories and Tettronnd by factors of safety, which serve 
in one instance perhaps, but show in others that they 
have merely given a sense of fancied security with no real 
basis, and are more perly factors of ignorance, to be 
discarded at the earliest moment. Who, for example, 
can say with certainty what ie the stress distribution 
throughout the compression members of a great ae 
built up of complicated steel shapes and plates, united by 
stiffening angles, gusset-plates, and innumerable rivets. 
There is ae good reason for the belief that a on 
strut is relatively weaker than a small one, when both 
are designed according to the same approximate formule 
now used in current a. and engineers are unwilling 
to take the responsibility for such members in a great 
structure, without providing a very ample margin of 
safety to cover the contingencies arising from lack of 
precise knowledge of the strength of these members. 
numerous are the problems which arise in the design and 
construction of machines and structures that it is, 
perhaps, not unprofitable to devote a short hour to the 
consideration of some of the available means which an 
engineer can use as a guide for his applications of 
science to construction, since of whatever kind are the 
professional activities he pursues, his place in the scheme 
of affairs mainly depends on his ability to make machines 
and ———_ or directing er —— ying natural sources 
of power in known ways, or applying them to new purposes 
os aluatie tet advance the boundaries of know- 
ledge. The power to do this depends, to no small extent, 
upon the ability to determine the distribution of stress in a 
structure, and on the skilful manner in which material can 
be disposed for the required purpose. It is of some help 
to our appreciation of the achievements of the great con- 
structors of past ages, if we remember that they probably 
all held the erroneous view that materials of construction 
are perfectly rigid bodies ; and, indeed, we know that as 
late as 1638 Galileo Gulilei was of that opinion, and that 
he came to an entirely bow conclusion as regards the 
stress distribution in a loaded cantilever. It required the 
genius and insight of Robert Hooke to make a really 
great step, with his celebrated theory of the linear rela- 
tion of stress to strain, and we can appreciate the glow of 
pride and satisfaction which he must have felt at his t 
discovery, when he records, in 1675, that “‘his Ma. 
was pleased to see the experiments that made out this 
theory tried at Whiteh: as also my spring watch.” 
Hooke had, in fact, discovered the fundamental principle 
upon which a theory of the elasticity and strength of 
materials could be based, and it would be interesting 
to trace the great advances which were rapidly made 
from this new vantage ground, whereby the main facts 
of the distribution of stress in simple members of 
structures became known, a foundation laid for 
the great advances of the mathematical theory. If 
I am silent upon the enormous develo its of the 
modern theory of the strength of materials it is not from 
lack of appreciation, but because I do not deem myself 
adequately fitted to discuss the great work of the elas 
ticlans, which all engineers admire, and so few are 
equipped to follow with the full battery of mathematical 
tools which have been pressed into service in the pursuit 
of this great science. 

Among the test of the services rendered by early 
Pioneers was that of Young, who was the first to notice 
that the elastic resistance of a body to shear was different 


* Delivered at Sydney, N.S.W., August 21, 1914, 


So satisfy all our modern requirements, since the 





from its resistance to extension or contraction, and this 
led him to define a modulus of elasticity for materials in 
compression. As Professor Love remarks, ‘‘ This intro- 
duction of a definite physical concept, which descends, as 
it were, from a clear sky on the readers of mathematical 
memoirs, marks an epoch in the history of the science.” 


From the standpoint of the engineer, nothing is of | d 


more practical importance than the great discoveries 
of Hooke and Young, that bodies like metal, wood, and 
stone are ‘‘springy” and have a simple linear relation 
between stress and strain, It is Lg wy! within the 
mark to say that nine-tenths of all the ¢xperimental 
investigations on stress distributions in structures ha 
been entirely based on the fundamental principles which 
they enunciated, and new uses are continually arising. 
The recent application of the steam-turbine to the pro- 
pulsion of ships produced a profound change in marine- 
engine practice, and incidentally involved an entire 
reconstruction of methods for obtaining the horse-power 
developed, which had been gradually perfected from the 
time of Watt, but were absolutely useless for the new 
system of propulsion. Hooke’s discovery of the essential 
springiness of metals enabled engineers quickly to devise 
new instruments capable of accurately measuring the 
infinitesimal lar distortions «f propeller shafte, and 
from these to determine the horse-power transmitted by 
the aid of an appropriate modulus. 

The construction of tall buildings affords another 
example where advantage has been taken to determine 
the loads apon columns by measuring the minute diminu- 
tions of length as the structure proceeds, thereby afford- 
ing a valuable check upon the ca'culations for these 
members, and a reliable indication of the pressures sup- 
ported by the foundations. The distribution of strees in 

ildings constructed of composite materials, like concrete 
reinforced with steel, has also been examined by similar 
methods, and many data for guidance in future construc- 
tional work have been obtained, especially in the United 
States of America. The still more difficult problems 
involved in the determination of the stresses in joints and 
fastenings of complicated structures have often been 
investigated by purely mechanical measurements of 
strain, and the Ce 7 investigations of Professor 
Barraclough and Gibson and their pupils, upon the distri- 
bution cf stress due to riveted joints and curved plates of 
boiler shells, afford a notable example of the succeasful 
application of the measurement of small strains to a 
stress problem of great complexity. 

That ‘‘science is measurement” is here sufficiently 
obvious, and it seems only due to the memory of that 
great engineer, Sir Joseph Whitworth, to refer to his 
great mechanical achievements of a true plane and well- 
nigh perfect screw, which enabled him to measure 
changes of one millionth of an inch, and thereby gave 
experimental investigations of strains a new impetus, 
which is reflected in su uent work on the subject. 
Nor must we forget the no important exposition by 
Kelvin and Tait, of the scientific princi of instrument 
construction which have done so much for the design of 
instruments for the precice measurement of strains. 
Mechanical measurements cannot, however, completely 


ve 


yy are essen- 
tially average values, and fail to accommodate themselves 
to many of the problems which press for solution. In 
the quest for exact experimental knowledge, the measure- 
ment of stress at a point becomes of amount import- 
ance, and we may therefore inquire what further means 
the researches of pure science have placed at our disposal 
for the determination of stress distribution in materials. 
It is well known that many materials, when tested to 
—— — a —> rise , a at 
e of fracture, especially in very ducti ials ; 
but Weber was the first to y tenn that a metal wire, 
when stretched within the elastic limit, is cooled by the 
action of the load, and this result was deduced later 
from the laws of thermo-elastic behaviour of materials 
by Lord Kelvin, who showed that tension and com- 
pression loads produce opposite effecte, and that mate- 
rials which have the ey of contracting with rise of 
temperature show thermal effects of the reverse kind. 
Although the changes of temperature produced by stress 
are small within the elastic range—less than 1 deg. Cent. 
for most materials—yet their effect upon a thermo-couple 
is readily measurable if the equilibrating effects of sur- 
rounding bodies are neutralised or allowed for, so that 
stress distribution can be determined by thermal measure- 
ments at a point. The correction for such disturbing 
causes is usually an important factor, and is ly so 
large that experimental work is more suitable for the 
laboratory than the workshop ; but if all necessary pre- 
cautions are taken, a linear relation of stress to strain 
can be shown to hold up to the elastic limit of the 
material, while above this point the breakdown of the 
structure causes a rise of temperature of so marked a 
character that it has been utilised several investi- 
gators as an indication of the yield-point. Experiments 
upon members subjected to tension, emote, and 
bending show that phenomena afford trustworth 
indications of the stress in materials so diverse asa rolled- 
steel section, a block of cement, and beams of stone and 
slate. Although no attempt appears to have been made 
to investigate stress distributions of any great complexity, 
it seems not unlikely that thermal methods of investiga- 
tion will ultimately prove of considerab!e value. 
The bem gee = metals to Réntgen rays is another 
which has often been su as likely to 
of service for work on stress distribution in materials, 
and Mr. Howgrave Graham and I have examined a 
number of rolled metals under stress up to the breaking- 
point, without, however, discovering any change in the 
appearance of the material as seen on a fluorescent screen. 
a our experiments showed no ible change, 
it is, of course, not impossible that an effect may have 





escaped our notice. Another and still more fascinating 
pn On , on stress yr pane is -_~ - oy Ge 
oubly refractive properties of transparent ies under 
8 a discovery made by Sir David Brewster almost 
exactly one hundred years ago, and but rarely made use 
of since by engineers, although Brewster himself imme- 
iately saw its value for experimental po age and 
suggested that models of arches might be made of glass, 
and the effects of stresses due to loading rendered visible 
in ised light. Brewster carries his investigations 
further, by the invention of a “chromatic teinometer ” 
for ye the nature of strains, and consisting of 
or bars of glass subjected to flexure in definite 
ways for comparison with the body under stress. Ata 
much later date (1841) Neumann developed an elaborate 
theory for ysis of strain in transparent bodies 
due to load, unequal temperature, and set, while, stil! 
later, the youthful genius of Clerk-Maxwell supplied an 
braic solution for the stress distribution in any plate 
subjected to stresses in its own plane. 

The early history of the development of this branch of 
science is, in fact, remarkable for notable contributions 
at | intervals of time, and the almost complete disre- 
gard by engineers of its practical importance. The 
en of optical investigation to the determination 
of stress distribution in engineering structures and 
machines has, however, been hindered by which, 
although apparently reget have been very real 
pam and among these was the absence of a trans- 
parent material which could be fashioned into shapes 
suitable for investigating technical problems. It is nob 
an easy matter, for example, to construct a glass model 
of a bridge free from internal etress, in the manner 
suggested by Brewster; and, moreover, glass is ex- 
tremely f under load, especially in cases where the 
stress distribution in it varies very much, while the cost 
of construction is very great. Happily there is now no 
necessity to employ glass for experimental investigation 
on engineering problems, since modern mistry has 
supplied artificial bodies, such as the nitro-cellulose com- 
pounds used for many trade purposes, which have optical 
properties very little inferior to glass, are able to bear 

t stresses without injury, and also are capable of 
ng fashioned with the ease and certainty of a wooden 
model. Photographic are also able to repro- 
duce the brilliant colour effects caused by stress in trans- 
parent materials, so that permanent records can now be 
made for future reference. 

The construction of polariscopes for examining models 
on @ scale is very essential for technical research, 
and the great scarcit Iceland spar of sufficient purity 
and size for use as Nicol’s prisms caused much atten- 
7 to pow to the rerierss of oP - tus - Jug 

ucing — t e aid oO} ects 0: 
Fortunately this presents little difficulty, and although 
the light is not nearly so well ised as that obtained 
from a Nicol’s prism, it is sufficiently so for the purpose. 
Large p gepeten Seep plates of mica have also been con- 
structed by my colleague, Professor Silvanus Thompson, 
F.R S., for obtaining circularly polarised light, and these 
have proved sufficiently exact and ——ae useful for 
large models. Itis of importance to show that the stress 
distribution revealed by a ised beam of light pass- 
ing h an elastic transparent material in no way 
differs from that obtained by other means, and evidence 
is available in modern resen especially by Filon, 
that the experimental results obtained with glass agree 
with those of the theory of elasticity, while a sati 

t of a similar kind has also been obtained wi 
nitro-cellulose compounds, although not in so complete 
and direct a manner. Such an agreement may be ex- 
pected on theoretical grounds, since the values of the 
elastic constants do not affect the fundamental equations 
for stresses in a I wy ; and although for a three-dimen- 
sional stress the effect of the stretch-squeeze ratio causes 
some difference, yet this is usually papmenee. 

Most of the physical constants of glass have been deter- 
mined with very considerable accuracy, but other trans- 
parent substances have so far received little attention, 
and their optical cunstants are not well known. The 
stress-strain relations of glass and nitro-cellulose have 
been determined with considerable accuracy, and a useful 
idea of their relation to metals may be gained from the 
values of the stretch modulus E and the stretch-squeeze 
ratio ¢. 

The accompanying table shows some average values for 
a few mpportant materiale, and it is of interest to note 
that the stretch-squeeze ratios of cast iron ane poe: lass 
are very similar, while the values of the stretch modulus 
are nearly as three to two. These two materials also 
aon other like characteristics: they are both very 

ittle, and possess well-developed crystalline structure, 





so that we may expect the properties of cast iron under 
stress to be very faithfully followed by plate-glass. 
Material. E o 
Steel ... _ 30,000,000 0.25 
Wrought iron : 28,000,000 0 28 
Castiron... es 15,000,000 0.25 
Plate-glass ... ee 10,500,000 0.23 
Nitro-cellulose ... 260,000 to 300,000 0.40 


The high values of the stretch modulus for steel and 
wrought — one ast, sgguoean . @ es by any 
transparent material having similar ductile properties, 
but although nitro-cellulese has a stretch modulus of 
rather lees than one-hundredth that of steel, its stress- 
strain ies are not unlike. In some recent experi- 
ments with a miniature testing-machine, fitted with an 
arrangement for recording the stress-strain relations of 
xylonite throughout the whole range of stress up to frac- 
ture, the main uaties of scoet aggeee 68 © very 
much reduced scale, and give additional confidence that 
the results of optical experiments on this material are 
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applicable to metal structures. The complete analysis 

stress distribution in a plate is not, however, a simple 
matter, and the analysis of Clerk-Maxwell is intended to 
provide a solution based on the ies of the isochro- 
tiatic and isoclinic lines, coupled with the law that the 
optical effect is proportional to the difference of the 
principal stresses at a point, and to the thickness of the 
plate. A principal stress perpendicular to the bounding 
planes is assumed to have no optical effect; but since 
many cases have arisen where there are three princi 
stress components, it seemed desirable to examine such a 
case oe 

Itisa matter of some difficulty to arrange apparatus 
to stress a specimen in the direction of the incident beam, 
and, at the same time, observe the optical effect free from 
disturbing causes, since a transparent medium must be 
interposed for applying the required load, and this will be 
subject to stresses which may interfere with the optical 
effect on the specimen. Some observations on circular 
plates, clam at the edges and uniformly loaded over 
one face, showed that the bending streeses produced in the 
plats caused very little optical effect, since the tension 
and compression stresses neutralised one another, while 
the shear effects also appeared to be practically negligible. 
The only remaining stresses of importance were those 
caused by the clamping-plates at the boundary, which 
produced radial and circumferential stresses having cir- 
cular symmetry, and as the optical effects of these latter 
disappeared at a small distance from the edge, a field of 
view was obtained in which the optical effects of load 
applied per icularly to the plate were quite small, 
even when the in stresses were very great. 

Two circular plates —— together to enclose a space 
between them may therefore be used as windows for 
observing the effect of a uniform pressure upon a trans- 

rent specimen, which latter may be a plate with its 
‘aces parallel to the end plates closing the chamber. If 
cubical compression is applied by a fluid, the principal 
stresses in the plane of the plate produce opposing optical 
effects, and any remaining effect is due to perpendicular 
pressures on the faces. The t of experi- 
mental apparatus, therefore, took the form of a pair of 
transparent windows separated by an ann’ disc, and 
firmly clamped ther by collars. The central chamber 
so formed was subjected to pressure of air, or other 
fluid, up to about 1000 1b. per in., and after 


the specimen was introduced, and the same re 
applied ; but no visible change of effect could be o i 
Finally, the specimen was set in the field of view out- 


side the chamber, and pressure again applied by the 
fluid, but still no change = ene. In all three 
cases the optical effects produ were small, and prac- 
tically alike, to that the experimental evidence appears 
to warrant the conclusion that a principal stress in the 
direction of an incident beam of polarised light has no 
— effect in a thin gots, on. at any rate, is so small 
that it may be neglected. That the retardation between 
the ordinary and extraordi: rays is proportional to 
the stress difference dicular to the incident beam 
within the elastic limit of the material may, therefore, be 
taken as bl te, although future 

may show that it is only an approximation, or even that 
it is more accurate to commence from a fundamental 
strain equation; but os to present knowledge 
there appears to be no warrant for such a procedure. 

A more pressing difficulty arises with regard to the 
optical constant connecting the wave-length retardation 
with the stress difference. recent researches of Filon 
on glass show that the value of this constant is curiousl 
dependent on the previous history of the material, 
especially as regards its heat treatment. Until further 
knowledge is gained on this matter it appears to be 
neces: to guard against errors in stress measurement 
from this cause by a careful selection and treatment of 





the material used, since for other artificial bodies we may | place 


find that the variation in the constant is not less in magni- 
tude, and is at least as complex as in g In some 
instances the stress optical coefficient may be di 

with, and Filon has shown in cases where a theory of 
stress distribution has been worked out, and it is desired 
to compare it with the results of optical measurements, 
that the isoclinic lines offer many advantages, since they 
are independent of photé-elastic constants, and the 
material need only be subjécted to small stresses. 

The experimental analysis of stress distribution in a 
body depends on the possibility of finding the magnitudes 
and directions of the principal stresses at every point, and 
in practice it is found the simplest plan to determine the 
directions of stress from the lines of equal inclination 
obtained in plane polarised light, and to measure the 
stress difference by a comparison with a wave-length 
standard, such as a Babinet compensator, or by compari- 
son with a simple tension member set along one of the 
lines of principal stress, and loaded until the total effect 

uced is a dark field, denoting a zero value. 

ifference of the principal ‘ is then measured in 
terms of a simple tension. Thin alone is insufficient to 
determine the distribution, unless one of the principal 
stresses is zero, and, = pee. another independent 
measure must be obtained. This is very conveniently 
supplied by the change in the lateral dimensions of the 
plate under stress, since this change may be taken, in the 
absence of a third principal stress, as proportional to 
oe t ised sum of the principal stresses throughout 


The determination of the lateral strains in a compara- 
tively thin plate, forming part of a model of a machine 
or structure, necessitates measurements of extremely 
minute linear quantities. If, for example, a plate of 
xylonite is taken, of the maximum thickness obtaina’ 
for optical work, a simple calculation shows that these 
strains must be measured to an accuracy of one or two 
millionths of an inch. Several instruments have been 


ble | has shown that a small cyli 





designed and constructed for this to fulfil con- 
ditions which appear to be essential for successful use. It 
is necessary to avoid all chance of injury to the surface 
of a transparent material, so that the | & points 
of an instrument can only be pressed ag Ay oe the 
surfaces, and the weight must, therefore, Leg apt 
independently of the model. In instruments so far con- 
structed measuring mechanism is carried on a 
U- frame, for convenience of movement from point 
to point of the specimen. One measuring needle is 
secured and operated by a calibrating screw, and the 
other is free to move a multiplyitig lever system, and 
thereby tilt a mirror to give an angular deflection, which 
latter is calibra ed by :eference to‘ the s' screw 
when the instrument has been finally secured in place. 
In recent work the labour of accurately setting the 
instrument in a number of different positions has proved 
so great that my assistant, Mr. F.-H. Withycombe, has 
designed a useful adjunct in the form of a mechanical 
slide-rest, to effect the required changes easily and ex- 
peditiously. In one arrangement a bracket carries the 
measuring instrument on a three-point support, and 
movement is effécted by slides arranged to give displace- 
ments along three axes at right angles, and their amounts 
are measured by micrometer screws to an accuracy of 
rather less than ;7,; in. 

These methods of stress determination avoid the diffi- 
culties of the Clerk-Maxwell analysis, which necessitates 
the determination of the equations to both families of 
isochromatic and isoclinic bands, usually a mathematical 
problem of considerable complexity. In some simple 
cases Mr. Scoble and I have verified the accuracy of the 
method of lateral measurements for determining the sum 
of the princi stresses by comparing the calculated 
stresses with the experimental values obtained in a plate 
of transparent material. We have lately carried these 
experiments a stage further, and have shown that the 
measured sums of the principal stresses in steel agree 
with the calculated values. This experimental solution, 
in fact, gives the stress at a point in a plate, if the con- 
ditions are those assumed by the mathematical case of a 
plate where generalised equations of stress apply. Ib is 
at once obvious, if the utility of experiments on models 
of this kind is admitted, that experimental evidence is 
available on a variety of practical engineering problems 
covering a very wide field of practice, not merely quali- 
tative, but quantitative, and approximating to the needs 
of the physicist-and mathematician;'and well within the 
known variations of the materials with which the engi- 
neer has to deal in his daily practice. 

During the last few years much attention has been 
paid to the determination of the stresses in structural 
elements of primary importance, but only a smal! number 
of cases have been examined, since even the simplest 
problems have proved somewhat difficult, and much time 
and labour have been spent in — optical and 
mechanical appliances to suit the special conditions 
required for investigations on transparent models. A 
simple example of a case easily examined and of prac- 
tical importance is that of a tension member subjected 
to an eccentric load. The optical effects here show a 
linear distribution of stress due to the combination of 
direct pull and bending, while the neutral axis moves 
towards the tension side as the stress increases. Not 
only can these effects be measured, but if the specimen 
begins to fail some indication is obtained of the way in 
which the stress distribution is changed to meet the 
new conditions, and there is found a tendency to an 
equalisation of the maximum stress at the lary, 
ee at present the form of the curve of distribution 
bey: the elastic limit is largely cor jectural. 

A case like that of a very short member subjected to 
direct compression is not without interest, partly 
because it reveals unexpected difficulties. Inthe first 
it is not easy to apply a pure compression stress, 
and if the surfaces in contact are not of the same mate- 
rials it appears to be tically impossible, since the 
lateral changes are unlike, and s stress is therefore 
produced at the plane of the surfaces in contact. In a 
short member this shear has a very important influence, 
and by in ing a thin layer of a material, such as 
india-rubber, between the pressure plates and the short 
transparent block, the artificial shear effect produced by 
the india-rubber is easily shown to influence the distri- 
bution throughout, and to increase the stress in ere 
mar way. Experiments on trans; t materi 
show that the increase of stress may be 20 per cent. or 
even more. Such an effect is known to take place when 
cubes of stone arecrushed between lead plates, and optical 
investigations on models have enabled a quantitative 
measure of the effect to be ascertained in this and other 
cases, thereby confirming the theoretical investigations of 
Filon on the distribution of stress in such members under 
various practical systems of loading. 

The local effects produced near the points of applica- 
tion of a load are usually of considerable importance, and 
their influence on the stress distribution in beams has 
been examined by Carus Wilson. The stress effects pro- 
duced by discontinuities in materials are also of consider- 
able interest, and the cases arising from the necessities 
of construction are infinite in their variety. 

The practical importance of an accurate knowledge of 
the change in stress distribution uced by changes of 


section in a member is so thoroughly ap ted that it 
needs no insistence, and it has received much attention 
from the mathematical point of view. Thus the local 


effect of a spherical cavity in a member sudjected to 
uniform tension or compression load has been shown 
Love to double the intensit nearly, while Kirs 
rical hole in a tension 
member trebles the stress intensity. If the hole is ellip- 
tical the increase of stress may be still greater, and Inglis 


has shown, among other interesting cases, that if the 








minor axis of the ellipse is parallel to the direction of 
the applied load in a tension member, the stress intensity 
is increased by an amount measured by twice the ratio 
of the axis of the ellipse. A crack, considered as the 
limiting case of an elliptical hole, is thus seen to give 
extremely Easy stresses at the ends tending towards 
infinite values for an extremely fine crack. Optical 
experiments afford an independent means of examining 
the alterations of stress intensity produced by discon- 
tinuities, and the results are found to agree remarkably 
well with those obtained from the theory of elasticity. 
The stress at the boundary of a smal! cylindrical hole in 
a plate has been found to be almost exactly three times 
the stress in the full plate, and the effect of holes com- 
— with the width of the tension member has also 
examined in some detail. 

In the case of a rivet just filling the hole and exerting 
no tangential effect at the boundary, there is a lessened 
tension stress across the minimum section at the boundary 
hole, accompanied by a marked radial tension. These 
effecte have been recently confirmed in a mathematical 
discussion by Suyehiro.* Other cases give satisfactory 
agreement with calculation, and we may feel some con- 
fidence that experimental investigation will prove useful 
in some of the very peer cases of engineering 
practice where analysis is difficult, if not impossible. 

The effects of overstress in materials may also be 
examined by optical means, and although the laws 
relating to stress distribution in overstressed transparent 
material are not known, the general effects observed in 
simple cases are fairly evident. If, for example, a 
tension member of glass is stressed, there is no ductile 
yielding of the material, and the stress will therefore 
rise very rapidly at the boundary of a small hole, and 
fracture will therefore occur with a moderate load. If, 
however, a ductile transparent material is employed, 
and the material shows signs of failure at the hole, the 
breakdown of the structure — outwarda as the load 
is increased, until we may have a condition in which 
within the elastic limit the curve of stress intensity at 
the minimum section accords with calculation, but at the 
overstressed part the stress tends to equalise, and the 
curve of intensity tends to become horizontal near the 
hole. The mean value of this part of the stress distri- 
bution may be inferred from the difference between the 
total load and the measpred vaiues below the region of 
failure ; but the true distribution of the overstress has 
not been accurately determined, so that the shape of 
this peak is largely conjectural. The effects of groups 
of rivets, such as occur in bridges, boilers, and structural 
members, afford ample scope for further inquiry; but 
before more exact knowledge can be gained of the condi- 
tion of stress in a complicated riveted joint it appears 
necessary toexamine thoroughly the very simple cases. 

Mr. Scoble and I have examined the case of the load 
om by one rivet to a plate with various amounts 
of overlap, and the stresses around the rivet holes have 

nm meas with fair accuracy. 

Other interesting cases of discontinuity in structure are 
afforded by = y +¢ roy yas poner funnel 
openings, and the like, in ships’ decks, and some progress 
in this direction has been made by experiments on model 
decks subjected to loads like those produced when a 
vessel meets the waves due to a head sea. Even if the 
—-s en an is left out of see it is 
gen y acknow that many engineering problems 
are often simplified by the use of models of machines and 
structures on a small scale, where circumstances forbid 
experimental examination of the actual work. No defence 
of their uce is, I thi necessary, since the employment 
of models is a characteristic feature of British methods, 
not limited to engineers. Kelvin did not disdain their 


use, his successors, who have done so much to advance 
knowledge of the ether and the atomic dust, have freely 
employed their t i uity in the construction of 


mechanical models and diagrams to explain their views, 
as in the Lodge cog-wheel diagrams of the ether, the 
peactes systems of atoms of J. J. Thomson and 
utherford, and the grouping of elements by Soddy. 
Engineers have not the same great difficulties which 
confront those who are advancing the boundaries of pure 
science ; their models are very much what they please to 
make them; but even then problems arise which are 
sufficiently difficult to tax all the resources of applied 
seience. behaviour of models considered as similar 
structures is therefore a subject which engineers are 
d to investigate in order to determine the effects of 
fixed and moving loads, the action of wind, the pressure 
and frictional effects of steam and other fluids, and many 
other problems 
In the majority of cases the simplest and the most 
direct method is the experimental study of a model, from 
which to obtain the data required for calculating effects 
on a full-sized structure, and hence the laws of similarity 
have received a very close scrutiny. Although most 
valuable information can be obtained from models, their 
usefulness is clearly limited. The effects of the dead- 
weight of a structure are proportional to the cube of the 
linear dimensions, and are therefore not usually measur- 
able on a model save in exceptional circumstances, as, 
for instance, where elastic jellies are employed, as in 
the well-known investigations of Pearson on the stress 
distribution in reservoir dams. Nor are questions of 
prec rl easy to solve, a, Se costs Seems in- 
stability are proportional to the size of the model. 
the pos bead, sevens effects due to applications of load 
may be measured by the strains produced in a model of 
the same material, if loads are an a to the 
squares of the linear dimensions. The effects of applied 
load are studied even better in a model constructed of 
transparent material, since the variation of stress from 


* See page 231 qnte, 
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point to point van be studied with much greater ease and 
Cortainty. 

As detailed models of this latter kind present some 
variations from the usual laws of similarity, it may be of 
interest to indicate their nature. Questions of deforma- 


tion clearly involve the elastic constants of the trans- | i 


parent material and their relation to those of the pro- 
posed strueture, while stress distribution in the solid is 
influenced by the value of Poisson’s ratio. This latter 
effect is quite small for glass, but may become appre ci- 
able with other substance. It is negligible in a model of 
any material which approximates to a thin plate stressed 





by forces in ite own plane. The optical effects for any 
given load are, moreover, independent of the thickness | 
of the material, and depend upon the stress difference, 
so that colour effects are obtained which may be regarded 
88 pictures of shear stress throughout the model. Modern | 
researches on ductile materials like structural steel indi- | 
cate that such materials fail at some limiting value of 


shearing stress, and siace the places where these 
limiting values are reached in the model are visible 
to the eye, the weak places in the design of a struc- 
ture can be ascertained and a faulty design correcte 
by purely experimental means. In this connection it 
is of interest to mention that M. Mesnager, the chief 
engineer of bridges and roads to the French Government, 
has recently constructed an elaborate model in glass of 
a design for an arched bridge of about 310 ft. span. This 
investigation was considered advisable for a work of this 
itude constructed of reinforced concrete, in order 
to check the calculations, especially of maximum stresses 
in the arched ribs, which latter were assumed to be fixed 
atthe ends. The effects of reinforcements were allowed 
for by determining equivalent sections of glass for the 
mem of the model. Many difficulties had to be over- 
come in the production of a model free. from optival 
defects, but these were all successfully surmounted. The 
stresses in the mode] were determined by the aid of « 





Babinet compensator, and formed a valuable check upon 
the calculations for a structure of this great magnitude 
and somewhat unusual design. 

In this brief and imoomaplete account of a small branch 
of applied science relating to engineering the fundamental 
importance of discoveries in pure science is manifest. 

he discoveries in pure science and their innumerable 
applications to practical ends are ever a potent factor 
working for the common good, and the vulue which the 
tish Astociation ed upon applied sciente was most 
cordially voiced by Professor Bateson in his Portsmouth 
address, when he said: ‘‘ To the creation of applicable 
science the very highest gifts and training are well 
devoted,” and, ‘‘ The man who devotes his life to applied 
science should be made to feel that he is in the main stream 
of scientific progress. If he is not, both his work and 
seience at —_ will suffer. The opportunities of dis- 
very are so few that we cannot afford to miss any, and 
it is to the man of trained mind, who is in contact with 
the phenomenon of a t applied science, that such 
opportunities are most often given ;” and again: “‘If we 
are to progress fast, there must be no separation between 
re and applied science. The practical man, with 
is wide knowledge of specific natural facts, and the 
scientific student, ever pry | to find the hard general 
truths which the diversity of Nature hides—truths out of 
which any lasting structure of progress must be built— 
have over ine to gain from free interchange of expe- 
rience ideas.” . 

Engineers who are more immediately concerned with 
the problems of directing the great sources of power in 
Nature for the use and convenien:e of man are indeed 
grateful to our President for these inspiring words, and 
trust that the ties which unite investigators in pure and 
applied science will never slacken, but will knit together 
more closely for a joint advance to a more perfect under- 
standing and utilisation of the laws of Nature. 





SOME TESTS ON A DIESEL ENGINE.* 
By Waurer S. Burns, A.K.T.O. 


Tue object of the following paper is to give an account 
of some trials made to discover the effect of (1) variation 
of blast-pressure, and (2) variation of jacket-water tem- 
perature, u the running of a Diesel engine. The work 
to be i ‘was suggested by Professor M: as a 
suitable subject for research by the author whilst holding 
a Beilby ——. and was — 2 the labora- 
tory attached to the de ent of mechanical engineering 
in the Royal Technicel College, Glasgow. 9 

Those familiar with the Diesel engine may know, from 
their every-day experience, which blast - ure and 
which jacket-water temperature give them the best results 
for different loads, but the information on these points 
available to the general engineer is very scanty. It 
seemed desirable that not only should the influence of 
these factors hy economy be given, but that an attempt 
should be made to find some explanation for any in- 
crease or decrease of efficiency that might be observed 
from altering either one or the other condition. To 
obtain this explanation some knowledge of the changes 
ene pene in the cylinder during combustion seemed 
desirable, and at onve the unsuitability of the ordinary 
indicator diagram for this work became apparent. The 
combustion part of the cycle takes — when the piston 
is moving very slowly, so that with the usuel regiprocating 
indicator diagram the record of the ure changes is 
crowded into a very small s he use of rotary 
indicator-cards was then decided upon, and after many 
experiments a suitable speed for driving the indicator 
was selected. A description of the driving-gear will be 
given later. A large number of the d ms thus 
obtained are given in this paper, and it is hoped that 
they will serve to explain some points that ha¥e hitherto 
not received much attention. 

The Diesel engine upon which the experimental work 
was carried out is shown in Fig. 1. e engine was sup- 

lied by the Mirrlees Watson Company, Limited, in 

906, and has since been used for ordinary laboratory 
purposes. The engine is loaded, as shown, by means of 
a rope-brake applied to a water-cooled rim, 9 ft. in dia- 
meter, Lolted to the fly-wheel. A two-stage compressor 
for supplying the blast and starting air is driven by a 
crank at the end of the engine-shaft. The engine dimen- 
sions are:—Stroke, 18} in.; diameter of cylinder, 12 in. 
Normal revolutions per minute, about 200. The Horn 
tachograph is driven off a wooden drum on the crank- 
shaft; the platinum resistance pyrometer for measuring 
the temperature of the exhaust gases and the gas-sampling 
ap tus are plainly shown. : 
e method of taking the rotary diagrams is shown in 
Fig. 2. The spring and stopper were removed from, the 
in ge ; . —_ rt i aioe ef, cy ey of 
paper, about 33 in. in. » was over 
iis indlenter-dvums — | p &, over & wooden drug fixed to 
a small spindle parallel to the indicator-drum. The 
spindle was driven from the cam-shaft, and wis fitted 
with a clutch for starting and stopping the cards. To 
record the ition of the beginning of the stroke on the 
cards an electrical striker was fitted to the indicator, 
and was adjusted to make a mark just beneath the indi- 
cator-pencil when the piston was at top dead-centre. 
The striker was adjusted to a known point on the 
ordinary reciprocating card, the adjustment being made 
at the electrical contacts at the fiy-wheel, as shown in 


Fig. 3, page 264. g 

@ engine was run throughout the following teste 
with Ronenesten shale- oil of spec:fic gravity 0.864 
and net ific value 18,200 B.Th.U. per Ib. 





* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland at Newcastle-on-Tyne, 
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The oil-measuring apparatus can be seen in Fig. 1.* 
It consiste of two glass vessels connected by a glass tube. 
When a trial starts the oil is arran to be at some 
carefully-noted point in the glass tube, and a measured 
quantity added. The trial is to finish when the 
oil-level again reaches the noted point in the glass tube. 

e analyses of the gas samples were conducted over 

















Fig. 4 shows a rotary diagram taken immediately after 
the fuel was shut off, giving the compression and expan- 
sion of the air in the cylinder under working conditions. 
It follows that equal increments of length on the atmo- 
spheric line of this diagram represent to scale equal 
increments of crank angles. 

The cards shown travelled about 7.6 in. in one revolu- 





rs on c? ee 


(440) 


Fig.7 


The small diagram in Fig. 4 shows the motion of the 
fuel-valve, to a magnified scale, relative to the indicator 
diagram. It was obtained by placing an indicator on the 
fuel-valve in such a way that vertical dis ments of 
the indicator-pencil were proportional to the movement 
of the fuel-valve spindle. The indicator-drum was driven 
at a constant angular velocity by a cord from a wheel on 
the countershaft spi already mentioned. On each of 
the diagrams which follow, the ex on line of the dia- 

Fig. 4, is reproduced and shown dotted. The 

ight of the chain-dotted line from the atmospheric line 
represents, to the scale of the d m, the blast pressure 
corresponding with each card. @ two short vertical 
lines, one near the top of the compression curve and the 
other some distance down the expansion curve, indicate 
the opening and closing of the fuel-valve on each diagram. 

Experiments with Different Blast-Pressures.—The five 





curves shown in Fig. 5 were obtained by plotting results 
| obtained from five series of triale. Each series consists 
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mercury in a Haldane gas-analysis apparatus. All other 
necessary observations were taken at five-minute inter 
vals a | each test. 

The load was ey, constant throughout each 
series of tests by adding or taking off small weights, 
according as the rope friction decreased or increased. 

Before starting « series of tests the engine was run from 
two to three hours at the load required for that series 
to ensure a steady temperature state being reached 
throughout. 








* For further details of measuring apparatus, see paper 


on “Oil Fuels” (Transactions of the Institution of | 


Engineers and Shipbuilders in Scotland, vol. lvii., 
page 195). 





tion, or about 25.6 in. per second ; so that the paper was 
travelling under the indicator-pencil at high speed, rela- 
| tive to piston displacement, at top and bottom dead- 
| centres ; the changes of pressure in the ine cylinder 
at and around those points can therefore studied in 
great detail. In Fig. 4, as in all the other diagrams, the 
vertical line in the middle of the card is drawn perpen- 
dicular to the atmospheric line through the top dead- 
centre mark as given by tba electrical striker. The 
| distances between the short vertical lines near the ends of 
the atmospheric line show the travel of the card for one 
revolution of the engine. The atmos ic line in Fig. 4 
—— into equal a Y di . ts, the ~y~ 
representing one-ten piston displacement on 

| either side of top dead-centre, 





-4% 


of five short tests run at different blast-air the 
load remaining constant throughout each series. It is 
evident that unsuitable choice of blast-air pressures 
causes considerable increase in consumption. For ex- 
ample, by dropping the blast-air prescure from 700 Ib. to 
600 lb. per sq. in. at normal load (about 30 brake horse- 
power), the consumption is increased by about 9.37 Ib. 


hour. 
"> Table I. are given the results of several of these 
tests. Only the results for the trial at the most econo- 
mical blast-pressure in each series are given, ex in 
the case of series No. 10, where the results for five 
trials are shown. ct, SS, SS cae 2S Sew ey 
diagrams taken throughout the whole five series of trials. 
There is one diagram jing to each blast-pres- 
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high blast-pressures, cause delayed ignition. Of course, 
TABLE I. in r cy A, at a blast-pressure of 480 Ib. per sq. in., 
ee ee * ‘. _— ’ ~~~ | the oil is probably not properly pulverised, sirce the 
Mea @ewkse ..0 6 ue 7 eri 10 iL compression pressure of the engine is between 480 Ib. 
j - - a and 490 lb. per sq. in., thus causing late ignition of the 

eet eng eae a ans ous sys soya | 1ojans 10/n/t6 worans | rojas eat 14 a 4 

~ ” , ‘ vo wit / The diagrams shown in Fig. 9 can be relied upon as 
Averagerevoliions per minute <: 208° | “Mag | Sad mt | ut aig) ME | MEL” | RL” | Laing typical of the diagrams Shtained in each test, The 
Blast-preasure ib. ver sq. in.| 500 540 580 , «620 | S660 700 740 790 860 expansion-line on diagram A shows, as at lighter loade, 
Exhaust temperature deg. Fabr.| 251 381 487 60L 584 570 567 566 691 that the oil burns late in the stroke, probably because it 
Jacket-water inlet temperature : | is nov properly pulverised, causing increase of exhaust 
deg. Fahr., 83 74 7 a 63 64 66 63 | pressure and temperature above normal. Diagram B 
names 166 12 | 143 | 141 142 uz | 1s 151 | Shows thes combustion begine almost a8 the top dead- 
Jacket-water used perhour Ib. 249 21s | 481 | 764 743 727 729 730 929 ‘(| centre, and the burning is completed considerably earlier 
Oil used perhour .. .. 4, 5.18 7.23 | 1086 | 13.97 13.62 | 13.45 13.68 13.87 | 16.55 |inthestroke. In diagrams C and D the blast-pressures 
Oil used per hour per brake horse-| cause considerable seapany about the point of 
power. . - ee - BI 0.67 | 0.507 0.489 0.48 0.477 0.478 0.48 0.60 ignition. Sometimes combustion starts at the top dead- 





___ | centre, giving a smooth expansion curve ; at other times 
the pressure line follows down the dotted expansion line 
some little distance, then there is a sudden addition of 
heat, causing a ay in the expansion line. This late 
ignition is probably due to the cooling action of the blast 
air. Diagram E shows the ignition later than D, attended 
by a more rapid explosion of the oil, causing a slight 
knock in the engine cylinder. The diagrams obtained 
- this high blast-pressure are all similar to the samples 
shown. 

The diagrams shown in Fig. 10 illustrate changes much 
the same as those in Fig. 9. As the blast-pressure in- 
creases up to the most economical pressure the rate of 
Blast Pressure, ¢ combustion of the oil increases considerably; for example, 
0Lbs.per Sg¢inch in diagram A combustion ceases, and true expansion 

wer starts just after the fuel-valve closes (about point “‘ a”), 
whereas in diagram C combustion is completed, and 
4 a 4% expansion begun some time before the fuel-valve is 


closed (about point ‘“‘b”). At high blast - pressures 
900 Fig.10. 2B5 BHP. 
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ignition is retarded, and is attended by a sudden rise in 
pressure, causing peaks on the diagrams. The ra 
nature of the expansion line on diagram C (Fig. 10) is 
caused by the vibration of the indicator spring and 
mechanism, due to the sudden increase in pressure. 

In Fig. 11, again, increase of blast-pressure, up to the 
most economical pressure, causes the rate of combustion 
of the oil to increase considerably. But above the most 
economical blast-pressure, because of the large quantity 
of oil injected per stroke at this high load, ignition of the 
oil seems to cals place before the blast air can affect it, 
even at blast-pressures as high as 900 lb. per sq. in. 

In diagrams A and B c »mbustion is not complete until 
the piston has moved about one-quarter of the stroke ; 
whereas, in di ms D and E, true expansion begins 
when the piston has moved about one-tenth of the stroke. 
It is of interest here to examine the composition of the 
0 exhaust gases. J ; 

In test A the large increase in CO, and CO above 
oS = “4% |normal in the exhaust gases indicates very bad combus- 
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sure in each series, only that showing the working | about 300 lb. sq. in. in the cylinder. From curve 7, tion of the oil, which caused the speed of the engine to 
Stroke being given. Untermeath th ~4 ped 





e diagrams are tacho- | in Fig. 5, it is seen that the lower the blast- ure the | drop appreciably, as shown on the tachograph record. 

graph records, taken at intervals during each series. more economical is the engine. Diagrams A and B, and — —— —___—— —— 
An attempt will now be made to draw a few con- | alco the tachograph records shown in Fig. 7, obtained at | wu iterotseries .. .. se ce 7 

clusions concerning the behaviour of the fuel from the | blast- res of 480 lb. and 500 Ib. per sq. in., are com- | ee aa 
shape of the diagrams. Consider first the ‘‘no load” | paratively regular. Above blast-pressure of 500 Ib. per Lettercttrialinseries .. .. ..  .. A c.6uhUr:£ 
series, Fig. 7. The tachograph records show that at all sq. in. there is great irregularity in the point of . 3 | Composition’ of (Carbon di-oxide .. .. 10,29 885 7.79 
blast-pressures there is a considerable amount of hunting. of the fuel, until a blast-pressure of about 700 lb. per exhaust gases ee mon-oxide .. o2 = | an 
Fig. 6 shows a cluster of cards taken at no load, with a sq. in. is reached, when the cards again become regular. = ho ae by lene vo te” se) OS | encas | aes 
blast: pressure of 600 Ib. sq. in. Corresponding with But in this case the high blast and the exce s air already Tog A | . ‘ 


the hunting shown on tachograph records, some of | presen bly do much to prevent complete combus- | —_--_—-—— 2 == -——— - 

the dlagenans chow a Scerenemeiiee area, while ~ ad | tion. dette aid ” | Summing up, at light loads, the excess air already in 
show none whatever. Consideration of a large selectionof| The tach h readings, Fig. 8, show that the engine | the cylinder, and the inrush of blast air with the small 
cards show that it is very difficult to choose a set of | is running s fly, and also that the » d is greatest at | quantity of oil, cause late ignition and slow combustion 
= illustrating the ene by the variation | the most economical blast-pressure. re is still some | of the fuel. Then, as the load increases, and the mixture 
of Pressure at no load ; sometimes ignition difficulty in choosing diagrams typical of those obtained | of pulverised fuel and air becomes richer, there is 
takes place just after top dead-centre, and at other times in each test of the series. Here, as in Fig. 7, the large | correspondingly earlier ignition, and also an increase in 
ignition takes place when the pressure has dropped to quantity of excess air and the blast sir, particularly at|the rate of propagation of the explosion. At all loads 
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too low a blast-pressure pulverises the oil imperfectly, 
causing late ignition and incomplete combustion, with 
increase of exhaust pressure temperature above 
normal ; while too high a blast-pressure causes late, but 
violent, ignition, attended again by incomplete com- 
bustion of the oil. 2 
Variation of Jacket-Water Temperature. — Diagrams, 
oi. 12 and 13, illustrate the effect of variation of 
cylinder jacket-water temperature at low and high 
loads. xamination of the trial results in Table II. 
shows that the higher the temperature of the jacket- 
water the more economical is the i For ex- 
ample, at normal load, raising the jacket-water outlet 
temperature from 74 deg. Fahr. to 207 deg. Fabr., 
by cutting down the supply of water, causes a decrease 
in the oil consumption o < 41b. per hour. There is 
a marked decrease in the 2 and CO present in the 
exhaust gases at the high temperatures, which also indi- 
cates that the oil is being dealt with much more economi- 
cally. The heat given to the cooling water per unit of 
time at the low temperature is about five times as great 
as the heat given at the high temperature. The tacho- 


Taste ITI. 





No. of series 12 13 
Letter of trial in series on A 
Date of series .. ve .. 26/3/14 
Average revolutions per 
minute. . se oe ee 


E A Cc 
26/3/14 13/5/14 13/6/14 
204.2 204.8 | 200.4 
Brake horse-power_. -- 207 , 28.5 
Blast-pressure, lb. per sq. in. 540.0 7100 
Exhaust temperature, deg. F 387.0 748.0 
Jacket-water inlet tempera- 

ture, deg. Fabr. ‘s > 53.0 
Jacket-water outlet tempera- 

perature, deg. Fahr. 74.0 

5380 
18.77 


202.0 

285 
710.0 
670 0 


86.0 
207.4 


187 
14.43 


0.506 

6.35 

0.05 
12.34 
81.26 


51.5 


-. 78.0 
— used per hour, 
Oil used per hour, Ib... 
Oil used per hour per 
horse-power, Ib. ~ 
Carbon dioxide* 
Carbon monoxide” 
Oxygen" .. 
Nitrogen* 


brake 
ia 0.659 
7.96 


10.06 
81.89 


* Composition of exhaust gases per cent. by volume. 


graph records in Figs. 12 and 13 show that increase of 
jacket-water temperature causes a slight increase of speed. 

is increase of speed is probably due to the cylinder 
lubricating oil becoming less viscous at igh tem 
ture. Diagrams A B, Fig. 12, show that at moderate 
temperatures combustion takes place late in the stroke, 
and the rate of combustion is slow. Diagrams D and E 
show that as the temperature of the cylinder walls 
and piston increases, ignition still ocours late in the 
stroke, but that combustion takes place m more 

a. As before, selection of typical diagrams is 

ifficult matter, due to the ty in the point of 
ignition at this low load. Fig. 13 shows that at high 
loads increase of jacket-water temperature causes more 
violent combustion of the oil which first enters the cylin- 
der, followed by normal rate of combustion. 

As a ge conclusion it may be stated that at all 
loads increase of jacket-water temperature does not seem 
to affect the point of ignition of the oil appreciably, but 
causes — rapid more complete combustion with 

efficiency. 

The author dosires to ex his indebtedness to Mr. 
R. Royds, M.Sc.; Mr. J. W. Campbell, M.Sc.; Mr. J. H. 
Sinclair, M.Sc.; Mr. C. Crawford; and Mr. A. Bruce, 
for assistance during the running of the trials ; and to 
Mr. J. G. King, for the analyses of the exhaust gases. 





Canats 1n Norway.—The old scheme for a water- 
way between Lake Miisen, Nor-vay, and the sea is again 
to the fore, and as a first step the part canalisation of 


the Glommen is being advocated. The building of several | 


dams on the section Vamma-Méorkfas will facilitate the 
solution of this important question the Glommen 
being made navigable from Oieren to borg and on 
to Frederik 
of the dams already built, or about to be built, but this 
is not expected to present any difficulties. The water 
level above the Sarpsfos Falls will have to be raised to a 
mean of 23.50 metres above the level of the sea, in order 
to make the of Glengshélen efficient. The 
poonen vee Sarpsfos Falls, one of the most difficult 
eatures of the plan, will be solved by means of a combi- 


nation of locks and tunnel, and the whole scheme is looked | Frenc' 


upon ag feasible also from a financial point of view. 


sstad. Locks will have to be bu'lt by the side 


AGRICULTURAL Macningry.—July was a fairly good 
month for the exports of agricultural machinery. The 
shipménts for the month amounted to 3617 tons, as com- 

é with 3333 tons in July, 1913, and 3025 tons in July, 

912, while the aggregate shi ts to July 31, this year, 
‘were 22,375 tons, as com with 19,144 tons and 20,001 
tons. It is to be feared, however, that the progress indi- 
cated by these figures will not be maintained, as our 
shi ts of agricultural machinery are made principal 
to European countries,‘and the present state of affairs 
will seriously affect trade in this area. 


Tue InsTiTUTION OF NAVAL ALCHITECTS AND THE 
War.—Mr. R. W. Dana, the Secretary, has written to 
the British members of the Institution stating that “the 
Cotncil have considered whether they could take any 
useful action for enabling the Institution to render service 
to the country at the present time. tions have 
been made for placing members desirous of serving their 
country in communication with the proper authorities, 
but the Council are advised by those of their members 
who are in close touch with the Admiralty that it is 
preferable for members to make individual application to 


- | the proper quarter, stating their qualifications for service ; 


and the Council are of opinion that a similar procedure 


now being initiated by the Government and private 
enterprise for the defence of the country, the distribution 
of supplies, and the relief of distress. The Council are 
| aware that many members have already taken this course, 
ard that the shipbuilding and marine engineering re- 
| sources of the country will be materially strengthened by 
| the assistance thus given.” 





Launcu oF A NorwecGian BatriesHire.—The Nor- 
| wegian coast-defence battleship Bjorgvin has just been 
| launched from the Elswick shipyard of Sir W. G. 
Armstrong, Whitworth and Co., Limited. The Bjorgvin 
| is a sister vessel to the Nidaros, launched from the 
| same yard on June 9. The new vessels have a length 
of 310 ft. over all, and of 290 ft. between perpendiculars, 
the breadth, moulded, being 55 ft, and the depth 
26 ft.; the draught in service is 16 ft. 6 in. Their 


e whole 
of the armament is being constructed at Elswick, and 
the whole of the armour is being manufactured at the 
firm’s Openshaw Works at Manchester. The propelling 

i and boilers for both vessels are being con- 


armoured gun-houses, and four 6-in. guns. 


pera- | structed by Messrs. Hawthorn, Leslie and Ce., Limited, 


Newcastle-on-Tyne. The designed speed is 15 knots. 
The new ships are protected by a water-line belt of 7 in. 
in thickness, tapering to 4 in. at the ends, while the 
barbettes for the 9.4-in. guns are of 8-in. armour. 
wee belt is of 4-in. armour, and extends from the main 
belt to the upper deck. . There is also deck protection of 
2in. thickness. Having regard to the prevailing con- 
dition of affairs in the country, the launch was carried 
| out'as quietly as possible; only officials of the firm, a few 
Norwegians, and others directly interested in the vessel, 
were present. 





Reinrororp - Concrete Raipway SiEEpers.—Timber 
becoming scarce, railway engineers have for some years 
past been anxious to find other suitable material for the 

| manufacture of railway sleepers. Iron and steel sleepers 
have not given the results hoped for. The Monsteur 
Industriel records that in 1890 Italian engineers laid at 
the Ancona stations trial sleepers made of reinforced 
concrete. Similar triais have been carried out in Switzer- 
land, Germany, and the United States. The results they 
have given cannot, so far, be considered conclusive. They 
are generally heavy, and are hence difficult to handle ; 
hitherto they have made by hand, and their homo- 
geneity d ds u the care with which the man in 
| epen . : , 
» earries out his work. The various systems tried 
| for | ing the rails to the sleepers cannot be considered 
entirely satisfactory. The cost of these reinforced t 
sleepers is so high as tobe almost prohibitive. A French 
compsany—the Compagnie Francaise du Ferro-Ciment— 
would seem, according to our contemporary, to have 
found a means of manufacturing perfectly homogeneous 
| reinforced te sleepers mechanically, by using fine 
| iron turnings, which, mixed with concrete, are pressed 
| together to shape under powerful hydraulic presses. The 
con is sai’! to have also devised a satisfactory rail- 
fixing device. Sleepers of this type were laid in December, 
1912, at La Charité, in the centre of France, also at other 








h railway stations, where they are still givi 
complete sstidhetion. —_ 


will be found best in the case of the various organisations | Kas 


principal armament consists of two 9.45-in. guns in| and 


The | Telegrafos, 10, Calle de Carretas, Madrid, for the supply 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 

_~¥ engineering projects, taken from the Board of 

Journal. Further information con ing these 

projects can be obtained from the Commercial Tntelli. 

= Branch, Board of Trade, 73, Basinghall-street, 
on, \ ‘ 

Canada: The Imperial Trade C ent at Toronto 
has forwarded a copy of the report of the Ontario Public 
Roads and Highways Commission, which was appointed 
on July 31, 1913. he Commissioners suggest t the 
province should embark on a fifteen years’ policy of road 
construction, involving a capital expenditure of 30,000,000 
dols. (about 6,167,000/.). It is recommended that the 
undertaking should be placed under a Minister of the 
Crown, assisted by a permanent administrative head and 
a technical staff. It is estimated that 42,500 miles of 
township roads will }. ave to be brought up to a reasonably 
fair standard, and 7500 miles of county roads made able 
to bear the severe demands made upon them. The Com- 
missioners consider that « successful solution of the 
problem of reads depends largely upon a recognition 
of the fact that sélf-propelled vehicles have come to stay ; 
indeed, the motor has partly created the problem, for it 
has proved so destructive to main highways, which 
resisted the wear and tear of horse-drawn vehicles, that 
means must bée“found to guard against a deterioration 
which now proceeds with a rapidity hitherto unknown. 
The putting of taxation of motor vehicles on a systematic 
basis is recommended. 

New Zerland: According to an extract from the local 
Press, received from the office of H.M. Trade Commis- 
sioner for New Zealand, it appears that the borough council 
of Foxton is making preparations for the extension of 
the municipal gas works and the erection of pumps and 
retorts. Tenders are to be called for immediately. 

South Africa: H.M. Trade Commissioner for South 
Africa has forwarded a copy of an explanatory memo- 
randum, prepared by the South African Railways and 
Harbours Board, relative to harbour improvement works 
which were provided for in the 1914-15 Estimates. The 
works are as follows :—Buffalo Harbour, East London: 
Extension of the eastern breakwater, removal of the 
ey ys &c., and the extension of the south breakwater 
by ft., at a total cost of 400,000. Ib is recommended 

at this work be carried out without am as otherwise 

London will be seriously handicapped owing to the 
larger vessels now trading to South Africa being unable 
to enter the harbour. Cranes will be uired for the 
work, but no large orders for cement are likely for some 
time. Port Elizabeth Harbour: An extensive scheme for 
the increase of accommodation has been pre 
present it is only = to construct a south break- 
water at a cost 1,500,000/7. The breakwater will be 
8500 ft. long, and built of 50-ton sloping concrete block- 
work. Two 50 ton cranes, concrete-mixers, and concrete- 
block yard plant will berequired. Durban Harbour: The 
existing south breakwater is to be strengthened and 
extended about 125 ft. at a cost of 71,252/. A graving- 
dock is to be constructed at an estimated cost of 780,000/. 
(this is a revised estimate, the original being 500,000/., 
which is the sum a for in the Estimates). It will 
be 1030 ft. long, 110 ft. wide at the entrance, and 41 ft. 
deep on sill at high-water spring tide, or 35 ft. at low water, 
d will 20 be J magne he —*  eapman ate 
mixers, light W&ySs, gral C., Wi uired, an 
also timber for the cofferdam. sas 

— : The Gaceta de Madrid contains a Royal Decree, 
authorising the Direccién General de Obras Puiblicas to 
call for tenders for the construction of a wet dock, as an 
ancho! for small aon in the ~ 1! cent} 
upset price is put at 296,742 pesetas (about 11, a e 
pserk pe we announces that tenders will be received, up 
to August 26, at the Direccién General de Correos y 


pared, but at 


of twenty-five railway coaches, the upset price for whic 

is put at 1,300,000 pesetas (about 48,100/.). The notice 
contains a clause to the effect that the first competition 
will be confined to railway coachesof Spanish manufac- 
ture, but that in the event of no decision being arrived 
at, a second competition, in which foreign railway coaches 
ted, will then take place. In the latte: 
products will have a preference of 10 per 


may be 
event Spani 
cent. over foreign. 

Morocco: With reference to the railway development 
in Sa oy the ery a ag em oy law A 
proving agreement between pan yovernmen 
and the Compafiia General Espafiola de Africa for the 
concession for the railway from Tangier to Fez. 





Surpe-Ru.g ror Estimatinc Power FoR STEAMSHIPS. 
—We have received from Mr. John Rennie, of 1094, 
Cathcart-road, Glasgow, a sample of a slide-rule he has 
recently designed for the rapid and accurate estimate of 
the power required to propel steamships at different 
8 s. The rule, which is about 2 ft. 8 in. long, is pro- 
vided with two moving slides and two sets of fixed 
scales. and by following the instructions given, the 
complicated calculations involved in estimating the 
power requirements of a given hull can be effected most 
easily and most quickly. All the factors involved are 
provided for by the different scales, including the effect 
of the beam te draught ratio, to which attention has been 
drawn by Sir Phillip Watts. By means of the rule, 
moreover, the economical speed of a ship of given length 
and stated prismatic coefficient is obtained almost 
instantly, and the price to be paid for any excess can be 
ascertained with equal rapidity. The rule, the price of 
which is fixed at 1/. 10s., can be obtajned direct from h 
inventor. 
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CALCIUM CARBIDE AND NITROGEN 
PRODUCTS. 


In the domain of electro-chemistry the greatest 
developments recently—at all events, commercially 
—have been in the utilisation of nitrogen from the 
atmosphere for the manufacture of nitrogen pro- 
ducts. The chemical reactions in the various pro- 
cesses have long been known, but it is only since 
electrical power has been obtainable in large 
amount at exceptionally low cost that the opera- 
tions have m carried out profitably on a com- 
mercial basis. 

Of the processes so far used commercially for 
the fixation of atmospheric nitrogen, probably the 
most interesting is that in which calcium carbide is 
employed as the medium for the production of 
calcium cyanamide. The reaction whereby calcium 
cyanamide is formed was first applied in the labora- 
tory in 1857, but its commercial development is of 
much later date, and is due to Dr. Adolf Frank 
and Dr. N. Caro, who, in an endeavour to produce 
calcium cyavide from calcium carbide, discovered 
that the reaction did not follow the same course as 
in the case of barium carbide, but that, instead of 
calcium cyanide, a substance which was recognised 
as calcium cyanamide was the result. With the 
co-operation of Messrs. Siemens and Halske and 
the Deutsche Bank of Berlin a company was 
founded, which carried the experiments still 
further, and demonstrated that with cheap elec- 
trical power the process was commercially possible. 

Calcium carbide, which first came into prominence 
as a material for the generation of acetylene in 
contact with water, is composed of 37.5 per cent. 
carbon and 62.5 per cent. calcium. It is pre 
by subjecting lime (CaO) and carbon (C) in suitable 
proportions to a high temperature in an electric 
furnace, when the reaction represented by the 
following equation takes place :— 

Calcium Carbon 
Carbon. Qgrbide. Monoxide. 
CaO + 3C CaC, + CO. 


When calcium carbide is heated to a temperature 
of approximately 900 deg. Cent., in an atmosphere 
of nitrogen it readily combines with the latter, 
forming calcium cyanamide, known in this country 
as nitrolim, and at the same time one of the two 
atoms of carbon of the calcium carbide is separated 
out. The reaction is as follows :— 


Calcium Carbide. Nitrogen. Calcium Cyanamide. Carbon. 
Ca C, + N, Ca CN, + Cc 

The reaction is exothermic; that is to say, it 
produces heat, and this pro is utili in 
manufacture to promote reaction. To obtain a high 
efficiency of fixation, it is necessary that the nitro- 
gen shall be pure, and that the conditions as to 
temperature, &c., be maintained as constant as 
possible. The finely-powdered carbide used in the 
manufacture is transformed into a hard stone-like 
mass of a black-grey colour, the dark colour being 
due to the carbon separated out from the carbide. 
When cyanamide is treated with steam, ammonia 
and calcium carbonate are formed according to the 
equation :— 


Lime. 


Calcium : Calcium 
Cyanamide. Steam. Ammonia. Carbonate. 
Ca CN, + 3 H,O = 2 NH; + Ca CO, 


Under ordinary manufacturing conditions an effi- 
ciency of extraction closely approaching 100 per 
cent. is easily obtained. This property of cyan- 
amide renders it extremely valuable, and opens the 
way tothe cheap manufacture of many extremely 
valuable chemical products. Among others may 
be mentioned ammonium sulphate—a salt, largely 
employed for fertilising purposes, which is produced 
by the fixation of ammonia in sulphuric acid accord- 
ing to the equation :— 


Ammonia. Sulphuric Acid. Ammonium Sulphate. 
2NH; + H,S0, [N Hy}, SO, 


A further important application is the produc- 
tion of nitric acid, which is effected by means of the 
Ostwald process of oxidation of ammonia. To this 
end ammonia is generated from cyanamide and 
oxidised by air with the aid of platinum catalysers. 
The reaction, which is a highly efficient one, is 
represented by fundamental equation as below :— 


Ammonia. Oxygen of Air. Nitrogen Dioxide. Water. 
2NH,; + 70 2 NO, + 3H,0 


nitric acid, ammonium nitrate is produced according 
to the equation :— 


Ammonia. Nitric Acid. Ammonium Nitrate. 
NH, + NHO, NH, NO, 


Ammonium nitrate is a powerful fertiliser, but at 
nt is used almost exclusively in the manufac- 
ture of safety explosives. 
Another important product of cyanamide is 
dicyandiamide [CNNH,],, which in the pure state 
contains 67 per cent. nitrogen. Urea, one of the 
most active of nitrogen fertilisers, is also a product 
of cyanamide, and, according to eminent authorities, 
the nitrogen in cyanamide into this form in 
its transformation from the amide of cyanamide 
to the nitrate form in which it is assimilated by 
the soil bacteria. 
The exploitation, commercially on a large scale, 
of the products resulting from these well-known 
chemical reactions had its origin in a small com- 
pany, formed in London some years ago, for the 
manufacture and sale of a plant for the generation 
of acetylene-gas from calcium carbide by a dry pro- 
cess, is concern was under the management of 
Mr. A. E. Barton, and he soon realised that the 
success of any scheme for extending the use of 
acetylene-gas was dependent on the adequacy of 
supply, and therefore the cheapness, of calcium 
carbide ; and he began a most active policy in 1906 
with far-reaching effects, as from these small begin- 
nings great things have develo He first pur- 
chased the Alby carbide factory in Sweden as it then 
existed, with an annual capacity of about 7000 tons 
of carbide. These works were immediately en R 
and the output increased to about 14,000 tons of 
calcium carbide per annum. ‘Two years later there 
was commenced an entirely new factory at Odda, 
the most southern point of the Hardanger Fjord, in 
Norway. This location was determined upon be- 
cause of the proximity of natural sources of water- 
power of immense potentiality for the generation 
of electricity. The new Odda works were con- 
structed to produce 32,000 tons of calcium carbide 
per annum. 

Simultaneous with the building of the carbide 
works, a factory was installed on an adjacent site 
by the North-Western Cyanamide Company for an 
annual production of 12,000 tons of calcium cyana- 
mide, using the Linde system of fractional dis- 
tillation of liquid air for the separation of the 
nitrogen required for the manufacture. Two years 
later a cyanamide plant with a capacity of 16,000 
tons per annum was added to the existing carbide 
works at Alby, Sweden. In these latter works the 
Claude system of fractional distillation of liquid 
air is used as a source of nitrogen. The power 
available at Alby, Sweden, for carbide and cyana- 
mide manufacture gives an average of about 9000 
horse-power, and at Odda the combined carbide 
and cyanamide works utilised a total of about 
22,000 horse-power. 

In EnGrInegErine (vol. lxxxvii.) we described the 
original installation at Odda. Since then the 
success of the company’s operations and the very 
satisfactory degree of economy, resulting from the 
admirable mechanical appliances in use, have en- 
couraged the company to make vast developments 
at Odda, so that the output of calcium carbide has 
been increased to 85,000 tons, and of calcium cyana- 
mide to 80,000 tons per annum. The electric power 
available at Odda will soon be increased to 135,000 
horse-power, and the carbide and cyanamide fac- 
tories will be further enlarged. 

The original Alby and Odda works for the pro- 
duction of calcium carbide were owned by the 
Alby United Carbide Factories, Limited, while the 
—— works were established by the North- 

estern Cyanamide Company, Limited. The 
latter, however, has since been reconstituted, in 
order to consolidate the various works manufac- 
turing nitrogen products, whether in the form of 
cyanamide as a fertiliser or as a medium for the 
production of various nitrates already referred to 
—ammonium sulphate, nitric acid, &c.—and the 
new ne is known as Nitrogen Products and 
Carbide Company, Limited. In this company the 
Alby United Carbide Factories have a large finan- 
cial interest. In view of the great possibilities 
of utilising the cyanamide for fertilising and many 
other purposes, Nitrogen Products and Carbide 
Company, Limited, have acquired very extensive 
rights in waterfalls in Norway and in Iceland, in 
order to generate electric power to increase the 





_By further oxidation, the NO, is converted into 
nitric acid, HNO, By absorbing ammonia in 





manufacture of it. The hydro-electric station near 
Odda, however, is owned by a separate Norwegian 


company — the Aktieselskabet Tyssefaldene, of 
which Mr. Ragnvald Blakstad is the managing 
director responsible for the works we are about to 
describe. 

The new Nitrogen Products and Carbide Com- 
pany, however, were successful in obtaining the 
rights in three waterfalls in Norway—at Aura, 
Toke, and Blekestad-Bratland. In the case of 
the first named, the Government concession for 
utilising the power has been obtained. 

The three falls named are collectively capable of 
producing about 600,000 horse-power, and of this 
total about 100,000 horse-power is at present bein 

harnessed at Aura for the production annually o 
200,000 tons of calcium cyanamide. The company, 
too, possess water rights in Deti-foss, in I d, 
where at least 410,000 electric horse-power will be 
available. The rights at present by the 
company, therefore, will enable a total of about 
1 million horse-power to be generated—sufficient 
for the production of nearly 2,000,000 tons of 
cyanamide per annum. 

They y possess works at Vilvorde, in 
Belgium, capable of producing 3800 tons of nitrate 
of ammonia, using the Ostwald process for ‘the 
production of the nitric acid, the rights of which 
they for all countries in the world, 
excepting only Rheinland and Westphalia. In 
order to meet the British demands for nitric acid, 
the works in Belgium are to be enlarged, and 
similar works for the production of some 12,000 
tons have been projected at nham, on the 
Thames, and at Trafford Park, nchester ; also 
establishments of capacities of 9000 tons and 3000 
tons respectively in Scotland and Ireland. The 
aim is to make the British Government independent 
of outside supplies of nitric acid for the manufac- 
ture of explosives, because not only will there be 
stored at these nitric-acid works a large supply of 
cyanamide, which will be the raw materi he the 
making of nitric acid, but it will be possible to 
utilise as a last resort the ammoniacal liquors from 
coke ovens, blast-furnace residual-recov plant, 
and gas works, although these may not give such 
pure ammonia for the manufacture of nitrates as 
is that got from cyanamide. 

A word may be said regarding the extent of use 
of nitrates and sulphate of ammonia. Of calcium 
carbide alone the consumption in this country 
has reached the remarkable total of 20,000 tons per 
annum, while cyanamide is being increasingly used 
as a fertiliser—containing, as it does, 18 to 20 per 
cent. of ni nm, as compared with about 15 per 
cent. in the Chili nitrates. There is no doubt that 
with an ever-in i pulation, and consequently 
greater demand for food supplies, and with, on the 
other hand, the steady impoverishment of the soil, 
such fertilisers will be in greater demand in the 
future than hitherto. Indeed, Sir William Crookes 
has made an estimate that in 1935 there will be such 
a demand for wheat that even if all the available 
ground were planted with wheat, and the average 
i increased from 12.7, as it is to-day, to 

ushels per acre, there would uire to be used 
12 million tons of nitrate as fertiliser. Without 
attempting to estimate the available supplies in 
Chili, there is the fact, as shown in the appended 
table, that the exports of Chili nitrate during the 
Tasix I.— ts of Chili Nitrate and Output in the 

World a Sulphate of Ammonia. 


Sulphate of 
Nitrate. Ammonia. 
Metric Tons. Metric Tons. 
1908 1,746,000 880,000 
1909 945, 970,000 
1910 2,274,000 1,100,000 
1911 2,400,000 1,180,000 
1912_—i«.. ee ° 2,542,000 1,350,000 
Of the nitrate supply of 1912, 80 per cent. was used in agricul- 
ture, and 20 per cent. in manufactures. The approximate 


consumption in the United Kingdom, 5.60 per cent. of total; in 
Germany, 33.30 per cent.; France, 14.30 per cent.; Belgium, 12.20 
= cent. Fe a 4 Pee ne , 2per cent. ; Austria- 

ungary, 0.26 per cent. ; in Portugal, 0.50 per cent. ; 
Sweden, 0.15 per cent.; United States of America, 22.20 per cent. ; 
various other countries, including J , 3.60 

Of the sulphate of ammonia outpu 
in manufactures, and 95 per cent. in agriculture. Th 
consumption in the United K was 8 per cent. of total ; in 
Germany, 33 per cent. ; in France, 7.50 per cent. ; in Belgium, 
5 per cent. ; oo and Portugal, 6.50 per cent.; in Italy, 8 per 
cent.; in Uni States of America, 16.50 per cent. ; in Java, 
8 per cent. ; in Japan, 6 per cent. ; in various other countries, 
12.50 per cent. 


past five years have increased 45 per cent., and yet 
only now total about 24 million metric tons, while 
the output of sulphate of ammonia has increased 
in the a 53 per cent., but the total is 
only 1,350, metric tons. The latter is a by- 
product, and is ely dependent on the develop- 
ment in iron manufacture and gas generation, and 
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these sources do not seem to be expanding at all 
commensurately with the increasing requirements 
for nitrogenous fertilisers. 


Exectric Power-StaTion at TyYssEDAL. 


The electric power for the calcium carbide and 
cyanamide works at Odda is generated at the 
power-station at Tyssedal, three miles further down 
than, or north of, Odda, on the Sérfjord, one of 
the branches of the Hardanger Fjord. The con- 
figuration of the country is particularly suited to 
the development of electricity from water-power. 
The mountains rise almost precipitately from the 
Fjord to a height of about 1000 metres, within a 
distance of about.a mile, and beyond this there is 
the great plateau separating the western from the 
eastern parts of Norway. This plateau, although 
moderately level, has mountains which rise to a 
height of between 1300 and 1400 metres above 
the general level, and there are many local 
depressions, due undoubtedly to glacial action, and 
sone of them of great depth. These depressions 
form natural regulating reservoirs, now partly used 
for the storage of water during the spring and 
autumn floods in order to increase the flow to the 
power-station during the drier periods when the 
country is gripped by the frosts of rigorous winter. 

Fig. 1 shows the drainage area, which extends 
to about 380 sq. km. (146 sq. miles). As the annual 
rainfall since 1896 has averaged 49 in., with a 
minimum of 36 in (in 1901), there is an abundance 
of supply. The continuous flow which can be secured 
economically is 25 cub. m. (883 cub. ft.) per second, 
and storage can be provided for about 400 million 
cub. m. (14,126 million cub. ft.). This is obtained 
by the damming of the Ringedals Vand or Lake, 
now in process of completion, and the tapping of 
the Berso Lake, which is also in progress. The 
Berso range, formed by the Mogeli River coming 
from the north, is at a much higher elevation than 
the Ringedals Lake, being 1106 metres above sea- 
level. The lower Berso Lake, 27 metres below the 
upper lake, is connected with it by means of a 
tunnel, which is closed by a segmental gate and a 
small wooden dam 2 metres high. It is the intention 
to complete a tunnel and pipe-line from the lower 
lake to the level of the Ringedals Lake, where an 
electric power-station will be built later. The ex- 
haust water from this power-station will flow into the 
Skjxeggedals Lake, which is the lowest of the series 
in the Tysse drainage area. This Skjweggedals 
Lake was the first to be dammed in connection 
with — power-station on the Sérfjord, the 
water being conveyed first by tunnel and then 
by pipe-line to the turbines. It was this installa- 
tion which was described in a former article in 
ENGINEERING, vol. lxxxvii. Thus the potential 
power of the Berso water will be utili in two 
steps—first in its fall from the lower lake to 
Skjwggedals Lake (614 metres), and second in its 
fall from Skjwggedals Lake to the power system at 
the Sérfjord (408 metres). 

We will here, however, confine ourselves to the 
work in connection with the Ringedals Lake. The 
first stage of this work, carried out in 1912-1913, 
was the construction of a dam bringing the water- 
level at Ringedals Lake up to 446-metre line. 
The former original water-level of the lake was 
438.5 metres above sea-level, but the water was 
withdrawn into the tunnels at the bottom of the 
lake, or at 418-metre line, in order to increase the 
storage capacity. Now there is in course of com- 
pletion the raising of this dam by 17 metres, which 
will bring the water-level at Ringedals Lake up to 
465 metres. The surface-lével of the lake will be 
about 47 m. (154 ft. 2 in.) above the intake into 
the tunnels. The storage capacity has thus been 
enormously increased, and is now 293 million 
cub. m., which, added to that of the Berso Lake, 
brings the te to 350 million cub. m. (12,360 
million cub. ft.) The water flow from both reser- 
voirs is anticipated to be 24 to 25 cub. m. (847 to 
883 cub ft.) per second. 

The —— dam is built across a comparatively 
narrow ridge, extending across the valley and 
originally retaining the water in the lake. As the 
location of the dam was thus determined by 
natural conditions it was not ible to give it 
any curvature in the horizontal plane, and conse- 
quently the section is, perhaps, greater than might 
otherwise have been the case ; the strata, very good, 
firm granite, assisted greatly towards the task of 
the designer. A plan of the dam is given in Fig. 2, 
and sections are shown in Figs. 3 to 6, page 369. 
Fig. 19, on page 278, shows the dam in course 





of construction, and affords a general idea of the con- 
figuration of the country forming the water-provid- 
ing area. The spillway is seen in this view at the near 
end of thedam. The total length of the dam is 500 m. 
(1640 ft.), including the spillway, which is 100 metres 
long, and is on the 464-metre level. As will be seen 
on the plan, Fig. 2, the dam extends for a con- 
siderable distance into the rock on each side ; this 
accounts for the difference in height of the sections ; 
the maximum height of the dam is 33 m. (108 ft. 3 in.), 
the width at the top throughout is 4 m. (13 ft. 1 in.), 
while the maximum depth at the foundation level is 
21.5 m. (70 ft. 64 in.). The first part of the dam was 
built entirely of stone masonry, the schiess found 
in close proximity to the works being sound and 
cheaply got. For the face rich cement mortar was 
used, while the rear slope consists of dry masonry. 
The new part of the dam, which increases its height 
from the 446-metre to the 465-metre level—by 
55 ft.10 in.—is mainly of concrete. The sections show 
clearly the method of construction. The dam has a 
facing of granite masonry built in cement mortar, 





vores through pipe-lines to the wer-station 
below. The water supply from the drainage area 
proved to be considerably greater than was esti- 
mated, while the loss of head in the tunnel was 
higher than calculated. The distributing basin 
thus proved to be of rather small dimensions. 
The new tunnel, being cut parallel to the oid one, is 
of the same cross-sectional area, as shown in 
Fig. 9. A new intake had to be built in connec- 
tion with this tunnel. The distributing basin at the 
further end of the tunnel and at the top of the 
pipe-line, however, has been considerably enlarged, 
as shown in the detail drawings, Figs. 10 to 13, 

e 270. The excavated chamber at the dis- 
tributing basin is about 25 m. (82 ft. 3 in.) long, 
11 m. (36 ft. 1 in.) wide and 13 m. (42 ft. 8 in.) high. 
Through two openings cut in the rock, as shown 
in Figs. 10 to 12, this new chamber is connected 
with the old distributing basin, from which all 
the pipe-lines emerge. The same figures show the 
topmost anchorage of the pipe-lines, and the 
sluice-gate with the building overhead for operat- 
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behind which is a layer 1 metre thick of concrete, in 
the proportion of 1 : 24 :3, while behind this again, 
for a further thickness of 1.30 m. (4 ft. 3 in.) the 
proportions are reduced to 1:3:6. In this there 
is incorporated, for draining the dam, 3-in. pipes, 
laid from the top and discharging into a tunnel 
1 metre broad and 1.8 metres high, extending from 
end to end of the dam. Behind this drainage layer 
there is a further layer, 1 metre thick, of concrete 
in the proportions of 1 : 3: 44. The superior con- 
crete in this particular layer was decided upon in 
order to prevent drainage-water from reaching the 
rear wall. This latter part is built up of concrete 
in the proportion of 1 : 5 : 6, with large boulder 
plums carefully placed in the concrete, so that each 
is completely surrounded. The rear face, it will be 
seen, is curved at a radius of 23.50 metres, but the 
greater part is on a slope of 1.55: 1, reduced near 
the toe to 1.439: 1. The back face is built of masonry 
in cement. The total amount of material in the dam 
when finished will be 80,000 cubic metres. 

The intake for the tunnels is shown in Figs. 6 
to 8. Originally there was only one intake and 
one tunnel, the latter 3430 metres long, with a 
cross-sectional area of 9 sq. metres. This conveyed 
the water to a distributing basin located on the 
slope below the Tyssenut, a mountain range about 
1000 metres high, rising steeply from the Sérfjord, 
and towering over the power-station, as shown in 
Fig. 20, page 278, From thence the water is con- 





DratnaGE AREA FOR THE ELectric Power-Station at TyssEDAL. 


ing these sluices. The details of the valves at the 
entrance to the tunnels and at the entrance to the 
pipe-lines follow generally the arrangements origi- 
nally adopted and described in our article in volume 
Ixxxvii , so that we may depart from this part of the 
subject by saying that the regulating dam at Ringe- 
dals Lake and the other extensions described have 
been carried out from plans prepared at the 
Hydraulic Bureau of Mr. Johann Kinck, Chris- 
tiania. 

Two new pipe-lines have been laid from the 
distribution wicks in supplement to the two which 
constitute the first section of the undertaking. 
The new pipe-lines are of steel. Two of the 
pipes supply seven 4620-horse-power turbines, 
and were constructed by Messrs. Thyssen and Co., 
of Mulheim a/d Ruhr. The line has a total length 
of 730 m. (2395 ft.). The diameter inside varies : 
the section at the intake is 1200 mm. (47.2 in.), 
at the central part 1050 mm. (41.3 in.), and at 
the lower part 950 mm. (37.14 in.). The plates of 
which the tubes are made vary from 7 mm. to 23 mm. 
(0.28 in. to 0.91 in.) in thickness ; the upper section 
is riveted and the lower section welded. The 
general configuration of the pipe-line is shown in 
Fig. 14. These two pipe-lines terminate in a dis- 
tribution pipe 38 m. (124 ft. 8 in.) long, forming at 
the power-station a loop, from which branches run 
to each turbine. The other two pipe-lines, which 
supply five 13,500-horse-power turbines, were 
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manufactured by A.G. Gustav Kuntze, Worms-on- 
the-Rhine. They are of the same length, but the 


diameters are 1500, 1350, 1200 millimetres, while the 
thickness of the plates used is from 9 mm. to 35 mm. 
One of the pipe-lines is welded throughout, and 


Fig. 10. 
section AB 
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the other line is partly riveted and partly welded. 
The distributing pipes at the power-station in this 
case are 60 m. (196 ft. 10 in.) long, and run parallel 
to the station. Each of the four pipe-lines is pro- 
vided with an automatic flap-valve, mounted in the 
intake basin, with gate-valves a little further down. 
The pipes are buried in concrete anchoring blocks 
at various points down the mountain slope, and at 
each anchoring point there is an expansion joint. 
The pipes were tested before leaving the manu- 
facturers’ works at a pressure of 50 per cent. above 
the normal. Fig. 20, page 278, gives a perspective 
view of the sieotins from the distributing basin to 
the power-station. 


operated from one nozzle. 


The general arrange-|and 29, on Plate X XT. 


The outside diameter of 


ment of these units in the power- station is} each running wheel is 3350 mm. (11 ft.), and the 
shown in Figs, 22 to 27, on Plate XXI. In these| distance between the centres of shaft bearings is 


views are seen the two distribution pipes, into | 5000 mm. (16 ft. 5 in.). 


The full-load speed is 250 


which flows the water from the pipe-lines with the | revolutions, and the consumption of water at this 


Fig.t. | | | 





secrion C-D0-E-F 

















The power-station is illustrated in elevation, plan, 
and section, Figs. 16 to 18, page 271, and two} 
interior views are given on Figs. 21 and 22, page| 
278. The last section to be built—that to the left of | 
Figs. 16 and 17—is now completed. The central part | 
of the station has a length of 82 m. (269 ft. 0.39 in.), | 
and a width of 14.12 m. (46 ft. 3in.), while the two | 
wings are 47 m. (154 ft. 3in.) long and 10.5 m. 
(34 ft. 6in.) wide. Tothe rear there is a four-storey | 
building accommodating the switch-gear. This latter 
building is 82 m. (269 ft. 0.39 in.) long and 8.27 m. 
(27 ft. 14 in.) wide. The general construction of the 
building, with the height of floors, &c., is shown in 
the cross-section, Fig. 18 ; and this, with the dimen- 
sions given, affords a clear indication of the immense 
extent of the power-station, although it seems so 
small in the view given in Fig. 20. 

The first installation at the power-station was of 
about 32,000 horse-power in seven units, each of 
4620 horse-power. Later there were added five 
units, each of 13,500 horse-power, while the latest 
additions are two units, each of 16,000 horse-power. 
The supply-pipe for this extension has diameters 
of 1700 mm., 1500 mm., and 1250 mm. In addition 
there are four electric units of 240 horse-power for 
excitation. The 4620-horse-power machines are 
driven by Pelton turbines, with horizontal axles, con- 
structed by Messrs. Escher Wyss and Co., Limited, 
of Zurich. The normal load is 4620 horse-power at 
375 revolutions per minute, the water consumption 
being 1200 litres (42.3 cub. ft.) per second. The 
turbines are equipped with automatic speed and 
pressure-regulators. The diameter of the running 
wheels is 2476 mm. (8 ft. 14 in.) over the outside 
edge of the buckets, while the distance between 
bearings is 2300 mm. (7 ft. 64 in.) centres. These 
turbines are coupled direct to three-phase alter- 
nating - current generators, constructed by the 
Allminna Svenska Elektriska Aktiebolaget, Viis- 
teras, Sweden. These generators are rated when 
working 375 revolutions per minute at 4400 elec- 
trical horse-power, at a power factor of 0.8, which 
is equivalent to 4100 k.v.a. at 12,500 volts, at a 
periodicity of 25. Each of the seven units is 
guaranteed to take 25 per cent. overload. The 
stator of the alternators has an outside diameter of 
3450 mm. (11 ft. 4in.), and the distance between 
bearings is 2500 mm. (8 ft. 2} in.) centres. 

Two of the 13,500-horse-power turbines were 
constructed by Messrs. Escher Wyss and Co. 
They are Pelton wheels similar to those previous! 
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eutput is 3350 litres (116.6 
cub. ft.) per second. The 





maximum variation of _ 
when suddenly dropping from 
full load is 9 per cent., while 














the maximum rise of pressure 
in the up-line is 12 per cent. 
The turbines have oil - pres- 
sure regulators and movable 
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arrangement of the valves for controlling the supply 
to the turbines, the relative position of the Pelton 
water-wheels to the electric generators, and the 
discharge into the tail-race. e distributing lines 
are — with hand-operated throttles and 
hydraulically-operated gate-valves. 





mentioned, but have two running wheels, eac 


The Pelton wheels, with their nozzles, for the 
13,500-horse-power sets, are illustrated in Figs. 28 








nozzles. The chief feature, 
apart from the great size, is 
the arrangement of the nozzle, 
and the method of its control 
under excess water pressure. 
This is clearly shown diagrammatically in Fig. 28, 
on Plate XXL. 

The shaft A is directly and rigidly connected up 
to the servomotor of an ordinary speed-governor. 
The water is disc through the nozzle N, 
forming the jet J, which impinges upon the buckets 
of the runner-wheel. Each jet generates 6750 
brake horse-power, and each turbine unit is pro- 
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vided with two jets and two runner-wheels. Under becomes predominant, causing the nozzle or the jet | pressure of 12,500 volts, 25 periods. The net weight 
ordinary circumstances the nozzle is stationary, and | to be deflected from the wheel, thereby reducing the of the complete machine is about 165 tons, that of 


the needle opens or closes the nozzle, respectively | power generated by the water in exact relation to the rotating 


reducing or increasing the jet in accordance with 


the stroke of the governor. In consequence of this 


rtion, with shaft, about 56 tons. In 
order to facilitate transport, the stator and base- 


the power required as controlled by the speed- | deflection of the nozzle no movement of the needle | plate were made in four pieces, and no was 
P part 


governor. 
with a so-called ‘‘ deflecting nozzle,” desi 
such a way that the nozzle, and thereby also the 
jet under special circumstances, may deflect from 


the range of the runner-wheel, in this way pre-| phragm of the dashpot, causing the same to lower, | stampin 
venting a Fagg ae or the whole of the jet from | thereby shutting off the discharge of the water from | arrang 
e 


reaching buckets or from generating 


Fig.16. 


gned in same amount of water is discharged and there is no is of cast iron, of box-shaped section. 


reason for any pressure rise whatever. 


This turbine is, however, also provided | relative to the nozzle is caused, consequently the | made to weigh more than 40 tons. The stator-casing 


The active 
iron core of the stator carrying the main winding 


| Inthe meantime the oil passes through the dia-| is built up in the usual way of segment-shaped 


paper-insulated from one another, and 
to break joint. Air-passages are pro- 
in 


wer.|chamber H. The pressure hcre is again increased | vided for cooling. The stampings are held together 
This deflecting nozzle is operated in the following | to its normal figure, and in consequence the nozzle | by heavy end-plates and a = 

way :—Should a great amount of power suddenly | slowly and gradually moves back to its original | lated bolts. 
be thrown off, the speed-governor tends te shut off | position. 


e number of insu- 
he teeth of the open slotted lamina- 


Meanwhile the relay of the governor | tions are strengthened at their front surfaces by 
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Fig.17. 
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the water supply, or to move the lever B upwards 
in the direction of the arrow C. If the design 
were such as to allow this sudden closing of the 
needle, the inertia of the water-column would 
cause such great and dangerous pressure to rise 
as might eventually result in the breaking 
of the pipeline. The deflecting nozzle pre- 
vents this occurrence in an effective way. If a 
sudden movement of the lever B occurs, as men- 
tioned above, the oil contained in the dashpot F, 
being unable to pass rapidly through the hole 
of the piston G, causes the dashpot to be raised, 
thereby providing an opening for the pressure 
water in chamber H to escape through L. As a 
result the pressure existing in the chamber H is 
reduced so that the pressure in the chamber K 
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remains in the same position, and by this redeflec- 
tion of the nozzle, therefore, the position of the 
needle relative to the nozzle is gradually altered, 
reducing the water discharge until the nozzle has 
reached its original horizontal position. The hole 
of the diaphragm may be varied, and thus the 
time required for the movement of the deflection 
and redeflection may be controlled ; in other words, 
it is ible to control the rise of pressure within 
certain limits. 

The two three-phase generators are also illus- 
trated on Plate XXI., Figs. 30 and 31. These 
electric generators, ‘built by the Siemens-Schuckert 
Works, Berlin, are each direct-coupled to the water- 
turbines just described. The electric generators 
develop 12,000 kilovolt- amperes, at a working 
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grooved end-plates, to prevent vibration under the 
influence of the alternating magnetic field. 

The stator is form-wound, the coils being insu- 
lated from the iron core with mica. To avoid 
trouble owing to short-circuit effects in the system, 
following lightning strokes or damage to the 
mains, the coils are provided with special holding- 
down bolts. The ends of the windings are con- 
nected up to a terminal plate at the lower part of 
the stator, from which the current is led to the 
bus-bar through bare copper connections fixed on 
insulators in a cableway. 

The machines are self-veutilating. In order that 
the cooling effect be thorough, and with a view to 
give the current of air through the machine a 
determined path, the stators are completely closed 
in by end shields. The completely covered-in 
upper portion is provided with an air-duct, 
through which dry air, free from dust, is admitted 
to the top part of the machine, whence itis drawn 
through side openings provided in the stator, dis- 
tributed throughout the machine, and exhausted 
into the atmosphere through an exhaust duct at 
the lower part of the stator. 

The rotors, as is generally the case with three- 
~~ generators driven by water-turbines, had to 

designed with a view to meet an increase in 
speed of 1.8 times the normal corresponding toa 
maximum of 450 revolutions per minute. In order 
to comply with this condition, the usual method of 
fixing the poles to the rotor-spider by means of 
screws or dove-tails, had to be departed from and 
a new device adopted. A spider of cast steel has 
been provided, on which a magnet rim has been 
shrunk, the shrinkage being larger in extent than 
the expansion of the rotor, due to centrifugal force 
at the highest speed. The magnet rim is also a 
steel casting, the pole cores being cast with it; it 
is made in two rings, half of the magnet cores 
being in each ring. The pole-shoes are steel cast- 
ings, of rectangular shape, screwed on the pole 
cores, in which they are securely held by set- 
screws. In order to prevent eddy currents, lami- 
vations are fitted on the outer surface of the pole- 
shoes. 


The pole winding consists of flat copper stri 
copper coming directly 


paper-insulated. e y 
under the action of the ventilating air, a good 
cooling effect on the pole-winding is thus uced. 


The winding is made on specially-cast bobbins, and 
is insulated against the iron by impregnated pres- 
spahn. The separate windings of the magnet'are 
pressed down under high pressure in the direc- 
tion ofthe pole axis, and are held in place by 
an end flange welded on the bobbins to prevent all 
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shifting. The connections between the separate 
pole-windings are held by radial supporting bolts 
screwed in the magnet rim. The slip-rings for 
supplying the exciting current are of hard bronze 
carried on, and insulated from, a supporting spider. 
The current supply to the slip-riags is by carbon 
brushes carried on spring brush-holders in the 
usual way. 

The shafts are of Siemens-Martin steel, forged and 
hollow throughout their whole length. The rotor 
is shrunk on its shaft, on which it is further 
secured by two keys. The shafts are of ample 
dimensions, the highest speed required bein 
much below the critical. The bearings are divid 
horizontally ; the brasses are of cast-iron lined with 
white metal and are water-cooled, and adjustable 
for wear. Ring lubrication is provided. 

When the rotors were built up, they were tested 
at the Siemens-Schuckert Works at the maximum 
speed at which they will run in service—i.e., 400 
revolutions per minute. No centrifugal expansion 
was found during these tests. The trials showed 
an efficiency of 96.3 per cent., which, as will be 
seen, exceeded the guaranteed efficiency—i.e., 95 5 
per cent. at 9600 kw. at 0.8 power factor. 

In our next article we shall illustrate and describe 
the later and still larger sets added to the station— 
those of 16,000 horse-power. 


(To be continued.) 
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Flight without Formule: Simple Discussions on the 
Mechanics of the Aeroplane. By Commandant DucHfins. 
Translated from the French by Jonn H. Lepeporr, 
B.A. London: Longmans, Green and Co. 
7s. 6d. net.) 

To be perfectly candid, it must be admitted that we 

took up this book with some amount of prejudice. 

An attempt to employ mathematical reasoning 

without the assistance of mathematical notation is 

usually a failure. By sucha course a most valuable 
asset is neglected and a very treacherous ally 
courted. It is perfectly true, of course, that every 
mathematical formula can be translated into words, 
but the effort to apprehend the thought conveyed 
often demands a greater strain than the original 
formula, and has not the advantage of showing the 
steps by which the result has been attained. Ata 
very early stage we met with the following sen- 
tence, which may serve to illustrate the point, for 
we will undertake to say that few will grasp its 
meaning at first reading :—‘‘ By virtue of this 
property, a cambered plane may be regarded as 

essing an imaginary chord, if the expression be 
allowed, inclined at a negative angle (that is, in the 
direction opposed to the ordinary angle of inci- 
dence) to the chord of the profile of the plane 
viewed in section.” The clause, ‘‘if the expression be 
allowed,” presumably refers to the term *‘cambered 
plane,” and certainly, for those whose definition of 

a “plane” is that given by Euclid, the term does 

introduce some difficulty, and we can well under- 

stand that from this description of a cambered 
plane many would turn away disappointed, feeling 
that these things were too hard for simple laymen. 

But the difficulties are mainly at the beginning, 

and we soon begin to take great interest in watch- 

ing the ingenuity of the author in escaping the 
pitfalls and dangers awaiting those who attempt to 
popularise rigid dynamics. Common-sense and 
sound judgment will carry a man a long way, but 
he may find himself assenting to propositions, the 
whole of whose conditions have not been explained. 

In the range of aerodynamics there are problems 

whose solution is only possible because terms have 

been neglected, or restricting conditions have been 
introduced that make the purely theoretical con- 
clusions only available within certain definite limits, 

The special character of such approximations 

usually forms no part of the stock-in-trade of the 

popular writer. He is limited to the broad demon- 
strated facts, but Commandant Duchéne is neither 
disingenuous nor superficial. He allows us to 
see behind the scenes, and is not afraid to 
point out where the indications of theory are 
contradicted by the results of experience. ore- 
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over, and this is a very excellent feature, he 
makes judicious and adequate use of illustrations 
and graphs. Some of these latter, in which curves 
are cut in two points, are most instructive and 
will repay very attentive study. Similarly, experi- 
ments with cork, cardboard, and navllion &eo. 








raise a number of problems that lend profound 
interest to the inquiry. Those who have had per- 
severance to overcome the earlier chapters will 
find the latter part of the book very attractive. 
The author has attacked a difficult subject in 
a difficult way, but he has availed himself of various 
devices of an informative kind that compensate for 
the loss of exactness due to want of mathematical 
notation, and has succeeded in making his pages 
both lucid and interesting. 

As a general rule, there are several simple but 
important points connected with velocity, and the 
power required for horizontal flight under varying 
conditions, that have not been correctly appre- 
hended by the public. These relations and others 
between the weight of the aeroplane, the area ex- 
posed, and ‘‘ the angle of incidence,” need to be 
very correctly apprehended, and the author, 
in the first three chapters, has very wisely in- 
sisted on the importance of these elementary 
points. When these initial difficulties are 
clearly apprehended, the fact that an aeroplane 
of given weight, area, and angle of incidence, 
can fly horizontally only at one definite es 
becomes almost an axiom, but from want of dis- 
tinct apprehension of first principles, that matter 
is frequently misunderstood. A simple deduction, 
or corollary, to this proposition leads to the first 
difficulty, and, perhaps, to the first difference of 
opinion between experts. Seeing that there are only 
two means of increasing the speed of an aeroplane, 
either to reduce the lift coefficient or to increase 
the loading per square metre, the question arises 
which is the more economical. Makers have de- 
cided in favour of increasing the load, pilots rather 
incline to the opposite view. The French autho- 
rities have made their decision with the result that 
their military aeroplanes are loaded up to 40 kg. 

r square metre, and evenhigher. The important 

act to notice is, that there are evidently limits in 
both directions, and consequently to the maximum 
8 attainable. Ina note the translator states 
that speed of 212 km. per hour has been achieved 
in an official trial with a machine weighing 450 kg., 
and only 7 square metres area, or 64 kg. per metre. 
This implies a lift coefficient so exceedingly small 
as to suggest some inaccuracy in the measurement, 
or possibly an uncertainty in the wind factor. 
This result will, of course, not be confused with 
the maximum mechanical efficiency, depending on 
the motive power employed. The factor of efficiency 
is continally increasing with experience and the 
introduction of novel devices. In 1910 it was 
stated that on an average aeroplane, 1 horse-power 
was required to transport 250 kg. at 1 metre per 
second. Now the efficiency is so increased that 
300 kg. are transported at the same rate per horse- 
power. 

The next two chapters are devoted to the ex- 
planation of problems connected with power plant, 
but as the treatise deals with the mechanical prin- 
ciples of flight, no description of aviation motors is 
attempted. The theory of the propeller raises 
some difficult points connected with the forward 
travel and the amount of “slip,” that are neither 
simple of themselves, and do not permit of being 
simply presented. An adequate treatment of this 
section by rigorous theory is not yet possible, and 
the author admits that the plan adopted of com- 
paring a propeller to a screw can only explain the 
results obtained from experiment in an incomplete 
fashion. The most effective form to give the pro- 
peller, in order to secure the maximum effect 
when applied to a particular class of aeroplane, is 
not yet settled, and can only be decided by ex- 
periment. The indications of theory must be 
considered as general guides, and cannot be strictly 
followed in practice. This does not mean that 
mathematics speaks with an uncertain sound, 
but that in the problem solved, conditions are 
present that differ from those that obtain in prac- 
tice. On the other hand, experiment is not 
altogether satisfactory. The conditions of actual 
flight are not reproduced when measuring the 
thrust exerted by a propeller turning at a definite 
speed without forward motion. The result is made 
more difficult of interpretation if the complete 
“pend plant is used, because the power developed 

y an internal-combustion engine varies with the 
speed of rotation. The author states that a pro- 
peller of a given diameter, driven by a given ex- 
penditure of power, exerts the maximum static 
thrust if its pitch ratio is in the neighbourhood of 
0.65, but that in flight the highest ——— is 
obtained with a propeller of pitch ratio slightly 


ter than unity. There must be some relation 
tween the diameter of the propeller and the 
pitch ratio in which the effect attains a maximum 
value ; but it does not fullow that this relation will 
remain unaltered at all speeds, or that a relation 
suitable to one class of aeroplane will prove 
equally effective when applied to another class. 
A very instructive diagram is given, showing the 
effect on speed, and necessarily rising - capacity, 
resulting from change in pitch ratio, keeping 
the same motor and the number of revolu- 
tions constant. With a pitch ratio of 0.5 an 
aeroplane could not maintain horizontal flight, 
since there is no contact between the power-plant 
curve and the aeroplane curve. When the pitch 
ratio is increased to 0.54, there is contact at one 
point and horizontal flight becomes possible, but at 
only one speed, and without any margin. As the 
pitch ratio increases, the flying speed increases 
rapidly. On the other hand, when a pitch ratio 
reaches 0.9, or possibly unity, there is no advan- 
tage in further increase. In some forms of pro- 
peller a pitch ratio greater than unity has been 
used, but at present, in French construction at 
least, the tendency is to reduce the diameter of the 
— and to use a moderate pitch ratio. 
he remaining chapters are devoted to the con- 
sideration of stability problems, and will be useful 
to those who want an elementary notion of the 
conditions under which equilibrium can be main- 
tained ; but the successful removal of the diffi- 
culties in the way of securing stability has passed 
beyond the stage discussed here. Historically these 
chapters are very interesting, showing the gradual 
evolution of the aeroplane as we know it. We may 
trace the introduction of the tail and the reasons 
for it, together with the modifications it has under- 
gone in common with other material parts. The 
treatment of the general problem of stability is, 
however, piecemeal and on a different plane to 
that adopted by such authorities as Professor 
Bryan. We have already referred to the excellent 
use the author has made of experiments with paper 
gliders. To those unaccustomed to the more 
severe mathematical representation of problems, 
the diagrams and models will be found very in- 
structive by illustrating the kind of problems that 
have to be solved. These, however, may prove a 
little misleading by unduly emphasising particular 
points. The author is inclined to insist on the 
importance of building an aeroplane with wings 
forming an inverted dihedral angle, but such an 
arrangement, if effectual, is only a particular case 
of a general problem. The successful efforts of 
Lieutenant Dunne and Mr. Handley Page are not 
referred to in the text, and the work of English 
design, as also that accomplished in our aircraft fac- 
tories, might have had more attention. Up to a 
certain point the author has been very successful, 
but there are indications that the results collected 
will soon require very considerable extension. 





(1) Ha~d-Book on the Steam-Engine, with Special Reference 
to Small and Medium-Sized Engines. By HERMAN 
Hagper. Translated by H. H. P. Powrzs. Fourth 
English Edition, Revised and Enlarged. London: 
Crosby Lockwood. [Price 7s. 6d. net. ] ; 

(2) Les Machines a Vapeur. By F. Corpier. Paris: 
Octave Doin et Fils. [Price 5 francs. } 

(1) ‘*In the present condition of the markets, 
makers must not occupy too much time in calcula- 
tions or mathematical research, but collecting 
results from actual practice, must note them in a 
convenient form. . . The present work aims at 
showing the results of practical experience. Letter- 
press has been reduced as much as possible to 
allow of the introduction of numerous tables and 
drawings, these being the language of technical 
people.” So says the author in his preface, and 
the book is quite in keeping with his intention. 
The outstanding merit of the work is brevity of 
treatment and absence of speculation. We note, 
by the way, that the revision of the present edition 
has not included any reference to the central 
exhaust type of engine, commonly called Uniflow, 
which has during recent years attracted much 
attention. a 

(2) The book by Commandant Cordier is of a 
different type, and constitutes one of the volumes 
of the scientific encyclopeedia projected by Doin et 
Fils. It is a readable book, with illustrations from 
the best English, French, German, and Belgian 
practice, as well as apt references to, and cullings 
from, recent technical journals. Like most ency- 





clopredia articles, it is more suited for the intro- 
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duction of the mature and somewhat robust mind 
to, the subject, than for the guidance of the be- 
ginner or the reference of the expert. 
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Tue Sovran -WesteRn Potyrecunic.—The South- 
Western Polytechnic, Manresa-road, Chelsea, will re- 
open on September 28 for day classes, and on September 21 
for evening classes. The engineering courses include 
lectures in electrical and mechanical engineering, physics, 
chemistry and mathematics, and practical instruction in 
the fully-equi laboratories of the institute. Students 
are prepared by recognised teachers of the University of 
London for the B.Sc. degree in engineering of the uni- 
versity, for the examinations for admission to the various 
engineering societies, and the examinations of the City 
and Guilds of London Institute. The evening courses 
include, besides the engineering courees as above, clasces 
in electrical wiring, building construction, and other 
trade subjects. Arrangements have been made for 
pacing pay who have teety through 

three years day course, in positions with large engi- 
neering firms. Hitherto such firms have offered more 
vacancies than the institute has been able to fill with its 
~~ The prospectus may be obtained, post free, 
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‘“*THE COLLAPSE OF SHORT TUBES.” 
To THe Epitor oF ENGINEERING. 

Srr,—An article on ‘‘The Collapse of Short Tubes,” 
published in the issue of ENGINEERING for August 14, 
refers toa recent paper by Mr. G. Cook, and tends to give 
the impression that in that paper curves obtained from 
experiments are compared wih, 
of my theoretical investigations. May I be allowed to 

int out that this is not the case? The curves which 

has given for comparison with his experimental 
results are in every case rectangular hyperbolas, repre- 
senting a relationship between length and collapsing 

ressure which has been s sted by Fairbairn and b 

rofessor Carman on experimental grounds, but whic 
has no basis in analysis. Mr. Cook’s results show that 
owes relationship does not very accurately represent the 
acts. 

Assuming, however, that a curve of this form is to be 
adopted for purposes of design, we want rules which 
will enable us to construct the particular hyperbola corre- 
sponding to any given values of thickness and diameter. 
The hyperbola will be determined if we know the length 
of tube for which it gives the same value of the collapsing 
pressure as Professor Carman’s formula for very long 
tubes, and the discovery of a agen expression for this 
‘critical length” is a problem which Mr. Cook has 
endeavoured to solve. His results show that Prof 


the corresponding results | ¢h: 


would help to conquer the existing feeling of distrust 
which is so serious an obstacle to the adoption of some 
improvements, while it unfortunately aids those who 
trade in articles to which properly-conducted trials would 
deal a death-blow. 

It would be interesting to know how the constants 2.5 
and 1.7 in the formula for corrections for differences in 
ickness of fuel have been arrived at, and why a formula 
should be s ted for such a very simple calculation. 
Ordinary Welsh steam coal weighs green at least 50 lb. 
per cub. ft. Coke weighs on an average about 32 lb. per 
cub. ft. Coal on a burning fire is somewhere between 
these two figures, the ‘‘ where” depending on the stage of 
combustion which it has reached. e constant 1.7 
assumes a weight of 20.4 lb. per cub. ft., which appears to 
me impossible. The constant 2.5 assumes a weight of 
30 lb. per cub. ft., less than the average weight of coke, 
which appears improbable. 

Yours truly, 
CHARLES THOMSON, 

Lintley, Greenlaw, N.B., August 26, 1914. 





MARKING LABORATORY EQUIPMENT. 
To THe Epitor or ENGINEERING. 
Srr,—I have the honour to ask you whether you could 
favour me with any information that you may have regard- 
ing adopted by similar institutions to this for 





arman’s estimate, 
Critical length = 6 x diameter, 
is not of general application, but that within the scope 


of his experiments the critical length is closely repre- 
sented by the formula :— “ 


L =1.734/ . 


An equation of the same form is obtainable from 
analysis, which to this extent may be regarded as satis- 
factory. I have discussed the point more fully in a paper 
which I hope to publish shortly in the Philosophical 


Magazine. In the present state of our knowledge 
regarding non-elastic strain, it is useless to hope for a 
theoretical relationship between pressure and length 


which shall agree closely with experimental results. 
Tam, Sir, yours faithfully, 
R. V. SourHwEtu. 
Bracondale, Norwich, August 21, 1914. 








BOILER TRIALS. 
To THE Epitor oF ENGINEERING. 

Sir,—Having had a good deal to do with the running 
of boiler trials to ascertain commercial efficiencies, I was 
much interested in your article on ‘The Conduct of 
Boiler and Steam-Engine Trials,” in your issue of 
August 14. Might I be allowed to make some suggestions 
through your columns which I think might be of interest? 

The accurate calculating of coal consumption is a diffi- 
culty which everyone who has been in charge of trials must 
have appreciated, and the possibilities of error are con- 
siderable. For instance, an error of 1 in. in estimating 
the thickness of fires would mean, in a Lancashire boiler 
with 36 sq. ft. of grate surface, an error in the coal con- 
sumption of 2.5 x 36=901b., using the formula given in your 
article for slack. Sup the boiler is burning 15 Ib. 
of coal per square foot of grate surface per hour=540 Ib. 
per hour, then the percentage error in a four hours’ trial 
would be 90 in 2160 = 4.16 per cent. 

An idea recently occurred to me which, unfortunately, 
I have no opportunity of testing for myself at present, 
but some of — readers who have opportunities might 
think it worthy of a trial. 

The rule I have always adopted in running guarantee 
trials with my patent draught regulator is to start the 
trials with the fires made up to working thickness after 
cleaning, and burned bright. I have the fires levelled 
with the rake (I scarcely see the need of a ial tool 
for this), and have then, in conjunction with the owner’s 
re tative, “‘ sighted” the height of the top of the 
fire above the dead-plate with a batten held across the 
door. In this way I have always reckoned on being able 
to estimate within 1 in. 

My idea for achieving greater accuracy in the measure- 
ment of coal consumption is as follows :—When the fires 
are burned bright, ready to start the trials, the whole of 
the fire could be raked out rapidly into a suitable re- 
ceptacle placed on a portable weighing - machine, the 
weight noted, and the fire then shovelled back. In this 
way the weight of the fire could be ascertained, practi- 
cally speaking, exactly—i.e., within a few pounds—at the 

nning and end of the trial. 

his idea will probably meet with adverse criticism, 
and perhaps ridicule, if it is published. But I have sur- 
vived a good deal of both, like most inventors, and I have 
sufficient practical experience to state fearlessly that this 
idea is perfectly feasible, and to prophesy confidently 
—_ sooner or later it will be adopted in some form or 
other. 

The inaccuracy, not always unintentional, of the re- 
sults of coal-consumption trials is notorious, and the 
opportunities for trickery which they afford are unfortu- 
nately plentiful. The result is that boiler-owners, gener- 
ally speaking, have little confidence in guarantees which 
can only be established by properly-conducted trials. A 
traveller who can talk glibly about a fancy-shaped fire- 
bar which ‘‘acts like a Bunsen burner,” or something 
equally probable, is more likely to get an order than an 
engineer who offers something with a definite guarantee 
on & no-saving no-payment basis, but who wishes to run 
trials to satisfy himeelf and his prospective client as to the 
exact percentage of saving. Any regularisation of trials 
which would lead to more reliable results being obtained 
would be a boon to both engineers and steam-users, and 





marking the miscellaneous equipment of a technical 
college. The equipment, of course, would include articles 
in metal, timber, glass, and pape: and all would require 
to be marked with letters and figures of a size dependent 
upon the size of the article. 

Possibly you may know of institutions where the system 
of marking articles is complete. In that case might I ask 
either that you be so as to inform me concerning 
them, or that you make them aware of our object in writ- 
ing to you, and on our behalf solicit replies from them. 

peaking your favourable consideration of this 


uest, 
'? have the honour to be, Sir, your obedient servant, 
RIDDELL, 
Deputy Superintendent of Technical Education. 
Central Technical College, Brisbane, June 30, 1914. 





War Maps.—A further series of war maps has been 
issued by Messrs. Edward Stanford, Limited, of 12, 13, 
and 14, eve Acre, W.C. Of these, the ~~ 38 in, by 
28 in. (exclusive of margins), shows the whole of Belgium 
and the part of France adjoining the boundary between 
the two countries, in addition to the greater portion of 
the western frontier of Germany. A second map, 
measuring 33 in. by 23} in., shows the western provinces 
of Germany, a portion of Belgium and Denmark, and the 
whole of Holland. The third map covers the area 
bounded by the west of Iceland on the one side and the 
Russo German frontier on the other. In the north and 
aouth direction the map extends from Vienna to a little 
north of the Gulf of Finland. In view of the well-earned 
reputation of the publishers, it is unnecessary to say that 
the maps are excellently engraved, accurate and full. 





Drrxcrory oF British EncingERs.—We have received 
from the British Engineers’ Association, 32, Victoria- 
street, Westminster, S.W., an advance copy of the 
second edition of the official directory of that Associa- 
tion. Among the members of this Association are 
nearly 250 British engineering firms, and the directo 
gives a complete alphabetical list of these firms wi 
their full postal addresses. The remainder of the direc- 
tory is occupied by a classified list of the productions of 
these firms, including all kinds of engineering plant 
and accessories. The list is very complete, and has 
apparently been compiled with much more care than is 
usually bestowed on publications of this class. We have, 
however, one improvement to suggest for future editions, 
and that is that the tel phic addresses of the firms 
might be included, as well as their postal addreeses, as 
doubtless the directory will give rise to many inquiries 
from abroad. In its » form, however, it is an 
extremely useful publication, and its issue at the present 
time is particularly opportune. 





COMPETITION WITH GERMANY AND AusTRIA-HunGary. 
—Inquiries have been received at the Commercial Intel- 
ligence Branch of the Board of Trade, 73, Basinghall- 
street, London, E.C., from a large number of firms in all 
parts of the United Kingdom for the names of manufac- 
turers or purchasers of various classes of goods which have 
been previously obtained from, or sold to, Germany and 
Austria-Hungary. Among the articles respecting which 
inquiries have been received from would-be purchasers 
are the following :—Paraffin-lamp chimneys ; bored-wood 
brush stocks ; lumineux ribbons and crinoline trimmings ; 
metal glove-fasteners ; 22-carat gold-leaf for bookbinders’ 
use ; numbering, dating, and perforating-machines ; heat- 
resisting glasses and globes; glass wool; metal frames 
and other materials for ladies’ hand- ; compressed 
asbestos-fibre jointing ; stay fittingsand broche cloths and 
spiral springs for corset manufacturers ; millinery orna- 
mente, similar to Gablonz ware, in mother-of-pearl, gala- 
lith, and glass ; aluminium powder ; coppered iron-wire 
for chair-springs. Inquiries have been received from 
manufacturers cS pure of the following articles :— 
Crayons; bandages—knitted tubular; bottles (glass) for 
chemists and doctors; cameos; card clothing for textile 
industry ; electrical fittings, &c.; Christmas cards; fancy 
goods ; gloves and chamois leather ; electrical hair dyes ; 
—— —— vibrators ; as leatherette papers ; 

; presspahn. Persons interested in any 
of the above-mentioned articles are invited to write to the 
Director of the Commercial Intelligens Branch, with a 
view to being placed in communication © ith the inquirers. 
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ALTHOUGH the use of oval chucks on wood-turning 
lathes is by no means novel, it is rare that one so 
large as that illustrated on this page, and recently 
made by Messrs. A. Ransome and Co., Limited, of 
Newark-on-Trent, is employed. The chuck in ques- 
tion is fitted to the back of the headstock of a 
12-in. centre lathe, and has a 20-in.-diameter face- 
plate, to which can be fitted a large wooden face-plate 
of any required diameter. To the back of this face- 
plate is fitted two steel Y-slides (Figs. 1 and 2), 
working in corresponding \¥’s planed on the edge of a 
rectangular plate attached to the end of the lathe 
mandrel (Fig. 4), the slides causing the plate to revolve 
with it. 

Two guide-bars are also fitted to the back of the 
face-plate at right angles to the Y/-strips. These guide- 
bars rest on the planed faces of a gun-metal sheave 
revolving round a ciroular track. The circular track 
is mounted on a slide fitted to the headstock, and by 
means of a screw (Fig. 1) can be brought exactly concen- 
tric with the lathe-mandrel when a circle is formed, or 
may be set eccentric to the mandrel when an oval 
is formed, the differences between a major and minor 
axes depending upon the amount of eccentricity of the 
circular plate. 

The chuck illustrated (Fig. 5) is capable of turning 
ovals of any proportions up to S-in. difference between 
the major and minor axes, and has been specially 
designed for turning ovals on small wooden bedstead | 
ends, up to 18 in. across the major axis of the ellipse. 
Special care has been taken in the lubrication of the 
various slides, all of which are provided with setting- | 
up screws for taking up any play or wear. 

An engraved scale (Fig. 2) is provided, with index | 
pointer, to enable the chuck to be adjusted exactly | 
to any required amount, and a wrought-iron guard is | 
fitted over the chuck to protect the operator. 








CONTINUOUS PHOTO-PRINTING 
MACHINE. 

WE illustrate on the opposite page a continuous 
photo-printing machine, used in conjunction with an 
automatic washing and drying-machine, both of which 
were designed and constructed by the C. F. Pease 
Company, of 166, W. Adams-street, Chicago, Illinois, 
U.S.A., and are sold under the trade name ‘‘ Peerless.” 
With these machines a single operator can print, wash, 
and dry 100 linear yards of blue prints per hour, 
during which time the apparatus consumes 7 units of 
electrical energy, 60 gallons of water, and 50 cub. ft. 
of gas. It is, of course, quite ible to use the 





machine for part of the time only if such a large out- 


CHUCK FOR WOOD TURNING. 
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_ is not required. 
The operator’s time 
ean then be occupied 
in other ways, and 
the working costs 
correspondingly re- 
duced. Prints can 
also be made on 
separate sheets of 
sensitised paper, in- 
stead of in continu- 
ous rolls, if desired. 

Fig. 1 is a front 
view of the machines, 
and Fig. 2 is a side 
view, showing the 
course of the paper 
through the appara- 


Kx ‘ 4 
He i’, 
eit = r 
+ he } : \ 

\ ! 
YNSS if 
Y ' 
Y q 241 ' 
Yy it . ‘ 
H | { 
- " SN | ~~ 

' 
it ING S 
"“WYA\ | - 
= ' 
' 
ay J ‘ 
! 
— : 
' ' 
' 


r Soa 




















tus. The table from 
which the tracings 
are into the 


machine will be seen 

in Fig. 1, and be- 

neath it are two horizontal spindles which carry 
rolls of sensitised paper of different widths. The 
tracings and paper are carried upwards over a cylin- 
drical segment of thick plate-glass by means of an 
endless canvas belt, best seen in Fig. 2. Springs 
are provided to keep the belt tight, so as to 
ensure good contact, and side travel of the belt 
is prevented by a special device. The belt is 
driven by a small electric-motor, the speed of which 
is controlled by a rheostat placed on the right-hand 
side of the machine; both motor and rheostat are 
clearly shown in Fig. 1. By means of the rheostat the 
speed of the paper can be varied from 4 in. per minute, 
which allows sufficient exposure for the slowest nega- 
tives and black-line prints, up to 6 ft. per minute. The 
exposed paper can be examined immediately it has 
passed the glass segment, so that the speed can be 
adjusted to give the right exposure before any prints 
have been spoilt. In front of the glass is a bs of 
five arc-lamps, of the enclosed type, fitted with alumi- 
nium reflectors. Each lamp is separately wired and 
controlled by switches, which are enclosed in a metal 
box on the left-hand side of the machine, as shown in 
Fig. 2. The number of lamps employed can thus be 
varied according to the width of paper being used. 
The motor-switches are also enclosed in the same box, 
and all the wiring is encased in steel tubing. A small 
electric fan, of —— type, is mounted on top of 
the switch-box. is fan, which can be distinguished 
in Fig. 2, drives a current of air in a transverse direc- 
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tion through the machine, in order to carry away the 
heat fromthe lamps Fig. 3 shows how easily accessible 
the lamps are for trimming and cleaning, and also illus- 
trates how they may be turned back to facilitate these 
operations. 

After printing, the tracings are delivered into an 
enamelled-iron trough in front of the machine, so that 
the operator can remove them without changing his 
position. This trough, which can be seen in Fig. 1, 
also serves to catch the exposed sensitive paper if the 
printing-machine is used independently of the washing 
and drying equipment, as is often the case. Usually, 
however, the exposed paper passes over a roller at the 
top of the printing-machine, and thence to the washing 
and drying-machine, as shown in Fig. 2. This part 
of the apparatus is driven, by means of chains and 
sprocket-wheels, from the motor of the printing- 
machine, and in it the paper is first washed by a spray 
of pure water, and afterwards treated by a weak solu- 
tion of potassium bichromate. This solution is con- 
tained in a galvanised tank placed in the base of the 
machine, and clearly visible in Fig.2. From this tank 
the solution is circulated by a small rotary pump, 
driven by an electric motor, having a vertical shaft, 
and delivered on to the Paper through a flexible pipe ; 
an inspection of Fig. 2 will make the whole arrange- 
ment clear. After a further washing with pure water 


the r passes upwards in front of the drying 
anton a roller at the top, and down at the back 
of the machine, Here it passes through a system 
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of rollers, the object of which is to remove wrinkles, | 
and finally the finished prints are wound on to another 
roller. They have then only to be cut up for use. 
The drying apparatus, shown in Fig. 1, consists of 
& number of _Bunsen gas-burners; but Fig. 2 illus- 
trates an equipment in which the drying is effected 
by electrically-heated resistance wires. The energy 
consumed for this purpose is about 8 kw. 


‘ When the ap tus is not in use, it is desirable to | 
por Bt threaded up with a strip of waste paper 


ding from the feeding-table of the printing- 
machine to the last roller of ‘the washing lt drying: 
machine. After a run is finished, this strip of paper, 
or leader as it is called, is placed on one of the spindles | 





3. 


under the feeding-table, the sensitised paper is cut off 
& few inches beyond the last tracing, and the end is 
pasted on to the end of the leader. The machine is 
allowed to run until all the prints have been wound 


|up on the last roller, and the leader extends from 


one end of the apparatus to the other, thus leaving 
it all ready for starting up at any moment ; a con- 
siderable quantity of sensitised paper is obviously 
saved by this precaution. 

The floor s occupied by the whole apparatus is 
about 5 ft. 6 in. by 6 ft. Gin. It is said to be noiseless in 
action, and to work cleanly, so that it can be placed 
in the most convenient position in the drawing-office or 
tracing-room. The machines, which can be used for 


CHICAGO, 
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all kinds of photo-printing work, are made in 
various sizes to suit large or small neeens works, 
or commercial photo-printing establishments, 





Tae Swepisu State i I my tm | to a 
report handed to the Government by the of the 
Swedish State Railways, the receipts for last year 
amounted to 88,693,266 kr., in addition to which there 
were State grants for new railways, &., amounting to 
19,257,400 kr. The expenditure was 66,867,363 kr., leaving 
a surplus on the working of 21,825,903 kr. The railways, 
rolling-stock, &c., were estimated at the end of the year 
at the aggregate sum of 614,704,643 kr. (18 kr. = 1/.). 





Tue Institute or Metats.—In consequence of the 
war it has been found im ible to hold the autumn 
meeting of the Institute at Portsmouth this year, and all 
the Institute’s arrangements in connection with the pro- 
posed meeting are cancelled. Instead of the previously 
annuunced meeting a gry | meeting of mem of 
the Institute will held at the offices, Caxton House, 
Westminster, at 4.30 p.m., on Thursday, September 10, 
when formal business only (including the election of new 
members) will be transacted. No pa will be read 
or discussed at this meeting, but members are invited to 
communicate their discussion of the following papers in 
writing for publication in the next issue of the Journal : 
—1l. Captain N. T. Belaiew, on ‘‘The Widmanstiitten 
Structure in Various Alloys and Metals.” 2. Dr. G. D. 
Bengough, M.A., and Mr. D. Hanson, M.Sc., on ‘‘ Tensile 


Tests on Copper at eo eye 3. Mr. O. F. 
Hudson, ., on “ The Critical Point at 460 deg. 
Cent. in Zinc-Copper Alloys.” 4. Mr. F. Johnson, 


M.Sc., on **A Note on the Annealing of Brass.” 5. 
Mr. R. K. Morcom, on ‘‘ The Deposition of Metals by 
the Spraying Process.” 6. Mr. J. Phelps, M.A., 
on “‘ fhe Effect of Hydrogen on the Annealing of 
Gold.” 7. Mr. A. Philip, B.Sc., A.R.S.M., on “A 
Contribution to the History of Corrosion. Part III. 
Coke, Condenser Tubes and Corrosion.” 8. ‘‘ Mr. 8. W. 
Smith, B.Sc., A.R.S.M., on ‘‘ The Surface Tension of 
Molten Metals” 9. Mr. 'W. E. Thorneycroft, B.Sc., and 
Professor T. Turner, M.Sc., on “The Behaviour of 
Copper-Zinc Alloys when Heated in a Vacuum.” The 
Council hope that the papers will be fully discussed by 
the members in this way, so that the Journal may not 
suffer from the abandonment of the Portsmouth meeting, 
which is unavoidable in the existing circumstances. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 12. 
Ir only the present status of the steel industry were 
taken into account there would be occasion for des- 
pondency. Present disturbances abroad dominate the 
situation. Enough time has elapsed since the rendering 
of the inter-State commerce decision t» ubserve its 
discouraging effects. The roads west of Pittsburg 
benefit in the higher classes of freight; the roads 
east do not, except to the extent of their penetration 
into the western territory. The Standard Oil Com- 
any, the United States Steel Corporation, the United 
Fruit Company, and other large transporters of ocean 
freight are taking vigorous measures to place their 
fleets in commission for Atlantic transport services. 
Exporting interests in all lines are grappling with this 
inviting problem. The cutting off of the supply of ferro- 
manganese threatens seriously. Two Dunbar furnaces 
will blow in. Heavy inquiries for steel are already 
arriving from the PacificCoast for supplies which hereto- 
fore were largely filled in Europe. At present the export 
and import business in steel products is at a standstill. 
Many concerns have withdrawn quotations on all 
finished material ; others have advanced an additional 
dollar on near-by deliveries. Everything is unsettled. 
Consumers of steel are waiting to see. Railroad orders 
have not developed as was hoped. The tendency is to 
@ greater price firmness, in view of a heavier export 
demand von it is safe. The wheat-belt railroads are 
crowded with traffic. Cotton roads see trouble, as 
exports are stopped. Measures are being taken to 
finance the crop to save the planters. he whole 
steel situation has suddenly assumed new aspects, not 
necessarily grave. 





NaTionaL Service.—As the result of a circular sent 
by the Council to the members of the Institution of 
Electrical Engineers, the Council have now the names of 
a large number of electrical engineers who offer their 
services (subject to various periods of notice) to fill 
vacancies in connection with the public services, electric- 

wer stations, tramways, railways, &c. These names 
cone been classified by means of index-cards under 
various headings, and are at the disposal of such under- 
takings should any of the men’s services be required. 


Tue Sprxoiat Free Seavice Force.—The Special Fire 
Service Force, which is being formed by the British Fire- 
Prevention Committee, may shortly require the following 
for service in connection with the protection of Govern- 
ment establishments, stores outside the London area, 
and for other national purposes. Eighteen steam fire- 


engines with gear (horse-drawn or motor, with or with- 
out mechanics) ; twelve manual fire-engines or hose- vans; 
twelve landaulette motor-cars (with or without . 


Offers to loan the above should be addressed, with fu 
particulars in writing, to 8, Waterloo-place, London, 8S. W. 


Contracts.—The National Time Recorder Compaay, 
5, Blackfriars-road, S.E., inform us that they have just 
received a repeat order from the Price’s Patent Candle 
Company, Limited, for thirty of their model B patent 
check-action time-recording machines. They have also 
recently supplied repeat orders to the General Electric 
Company, Limited, making ten machines in all, and have 
just completed an installation of thirteen of these time- 
recording machines in Russia for the Vienna-Warsaw 
Railway.—The Edison and Swan Company, Limited, 
inform us that they are supplying to H.M.S. Tiger a 
quantity of Admiralty-pattern quartzalite radiators. 


Truro City Warer Suppiy.—In connection with the 
water supply of the City of Truro, it has been decided 
to substitute Candy mechanical filters for the mt 
open sand filters. At the seventy-second hal yg =! 
meeting of the Truro Water Company, held on the 1st 
inst., the directors reported that the farther installation 
of Candy filters would soon be in operation, and that 
the cost of working the new filters would be considerably 
less than the expenses attendant on the sand-beds, while 
the capital cost of the Oandy filters was much below 
the heavy expenditure that would have been incurred 
by the construction of the additional sand-beds neces- 
sary for giving an adequate supply of properly filtered 
water. 


Tue Royat Sanitary Institute. — The fifty-eighth 
course of lectures and demonstrations for sanitary officers 
will take place from September to December. The course 
comprises the following :—Four lectures on elementary 
physics and chemistry in relation to water, soil, air and 
ventilation, and meteorology. Twenty-one lectures on 
public health statutes ; the practical duties of a sanitary 
inspector ; municipal hygiene or hygiene of communities, 
including prevention and abatement of nuisances, sani- 
tary defects in and about buildings, and their remedies, 
water supplies, sanitary appliances, drainage, refuse 
removal and disposal, offensive trades, disinfection ; 
a construction in its sanitary relations, local 
Lon, ey conditions, measurement and drawing plans to 
scale. Inspoctions and demonstrations are arranged in 
connection with the lectures, and include visits to dis- 
infecting stations, &c. There will be also seven lectures 
on meatand food inspection, including taking of samples 
of water, food, and drugs for analysis. Practical demon- 
strations of meat inspection will be given. Full parti- 
culars can be obtained at the offices of the Institute, 90, 
Buckingham Palace-road, London, 8.W 








NEW SOUTH WALES. 


Tux following information given in the monthly 
statistical bulletin for May last, issued by the Govern- 
ment of New South Wales, will be found interest- 
ing :—Agricultural production: The preliminary results 
of the final compilation of the crop returns show 
that the yield of wheat during the 1913-14 season was 
38,029,082 bushels from 3,205,695 acres, equal to an 
average of 11.9 bushels per acre. The ploughing season 
was exceptionally favourable over most of the State, 
rains having occurred at frequent intervals over the 
wheat belt, thus enabling farmers for several months to 
proceed with ploughing and seeding operations without 
serious interruption. The area under wheat last year 
was increased considerably, and exceeded the total area 
under all crops for 1912-13. The grain area alone was 
974,181 acres in excess of that cropped during the previous 
year. An opportune rainfall during October was respon- 
sible for the high production of grain, which is the highest 
reached so far in any of the States. The area under all 
crops was 4,572,800 acres, which includes about 3800 acres 
double cropped, and exhibits an increase of 831,974 acres, 
as compared with the total cultivation for the previous 
year. Dairying production: Although expansion was 
recorded in respect to butter and cheese production, dry 
weather in portions of the coastal districts somewhat 
restricted the output of dairy products. The quantity 
of butter made during 1913 was 77,666,394 Ib., or 
1,056,866 lb. more than during the previous year. The 
output of cheese amounted to 6,236,962 lb , and exhibits 
a satisfactory increase when au with the uc- 
tion durigg 1912, when 5,454,685 lb. were produced. The 
increase was doubtless due to the enhanced price of this 
commodity, and dairymen, in order to secure the benefit 
of the rise in prices, devoted a larger proportion of milk 
to the production of cheese instead of butter. Stock 
returns: The preliminary stock returns show that the 
number of sheep in the State at the end of 1913 was 
39,842,518, as compared with 39,044,502 at the close of 
1912. The lambing, although much in advance of the 

revious year’s results, was not so satisfactory as could 

desired, owing to the protracted dry weather and 
absence of suitable ome in some parts of the State 
during the earlier portion of the season. The returns of 
cattle and swine exhibit decreases of 204,033 and 5491 
respectively, but horses increased by about 30,000. Gold 
production: The gold yield during May was 7977 oz. 
crude, equal to 5994 oz. fine, valued at 25,459/., and 
showed a decrease of 4310 oz. fiae, and 18,310/. in value, 
compared with May of last year. The value of gold pro- 
duced during the five months was 218,423/., and showed 
a decrease of 7606 oz. fine, and of 32,304/. in value, over 
the figures for the corresponding period of last year. 





Tue Resistance or Street Conpuctor-Raits.—At a 
time when railway electrification is so much to the fore, 
the British Standard Specification No. 63, on ‘‘ A Method 
of Specifying the Resistance of Steel Conductor- Raila,” 
is opportune. Work on this question was commenced in 
March, 1913, and after a conference bad been called, the 
Sectional Electrical Committee of the Engineering Stan- 
dards Committee drew up and passed this specification. 
The Sectional Committee embraced representatives of 
eight of the leading railways interested in electrification, 
of tramways, and of consulting engineering firms, Dr. 
R. T. Glazebrook acting as chairman. The method 
suggested consists in specifying the resistance of a steel 
conductor-rail in michroms, reiluced to the equivalent 
value of the resistance of a 100-Ib. steel rail at 60 deg. Fahr. 
The report gives the necessary reduction factors, formule, 
&c., to enable the resistance to be reduced to this base. 
The price of the report is 10s. 8d., and it may be obtained 
either from the offices of the Committees, 28, Victoria- 
street, Westminster, or from Messrs. Crosby Lockwood 
and Son, Stationers’ Hall-court, E.C. 


Tue Australian Navy.—The Royal Australian Navy 
comprises the battleship Australia (built by Messrs. 
John Brown and Co., Limited), having a displace- 
ment of 19,200 tons; the second-class protected cruiser 
Melbourne (built by Messrs. Cammell Laird and Co., 
Limited), having a displacement of 5600 tons; the 
second-class protected cruiser Sydney (built by the 
London and Glasgow Engineering and Shipbuilding 
Company, Limited), and a sister ship of the Melbourne ; 
the second-class protected cruiser Brisbane (built at the 
Commonwealth Dockyard, Cockatoo Island, Sydney), 
a sister ship to the Melbourne; the second-class pro- 
tected cruiser Encounter, lent by the Lords of the 
Admiralty for training purposes, and having a displace- 
ment of 5880 tons; the ocean-going torpedo-destroyer 
Parramatta, having a displacement of 700 tons; the 
Yarra and the Warrego, sister ships to the Parramatta ; 
and the Derwent, the Swan, and the Torrens, three 
further sister ships to the Parramatta (built at the 
Commonwealth Dockyard, Cockatoo Island, Sydney) ; 


thesubmarine A E 1 (built by Meesrs. Vickers, Limited), | mo 


having a displacement of 800 tons; and the A E2 
(built by Messrs. Vickers, Limited), a sister-ship to the 
A ., 1. The battle — ear orie h a 
turbine engines, giving her a s o' nots ; she is 
578 ft. long by 79 ft. 6 in. beam, and she carries 24 
ey and two 2l-in. submarine lance torpedo tubes. 

he Melbourne is fitted with turbine engines giving her 
a speed of 26 knots; she is 430 ft. long by 48 ft. 6 in. 
beam, and she carries 12 guns and two 2l-in. 
torpedo tubes. The second-class protected cruiser Bris- 
bane is expected to be delivered in February, 1915. The 
torpedo-boat destroyers Parramatta, Yarra and Warrego 
are each 245 ft. long by 24 ft. 3in. beam; they each 
carry four guns and three 8-in. lance torpedo tu 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was quiet, and Cleveland warrants 
were easier. The turnover consisted of one lot at 52s. 9d. 
twenty-two days, and closing sellers quoted 523. 8d. cash 
and 52s. 11d. one month, with buyers naming 1d. less. 
In the afternoon the market was nominally steady, 
and 2000 tons of Cleveland warrants were done at 
52s. 9d. eighteen days, and 53s. November 6. Abt the 
close sellers quoted 52s. 9d. cash and 53s. one month, 
but buyers only named 523. 64d. and 52s. 9d. respec- 
tively. On Friday morning the market was weak, and onl 
one lot of Cleveland warrants changed hands at 52s. éd. 
cash, with sellers over at 52s. 7d. cash and 52s. 10d. one 
month. The afternoon session was quite idle, and Cleve- 
land warrants were the turn easier, with sellers at 523. 64d. 
cash and 52s. 94d. one month. A decided decline took 
place in Cleveland warrants on Monday morning, and the 
closing quotations were 10}d. under those of Friday. 
The business amounted to 6000 tons at from 5ls. 9d. 
to 5is. 74d. cash, and from 52s. 3d. to 52s. one month, 
with sellers over at 51s. 8d. cash and 51s. 11d. one month. 
In the afternoon there was nothing doing, and the price 
of Cleveland warrants showed a slight improvement at 
5s. 104d. cash, 52s. 14d. one saath, and 523. 6d. three 
months’ sellers. On Tuesday morning the tone was 
easier, but again there were no dealings, and sellers of 
Cleveland warrants quoted 5is. 9d. cash, 52s. one month, 
and 52s. 6d. three months. The afternoon session was dull 
and quiet, and the turnover consisted of one lot of Cleve- 
land warrants at 52s. three months. The closing prices 
were 51s. 744. cash and 51s. 104d. one month sellers. 
When the market opened to-day (Wednesday) there was 
an absence of demand for Cleveland warrants, and prices 
were quoted down to 51s. 44d. cash, and 51s. 74d. one 
month, sellers. Buyers named 51s. and 5ls. 3d. respec- 
tively. In the afternoon there was no change, and busi- 
ness was again at a standstill. Sellers of Cleveland 
warrants quoted the same prices as in the morning, 
but also named the three months’ position at 52s., 
=e quoted 50s. 11d. cash, and 51s. 2d. one 
month. 


Sulphate of Ammonia.—The difficulty arising through 
the restricted sailings at the present time has not yet 
been fully surmounted, but things are gradually settling 
down, and before long shipping will be very nearly in full 
swing again. The demand for sulphate of ammonia has 
been of a restricted nature of late, and the current price 
for prompt lots is now round 10/. 15s. per ton. As to 
forward lots, there is some difference of opinion between 
— and sellers, with the result that little is being 

xed up. 


Scotch Steel Trade.—Business in the Scotch steel trade 
has been rather a serious problem to the different 
managements for a long time back, and the newer phase 
is also one requiring careful handling. During the past 
week the outlook has improved considerably, as ship- 
ping facilities are more favourable, but heavier freights 
and increased costs for raw material are all against 
buyers, who are still somewhat backward to fix up con- 
tracts. Over the week prices have remained steady, with 
the result that some are more inclined to place orders, 
but each lot is arranged on its own merits, and producers 
are giving preference to contracts which promise earl 
specifications. The latter are scarce for plates, bot 
on home and export account, but are likely to show some 
improvement before long. Black - sheet makers are 
fairly well supplied with orders for the heavier gauges, 
but makers of sectional material, while moderately well 
off, could be doing with more orders. The mails from 
abroad are bringing in very satisfactory inquiries and 
orders from markets which have remained loyal to the 
Scotch makers, and those which in recent years pur- 
chased large quantities of steel material from the Con- 
tinent will now uire to their business here or 
else to America. The steel industry has once again 
got an opportunity of asserting itself in an unmistakable 
manner, and whether this unfortunate war lasts for a long 
or a short period, it is quite certain that it will be a long 
time before the German maker will be in a position to 
offer his manufactures abroad. Under the circumstances 
it is to be hoped that the home material will by that 
time have secured so firm a hold that it will continue to 
keep these markets. 


Malleable-Iron Trade.—The condition of affairs in the 
malleable-iron trade of the West of Scotland is most 
satisfactory, and makers are very busy. Raw material 
causes a little trouble, as so much of it, for steel bars, 
formerly came from the Continent, but the difficulty is 
being overcome, and the outlook is promising very well 
indeed. Prices are unchanged, and are based on 
7l. 12s. 6d. per ton, less 5 per cent., for ‘‘ crown” 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade is 
ing along rather aes, as the horizon is still some- 
what clouded. The demand has not been excessive, and 
a little storing is reported, but with confidence returnin 
the outlook is improving, and a better inquiry is anticipa 
shortly. The shipping trade is dull, but with the prospect 
of cargo vessels securing a safe voyage on the main trade 
routes there is now more inclination to undertake out- 
standing orders. Furnaces in full blast number 55, 
as against 88 at this time last year. Prices are the 


lance | turn easier, and the following may be taken as the 


market quotations for makers’ (No. 1) iron: — Clyde, 
69s. 6d.; Calder, Gartsherrie, Summerlee and Shotts, 
70s.; and Langluoan, 72s. (all chipped at Glasgow) ; 
Glen ock (at Ardrossan), 71s.; and Carron (at Grange- 
mouth), 70s. 6d. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The hard steam-coal 
market is one of considerable difficulty. There are large 
stocks accumulating both at pits and at ports. It will 
take many weeks of n shipping to relieve the 
congestion, The industrial dem: does not do much to 
relieve the situation, for, apart from the armament 
factories, few works are taking supplies of any quantity. 
Many pits are only working two and three days per 
week, t stocks are still accumulating. Prices are 
easier. There has been a slight reduction on pre- 
war quotations. The demand for house-coal is on & 
smaller - ny Bey there is still good business to be 
done in the t hand-picked qualities. The shortage 
of wagons, however, is limiting output, and some 
collieries are in arrears with orders. The lower-grade 
qualities are the weak spot, slight reductions failing to 
bring forth much business. e orders at loca] dépéts are 
only for small tonnages ; there is a falling off in country 
orders ; and, —— with previous years, the London 
dépéts are not taking their usual quantities. Deliveries 
on contract acvount in gas-fuels are steadily maintained. 
Many works are —— a. = stocks so as not to 
be affected by any transit delays that may arise. Slacks 
are in lesser demand, but there is no attempt to force the 
market in view of reduced output at the collieries. There 
is also a reduced output in washed smalls, but these are 
being readily taken and the price is firm. Blast-furnace 
coke has hardened. uotations:—Best branch hand- 
picked, 15s. to 16s.; ley best Silkstone, 12s. to 
13s.; Derbyshire best brights, 11s. 6d. to 12s. 6d.; 
Derbyshire house, 10s. 6d. tolls. 6d.; best large nuts, 
10s. 3d. to lls. 3d.; small nuts, 9s. to 10s.; Yorkshire 
hards, 10s. to 11s. ; Derbyshire hards, 10s. to 11s. ; best 
slacks, 7s. to 83. ; seconds, 5s. to 6s.; smalls, 2s. to 3s. 


Iron and Steel.—There has been a revival in the South 
Yorkshire iron and steel industries. yen ee 
not so bad as was at first anticipated, and discounting 
the armament houses, which are naturally working at 
top speed just now, the number of firms who are in full 
working order is considerable. The lack of Continental 
supplies has caused something of a run on locally-pro- 
duced raw materials, and the immediate effect has been 
a rapid rise in prices. If the demand continues at its 
present magnitude, as seems very likely, there will be 
room for a more reasonable tone in these quotations, as 
otherwise any all-round benefit that might be derived 
from Continental inactivity will be nullified by the high 
initial cost of working material. The current official 

uotations are :—West Coast hematite, 79s. 6d.; East 

‘coast hematite, 77s. 3d.; Lincolnshire foundry, 60s. 8d. ; 
Lincolnshire forge, 59. 8d.; = foundry, 59s. 3d.; 
Derbyshire forge, 56s. Soft billets are quoted at 61., 
hard billets at 6/. 103., Bessemer acid billets at 8/., and 
Siemens acid billets at 8/. 15s. to 97. Hoops are 30s. dearer. 
In the more finished departments much is expected from 
the diversion of trade that is now being discussed. There 
are already large orders for tools and implement parts to 
hand, and it is expected that these will be followed by 
orders which will benefit nearly the whole of the steel 
industry. The chief sufferers are those who had no other 
source, either for raw materials or for finished goods, than 
the Continent ; but firms who were already in touch with 
the colonial and foreign markets not now affected by the 
war are pushing home their advantage to the full. ere 
are few, if any, houses in this district who are not in a 
position to undertake a part of the previous Conti- 
nental output of rods, sheets, iron and steel bars, steel 
wire, twist-drills, high-speed steel, and implement and 
machinery parts. The cutting off of German supplies of 
finished products has also not been without effect on the 
home market, and there are many orders from sources 
where competition has hitherto been keenly felt. 





Tue tate Lorp Mertuyr or SEncHENYDD.—We 
regret to have to announce the death, which ocurred at 
New yesterday (Thursday) morning, of the Right Hon. 
Lord Mertbyr of Senghenydd. The deceased, William 
Thomas Lewis, was the first Baron of henydd, havin 
been created in 1911. He was born at yr-Tydvi 
on August 5, 1837. The above sad news reached us as 
we were going to press, and we reserve a notice on the 
late Baron’s life for our next issue. 





JAPANESE SpeuTeR.—H.M. Vice-Consul at Osaka (Mr. 
O. White) reports that the Mitsui Bussan Kaisha recentl 
made a trial shipment of 10 tons of spelter to the Uni 
Kingdom, though it seems scarcely probable that the 
Japanese zinc companies are yet in a position to compete 
on the ee market. It is reported that the 
Amagasaki Works, backed by the Fujita Company, the 
Miike Works, and by Mitsui and Co., have come to an 
agreement to work sales in combination. The output of 
the Amagasaki Works is estimated at 400 tons a month, 
and of the Miike Works at 150 tonsa month. The latter 
works are said to be contemplating extensions which will 
bring their output up to 500 tons per month. In that 
event the total annual output would be nearly 11.000 tons 
for the two works. The supply of zinc would then, 
perhaps, be greater ‘than the demand in Japan, and in 
order to keep up prices there it would be necessary to 
export the us. Accordingly, it seems probable that 
the present shipment has been made in order to get 
expert opinion on the Japanese product as a guide to 
future policy. It was reported in the local Press that 
& similar ag of zinc had been made to Rotter- 


dam, but H. Vice-O i 
poe hf onsul is unable to confirm the 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
Iron Trade.—The pig-iron market is in 
an unsettled state. European troubles continue to occupy 
the attention of most commercial men, and business is cn 
a very limited scale. 
caution, and, as a rule, will not commit themselves 
beyond small transactions for early delivery. Certain 
financial obstacles may shortly be overcome, and, as a 
result, resumption of trade with many firms abroad may 
follow, but the dangers of the North Sea are fully 
realised, and, until an assurance of safety can be given, 
few vessels are likely to go out. Quotations are not easily 
fixed. Valuesof Cleveland pig are falling, due a to 
decline in warrant prices, caused by nervous holders 
selling out, but hematite quotations, though very irre- 
_ show a marked upward tendency. A hematite 
urnace has been put out at the works of Messrs. 
Whitwell and Co. Second hands are now offering 
No. 3 g.m.b._ Cleveland pig at 5is. 6d., and, in fact, are 
rather pressing sales at that figure, whilst No.1 is 
54s.; No. 4 foundry and No. 4 forge, each 5ls. 3d.; 
and mottled and white iron, each 50s. 9d. Makers 
are prepsred to sell at very little above the fore- 
going quotations. Though some merchants have sold, 
and are understood to be still prepared to sell, small lots 
of Nos. 1, 2, and 3 East Coast hematite pig at 68s. for 
early delivery, makers will not name below 70s., and 
some producers ask 723. 6d., and even more. There 
is little or nothing passing in foreign ore. Some con- 
sumers are said to be rather short of supplies, and boats 
are not easily secured. One or two cargoes originally 
intended for other countries have been diver here 
since the outbreak of war, and sold on the basis of 20s. 6d. 
ex-ship Tees for best Rubio, which is the recognised 
market basis. Coke is still scarce and dear. Consumers 
consider market rates much too high, but sellers continue 
to take a very firm stand, and for average quality of 
Durham blast-furnace bee-hive coke, deliv at Tees- 
side works, from 18s. to 18s. 6d. is asked. 
ae and Stocks of Pig-Iron.—Shipments of pig- 
iron from the Tees are on a very limited scale, hn 
cally all oversea deliveries being suspended, and what 


Traders act with the greates? | been 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade bas shown little special 
activity, but there has, at the same time, been a strong 
Continental demand, especially from Italy and France ; 
on the other hand, outputs have been checked by many 
miners having joined army. The best qualities have 

taken up by the Admiralty. Under all the cir- 
cumstances, the market has shown strength, and sellers 
have, in some cases, somewhat advanced their terms; 
smalls have also been og Oe Household coal has ex- 
hibited little change. The it secondary large steam 
coal has made 19s. to 20s.; other secondary descriptions 
have brought 18s. to 18s. 9d; best bunker conaii, 8s. 
to 8s. 6d.; and cargo smalls, 5s. to 7s. per ton. The best 
household coal has heen quoted at 19s. to 203.; good 
households have made 17s. to 188.; No. 2 Rhondda 
large has realised 12s. 6d. to 13s. 6d.; and No. 2 smalls, 
6s. to 7s. ton. Patent fuel bas been taken at 19s. 6d. 
to 20s. per ton. Special foundry coke has made 
27s. 6d. to 30s.; good foundry coke, 2ls. to 24s.; and 
furnace coke, 18s. to 20s. per ton. As regards iron 
ore, Rubio has brought 20s. to 21s. per ton upon a basis 
of 50 percent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Steel and Tin Plates.—Cessation of imports from the 
Continent has stiffened steel prices to the extent of 10s. 
per ton. Reports from branches, however, show that 
works sre expecting to close down ; only firms concerned 
in the manufacture of armaments are wmy by be fully 
employed. The tin-plate trade suffers from the closing of 
the European markets and difficulties attending exports. 

Unemployment Diminishing.— Unemployment appears 
to be deniebing at Swansea. Many of the tin-plate 
and fuel works are re-starting. A leading manufacturer 
of tin-plates considers that the war will put a stop for a 
time to the dumping of steel bars from Germany, and 
will increase activity in British steel trades. 

Welsh Coul for Italy.—The administration of the Italian 
State Railways bas arranged with representatives of col- 
lieries producing ordinary steam coal and Monmouthshire 
large for the supply of considerable additional quantities 
during August and September. Next to the British 
Admiralty, Italy is about the largest consumer of Welsh 


cargoes are being despatched are to coastwise customers. | coal 


Arrangements, however, are being made for deliveries 
to certain places abroad. To date this month the pig- 
iron shipments are returned at 15,510 tons, as compared 
with aig 4 tons to the oy date —_ pam = 73,394 
tons for the corresponding part o' ugust it year. 
Stocks of pig are accumulating. What iron is held b 
makers at their own yards is not ascertainable, but it 
must now be considerable. The stock of No. 3 Cleveland 
pig in the public warrant stores bere stands at 93,009 
tons, 10,757 tons having been added since the beginning 
of the month. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel are fully 
employed, and have good order-books. Particularly is 
this the case with manufacturers of shipbuilding material 
and of joists, but most of the output is for home cus- 
tomers, and with foreign buying at a standstill works 
cannot be kept in full swing for very long. Arrange- 
ments are in progress for some deliveries to Far East. 
Hopes are entertained that an Australian order in the 


market for 30,000 tons of steel rails will come to this dis- | Sou 


trict. The galvanised sheet department of Messrs. 
Dorman, Long and Oo., which has been closed owing to 
short supplies of spelter, is to be reopened on Monday 
next. en are this week being restarted at the Newport 
Wire Works of Mesers. Ric’ Hill and Co. The 
following are the principal market quotations :—Common 
iron bars, 8/.; best bars, 8/. 7s. 6d.; best best bars, 
81. 15s.; packing iron, 6/. 5s. ; iron ship-plates, 7/. 5s. ; 
iron ship-angles, 7/. 10s. ; iron ship-rivets, ; steel bars, 
6l. 15s.; steel ship-plates, 7/.; steel ship-angles, 6/. 15s. ; 
steel boiler-plates, 8/.; steel strip, 6/. 10s. ; steel hoope, 
61. 15s. ; heavy steel rails, 6/. 15s.; and galvanised corru- 

sheets, 13/7. 10s. to 141. 10s.—sheets less 4 per cent., 
-0.b.; rails net, f.o.b.; and all other descriptions less the 
usual 24 per cent., f.o.b. 








INcoMPETENT Forericn Oniticism.—The extraordinary 
superficiality of the observations of many visitors to our 
shores is strikingly illustrated by the following extract 
from an American monthly journal devoted exclusively 
to railway work. A writer in the current issue of that 
paper states that in this country ‘‘ many of the cars, or 
coaches, as they are called, are now constructed with a 
corridor running along one side of the car. The original 
inventor no doubt intended that these corridors should 
connect with each other, and so it the passengers to 
pass from car to car if they so desired. It was a vain 
thought. It naturally happens that in the vicissitudes 
of travel the cars are frequently turned end for end, and 
the corridor is of little or no service, one car having the 
corridor at the right side, while the ecioning car will 
likely have the corridor at the left side, and the acci- 
dental coming together all one way at the same time 
never happens, except when the royal family is taking 
a jaunt, which seems happening the time ; but as 
no else is allowed to ride on the same train as their 
royal highnesses, the advantage is not visible to the 
common people.” It must, we think, have been a very 
uncommon person who found the vestibule connections 
between our corridor coaches invisible, and an equally 
uncommon person who did not ascertain that the fact 
of a corridor being on the right or left-hand side of a 
vehicle made no difference whatever in the facilities for 
intercc ication between adjoining corridors. 





Mannesmann Tubes.—The Mannesmann Tube concerns 
at Swansea and Newport are said to be the largest indus- 
tries started in Great Britain with German capital ; but 
the capital is becoming more British every day. 
are similar Mannesmann works in several Continental 


Y | countries. Both British and German companies export 


1] to the Colonies, and it seems probable that 
British companies will do more business in future. Much 
the same is expected with regard to electrical machinery. 


A Four Years’ Strike.—After a dispute which has con- 
tinued for about four years at the Gelli Steam Colliery 
(Messrs. Cory mw poy the question of the price- 
list, work is expected to be resumed shortly. The matter 
was dealt with recently at a meeting of the local Con- 
ciliation Board ; and in consequence of the decision then 

, Mr. D. Watts Morgan, miners’ agent, addressed 

a meeting at the Ystrad library, and explained the povi- 

tion of affairs. Eventually a resolution was passed 

ing to accept the terms offered, conditionally upon 

ir being confirmed by the district meeting of the 
th Wales Miners’ Federation. 


Restrictions Withdrawn.—The removal of restrictions 
on the export of patent fuel and tin-plates has given 
great satisfaction. The Atlantic Patent Fuel Works 
will now be restarted, while the Graigola, already partly 
employed, are likely to increase their operations. 





MecuanicaL Transport Faci.itres.—Owing to a 
number of motor vebicles baving been claimed by the 
Government for war pu many firms find them- 
selves in a difficulty in effecting delivery cf their goods. 
Other firms, on the contrary, find their trade so much 
affected that they cannot keep their vans in full work. 
To remedy these difficulties the Commercial] Motor- Users’ 
Association, of 83, Pall Mall, London, 8.W., and the 
Imperial Motor Transport Council, of 173, Fleet-street, 
London, are making arraiigemente of the nature of an 
exchange ! which such difficulties may be reduced or 
entirely abolished. The Commercial Motor- Users’ Asso- 
ciation is also compiling a list of petrol-driven lorries 
which their owners would penne at the disposal of the 
Territorial Force County Associations for ure in this 
country in case of necessity, and also of drivers and 
mechanics who aie prepared to offer their services in a 
similar manner. 





Tue Trang or Canton vor 1913.—The following note 
is taken from The London and Chinu Telegraph on the 
trade of Canton for 1913:—There have been no im- 
portant developments in local industries. As a result of 
the quasi-monopoly established in their favour by the 
embargo on the export of limestone mentioned in the 
1912 report, which was successfully maintained until 
the end of the year, the Canton cement works have 
had a very profitable year. The 1ecei of the 
Canton Electric Company have almost doubled during 
1913. They were, however, in the depreciated bank- 
notes, and actually some 35 to 40 cent. must be 
written off. The same applies to the receipts of the 
Chinese section of the Oanton-Kowloon Railway, which 
also show a very large increase. A paper mill has been 
started at Kongmoon, at the mouth of the West River. 
The capital (300,000 dols.) is entirely Ohinese, and there 
is a chief engireer in charge. The output at the end of 





the year was about 15 tons a week. 
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NOTICE. 


In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
Proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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THE ENGINEER AND THE MAP OF 
THE WORLD. 


THE one certainty regarding the result of the 
present war is that the map of the world will be 
greatly altered. The changes will concern, the 
boundary lines of different nationalities, and will 
therefore be political. Even although the engineer 
has exercised great influence in providing the 
munitions of war which have so greatly assisted in 
the accomplishments which will inevitably lead to 
such changes, our purpose in writing now on the 
subject is rather to point to the material alterations 
in the map of the world resulting directly from the 
work of the engineer. By his agency land is con- 
verted into water and water into land. Rivers 
regularised and deepened, and artificial canals, affect 
the extent to which water-borne traftic can pene- 
trate into the interior of countries. Railways, roads, 
and tramways have in other cases superseded rivers. 
Railways and roads are constructed, and traverse 
bridges across straits, whereby islands become 
ostensibly part of the mainland. Waterways are 
cut through isthmuses to connect oceans. By 
afforestation and deforestation vast changes are 
also made on the face of the earth, and, through 
these and other agencies, influence is exerted on 
the climatic conditions, whereby the land is made 
more or less fruitful, the temperature being affected 
and the degree of moisture in the air altered. The 
health of districts is, by the same media, improved 
directly, while the advent of the engineer in 
many parts of the world brings in its train the 
scientist, with his investigation and work to combat 
fatal diseases, such as malaria, yellow-fever, and 
the like. One has but to remember the improve- 
ment in the health conditions of Ismailia and at 
Panama to realise the immense consequence follow- 
ing the presence of the bacteriologist in association 
with the engineer. Mountains, deserts, and rivers 
have had their significance minimised by the 
advance of engineering. Mountains have been 
pierced, rivers bridged, deserts watered by irriga- 
tion, and forests removed or planted. Followin 


be | tree-planting comes ploughing and harrowing an 


harvesting, and the desert blossoms like the rose. 


ts,| Industrial communities arise to meet the needs 


of the agricultural workers, and these again brin 

railways and other changes. Indeed, the practica 
every-day facts of the map take on a new meaning, 
owing to the advance of medern science. The 
term miles, for instance, has not the same signifi- 
cance as under the older forms of transport. To- 
day distances must be measured rather by the 
time necessary to get from point to point. Again, 
even such island empires as Britain and Japan 
may lose their isolation if tunnels are made, and 
submarine and aerial ships become tenable, for 
ordinary commerce, 

In view of the war, there is appropriateness in the 
suggestion of lack of finality in the work of those 
concerned with the political changes on the map of 
the world as compared with the continuous and per- 


79| manent influence exerted by the engineer on geo- 


phy. The presidential address, delivered to the 
Saterenbionl Section of the British Association b 
Sir Charles P. Lucas, K.C.B., K.C.M.G., althoug 
prepared without any conception of the present 
international crisis, had an appositeness which is 
peculiarly impressive, as it deals with man as a 
geographical agency. It dealt with man’s work in 
such y sear of activity as irrigation, land 
reclamation, reservoir building, afforestation, dc. 
The damming of the Nile at Assouan, making a lake 
65 square miles in area, with its immense practical, 


292 | if not also political, advantage to the Soudan and 


Egyptian deserts, was referred to by Sir Charles 
Lucas. There was also indicated the correspondi 
irrigation work in India, which, in 1903, wate 
something like 68,750 square miles, a larger area 


than England and Wales together. Sir William 
Willcocks’ work now in progress on the Euphrates 
and the Tigris, for irrigating nearly 19,000 square 
miles, at once rises to memory in this connection, 
while 4000 square miles of the plains between 
the White and Blue Nile are to be watered 
artificially for cotton culture by the construc- 
tion of a dam, and of a 100-mile canal south 
of Khartoum. In Australia, again, great work is 
being done to the came end. Already the works 
completed and in process of construction irrigate 
over 600 square miles in Victoria alone ; but when 
the whole water supply of the State is utilised, 
more like square miles will be a 
The Burren-juck scheme, in New South Wales, 
will irrigate, in the first instance, not far 
short of 500 square miles, but may eventually 
be made available for six times that area. In the 
Algerian Sahara desert nearly 22,000 square miles 
have been reclaimed with water from artesian 
wells. These facts show what has been done, and 
give confidence in the belief that still ter 
achievements will effect still more extensive changes 
on the face of the earth. By tree barriers in 
the sand dunes, whereby the moisture of the soil 
is preserved, fine crops of durum wheat, it was 
further pointed out by Sir Charles, are got without 
a drop of rain from seed; time to harvest. In the 
Landes of Gascony 3600 square miles of sandy 
waste have thus been planted with trees. The 
influences of all such works to assist agriculture is 
not only direct, but there is a great indirect gain ; 
& consequence is the settlement of a population 
more or less extensive, due not only to the winning 
of the produce of the land irrigated, but to the 
creation of railways and factories for meeting the 
needs of the ple. In this way, as the stories of 
Canada, South Africa, and Australia testify, great 
communities are built up, and new nations grow 
steadily in prosperity. 

The map has also been ci ged by great reser- 
voirs for the water supply of cities—Thirlmere, 
Vyrnwy, Loch Katrine, and those for Birmingham 
are cases in point. In the last session of Parliament 
there was vigorous opposition to the flooding of one 
of the historic districts of Scotland further to aug- 
ment the water supply to the city of Glasgow. 
Abroad there are many similar instances, the :most 
recent being the formation of a great dam on the 
Murrumbidgee River for New South Wales, to make 
a lake 41 miles long, and the Catskill Reservoirs for 
the supply of New York, recently fully illustrated 
and described in Encrngerinc. In his address, 
Sir Charles Lucas referred also to the importance 
of natural waterways, the Clyde, the Tyne, and 
other such streams, on whose banks there have 
been created great factories to produce articles for 
export through the waters of such rivers to the 
farther ends of the earth. 

In the reclamation of land the engineer has 
exercised an equally great influence on the map. 
That the engineer in such work has greatly affected 
geography is proved by the example of London 
alone, since the Metropolis is built partly on marshy 
land. Some City names, indeed, prove this, 
notably Moorfields and Finsbury (or Fensbury). 
With the work begun in the sixteenth century that 

of the City has been recovered from the marsh 

nds. Pimlico is largely built on piles, and in 
the region now occupied by Belgrave-square snipe- 
shooting was a sport three or four generations ago. 
The names of the Strand and Fleet-street also carry 
their significance. Even in new countries there are 
analagous cases. Harbours, such as that at Welling- 
ton, in New Zealand, have been partly reclaimed 
from the sea. Sir Charles Lucasyalso referred to 
the work done in the Lincolnshire Fens, where 
land variously estimated in extent from 800 to 
1200 square miles has been recovered or improved. 
Another instance of reclamation at home is to be 
found on the famous Romney Marsh, in Kent. 
Abroad one of the most extensive cases is that in 
the Netherlands, where there has been a constant 
change between land and water area; the Dutch 
sougle have steadily worked towards reclamation, 
and even at the present time the progress of 
the scheme for draining the Zuyder Zee proves the 
far-sighted policy of the Government. e scheme 
is to be carried out in thirty-three years at a cost 
of nearly 16,000,000/., and will result in an addi- 
tion of 815 square miles of land to the kingdom, 
750 miles of which will be fertile, while at the same 
time a much-needed fresh-water lake, with an area 





of 557 square miles, will be formed and will be fed 
by one of the mouths of the Rhine. Between the 
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Elbe and Scheldt more than 2000 square miles have 


been reclaimed from river and sea in the past three 
hundred years. 

Touching upon afforestation, Sir Charles Lucas 
did well to point out, as did Mr. G. B. Marsh fifty 
years before him, that man has too long forgotten 
that the earth was given him for usufruct alone, 
not for consumption, still less for profligate waste. 
The sweeping away of great forests—a practice 
even more pursued to-day than ever before—is 
undoubtedly the eating up of capital. Apart alto- 
gether from the value of the timber, trees give 
shelter against the wind, store water, prevent 
inundation, and preserve and enrich the soil. It is 
true that experience in the South of France has 

roved that the pasturing of sheep is as great a 
Seaeager of forests as man, because they break 
the soil and expose the roots, so that rainstorms 
and floods sweep away the soil. This may easily 
be remedied, but the cutting —_—_ of the timber 
without replanting of trees is reprehensible. It has 
been suggested that, in view of the possible degree 
of unemployment in this country consequent on the 
present unsettled state of affairs, the British Govern- 
ment might utilise the occasion for carrying into 
effect the afforestation scheme approved bya recent 
commission of inquiry—a point not enforced by Sir 
Charles Lucas. This proposal, it will be remem- 
bered, aimed at the planting annually of 150,000 
acres of suitable land, and the result might probably 


be a valuable source of revenue ultimately for the | th 


Government. It is thought this would afford tem- 
porary employment to men out of work and not 
sui for the army, while permanently many men 
could be utilised directly in connection with the 
forests and indirectly with the subsidiary industries. 
The Commissioners estimated that the annual cost 
would be two millions sterling, and each year there 
would bean increasing deficit in working operations 
for the next forty years Then revenue would be 
derivable. From this date onwards the Commis- 
sioners estimated that the deficit would steadily 
decrease, until in eighty years there would be, from 
nine million acres of forest then existent, a net 
revenue of 17,500,000/. The scheme thus expressed 
is seductive, but the figures are only estimates. That 
we are deficient in forest lands is shown by the fact 
that the proportion to the total area of the country 
is 56.3 per cent., as compared with 32.6 per cent. in 
Austria, 17.3 per cent. in Belgium, and 17 per cent. 
in France. At present, under the auspices of Bir- 
mingham University, and under the presidency of 
Sir Oliver Lodge, the Midlands Reafforestation 
Association is planting the pit-mounds and ash- 
quarries of the Black Country with trees which 
will resist smoke and bad air—alders, willows, 
poplars—carrying out their work, a report says, 
under a combination of difticulties not to be found 
in any other country. Thus, apart from the direct 
gain in the growth of timber, the work of afforesta- 
tion confers great indirect advantages, and serves 
further to prove that from first to last the engi- 
neer is exercising an important influence on the 
map of the world, as well as upon the signifi- 
cance of —— terms. Sir Charles Lucas 
has done well once more to direct attention to 
these important considerations. 





BRITISH PATENTS AND FOREIGN 
PATENTEES. 

Tue state of war which exists at the present time 
between this country and Germany and Austria- 
Hungary has brought about a condition of affairs 
never contemplated by the law-makers of the several 
countries, an 
industrial property in the form of patents, designs, 
and trade-marks to protect and work. 

In this country there are laws relating to the 
ee of inventions and the registration of 

esigns and trade-marks. Austria-Hungary and 
Germany have laws to the same ends. The German 
law ae the patenting of inventions and the 
protection afforded a patentee are often the subject 
of criticism and comparison with our own law and 
the protection afforded thereby. In most cases, 
the criticism and comparison are in disparagement 
of the law obtaining in this country. As to whether 
the criticism be just or unjust we are not at the 
moment concerned ; we wish rather to consider the 
position of those alien enemies, both within and 
without our realm, who have taken advantage of 
the benefits and advantages of our law and have 
obtained protection for their inventions, designs 
and trade marks in this country. The number of 


not considered by those who had/to be 





British patents granted annually to Germans and 
Austrians is very large. In the last annual report 
issued by the Comptroller-General of Patents, the 
numbers were as follow :— 
Total number of patents granted 16,154 
Number granted to Britons... 8,263 
Number granted to Germans ... ; 2,606 

From the latest particulars as to the number of 
patents granted annually in Germany it would seem 
that of 13,080 patents granted in one year, 8831 
were granted to Germans and only 749 to Britons. 
It will thus be seen that the percentages are very 
different. 

A cry is raised periodically as to the hardships 
that are caused to British labour by foreign 

tentees who work their inventions abroad, to the 

nefit of their own labour markets, and import, 
free of duty, their products into this country. At 
the same time, protests are issued and resolutions 
d against the equitable decision of Lord (then 

. Justice) Parker in the well-known case in re 
Hatschek, comment on which we have made on 
more than one occasion. 

Now we are confronted with the proposal that 
all patents granted in this country to alien enemies 
should be forthwith revoked. In other words, 
that the property in this country of our enemies 
should, as it were, be thrown into the street, so 
that all who by may appropriate whatever 
they fancy. The proposition seems attractive, but 
ere is, as we have pointed out, a large patent 
property in Germany which belongs to British 
inventors. If we revoke all the patents belonging 
to the subjects of the States with which we are at 
war, we must expect that the Governments of those 
States will act in a similar manner as regards the 
patents held by us. Our gain would then be a 
good deal counterbalanced. 

The Government do not propose any drastic 
measures, but have taken certain steps for the 
protection of British trade, and to that end have 
passed an Act (Patents, Designs, and Trade Marks 
(Temporary Rules) Act, 1914) amending the Patents 
and Designs Act, 1907, and the Trade Marks Act, 
1905, in a certain manner, and have taken power 
to make rules and to do such things as they think 
expedient for avoiding or suspending, in whole or 
in part, any patent or licence granted to, and the 
registration of any trade mark the proprietor 
whereof is, a subject of any State at war with His 
Majesty. The Board of Trade has set up the 
ne machinery to carry out the Act, and has 
issued rules from which it appears that they may, 
on the application of any person, and subject to 
such terms and conditions, if any, as they may 
think fit, order the avoidance or suspension of 
the rights of patent and registers of trade-marks 
of aliens. The Board, before granting any such 
application, may require to be satisfied on three 

ints 


The first point of which the Board will require 
to be satistied is that the patentee, licensee, or 
— is the subject of a State at war with 

is Majesty. This point looks very simple and 
easy of proof, but when the time comes, it may 
raise difficulties that are not apparent to those who 
are not well posted as to the preparations of our 
enemies. e Board of Trade will no doubt rule 
—and, indeed, we think they must do so—that the 

m appearing on the Register as patentee, 
icensee, or proprietor, must be regarded as such, 
and not a third party who may subsequently 


ppear. 
The second point requiring proof is that the 
person applying intends to manufacture, or cause 


manufactured, the patented article, or to 
carry on, or cause to be carried on, the patented 
process, or intends to manufacture, or cause to be 
manufactured, the goods or any of them in respect 
of which the trade mark is granted. We cannot 
say what sort of proof the Board will require on 
this point, but it, and the third point, are evi- 
dently intended to prevent applications under the 
Act by persons who have no interest and are acting 
more or less as common informers. 

The third point on which the Board will require 
to be satisfied is that it is in the general in- 
terests of the country or of a section of the com- 
munity or of a trade, that such article should be 
manuf , or such process carried on, or the 
registration of the trade mark avoided or sus- 
pended. 

The Act and Rules made under the new Act are 
only to continue in force during the continuance of 
the present state of war in Europe and for a period 





of six months thereafter. This provision raises 
an interesting question. Are patents, designs, and 
trade-marks to be avoided or suspended for not 
longer than six months after the termination of 
the war, and then to be automatically restored, or 
is the avoidance or suspension to be irrevocable ? 
Evidently the latter is not to be the case, for the 
Board of Trade have powers to revoke any avoid- 
ance or suspension at any time in their absolute 
discretion. The matter appears to us to be ina 
state of confusion, and the Government have 
evidently found it to be so, for the President of 
the Board of Trade introduced a Bill on Tuesday 
night into the House of Commons to amend the 
Patents Act they passed only a few days ago. The 
President in his introductory remarks explained that 
the new Act was not as clear as it might have been. 
The new Bill is not available at the moment of 
writing, but if it merely proposes to take further 
powers to deal with patents, designs, and trade- 
marks for the term of the war, it will be of little 
value. It would not be worth anyone’s while to go 
to the expense of laying down machinery and plant 
for the establishment of a new manufacture if he is 
to be liable to be stopped six months after the 
expiration of the war, or if he may then be called 
on by the foreign patentees tg pay an unknown 
royalty in order to continue the manufacture or the 
process he had established. Of course much will 
naturally depend upon the terms to be obtained at 
the end of the war. If we conquer ‘‘all along the 
line” our Government may make any terms it likes. 
The Act and Rules have been drafted to meet 
circumstances that might arise; they have not 
been drafted, as we have heard and seen it assumed, 
as an engine of destruction against the industrial 
roperty of our enemies. We may be sure that the 
d of Trade will act fairly and honourably, and 

will vigorously discourage applications by persons 
who are not in a position to prove the requirements 
mentioned above. It is to hoped, on the other 
hand, that our enemies will deal fairlyand honourably 
in regard to British patent property in their States. 








ALKALI WORKS IN 1913. 

THE report just issued by the Chief Inspector 
of Alkali, &c., works, is the fiftieth of the series. 
The field covered in the reports is now of vast 
extent, the &c. including undertakings of the 
most varied type, from gas works to metal-smelt- 
ing industries and cement making. In fact, out 
of 1327 works now registered in England, Ireland, 
and Wales, under the Act, only 70 are, strictly 
speaking, alkali works, and whilst the number regis- 
tered under the latter title have decreased by three 
in the period covered by the report, there has been 
an increase of 25 in the registered works otherwise 
classed. The number of works registered in Scotland 
is now 167. In all 54 more processes are now under 
inspection than in 1912. e increase is largely 
due to the greater attention now being paid to the 
utilisation of by-products, qustiodinaly ammonia 
and tar. 

It a from the reports of the district inspec- 
tors that a fairly high state of efficiency has been 
attained in the matter of preventing escapes of acid 
into the air and in checking other similar nuisances. 
Part of the improvement has been due to the con- 
tinued oe of hand labour by mechanical 
devices, although there has in cases been a certain 
amount of trouble with these at the outset. Pro- 
prietors are in the main anxious to meet the 
requirements of the inspectors, who, for their part, 
give all the help they can when the source of 
accidental and temporary nuisances is to be sought 
out and remedied. In not a small proportion of 
the cases of infraction of the Acts, the factory 
proprietors had started a new process in ignorance 
that this process should be registered, and back 
fees have accordingly been accepted in lieu of taking 

ings. In no case was it necessary to institute 
prosecutions for the undue escape of noxious gases 
or failure to adopt the best preventive measures. 

In the alkali and wet-process copper works, the 
percentage of hydrochloric acid in the chimney 
gases has averaged 0.076 grains per cub. ft., and the 
inspector reports a slight but continuous increase 
in the ratio of the acid condensed to the acid 

erated, which now amounts to 98.81 per cent. 
me trouble has arisen from the neglect of work- 
men operating salt-cake plant to cover a hot fresh- 
drawn charge with a little cold salt cake. In the 
case of copper works, it is reported that the adop- 
tion of mechanical turuaces for calcining burnt 
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pyrites has been considerably extended. These 
mechanical furnaces lead to a more uniform pro- 
duction of the acid gases, which much facilitates 
their condensation and collection. 

In cement works, the two main difficulties are 
the production of black smoke and of dust, but a 
very great improvement has been effected under 


both heads during the past few years. This is in | make of sulphate of ammonia. 


/halved. It is worthy of note that producers of the 


In the old indirect process the ammoniacal liquors | 
collected had to be distilled, a highly noxious) 


_spent liquor being one of the by-products. By the 


direct process, no such liquors are formed, and in | 
the semi-direct process the amount produced is) 





Mond type now furnish 11 3 per cent. of the total 
At many small gas | 


discharged into the air may occasion widespread 
nuisance. The trouble is aggravated, the ins r 
states, when zinc residues containing chloride are 
under treatment, and in such cases improvement 
has been slow. The present policy is to prevent 
the formation of fume rather than its subsequent 
escape into the atmosphere. With the co-opera- 
tion of owners, a number of experiments directed 


part attributable to the extended use of the rotary | works very indifferent methods are employed to to this end have been carried out at various 
kiln and a better knowledge as to its best propor-| recover this valuable by-product. The amount works; but though marked improvement has been 


tions and methods of operation. 
number of old-type kilns is diminishing, the greater 
output of the horizontal rotaries more than makes 
good the deficit. 

At smelting works further improvement has been 
made in preventing the escape of metallic fume, 
and in reducing the percentage of acid discharged 
in chimney gases. In this latter connection the 
problem is said to be difficult, but is being met in 
one case by putting up plant to make sulphuric 
acid from these gases. The legal limit to the SO, 
in gases discharged into the atmosphere is 4 grains 
per cub. ft. In general it is much below this 
figure, the average for the sulphuric acid works 
inspected during the year being 1.182 grains. It is 
noted, however, that occasionally escapes of more 
than the legal limit do occur temporarily, but the 
manufacturers make every effort to restore the 
normal condition of working as quickly as possible, 
so that prosecution has been unnecessary. The 
increasing manufacture of sulphate of ammonia is 
leading to an increased demand for the acid. An 
intensive system of production has accordingly been 
developed by which more acid is obtained per unit 
of chamber space. This necessitates greater care 
and supervision, the consequence of which has been 
that the increased production has actually led to a 
diminution of nuisance. An interesting automatic 
appliance is being fitted in some districts under the 
name of ‘‘ nitrophor’’ to control the flow of nitric 
acid into the Glover tower. In this device advan- 
tage is taken of the fact that there is a rapid change 
of temperature in the leading chamber of the 
sulphuric-acid plant when the process is not work- 
ing smoothly. By electrical means this change of 
temperature is utilised to cause an increased supply 
of nitric acid into the system. 

In addition to acid made by the lead-chamber 
process, much is now manufactured by catalytic or 
contact processes, which are particularly advanta- 
geous, when a highly-concentrated acid is required 
as the final product. For concentrating weak acid 
silica wire is, in some cases, used for the evaporat- 
ing vessels. As already mentioned, the legal limit of 
pollution is 4 grains of SO, per cub. ft. of escaping 
gases. In one case, however, which was investigated 
during the year, nuisance arose, although the pro- 
portion of SO, was less than 4 grain per cub. ft. 
The complaint was obviated by turning the gases 
into a chimney, further diluting them, and dis- 
charging them at a higher level. 

Amongst the processes — of being particu- 
larly offensive is that of making chemical manures. 
The increasing adoption of mechanical methods 
of removing the hot superphosphate is, however, 
noted as improving much the general condition 
of works engaged in this manufacture, whilst 
abolishing a particularly trying form of hand labour. 
The very large quantity of manures imported is 
very noteworthy, in view of the fact that but 24 per 
cent. of our own output of sulphate of ammonia is 
used at home, the remainder being exported. In 
1913 the imports of guano amounted to 25,548 
tons, of mineral phosphates to 539,016 tons, and 
of nitrate of soda to 140,926 tons. On the other 
hand, we exported 325,000 tons of ammonium sul- 
phate, retaining for domestic use only 97,000 tons. 
A new manure which is competing for the favour 
of the farmer is cyanamide, uf which the output 
last year was 266,000 tons. None of it appears to 
be produced in this country, the manufacture being 
localised in places where water power is readily 
available. The biggest producer is the North- 
Western Cyanamide Company. 


ammonia produced is derived from coke-ovens, 
which, out of a total of 432,618 tons, contributed 
133,816 tons in 1913, the corresponding output of 
gas works being 182,180. Shale distilleries stand 
next with an output of 63,061 tons. The so-called 
direct process is finding increased favour. In this 
the hot-oven gases are passed direct into the 
sulphuric acid. A semi-direct process is also widely 
sdopted, in which the gases are cooled to extract 
the tar, and then heated with sulphuric acid. 


| 25 Ib. to 30 lb. per ton of coal carbonized. ine 
| to the use of inefficient washere, badly-construc 
| stills, and the like, serious losses of ammonia arise, 
howcver, at many of these small works. 

A considerable proportion of the report is taken 
up with a discussion of the action of sulphuretted 
hydrogen on hydrated oxide of iron. 


inspector estimates its ‘‘ efficiency” by determining 
the maximum volume of H,S which the oxide is 


ciency thus found is always less than unity, generally 
considerably so, pointing to the presence in the com- 
mercial oxide of inactive components of iron. It is 
pointed out that if the ferric hydrate is ignited, it 
cannot be re-hydrated, and is very sluggish in its 
action on sulphuretted hydrogen. It will, however, 
absorb the latter, and become completely sulphided 
if the time of exposure be sufficiently prolonged. 
The sulphide thus formed is, however, very dense 
and hard, and can only be re-oxidised with great 
difficulty. 

The report states that the tin-plate trade was 
somewhat slack during 1913. The methods used 
to prevent the escape of muriatic acid are said to 
be satisfactory in general, but trouble has arisen in 
the treatment of the ‘‘scruff” periodically removed 
from the tinning-pots. This contains chloride of zinc, 
and, when heated, as used to be the practice, in 
small reverberatory furnaces with low chimneys, 
there was an evolution of dense white fumes con- 
sisting of the oxides and chlorides of tin and zinc 
with much free hydrochloric acid. This was not 
only destructive to vegetation near the works but 
the fumes extended to a considerable distance as a 
dense white fog. The nuisance was abated by 
connecting the flue to high boiler chimneys. In 
this way not only were the noxious gases diluted, 
but there was a deposit of fume in the flues. 

This, being rich in oxide of tin, was valuable 
commercially. ‘Too often, however, the flues are 
insufficiently large, so that there is a considerable 
loss of tin. One firm has adopted the plan of wash- 
ing the whole of the scruff fur almost a week in 
boiling water, which dissolves out the chlorides. 
The washed scruff thus freed can be furnaced at a 
low temperature with good yields and practically 
no escape of metallic compounds up the chimney. 

One curivus case of an excess of acid in the 
discharge from alkali works is noted in the report. 
The acid content was found frequently to verge on 
the legal limit, and at times to exceed it. A careful 
examination of the arches and pot settings showed 
no leakage, and heavily grouting the arches failed 
to remedy the trouble. This was finally traced to 
the use of a coal containing an exceptional amount 
of chlorine, so that the fuel gases themselves 
carried a considerable amount of HCl into the 
chimney. 

Tar works are rapidly increasing in number, 
owing to the demand for road-binding purposes. 
To fit the tar for this end the removal of the 
‘*water” is necessary. This water is properly a 
gas liquor, and much nuisance may arise unless 
proper steps are taken to condense the noxious 
vapours given off. It appears, however, that some 


The oxide as | 
used in purifiers is, of course, not pure, and the | 





surveyors are unwilling to pay the extra price 
demanded for ‘‘ boiled” tar, preferring to do the | 
boiling themselves, although, as both are often 
under the control of the same local authority, the 
cost is merely a matter of account. When the 


|surveyor does his own boiling in the open street | 
An increasing proportion of the sulphate of | 


the vapours given off are not condensed, and a 
nuisance is created. It is, however, impossible 
under the Act to register and inspect these itinerant 
tar-boilers. 











Zinc works have been inspected and reported on 
|since 1892. The trouble here arises mainly from | be 


Although the retrieved should, the report states, amount to effected in cases, it has been found that no single 


system is of general applicability. 





COLONIAL AND FOREIGN MARKETS. 

Ar the Royal Agricultural Society’s Show at 
Shrewsbury we came across this claim :—‘‘ More 
. " engines sold to British farmers last year 
than any other three manufacturers combined.” 





| While much attention had evidently not been 


capable of absorbing, as compared with that absorbed 


by an equal weight of pure ferric hydrate. The effi- | that the statement may have been somewhat 


devoted to the wording of this notice, it was clear 
that the market had been studied, even if we allow 


exaggerated. The engines in question were United 
States products, and though for the moment our 
minds are not centred particularly on trade com- 
petition with that country, we may as well recognise 
what, in some cases at least, leads to success. No 
one could well visit the machinery section at the 
Shrewsbury Show without being struck with the 
extraordinary number of the firms now making small 
— or paraffin engines suitable for all sorts of 

work. Equally noticeable, too, were the work- 
manship, design, and finish of those staged by 
English manufacturers, a very favourable impression 
of their quality | general. Even discounting 
something for special ‘‘show” finish, they were 
for the most part superior to the foreign- 
made engines, and it was very gratifying to 
hear at one stall that one model was “ goin 
like hot cakes,” or that of another “‘ five hundre 
had been sold lately in the New Zealand market,” 
and soon. The claim above referred to, however, 
reveals another side to the picture. Our trade may 
be , but it does not follow that it is all that it 
might be for an exporting country of our engi- 
neering standing. 

Why should one foreign firm sell so many small- 
power engines to British farmers! The answer in 
the particular case under notice is fairly plain. 
These engines are unattractive to the engineer, but 
they are not sold to engineers. They are easily 
run, and are extremely cheap—two qualities which, 
above all others, commend them to the farmer, who 
is an amateur as regards machinery. It is almost 
certain that a large number of this particular make 
contributed to the 21,191 oil and petrol-engines 
imported into Canada in ten recent months from 
the United States. In the same period only 174 
British engines were imported. There must be 
reasons for this disparity. This American trade in 
Canada has increased by leaps and bounds, but 
little has been effected by Great Britain. The 
British maker has a 12} per cent. tariff redue- 
tion in his favour, and yet his share of this 
youxg and vigorous business is inconsiderable, 
He is, it is true, at some disadvantage in the 
matter of freight and the cost of stouter packing, 
but these can scarcely be decisive factors ; for, 
since the tariff revision of the United States, we 
understand that Germany has been able to obtain a 
footing in the internal-combustion engine business 
in that country, despite a 20 per cent. tariff. 

It is probable that our limited success is to be 
explained by the fact that we have not suited our 
eer and methods of selling to the market. 

‘anada es in some respects of what we here 
are almost inclined to as the reckless pro- 
gressiveness of the United States. In both countries 
long life is sacrificed to cheapness in order that 
the benefit of present use may be had though 
funds may be low, and also that advantage may 
be taken later of an improved model or of some 
new method. The bulk of the small English 
engines at the Agricultural Show were not on 
these lines at all. They were substantial little 
things, well finished, and probably, for their 
type, economical in fuel. e do not wish to 
advocate rough work and r design, but it must 

ised that one of the last persons anywhere 


|certain somewhat narrow limits of temperature, | limited range of vision. 


zine fume, which is liable to be produced unless the | in the world to lay out capital is the farmer. Cheap- 
condensation of the zinc vapour is effected within | ness in first cost looms very large in his somewhat 
In this more often than 
and without too great a dilution with other gases. | not he is perfectly right. Much of the machinery 
This zinc fume is very difficult to collect, and if|in which ke invests his capital is in actual use on 
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very few days in the year. By far the greater part 
of the time it is standing idle, and though not 
‘eating ite head off,” is certainly not improving, 
while interest on first cost is all the while adding 
up. The knowledge of this influences his other 
purchases. Though a small engine may be put 
to a variety of uses, for a considerable portion of 
its time it will be idle.. First cost then becomes 
increasingly important, and fuel costs less so, since, 
work or no work, standing charges on capital have 
to be met. For the amount of work done, a small 
economy of fuel is not important, if gained through 
any refinement of design which increases cost of 
construction. That this fact is being recognised 
here we gather from the number of makers 
turning their attention to a simple type of two- 
cycle engine. Little engines of this class have 
practically nothing to go wrong ; they are rever- 
sible, and their simple construction, attractive in 
itself, is favourable to an attractive price. It is 
not the ‘‘sound job” in the eyes of the engineer 
that is the primary necessity. The judge in the case 
does not keep his eye on specification clauses 
relating to bronze bearings, accurate workmanship, 
refinement of governing, &c. He probably knows 
little or nothing of such points. 

It is necessary, moreover, not only to turn out a 
suitable model, even, perhaps, at the expense of 
a little British dignity, at a price which will ensure 
a market. It is = as necessary to let that 
price be known. hen so many foreign firms do 
successful business in small plant, in spite of having 
published their prices, there can be no object in 
always listing things ‘‘ prices on application,” 
unless it be to conceal the fact that ours do not 
compare favourably with those of our competitors. 
When a possible purchaser has become interested, 
either through a personal agent or through trade 
literature, he should be given every incentive to 
decide there and then. It is no use firing his 
imagination with glowing descriptions of the useful- 
ness of some “pp iance if he is to be left to cool 
down pending the arrival of letters by mail from 
a distance. If the prices of one maker are available, 
but those of another can only be had on applica- 
tion, the order is given for the machine whose 

rice is approximately known, or the matter drops. 
his is often the case abroad. 

There are plenty of countries where the market 
needs to be studied just as much as that in Canada. 
Australia has many of the characteristics of the 
Canadian market, but in South Africa a rather more 
conservative spirit seems, from some reports, to 
reign. Perhaps the nearer proximity and relation- 
ship to the Old World has some influence. What- 
ever the cause, in internal-combustion engines for 
farm work something a little better than the Ameri- 
can product is called for, though no fault is found 
with the American design—only with the workman- 
ship and material. Again, countries like Egypt, 
Japan, and China, only lately roused from the 
en of centuries, are inclined to flatter them- 
selves that they are rapidly becoming ‘‘ European- 
ised’ when they purchase even the most shoddy 
examples of western civilisation. It is depressing to 
see the pride with which these pape often contem- 
plate some purchase of most execrable workmanship, 
if it comes to them as the product of a Western 
nation. In this they are not necessarily to blame. It 
is with them a matter of low cost or not atall. The 
fellah of Egypt, or the peasant or artisan of China and 
Japan, is a person of very small means. If these can 
be met by suitable prices. such buyers offer at once 
a large field. If not, the native will pursue the ways 
of his forefathers. In these countries Germany 
latterly been rapidly in ing her hardware trade. 
She has done this largely by concentrating her 
attention first on price, giving the best quality 

ible under the circumstances. Her business in 
hina has been done by responsible Chinese- 
speaking representatives, instead of by agents 
acting ugh a compradore. In other markets 
she has been equally alive t> the advantages of 
efficient and aggressive representation coupled with 
as great responsibility as possible, consistent with 
sound policy. 

We have dealt above chiefly with the question of 
internal-combustion engines for farm and other 
uses. Germany’s export trade in internal-combus- 
tion engines of all c amounted, in 1912, to 
1,472,0001. Of prime movers, in combination with, 
or without, other plant, she exported 2,826,000I. 
worth in that year. It, is not only in this trade, 
however, that she has made great headway of late 
years. Her exports of industrial tools and agricul- 





tural implements in 1912 amounted to 4,184,0001., 
showing in nearly every market an appreciable 
advance. In some she seemed to be losing a little 
ground, as, for instance, in ploughs, in Russia, 
where the home product is coming into favour. 
She has, however, been able to accommodate 
her manufactures successfully to a large number of 
countries, and by means of long credit, where 
necessary, has built up a considerable business. 
In most industrial implements and tools Russia 
and France have proved her largest purchasers, 
Russia taking, for instance, 519,6501. worth in 
1912, and France 269,050/. worth. In internal- 
combustion engines likewise these two countries 
were good buyers. The former bought engines to 
the amount of 452,000/., and the latter to the sum 
of 117,000. We may quote the following figures 
of exports from Germany to Russia to show the 
extent of recent trade between these countries :— 
Screw-spanners, wrenches, &c., 44,0001.; blocks 
and tackle, 44,500/:; screw-vices, anvils, <Xc., 
10,1501: ; saw-blades, 102, 000/.; cutting tools, shears, 
&c., 168,0001., and soon. Of spades, hoes, &c., 
Germany exported to Russia to the amount of 
22,9001.; of cultivators, rakes, &c., 88,0001.; and 
of ploughs, 337,000/. While Germany exported 
to Russia only a small quantity of scythes, &c., 
Austria-Hungary sent there implements of this 
class to the amount of 141,000/. The exports of 
Germany in these classes are considerable to 
other countries, and two recent memoranda, to be 
had free from the Commercial Intelligence Branch 
of the Board of Trade, 73, Basinghall-street, E.C., 
will be found to give many interesting figures, 
bearing on the engineering hardware trades. 

In view of the reputation British engineering 
products have always enjoyed in Russia, it should 
not be difficult to regain some of the business there 
in the near future. Reports from many sources 
suggest that, although we have been for many years 
in the habit of making innumerable things purely 
for foreign markets, we have latterly not shown 
the enterprise exhibited by others in meeting the 
changing needs of these, or the demands in new 
fields. As the Board of Trade points out, it is not 
a question of selling something we already make, 
but in most cases of making something answering 
to icular demands. Some markets are charac- 
terised by a progressiveness which is always on the 
look out for handy novelties ; in others a conserva- 
tive spirit exists, and what is wanted is the native 
implement in —— material, or with some small 
modification. Whatever the future may bring with it, 
itis not to be expected that Germany will not make 
every effort to regain those of her foreign markets 
which are now jeopardised. Neither must it be 
imagined that we are always the best able to step into 
the gap. Provided expansion proves feasible under 
the geen trying circumstances, there are certainly 
markets near by which we should be in a position to 
command, while in others further afield we shall 
continue in friendly rivalry with such countries as 


the United States. As the latter are developing | h 


internally so rapidly, in proportion more of their 
energy must be expended in that direction than is 
the case with us. By adapting ourselves to the 
demand, and with enterprising selling, we ought 
to secure a very material share of the business to 
be done to fill the gap in the world’s trade. The 
fact must not be lost sight of, however, that present 
conditions will seriously curtail the purchasing 
wer of the world for some while ahead. If the 
immediate response to canvassing new markets is 
not of the most promising, manufacturers should 
not be disappointed, but should make sure that 
they are taking such steps now as will lay the field 
freely open to them as soon as the revival comes. 





HARBOUR CONSTRUCTION AT 
FRANKFORT-ON-MAIN. 

ALTHOUGH Frankfort only holds the sixth place 
amongst Germany’s fifty-three Rhine harbours 
(amongst which Frankfort is generally reckoned), 
this city decided upon harbour construction on 
a very large scale, the te calculated 
cost of the new east harbour, when completed, 
amounting to 57,420,000 marks (2,871, -), of 
which 20,016,000 marks (1,000,800/.) were esti- 
mated for the acquirement of the necessary land, 
and 37,404,000 marks (1,870,2001.) for the actual 
construction. The former figure, however, has 
been considerably exceeded, the land purchases 
for the east harbour at the end of the year 1911 
having entailed an expenditure of 26,196,505 marks 





1,309,8001.) for an area of 3,975,600 sq. m. 
17770,000 square yards). 

Frankfort, though counted amongst the Rhine 
harbours, as is also Offenbach, lies, as its name 
implies, on the Main, which river drains an area of 
27,600 sq. km. (10,650 square miles). The canalisa- 
tion of this latter river between Frankfort and the 
Rhine presented some difficulties, there being an 
insufficient depth of water and a considerable fall 
on this section of the river. At one time it was 
contemplated to coustruct an independent canal 
between Frankfort and Mayence, but this plan was 
abandoned, and the Prussian State undertook the 
work of making the Main navigable for large 
vessels. This was accomplished by the construction 
of six weirs, which deal with an aggregate fall of 
10.4 metres over a distance of 33 km. (34 ft. 2 in. 
in 20} miles). The regulation, which entailed an 
expenditure of some 5,500,000 marks (275,0001.), 
allows of the passage of vessels of 24 metres 
(8 ft. 3 in.) draught and 1000 tons capacity, and a 
further weir has been constructed above Frankfort, 
so as to make Offenbach also accessible for Rhine 
craft. 

When the weirs which regulate the flow of the 
River Main are rendered inoperative by ice or 
repairs, this waterway is no longer navigable for 
Rhine craft; during these interruptions of the 
traffic a safe harbour must be provided for the vessels 
in question, allowing them to enter even at the 
lowest water level. When the Frankfort west 
harbour (Fig. 1) was built, the city undertook that 
it should be made to comply with these require- 
ments, and although no such undertaking exists 
for the new, east harbour (Fig. 2), large portions of 
it will offer the same advantages to shipping. 

As the Rhine traftic represents some 90 per cent. 
of Frankfort’s shipping trade, it was not only neces- 
sary to keep the new harbour below the Offenbach 
weir at the same level as the west harbour, in order 
not to burden the traffic with the passing of an 
additional lock, but it was also advisable to make 
the lower, or west, harbour cover as large an area as 
possible and to direct the commercial and transit 
traffic to this portion. The arrangement compels 
vessels coming from the Upper Main to pass the 
Offenbach weir so as to get into the lower harbour, 
but this traffic is of no great importance compara- 
tively, and need hardly be reckoned with as far as 
the commercial dock basin is concerned—i.e., the 
northern basin of the lower, or west, harbour. Should 
this traffic, contrary to what is expected, materially 
increase in the future, accommodation in the way 
of quays and warehouses will be provided in the 
upper, or east, harbour (Fig. 2), at the present time 
in course of construction. As far as the indus- 
trial dock basins are concerned—that is, the 
southern basin of the west harbour and the two 
west-to-end basins of the east harbour—the question 
of height of water level was immaterial. 

The basin below the entrance to the lower, or west, 
harbour (Fig. 2) is simply a portion of the river which 
as been widened out and deepened ; it is about 
500 metres long and 55 metres (180 ft.) broad, exclu- 
sive of the fairway, so that a water area of some 
2.8 hectares (7 acres) is available. The entrances to 
both the upper and the lower basins of the west 
harbour are such that ice-drift and silting are not 
to be feared ; the direction tends down stream, the 
angle with the direction of the stream being 45 deg. 
as far as the entrance to the lower basin is con- 
cerned, and 60 deg. for the upper one, where the 
water-borne traftic is smaller. It is not customary 
to make the width of the entrance less than four 
ships’ breadth ; the entrance to the upper basin is 
therefore 50 metres wide, that of the lower 
60 m. (196 ft.), so as to gain quay accommodation 
on the one side of the coal quay. The bridge across 
the lower entrance has a ‘single span of 91 m. 
(298 ft.), so as to avoid piers inthe waterway. The 
lower portion of the bridge is 8.20 m. (26 ft. 11 in.) 
above highest navigable water level. 

The entrance to the lower harbour first leads into 
an outer basin of triangular shape, from which 
branch off the commercial dock basin and the lower 
industrial dock basin. This outer triangular basin 
not only serves as a waiting place, and the means 
of establishing connection between the two dock 
basins just referred to, but it is also used for turning 
vessels ; its dimensions are such that there can be 
inscribed in ita circle of 150 metres diameter— 
that is, 65 metres more than the length of the 
largest Rhine vessels, which is 85 m. (279 ft.). 

The commercial dock basin, the more northerly 
of the two lower, or west, ones, is straight, and 
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about 1230 m. (4050 ft.) in length ; the breadth, on or west, harbour, the basin which forms the entrance | the upper harbour is 740 m. (2427 ft.) long and 


account of the high value of the land, is only 75 m. to the east, or upper, harbour, and the two parallel connects with the inlet ; this basin | 
(246 ft.). This breadth allows of two vessels along basins in the up 


each quay, and room being left in the middle for | a length of 1290 m. (4250 ft.). 


per harbour ; the first of these has | two straight basins, — 620 m. 
The cross basin in (2034 ft. and 2444 ft.) long. Th 
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and 745 m. 
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two vessels passing each other, each with half a 
ship’s breadth at either side, which makes 74 ships’ | 
breadth, all told, of 10 metres. 

The installation for timber traffic and storage 
consists of an open landing-stage and a closed-in 
timber-pond, both located south of the inner, or 
east, harbour ; the former is at the entrance of the 
timber-pond, and outside the floating traffic. In 
other words, the timber-pond forms a continuation 
of the landing-stage. | 

Four dock basins are intended for industrial 
purposes—yiz., the industrial basin in the lower, 


River ... F os ot 

West, or lower, harbour— 
Outer basin and commercial basin ... 
Lower industrial basin ... 

East, or upper, harbour— 
Cross basin i 
Parallel basins 

Landing-stage 

Timber-pon 








industrial harbours does not require to be so large, 
and is fixed at 40 m. and 50m. (131 ft. and 164 ft.). 

The water areas available for shipping are as 
given in the adjoining column. 

The harbour as enlarged, Fig. 2, will provide an 
aggregate wharf accommodation of 14,133 m. (8.7 
miles) in length. Including 5 km. (3.1 miles) of 
old shore accommodation, Frankfort will thus have 
about 20 km. (12.5 miles) of wharf accommodation 
available. For comparison’s sake, the eggregate 
wharf accommodation is given for the following 
towns: — 
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10.0 
1L.5 
33.0 
12.1 
12.3 
13.1 


The Main is regulated so as to be navigable for 
vessels of 2.30 m. (7 ft. 7 in.) draught, which, with a 
margin of 0,20 m. (8 in.), makes a depth of 2.50 m. 
(8 ft. 3 in.) in the channel. This depth also suffices 
in the river harbour, whilst in the inner dock basins 
it has been increased to 2.70 m. (8 ft. 10in.). All 
quay and other structural foundations, however, 
have been laid so deep that they will allow of the 
depth of the harbour being increased to 3 m. 
(9 ft. 10 in.) should this be deemed expedient. The 
renewal of the water in the east harbour basins is 
effected by ground springs, the bottom being sand ; 
the inflow of fresh water is further increased by 
the = of the basins parallel with the river, 

y 


Diisseldorf ... 
Maience ae 
Mannheim ... 
Rheinanhafen 


Ludwigshafen 


Strasburg 


and the location of the entrance. In addition, 
the weir at Offenbach causes a pressure, which drives 
the ground-water up into the lower, or west, har- 
bour. The subterranean inflow of water does not 
suffice to protect the water in the harbour from 
impurities and the deposit of mud, so that dredg- 
ing will be necessary every second or third year. 
In the lower harbour the necessary flushing process 
can be brought about by flushing canals from the 
Offenbach weir, above which the water-level gene- 
rally is some 2.10 m. (6 ft. 11 in.) higher than in 
the lower harbour. 

The quay walls at the entrances to the dock- 
basins and at the sides of the latter are nearly 
vertical, two profiles being used, the depth of water 
being lower in the river harbour than in the inner 
basins. The construction of the walls is such that 
the vessels can get as near as possible to the shore 
and the cranes. The general construction is shown 
in Figs. 3 to 7; the foundations and the entire 
walls are made of concrete, the wall on the outer 
side being coated with basalt, and the crown finished 
with granite blocks. There are steps at varying 
distances, and ladders between them, so that, at 
least, a set of steps or a ladder corresponds with 
each ship’s length. Both steps and ladders are 
in the quay wall thickness (Figs. 5 to 7). 

The condition of the bottom was ascertained 
through thirty-nine borings and test-shafts, and was 
found to be favourable ; the excavation, moreover, 
afforded a sufficiency of clean, sharp sand for con- 
crete, &c. Below the sand is a layer of marl, the 
thickness of which the borings did not wholly 
penetrate. The bottom of the harbour at all parts 
cuts into this layer. 

Ample quay accommodation has been provided for. 
The commercial and transit quay along the north 
side of the commercial dock basin is 1230 m. (4035 ft. ) 
long ; first comes a quay roadway of 15.15 m. (50 ft. ) 
wide, then a space 31.75 m. (103 ft.) wide, for 
sheds, &c., which adjoins another roadway of 
13.10 m. (43 ft.) in width, making a total of 60 m. 
(196 ft.). Along the shore run three lines of rails 
at a distance of 5 m. (16 ft.) between centres. The 
southern set of rails is intended for direct transit 
to and from ship, the northern for the traffic with 
the warehouses and sheds. This arrangement not 
only simplifies and concentrates the railway traftic, 
but it leaves the back of the buildings free for 
wagon and other trattic landwards. The roadway 
is paved, and the cranes can deal with all kinds of 
traffic. The space allotted to warehouses allows 
of buildings 28 m. (92 ft ) in depth, and there is 
room for eleven such warehouses, each 90 m. (295 ft.) 
long, with an intermediate passage of 15 m. (about 
50 ft.). These warehouses, located, as shown in 
Fig. 2, to the north of the commercial dock basin, 
in the outer, or west harbour, are being built 
gradually according to requirement. 

The coal quay, west of the one just referred to, 
has a length of 850 m. (278¢ ft.) along the fore 
harbour, past the entrance and along the river 
bank ; it is arranged in the same way as the former, 
with some minor modifications as regards the tracks. 
The sites for storing coal are 80 m. (262 ft.) in width, 
and they are covered with a 30-cm. (11 in.) layer of 
rammed clay. Ample accommodation is also pro- 
vided in all other portions of the harbour. 

For industrial purposes two sites are reserved 
adjoining both the lower and the upper, or west, 
harbour, and measuring 25 and 39 hectares (61 and 
96 acres), the latter se especially intended to 
serve asa purely industrial site. All told there are 
seven different strips of land, which are all dealt 





with in the same way as regards access by water, 
railway, and roadway. The roadways are parallel, 
and slope slightly towardstheshore. The sites are 
either for sale or hire; up to April 1, 1912, there 
were sold 347,767 sq. m. (417,320 ane yards), at 
an aggregate price of 9,156,760 marks (457,800/.) ; 
up to the same date there were let, in addition, 
244,656 sq. m. (293,580 square yards), representing 
a rental of 308,870 marks (15,4401 ), which latter sum 
at 4 per cent. represents a capital of 7,720,750 
marks (386,000/.). Considerable additional areas, 
which do not directly adjoin the water, but are con- 
veniently located as regards the harbour, are also 
reserved for industrial purposes. 

The a te area set aside for the new upper, 
or east, harbour amounts to 3,476,000 square 
metres, or about 350 hectares (865 acres). Of this 
total, 68,600 sq. m. (82,300 square yards) are in 
existing roadways and railways, included in the 
harbour, and 228,600 sq. m. (274,320 square yards) 
are existing shore and water areas, leaving an 
actual balance of 3,178,800 sq. m. (3,814,000 square 
yards). Of this total, water areas and quay walls, 
&c., account for 14.4 per cent.; streets and rail- 
ways for 29.3 per cent., the area for ‘‘ useful pur- 

” thus amounting to 56.3 per cent. of the 
total, which far exceeds that of Mannheim, Stras- 
burg, Diisseldorf, Cologne, c. 

The railway communications, as well as the con- 
nection of the new harbour with the town, are on 
the same comprehensive basis as the rest, and some 
very important structures also in the way of bridge- 
building are already more or less advanced. The 
bridges and viaducts come under two heads—the 
bridging of the streets and railways and the bridges 
over the Main and the harbour basins. The former 
group includes the carrying of the new East 
Station, Sachsenhausen Railway, and the track for 
the local connecting line over the Hanau road. 
This bridge is an iron construction 30 m. (98 ft.) in 
width. 

The second and more important group of bridges 
comprises two large structures. The main bridge at 
Offenbach, to establish a direct road connection 
between Frankfort and Offenbach, will be built at 
the joint expense of these two communities. This 
bridge has five spans—three over the river and 
one on each side; the latter are 284 m. (93 ft.), 
those across the stream 51 m., 66 m., and 51 m. 
(167 ft., 216 ft., and 167 ft.) in the clear. This 
construction permits of the adoption of massive 
arches of concrete, with stone facing, which from 
every point of view is considered the most de- 
sirable system. The concrete foundations of the 
bridge were designed 5 m. (16 ft.) longer than neces- 
sary, so as to allow of subsequent widening. The 
second main bridge was designed to form, with the 
bridging of the entrance to the lower harbour and 
the coal-storage sites, a continuous bridge line, 
which, from a constructive point of view, can be 
divided into four sections. e main bridge proper 
comprises three spans, a central one 89 m. (292 ft.) 
in the clear, flanked on either side with one of 563 m. 
(185 ft.). The bridge over the harbour entrance 
has to span a similar width, whereas the bridging 
of the coal-storage site will take the shape of a 
viaduct on solid arches. 

The plan for the construction of the new Frank- 
fort harbour stipulated for the work being under- 
taken in two different sections. The first section 
(Fig. 1) has recently been completed and opened 
for traffic. The second section is gradually being 
proceeded with. 

Although the plant for loading and discharging 
vessels and otherwise handling goods cannot in im- 

rtance vie with the installations at the Duisberg- 

uhrort Harbour, which boasts the largest internal 
harbour traffic in the world, the Frankfort harbour 
authorities have expressed their determination to 
make their harbour as efficient and complete as 
possible. The traffic of the Frankfort Harbour in 
1911 amounted to an aggregate of 1,990,248 tons, 
against 1,840,704 tons in 1910. 





NOTES. 
Important SatvacE Work 1x SwEDEN. 

Some five or six months agothe Swedish ironclad 
Tapperheten ran aground at Norbadan, in the 
Stockholm Skirgard. The first attempt to get her 
off failed, and fears were at one time entertained 
that it would be almost impossible to save the ship. 
Early in July the Naval Department, however, was 
able to announce that the Tapperheten had floated 
at 1.35 p.m., and was being towed to Sandhamn. 





During the last few days prior to this great activity 
had prevailed on board and around the Tapperheten, 
in connection with bringing into position and 
fastening the various pontoons, getting ready for 
the pumping, &c. The sea was somewhat turbulent, 
so the salvage steamer Poseidon was placed so as 
to serve as a breakwater. The pumping was carried 
on both fore and aft, so that the ship could rise 
from the bottom on an even keel, after which she 
was to be towed aft, so that the pontoons could pass 
through the channels which had been blasted in the 
rocks. This part of the work was by no means a small 
matter. Prior to the final pumping the tightening 
of the ship’s bottom had been effected as well as 
possible. On the day the pumping was to have com- 
menced, the sea was broken, with a strong wind 
from the north-east. During the early part of 
the afternoon the pumping was commenced, first 
slowly, emptying the upper and smaller compart- 
ments. By degrees more pumps and hose were 
brought into action, and towards evening the two 
salvage steamers Helios and Herakles had altogether 
5400 ft. of 5in. hose in use. During the early 
night the Tapperheten rose 3 in., and by 8.30 in 
the following morning the stern had risen nearly 
4 ft., and a couple of hours later she was just 
afloat, so much as to begin to move. But after 
moving 4 ft. the vessel stopped, a chain from one 
of the pontoons having caught in the rugged 
bottom, in addition to which one of the weak 
spots in the bottom had got dangerously near a 
rock. Huvuwever, additional pumping and very 
careful towing overcame the difficulty. On her 
way to Sandhamn the Tapperbeten only took in 
600 tons of water in the hour, which the salvage 
steamers’ pumps easily could dispose of. The ship 
remained some time at Sandhamn so as to be further 
repaired before being towed to Stockholm. 


@oLouR- BLINDNESS. 


During recent years the subject of colour-blind- 
ness has received much attention, especially in 
relation to men working on railways and on ships. 
Engine-drivers and ships’ officers are now sub- 
jected to examinations as regards their sight, both 
in respect to its strength and also to the power of 
discriminating between different coloured lights. 
Many tests have been devised by means of wools 
and coloured counters by which the sight uf such 
people can be tested. It has now been found 
that colour-blindness is always inherited, and 
that a man whose ancestry is free from it never 
exhibits it. Curiously, as was explained by 
Professor William Bateson, in his presidential 
address, delivered before the British Asso- 
ciation at Sydney on the 2ist inst., colour- 
blindness is always inherited through the mother, 
and never through the father. There appears to 
be no instance in which a colour-blind father has 
transmitted his defect to his children except in 
connection with a mother, who was a transmitter. 
It does not follow, however, that the mother 
herself need be colour-blind, but she must have 
inherited the power of transmitting this defect 
from the ancestor. Some, probably all, the daughters 
of a colour-blind father inherit the power of trans- 
mitting the defect, although they themselves may 
not be colour-blind, and, as a rule, they transmit 
it to about one-half of their offspring of both 
sexes. The sons who inherit colour-blindness are, 
of course, colour-blind, but they do not themselves 
transmit it; it is the inheriting daughters who 
become the transmitters to the next generation. 
These facts ought to be of considerable assistance 
in the future to those who are responsible for in- 
vestigating the eyesight of engine drivers and 
officers of ships, provided that they are able to 
carry their investigations back through at least a 
couple of generations in the family. If it can be 
shown that two generations are free from colour- 
blindness there is at least very good reason for sup- 
posing that the third generation will also be free. 


Trape IN Rattway Materia. 


In pursuance of their scheme for assisting British 
manufacturers to capture new markets under the 
prevailing favourable conditions, the Commercial 
Intelligence Branch of the Board of Trade have 
issued a return giving particulars of Germany’s 
export trade in railway wheels, tyres and axles. 
In 1912 the total value of these exports to all 
destinations was 1,377,000/., the two most impor- 
tant customers being Italy and Australia, which took 
275,0001. and 199,000/. worth respectively. Next 
on the list are Canada with 90,000/., Japan with 
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88,0001., Brazil with 63,0001., China with 62,000/., 
and British India with 60,0001. worth. The United 
Kingdom and France each spent 40,0001. with 
Germany for the class of goods we are referring to, 
while Spain’s purchases amounted to only 10001. 
less. To the Dutch East Indies Germany exported 
these manufactures to the value of 32,0001., and 
for Denmark the figure was 28,000/., while Argen- 
tina, Chili, Norway, Egypt, Turkey and Portugal, 


each took quantities ranging from 10,0001. to 
16,0001. in value. The above-mentioned countries, 
in the ag te, account for 1,095,000/. worth 


of goods, which is 80 p md cent. of Germany's 
total exports of this class of railway material. 
In 1913 Great Britain exported similar goods 
valued at 1,210,0001. to the above-mentioned 
markets, so that our trade for that year ex- 
ceeded that of Germany for the preceding year 
by about 13 per cent. Nevertheless, the figures 
show that our exports might be very considerably 
in Great Britain and her colonies and 
dependencies alone took 402,0001. worth of German 
productions, which is just over 29 per cent. of the 
total in 1913. There is but little doubt that a 
determined effort on the part of our manufacturers 
would secure much of this trade in future. Up to 
the present Germany has taken the bulk of the 
trade in the markets above specified, caeegens 
British India and Argentina, so that it should also 
be possible greatly to extend our exports to 
Canada, Australia, Scandinavia, Southern Europe 
(especially Italy and France), the Dutch East Indies, 
China, Japan, and Brazil. These are the markets 
to which British manufacturers should especially 
direct their energies. Some very useful particulars 
as to the — requirements of some of these 
markets, and some data of tenders recently obtained 
from, and of contracts let to, German firms, are 
given in the pamphlet, and further information in 
the possession of the Board of Trade can be 
obtained by British firms. A careful study of these 
particulars, followed by an energetic and judicious 
scheme of propagandism, cannot fail greatly to 
benefit the British steel industry. 





INDUSTRIAL NOTES. 

Ir is being realised that there may be much slack 
time in several branches of industry. The Welsh slate 
quarries, for example, are affected by the war, and 
a notice has been posted up in the Penrhyn Quarry 
stating that :—‘‘ Owing to the state of war now pre- 
vailing throughout Europe the demand for slate will 
certainly diminish, and perhaps cease for a time. 
Therefore, after the termination of the present ——- 
month, the length of time worked week by week will 
be governed largely by the outlook, though every 
endeavour will be made to provide as much employ- 
ment as possible. Until further notice the usual 
monthly lettings and the terms of employment of 
men cannot be guaranteed for any specific time.” 

At the Dinorwic Quarries, Llanberis, also, the 
property of Sir Charles Assheton Smith, Bart., the 
following notice is posted : ‘‘ Owing to the stagnation 
in the slate trade, brought about by the European 
war, the letting of the ‘ bargains’ at the Dinorwic 
Quarry, commencing on the 17th inst., will be for two 
weeks only, and not for four weeks as previously ; at 
the expiration of the two weeks referred to—viz., on 
September 4, short time may have to be resorted to, 
but should the trade of the country improve by that 
date the usual full time will be continued.” 

We are informed that about 3000 men are affected 
at the Dinorwic Quarry, and almost as many at the 
Penrayn Quarry. 





The effect of the war upon the Northumberland 
miners, says the Newcastle Daily Chronicle, is illus- 
trated by the pays that are to be drawn at several of 
the northern collieries this week-end. Dudley, Burra- 
don, Hazlerigg, and Seaton Delaval which, amongst 
others, are paid weekly, have only one shift to draw, 
while Seaton Burn has none. West Cramlington, 
Shankhouse, Hartford, Cramlington Ann Pit, and the 
Cramlington Lamb Pit have two shifts each to draw 
for their fortnight’s pay, while Seghill Colliery has 
nine shifts to draw. Seaton Burn has only worked 
two shifts since the war started, and was idle all last 
week and this week. 





But means will gradually be forthcoming for counter- 
acting slack trade in different ways, and, as an instance, 
we may state that the Development Commissioners 
re circularising the county councils asking whether, 
with a view to yarn on cultivation, and at the same 
time providing immediate employment, the councils 
would be prepared to consider at once, in consultation 
with the agricultural college for the province, whether 
‘trangements can be made to acquire on reasonable 





terms and reclaim for cultivation any areas of land 
which are at present waste and uncultivated. They 

t that in consultation with the colleges the 
councils should formulate schemes for the acquisition 
and reclamation of any such land which may be avail- 
able on reasonable terms. 

The Development Commissioners are prepared in 
principle, and within the limits of the funds available, 
to recommend advances either to county councils or 
to agricultural coll for the execution of approved 
schemes, the p to be paid to the Develigment 
3 In _ case of suitable oy which pone a 
may be willing to put temporarily at the disposal of 
the council or Selle, the Conanigibeasss t that 
when the improvement has been completed the owner 
should pay the value of the improvement as fixed by 
agreement, or by arbitration if necessary, such pay- 
ment to be made either in a lump sum or by instal- 
ments over a series of years. 

The selection of projects for final approval and 
execution must be governed largely by subsequent 
information as to the amount of unemployment and 
the districts where it is likely to be most severe. 


The last quarterly report of the Ship Constructors’ 
and Shipwrights’ Association has a patriotic address to 
the members, concluding : ‘‘ The disturbing influences 
due to the war will undoubtedly cause unemployment, 
will dislocate our food supply, and seriously cripple the 
whole structure of industry. As trade unionists, and 
part of the great industrial movement, we must be 
absolutely united together, to assist our less fortunate 
brothers to look after the women and children.” 





The Dock Labour Joint Committee have given 
notice that they are prepared to grant temporary 
registration tallies for carters, warehousemen, checkers, 
and members of similar trades, who have been thrown 
out of work in Liverpool. These tallies will enable 
the holders to seek work as dock labourers (on ship 
and quay) and as coal-heavers until December 31, 1914. 
The tallies can be obtained by personal application at 
the dock clearing-houses. men are advised to 
register in the area where they are most likely to 
obtain employment, and applicants should obtain a note 
of recommendation from their union or an employer. 





We are informed that a conference of trade-union 
leaders representing all industries was held on Monday 
last at Unity House, under the chairmanship of Mr. 
Arthur Henderson. M.P., with a view to consider the 
position of trade unions in consequence of the war. It 
was decided that an immediate effort should be made 
to end all existing trade disputes and to prevent any 
points of difficulty arising during the war ; the Govern- 
ment, also, was requested to use its influence with 
employers so that whenever possible there might be 
brought about a complete cessation of overtime. The 
Government was further requested to take into con- 
sideration the serious position in which trade unions 
must inevitably be placed if compelled to use their 
funds to make provision for unemployment during 
the war, and to take steps by the provision of an 
appropriate grant to subsidise the unions or to give 
the necessary assistance through relief committees, 
thus enabling all working-class citizens to obtain 
uniform assistance, and enabling the unions to continue 
the payment of sick, superannuation, and similar 
benefits. A deputation was appointed to lay the 
proposals before the Government, and all trade 
unionists were urged to contribute liberally to the 
National Relief Fund. 





It is stated in the Industrial World, Pittsburg, that 
whilst the steel industry in the Western States of 
America showed a disposition to pre’ for a suddenly 
accelerated demand for steel products, as a direct 
resnlt of European hostilities and the prostration 
of all European industry, the Eastern mills, were 
severely affected by the financial embarrassments on 
the Atlantic seaboard ; being more completely depen- 
dent on ocean transportation, they were betraying a dis- 
position to proceed with caution. Inability to get ready 
money was given as the reason why the Bethlehem 
Steel Company was adopting a retrenchment policy. 
About 2000 workmen, mostly labourers, were dis- 
charged at the Bethlehem Works on the 4th inst., 
due to the fact ‘‘ that the company felt constrained 
at this time, on account of the uncertainty in 
commercial conditions occasioned by the general 
state of war throughout Europe, the continued 
depressed business conditions at home, to inaugurate 
a retrenchment policy.” This retrenchment policy, 
adds our contem , was to extend to all su i 
concerns—i.¢., the Fall River Shipbuilding Company, 
Quincey, Mass.; Harlan and Hollingsworth, Wilming- 
ton, Del., and Bath, Maine. Owing to the failure of 
the company to obtain any of the work called for 
under this year’s Army Appropriation Bill, it was likely 
that the No. 4 machine-shop at Bethlehem may have 
to close down, throwing several hundred expert 
machinists out of work. The one particularly hopeful 





feature was the large naval programme authorised by 
; the company hoped to receive a large share 
of the armour-plate and other contracts. 


We read in the Australian Record that the danger of 
a strike of builders’ labourers on the railway works in 
Victoria has been averted by a decision of the Railway 
Commissioners to meet the demands of the men in 
regard to extra pay. It is stated authoritatively that 
the Commissioners have practically agreed to concede 
the rate of wage laid down by the Wages Board award 
—from 8s. 8d. to 10s. 8d. per day—to the following 
men :—Scaffolders, hod-carriers, plasterers’ labourers, 
concrete-packers, and tackle hands. These men are 
at present paid from 8s. to 9s. per day, and it is under- 
stood that the Commissioners propose to increase their 
pay to the W. Board rate. The wi of general 
dy men will not be altered, as the Commissioners 
are said to hold that they should not receive any 
advance on rates paid to other generally handy men 
in the department’s employ. The new rates of wage 
will come into operation forthwith. Owing to the 
preposed increases of pay it is stated that the expendi- 
ture on railway electrification work will be consider- 
ably increased. Without making detailed investiga- 
tions, it is understood that at least 7000/. will be 
needed to meet the additional outlay, and it may be 
that this amount will be doubled. 








The same journal reports that Mr. Justice a’Beckett, 
in delivering his decision in respect of the appeal of the 
master masons against a determination of the Wages 
Board for the industry, tixed the following rates of pay 
for the stone-masons in Victoria :— 

Carvers in marble or stone, 1s. 104d. an hour ; monu- 
mental carvers in marble or stone, Is. 9d.; carvers’ 
assistants, 1s. 8d.; letter-cutters in marble and stone, 
1s. 7d.; letter-cutters in granite, 1s. 74d. ; stone-cutters 
for monumental purposes, Is. 54d.; stone-cutters for 
street kerbing, 1s. 44d.; planing-machine workers, 
ls. 6d.; other stone-cutters, Ils. 7d.; slate-cutters, 
ls. 44d. (granite-cutters are to be paid 2d. an hour in 
addition to the above rates, unless certain tools are 
meg by the employers, when the extra rate is to 

a 4d. per hour) ; meme ls. 34d.; carborundum 
workers, 1s. 34d.; labourers, including persons setting 
saws, fixing, and rubbing moulding work, 1s. 24d. 
Apprentices and improvers are to have an increase of 
2s. 6d: per week for the earlier years, and 5s. a week 
for the fourth, fifth, and sixth years. The determina- 
tion came into force at the end of June last. 





Messrs. Vickers, Limited, have posted a notice at 
their naval construction works on Barrow Island, 
stating that the directors will pay weekly to the 
wives, families, and other dependents of their em- 
ployees who have been called up to serve in the 
present war, an allowance similar to that paid by the 
Government by way of separation allowance. 





We are informed that, in answer to a request from 
the French Government to be allowed to take over all 
or part of the machinery at their dépét at Arniéres, 
near Paris, Messrs. J. Rhodes and Sons, Grove Works, 
Wakefield, at once gave their consent. It is not 
known yet what machines have been requisitioned, 
but the firm have instructed their French manager to 
place ae at the dépét at the disposal of the 
Government. There is a large stock of machines of 
all kinds, and the probability is that those taken over 
will be used for the making of shells and cartridges. 





AUSTRALIAN AREAS.—The Commonwealth of Australia 
has a gross area of 2,974,581 square miles. This total is 
made up as follows:--Victoria, 87,884 square miles ; 
New South Wales, 309,472 square miles; Queensland, 
670,500 square miles; South Australia, 380,070 square 
Western Australia, 975,920 square miles; Tasmania, 
26,215 square miles ; and territories, 524,520 square miles. 





British STANDARD SPECIFICATION FOR SaLt-GLAzED- 
Ware Pipss.—A specification (No. 65) of particular 
interest to sanitary engineers and architects has just been 

blished by the Engineering Standards Committee. It 
os with stoneware sewer and drain pipes. The Com- 
mittee was urged to take this up some time ago, and the 
Instivution of Municipal and unty Engineers laid a 
draft specification before the Committee. After a con- 
ference of users and manufacturers in 1911, a sectional 
committee was onpestel under the chairmanship of Sir 
M. Fitzmaurice, O.M.G. The question of putting for- 
ward a standard socket, likely to uce better align- 
ment in unskilled hands than the form in —— use, 
was considered, but it was found desirable only to specify 
os 2 mean we oe se sa a 

ept jointing space. e specification divides pi 

into two c viz. :—British standard pipes, of hich 
only # percentage © are hydraulically, and 
British tested pi of which all are tested. The points 
dealt with include the absorption test, limits of deviation 
from thickness, diameter, straightness, &. The report 
may be obtained, at the price of 5s. 2d., from the offices of 
the Committee, 28, Victoria-street, Westminster, or 
from Messrs. Crosby Lockwood and Son, Stationers’ 
Hall-court, E.C, 
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PHOTOGRAPHY AND THE TESTING OF 
MATERIALS.* 


By Professor W. E. Daupy, F.R.S., M. Inst. C.E. 


PHOTOGRAPHY plays an increasingly important part in 
connection with the testing of materials. Apparatus for 


Fie. 1.—0.66 C. steel cooled from 1000 deg. 
ferrite x 695, 


C. 


Fie. 4.—Case-hardened iron No. 36. 
martensite + slag. Cross-section x 260. 











Fie, 7.—Case-hardened iron No. 36. Case-hardened a 


martensite, slay, and cracks between slag-holes. Cross- 


section x 695, 





Fie. 10.—Case-hardened iron, annealed rom 900 deg. C. 


Ferrite + pearlite. Cross-section x 695. 


getting a hotographic record of the structure of a metal | 
is part of the equipment of a modern testing laboratory. | 
The examination of metallic structure by means of the 
microscope developed from the study of the structure of 


* Paper read before Section G of the British Associa- 
tion in Australia, August, 1914. 


Pearlite +- 


Case-hardened area, 


| meteoric irons, and quoting from an article by Roberts- | the microscope has become in recent years an established 
_— that in the main it 


Austen, ‘‘ there can be no method, and many mysterious fractures yield their secret 
wasoriginated by Dr. H. C. Sorby, who, in 1864, gave the | to the microscope. A metal specimen is for 
British Association an account of his work at the Bath | microscopic examination by carefully polishing the sur- 
meeting.” Martens, of Charlottenburg, Osmond, Roberts- | face, after which it is treated with an etching fluid which 
Austen, Merrett, Stead, and Arnold, and many other | acts differentially on the individual elements of the struc- 
workers, have developed the methods whose names are ture and so produces a pattern which, by the aid of the 











Fig. 2,—0.66 ©. steel quenched in water from 1000 deg.C. Fie. 3.—Case-hardened iron No. 36. Centre of bar 


€3 5. as (Martensite showing ferrite and slag. Cross-section x 260. 











Fie, 5.—Case-hardened iron No. 36. Case-hardened area, 


Fie. 6.—Case-hardened iron No. 36. Case-hardened area, 
martensite + slag. Cross-section x 695. 


martensite + slag. Oross-section x 695. 





rea, Fie. 8.—Case-hardened iron No. 36. Case-hardened area Fie. 9.—Case-hardened iron cooled slowly from 900 deg. C. 


near surface, martensite with well-developed austenite.$ ic, Crose-section x 695. Taken at a point well within the 
Cross-section x 695. boundary of the hardened iron about 0.2 in. from out- 
side surface. Ferrite + traces of pearlite. 











Fie. 11.—Case-hardened iron annealed from 900 deg. C. 


Fic, 12.—Case-hardened iron annealed from 900 deg. C. 
Mostly pearlite. Cross-section x 695. 


Pearlite. Longitudinal section x 695. 


too well known to need any mention in this brief paper. microscope, reveals the inner architecture. The photo- 
The recent work of Dr. Rosenhain, whom Australia sent graphic a; tus, by means of which a 

to England, is familiar to us all. The papers of the Alloys | record of the etched surface is obtained, need not be 
Research Committee in the Proceedings of the Institu- described here, as there are several well-known forms of 
tion of Mechanical Engineers are profusely illustrated | it on the market. A few photogra of etched surfaces 
by photo-micrographs of the structure of irons, steels have been taken to illnstrate the application of the method. 
and alloys. The examination of structure by the aid of Incidentally the photographs show the main styles of 
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crystalline architecture met with in iron and steel. It 
is Goal known that if a piece of steel containing 0.9 
cent. of carbon is cooled slowly, the elements finally 

ild themselves into a structure called pearlite, from its 
resemblance to the laminated structure lau mother-of-pearl. 
Pearlite consists of alternate layers of cementite, or iron 
carbide, and ferrite. The granular structure may be pro- 
duced by very slow cooling 

If mora than 0.9 per om. of carbon is 
a, crystals of cementite are distribu 

ite. 

If less than 0.9 cent. of carbon is present, crystals 
of ferrite are distelbuted through the lite. 

Fig. 1 shows the structure of a piece of 0.66 carbon 
— i has been — slowly, and it shows ferrite 

istri through pearlite. 

Another slide exhibited shows a section in which the 
carbon is slightly above 0.9 cent. The cementite is 
seen surrounding the gen pearlite structure. 

The building of these formations requires time. If the 
steel is suddenly quenched from about 900 deg. Cent., 
materials from which the structures are formed are 
oe — the state in which it builds itself at that tem- 


resent in the 
through the 





The sudden —— prevents material | 


change in the style of the building. ite is formed | 
in this. 

Fig. 2 shows the structure of 0.66 carbon steel after | 
quenching from about 1000 deg. Cent. 


The effect of the carbon content on the style of the) 
structure can be easily shown by using a specimen of. 


Fig.t4. IRON. DIA® 0-565" 6.P 5° 


Ca 
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Fig.18. STEEL 1.A.CASE HARDENED 


ay phd “FRACT.O-52” 
DIA*® 


0 
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Fig. T2COPPER BAR. DIA 0-73 


Fig.22. BRASS ROD. ANNEALED IN LIME 
"DIA" 048. FRACT. DIA” 0.335 





Ve r 


is 


e ce 
(402.4) 
case-hardened iron. In the process of case-hardening 
carbon penetrates inwards, and along the line of penetra- 
tion the carbon content varies from a maximum at the 
surface to nothing at a point below the surface, the depth 
of which depends upon the time during which the iron 
has been subjected to the case-hard process. Hence 
= — corres) to a carbon content 
under review in the microscope. Photo- 
a ve been taken at typical ———— and the slides 
about to be shown have been from these photo- 
graphs. All the photographs show the slag or cinder 
bk eek is found i -* ee: iron. aa 
© photographs are divi into two groups—namely, 
those related to the structural state, found after sudden 
uenching in water from a temperature of about 900 deg. 
nt., and those which relate to the structure found after 
annealing from 900 deg. Cent. 
The characteristic pate a in the first state are mar- 
tensite and austenite. 
The characteristic structures of the annealed state are 
pearlite, cementite, and ferrite. 
States ——* rapid quenching : 
_ Fig. 3.—Centre ot ton a coming ajeais of iron with 
slag ~~ 


x 
Fig. ye ne A. AY Martensite. x 260. 





Fig. 5.—Case-hardened area. Martensite. — 
Fig. 6.—Oase - hardened area. Martensite. Slag. 


oa hardened area. Martensite. Slag. 
x 695. 


“= 
on 


x 695. 





Fig. 13.—Oase-hardened iron annealed from 900 deg. O. 
Longitudinal section x 695 near surface. Cementite 


+ pearlite. 
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the range of photography, and, notwithstanding the diffi- 
culty » the instrument must s the shock of the 


pe ra of ee SE OCy ae broken in it. The delicacy of 
recording ism is in a measure its own protec- 
ton because where the mass is negligibly small the 
forces caused - hy shock are negligibly small. The com 
plete story of the load on the specimen, and the extension 
or = the load produces starting from zero and endin 
Tight ‘on load producing pegs is written saees ty J ee = 
t ona 1c te. record ends at the 
a of acre ap ond = when this takes place the 
parts of the instrument under stress recover their normal 
unstressed state so — that the spot of light moves 
over the plate so swiftly that no record is left which will 
appear when the plate is developed. us the load 
actually on the specimen at the instant of f fracture is 
definitely recorded. Load-extension curves are commonly 
obtained by means of the pencil-and-drum apparatus 
usually supplied with testing - machines. be 
extension curves obtained by means of the instrument are 
free from the effects of pencil friction, and the inertia of 
the beam and refinements of form and details of relation 
are brought out on the curves, which are quite lost unless 
these causes of aver are eliminated. The instrument, in 
combination wi microscope, opens out a promising 
field of research. details of - instrument have 
ings of the Royal 
., Vol. Ixxxvi., 1912, and need only brief reference here. 
wo bars are in series between the grips of a 
testing-machine. The lower bar is the specimen to be 
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Fig. a enmeiane. Near surface. Austenite. 
Martensite. 


States ecient by 


.— Annealed. 


postive 


slow cooli 
Centre. »—— Traces of 


Increased proportion of pearlite. 


Mostly pearlite. x 695. 

Mostly pearlite. x 695. 
Pearlite. Oementite. x 695. 
sufficiently illustrate the way in 


which phategnegiy can be applied to the examination of 
the structure of a metal. 


The ultimate test of the qualit 


of a material is, how- 


om ~e direct practical test applied by the engineer— 


much yh it 


breaking of a sample 


will carry, 
| how much the sample extends before fracture. This test 


in order to find how 
and at the same time to measure 


does not reveal the secrets of inner structure, but it does, 
though in a drastic fashion, establish the quality of the 


material ina wa 
altogether. 





2 





which enables it to be wrought into a | in an entirely different way in the 


with confidence or justifies its rejection from the | quteassanetee. In fact, all the mechanical 





Fig.71 BRASS ROD. DIAS 0-48" 
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1%z 0 Tr 
broken ; the upper bar is proportioned so that the load 
which breaks a specimen ae? 9 sees ae Se toes 
bar well within its elastic limit. The extension of the 
upper bar is thus proportional to the load on both the 
bars. This extension ‘s used as a measure of the load on 
both the bars. The upper bar carries a metal box, in 
which are placed two mirrors free to turn about axes at 
right angles, and a source of light which is reflected 
successively from the mirrors on to a focussing-screen of 
a camera, also carried by the metal box. An extensometer 
— to ee ween Aes — 4.4, be pappeigend be 
of the mirrors through an angle which is 

the extension of the specimen. The upper bar tilts the 
second mirror through an angle which is proportional to 
its extension, and therefore portional to the load on 
the two bars. The spot of light therefore describes a 
curve, the co-ordinates of which are the load and the 
extension of the lower —— 

Slides are on view illustrating the eonstruc- 
tion of the apparatus. (See ENGINEERING, vol. xciii., 
page 781). 

series of records of iron, steel, and alloys are also 

exhibited. The records are not photographs of the 

plates taken — the a ae | but the actual plates 

themselves. The records were, in fact, on & 

te of the standard lantern size, and were afterwards 
nd up with a cover-glass. 

Fig. 14 shows the —— of a piece of iron just as it 
a 3 obtained in the apparatus. 

g- 15 shows a slide in which the load scale is 


duel by ibe resort of on the cover-glass. This is bound 
= =e © record the break, and gives a completely 
ibra 


Fig. che aa of a 0.1 carbon-steel bar, bound up 
with calibrated cover-glass. 

Fig. 17 shows a pair of records bound together. After 
the first record was taken, the plate was accidentally 
broken. Many weeks later a second record was taken 
of the same material with a different instrument, 
machine with a different 
elements in 
The record is such an 


Soaniblens were different. 
The author, in the year 1909, designed an instrument | exact uction of the original record that they are 


which brought this 


mechanical "process of testing within bound together, and serve to illustrate the accuracy of 
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the testing plant. The second specimen did not extend 
quite so much, otherwise the records are identical. 

Figs. 18 and 19 show the effect of case-hardening the 
steel, the diagram from which is shown in Fig. 17. It 
will be seen how shortly the case-hardened specimen 
breaks off when tested after case-hardening in the usual 
way. The diagram in Fig. 19 shows that eubsequent 
annealing restores a measure of ductility. Fig. 20 is a 
diagram from 4.23 carbon steel. Fig. 21 a diagram of 
brass rod tested from the bar. Fig. 22 a diagram of a 
specimen of this brass rod after annealing in lime, 
Fig. 23 is a diagram of a sample cut from a copper bar. 
Fig. 24 a diagram from a rod of phosphor bronze. 

In conclusion, I 4 just refer to the remarkable way 
in which our President has used photography and polarised 
light to reveal the state of stress produced in specimens 
of transparent xylonite by the application of determined 
loading. From the records so obtained, the correspond- 
ing state of stress may be inferred in conditions which are 
quite outside the range of mathematical analysis. He 
himself is to give you an account of his researches by 
means of these nethede 

This brief paper illustrates the wide field of research 
which the use of Lager gem en has made possible to the 
engineer, and the aid which methods explained and 
illustrated in the paper are able to give in connection 
= many important practical questions of engineering 

esign. 





GASEOUS EXPLOSIONS. 


Seventh Report of the C ittee, isting of Dr. DuGALD 
Cierk (Chairman), Professor DauBy (Secretary), and 
Professors W. A. Bonz, F. W. Burstau., H. L. Cat- 
LENDAR, E, G. Coker, H. B. Drxon, Drs. R. T. 
GuazeBrook and J. A. Harker, Colonel H. C. L. 
Ho.pen, Professors B. Hopkinson and J. E. Peravet, 
Captain H. Riavt Sankey, Professors A. SmiTHELLS 
and W. Watson, Mr. D. L. CHapMAN and Mr. H. F. 
WImpERIs.* 


Tue decease of the Chairman, Sir William Preece, was 
reported to the committee in December last, when a 
letter of condolence was sent to the family. Sir William 
Preece had associated himself intimately with the in- 
vestigations carried out by the committee, and con- 
tributed an interesting ‘‘ Note on the Kinetic Theory of 
Gases.” As Chairman he did much to help forward the 
important work on which the committee is engaged, both 
by his valuable suggestions and by his tactfulness and 
resource. His loss is not only deeply deplored, but felt 
to be a personal one by every member of the committee. 

The Vice-Chairman, Dr. Dugald Clerk, was unani- 
mously elected Chairman. 

The committee met three times during the session 
1913-14, at the City and Guilds (Engineering) College, 
Exhibition-road, London, S.W. The following notes 
were presented and discussed : 

Note 32, by Professor Dalby, on ‘* Suction Tempera- 
tures,” directly measured and deductions therefrom, 
together with a summary of a series of seventeen ——_ 
ments made at the City and Guilds (Engineering) College 
on a Crossley gas-engine with a cylinder 7 in. in dia- 
meter, stroke 14 in.. and with a compression ratio of 4.8. 

Note 33, by Mr. H. E. Wimperis, on “‘ Thermal Effi- 


ciency.” 

Nove 34, by Professor E. G. Coker and Mr. W. A. 
Scoble, on ‘* Temperature Distribution in the Cylinder 
of a Gas-Engine.” 

Note 35, by Professor W. Watson, on ‘‘ The Spectro- 
scopic Study of the Combustion of Air-Petrol Mixtures.” 

The object of Note 32 was to show how the suction 
temperature varied with the speed, with the jacket tem- 
perature, and with the mixture. The records given in 
the note relate to trials Nos. 72 to 90. The data were 
obtained by a research student of the City and Guilds 
(Engineering) College, Mr. Limbourne, working under 
the supervision of Professor Dalby. A table included in 
the note shows the variation in the suction temperatures, 
and a set of curves, also included, gives the tem tures 
of the working mixture; these indicate how the direct 
knowledge of the suction temperature can be applied to 
determine the temperatures at other parts of the cycle. 

In Note 33 Mr. Wimperis discusses the the 
efficiency of an engine using as the working agent a 
pron me | gas referred to in the first report of the com- 
mittee, and using in his calculations the values of the 
internal energy defined by the curve in Fig. 6 of that 
report. [ENGingERING, September 11, 1908. ] 

In Note 34 Professor Coker describes the method of 
measuring the cyclical temperature in 8 gas -engine 
cylinder used by him at the Technical College, Finsbury, 
and gives the results of some recent experiments. Curves 
are included pe | the temperature of the explosive 
charge, together with tables of the actual temperatures 
at various points in the cycle. A full description of the 
thermo-couple used in these experiments is given in the 
note. 

In connection with Note 35, Professor Watson showed 
a series of photographs of the spectrum of the light given 
by the burning charge in the cylinder of a petrol-engine. 
The results show that the gases in the cylinder continue 
to emit light giving a line spectrum for a considerable 
time after the chemical changes are generally assumed to 
have been completed. Before proceeding to consider the 
work carried out during the current session, it has been 
thought advisable to give a brief summary of the previous 
reports of the committee. 

Summary of Previous Reports.—The first report [ inot- 
NEERING, September 11 and 25, 1908] is devoted mainly to 
the specific heats of gases at high temperatures. The 








, Presented to Section G of the British Association 
in Australia, August, 1914, 





; experiments of Wiedemann, Regnault, Holborn, and 


Henning are analysed and discussed, and a curve is given 
showing the energy of CO,, steam, and air in terms of the 
tem ture Centigrade. The experiments of Dr. Dugald 
Clerk are described, and the results obtained com 
with the constant-pressure experiments mentioned above. 
closed vessel experiments of Mallard, Le Chatelier 
and Langen are analysed and the results plotted and dis- 
cussed report ends with the discussion of thermal 
equilibrium, chemical equilibrium, the motion of a gas, 
and the measurement of temperature. A curve is given 
showing the internal energy of a gas-engine mixture in 
terms of the tem ture. There is an appendix by 
Professor Callendar on ‘‘ The Deviation of Actual 
Gases from the Ideal State,” and on *‘‘ Experimental 
Errors in the Determination of their Specific Heats.” _ 
The second report [ENGINEERING, September 3, 1909] is 
mainly devoted to the specific heat of gases at high tem- 
peratures. Regnault’s results at low temperatures are 
discussed in the light of Mr. Swann’s experiments, which 
were communicated to the committee by Professor Cal- 
lendar. The committee definitely adopted Mr. Swann’s 
values for air and for CO, as given below :— 


Volumetric heat of air at 100 deg. Cent. is 19.8 ft.-Ib. 
per cub. ft., measured at 0 deg. Cent. and 760 mm. 

Volumetric heat of CO, at 20 deg. Cent. is 27.4 ft.-Ib. 
per cub. ft., and at 100 deg. Cent. is 30.7 ft.-Ib. per 
cub. ft., measured at 0 deg. Cent. and 760 mm. 


The results of the experiments made by Dr. Dugald 
Clerk, with the object of determining the volumetric 
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The fourth report merely notes the number of meetings 
held during the year, and states that, partly owing to 
the breakdown of apparatus and partly to the demands 
made upon the time of the various investigators, only 
two notes were read ; consequently it was decided that 
the work then on hand should be included in the report 
for the following year. 

The fifth report |Eneinggrinc, November 8, 1912 
continues the ussion of the effect of radiation, an 
is devoted mainly to the consideration of the factors 
which determine the heat flow from the gas to the 
walls of the cylinder. The remarkable effect of tur- 
bulence on the rate of combustion is first mentioned in 
this report. Particulars of Dr. Dugald Clerk’s experi- 
ments are given, and these experiments definitely estab- 
lish the fact that, but for turbulence, the speed at which 
modern internal-combustion engines are run would be 
ee. Professor Hopkinson’s experiments, in which 
a fan was placed inside a closed vessel and the rates of 
combustion observed with the fan at rest and in motion, 
are recorded in the report, and confirm Dr. Clerk’s results. 

In the sixth report, the resignation of Dr. Dugald 
Clerk and Professor Hopkinson from the joint secretary- 
ship of the committee is reported. Dr. Clerk consented, 
however, to act as vice-chairman, and Professor Dalby 
was appointed secretary. 

The committee allocated the whole of the grant to the 
secretary for the purpose of providing him with a per- 
manent research assistant to carry on the work. It was 
stated that Professor Dalby and Dr. Clerk were engaged 
on the design of an experimental plant to be placed in 
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heat of air at high temperature, are given in the report, 
together with a description of Professor Hopkinson’s 
experiments on the compression of air in a gas-engine 
cylinder. 

Dr. Watson’s researches on the efficiency of a petrol 
motor are included in the report. Dr. Watson made a 
simultaneous measurement of the quantities of air and 
petrol taken into the engine, and of the chemical com- 
position of the exhaust gas. The point brought out was 
that the ratio of —— to carbon in the exhaust gas 
was greater than the ratio of hydrogen to carbon in the 

trol used. Additional evidence of this discrepancy is 
urnished by some experiments of Professor Hopkinson, 
and the experiments of Hopkinson and Watson are in 
agreement. The report concludes with an account of the 


the new laboratory of the City and Guilds (Engineering) 
College. [ENncingERInG, September 19, 1913. ] 

Six notes, relating chiefly to heat flow, temperature, 
and leakage, are briefly summarised. : 

Object of Present Report.—The following report is 
devoted partly to the special consideration of tempera- 
ture measurements and subjects arising therefrom, and 
partly to the illustration of the use which can be made of 
the data obtained by the committee. 

Methods of Measuring Temperature of the Charge ina 
Gas-Engine Cylinder under Working Conditions.—One of 
the problems requiring solution was the direct measure- 
ment of the temperature of the working agent in the 
cylinder while the engine was running under ordinary 
working conditions. The difficulty of making this 





experiments on radiation carried out by Prof Hop- 
kinson. ere are two appendices: one relating to 
Regnault’s corrections in connection with the determina- 
tion of the specific heat of air, and the other relating to 
Deville’s experiments on the dissociation of gases, by 
Dr. Harker. 

The third report{ ENGINEERING, September 9, 16, and 30, 
1910] is devoted mainly to radiation from gases. 
brief history of the subject is given, together with a 
record of the experiments of Professor Hopkinson and of 
Professor Callendar. The report discusses the direct 
effect of radiation on the efficiency of internal-com- 

tion motors, the amount of radiation from flames, 
and the molecular theory of radiation from gases, as well 
as the question of the transparency of flames to their own 
radiation. There is an appendix on the radiation ot 
flames by Professor Callendar, giving some account of 
experiments made with a Méker burner; a second 
appendix on the radiation in a gaseous explosion by 
Professor Hopkinson ; and a third ap ix which con- 
tains abstracts from various papers relating to the appli- 
cation of heat radiation from luminous flames to Siemens’ 
regenerating furnaces. 





0 t arises from the fact that during the explo- 
sion of the charge in the engine cylinder the temperature 
is sometimes higher than that of the melting-point of 
platinum, or of the couples which can be put in the 
cylinder to make the measurement. 

In Note 32 is described a method devised by Professors 
Callendar and Dalby,* which, for the first time, enabled 
direct observation of the suction temperature to be made 
while the engine was working not only under normal 
conditions, but under special conditions, during which 
the richest ible mixture was used and the tempera- 
ture reached at explosion was considerably higher than 
that occurring in ice. The thermometer itself con- 
sists of a piece of platinum wire about 0.7 in. long and 

sp in. in diameter, arranged with compensating eads. 
it is placed in a thermometer-valve which is inserted 
through the spindle of the admission-valve in the manner 
shown in Fig. 1, in which P is the platinum thermometer 
and T is the head of the thermometer-valve which is in- 
serted centrally in the admission-valve A. The spring S 


* Proceedings of the Royal Society, A., vol. Ixxx., 
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serves to close the admission-valve, and the spring U serves 
toclose the thermometer-valve. The main ing C earry- 


lated by using the cha itself as the thermometric 
agent. The characteristic equation of the charge is 


ing these valves is bolted to the engine in the ordinary | P V 


way. Aseparate cam is mounted on the half-time shaft 
to operate the central thermometer-valve, and the com- 
poe arrangement is shown in Fig. 2, where E is the cam; 

and L are levers keyed to the supplementary shaft Q 
which is carried on the casting F ; the spring S maintains 
contact between the end of the lever/ and the cam. The 
end of the thermometer with the leads projecting is 
shown at B. The lever L is in contact with the nut N 
on the thermometer-valve. The cam is so designed that 
during the explosion period the valve is closed, and the 
thermometer therefore screened from the action of the 
fae. In this way the ‘thermometer is withdrawn just 

fore the end of compression, so that at this critical 
period of the cycle there is nothing in the nature of a 
protuberance to cause pre-ignition. When the platinum 
thermometer is exposed in the cylinder and connected to 
the Wheatstone bridge and galvanometer on which the 
indications are received, the circuit is made by a contact- 
maker on the crank-shaft when the crank passes through 
an assigned crank-angle, and is broken by the contact- 
maker when the crank passes through a second assigned 
crank-angle a little greater than the first, so that the 
electrical measuring device is in operation during 5 deg., 
10 deg., or 15 deg., as the case may be. This contact- 
maker is a very important re of the electrical equip- 
ment used in connection with these temperature measure- 
ments, as it enables a definite make and a definite break 
to be made in the electrical circuit, and, in addition, 
enables the time between the make and break to be 
adjusted with accuracy. 

The contact-maker, Fig. 3, consists of a brass bush B 
keyed to a lay-shaft of the engine, and carrying two fibre 
washers or cams W, and W, which can be clamped in 
any relative angular position against the flange of the 
bush by the nut N. A radial step is made in step to 
each washer, and the surface gradually rises from the 
bottom of the step to the normal circular surface of the 
washer. The reflex ends of the stiff springs S, and S, rest 
on the fibre cams. A projection Z carrying a platinum- 
pointed screw p is riveted to one of the springs, and the 
serew p is adjusted so that its point is just clear of the 
platinum rivet in the other spring when both springs are 
riding on the circular surfaces of their respective cams. 
Contact is made when the rotation of the lay-shaft in the 
direction of the arrow brings the radial step w, of the 
cam W, under the spring S,, thereby allowing it to fall 
down the step, thus bringing p and: together. Contact 
is broken when the radial step of the cam W, reaches 
the spring S., thereby allowing the second spring to fall 
down the step. The epoch and duration of contact 
are readily adjusted by adjusting the angular —— of 
the cams relatively to the bush, and also with regard to 
one another. The distances between the springs and the 

latinum contacts and the steps are ex rated in the 

iagram in order to make the principle of the apparatus 
clear. The percussion form of contact with tinum 
points is found to give definite and certain results. The 
contacts keep clean, and no trouble of any kind is experi- 
enced with them. The general arrangement of the 
electrical connections is shown in Fig. 4. In this figure, 
P 8S, Q S are the equal ratio arms of the Wheatstone 
bridge. The galvanometer G is connected to the point S 
and to the sliding contact on the bridge-wire BW. The 
thermometer and its leads P are connected on one side of 
the bridge-wire, and the compensator C and the balancing 
resistance R on the other. The battery circuit includes a 
mercury reversing key K, an adjustable resistance r, and 
a storage-cell V ; and the battery is connected to the 
bridge at the points P and Q, and to the brushes of the 
= contact-maker at E. The brushes E are carried 

y an insulated arm A bolted to a divided disc O riding 
loosely on the lay-shaft of the engine, and capable of 
being clamped in any position by the screw _The 
index I shows the crank-angle corresponding to the middle 
point of the contact when the insulated copper strip D 
carried in the fibre bush F passes under the hes. 

The temperature is measured, therefore, during a par- 
ticular crank-angle determined by the setting of the 
contact-maker. is can set, while the engine is 
running, to determine the make and break at any assigned 
crank-angle in the revolution. It was usually set so that 
the interval between the make and break was 5 deg. or 
10 deg. In this manner the mean temperature over a 
small crank-angle can be measured at any point in the 
cycle, except only during the period of the explosions, 
when the thermometer is withdrawn from the cylinder. 
But although there is this possibility with the method, it 
is desirable to measure the temperature at a point on the 
cycle where the rate of change of temperature is at a 
minimum. This point occurs just after the closing of 
the suction-valve. The t advantage of making the 
measurement at this point is that the thermometer is 
exposed to the incoming c during the whole of the 
suction stroke, and therefore the thermometer- valve tends 
to assume the temperature of the charge ; consequently 
the temperature which the small wire is set to measure 
does not differ greatly from the temperature of the metal 
in which it is mounted. This condition tends to mini- 
mise the errors of measurement. At any other point in 
the cycle the rate of change of temperature is ter, 
and the error of the measurements, therefore, is likely to 
be greater owing to the lag of the thermometer. On the 
expansion stroke, for example, the temperature may vary 
as much as 150 deg. during the movement of the piston 
through one-tenth of the stroke. Just after the closing 
of the suction-valve, the variation of temperature during 
the movement of the piston through one-tenth of the 
stroke is only about 20 deg. 

Having found the temperature at one point in the 
cycle, the temperature at any other point can be calcu- 





7 = constant. If, therefore, from the indicator 


diagram taken at the time the temperature was measured, 
the corresponding pressure and volume are measured, 
then the temperature at any other point of the cycle can 
be calculated by the aid of this constant, and pres- 
sure and volume scaled from the indicator diagram, 
allowance being made for chemical contraction of the 
charge after explosion. It is necessary to have accurate 
indicator diagrams from which to e the pr 

and volume for this purpose, and this has led to the 
development of an optical indicator. 

Example of the Application of the Method to an Engine 
Trial (72) at the City and Guilds ( Engineering) College.— 
The general procedure in making temperature measure- 
ments by this method, and with an improved optical 
indicator devised by Professor Dalby and Dr. Watson, 
may be illustrated by data obtained during a trial made 
at the a and Guilds (Engineering) College by Pro- 
fessor Dalby last year, a full report of which will be 
found in Note 32 communicated to the Committee. 

Indicator Diagrams. — In each trial two indicator 
diagrams were taken — namely, a complete diagram 
showing the pressure and volume during the whole cycle; 
and a diagram taken with a thin disc —— down 80 as 
to give on a large scale the portion of the diagram durin, 
the pumping stroke. The diagrams are in gene 
calibrated in situ. 

In —— out @ series of experiments, however, it 
was foun at the scale was so constant that it was 
unn to calibrate each diagram separately. The 
scale was therefore made for the two discs used, and was 
checked from time to time. A pair of typical diagrams 
taken during trial No. 72, together with the scales, are 
shown in Figs. 5, 6, 7, and 8. The following data relate 
to trial No. 72 :— 

Mixture, 6 88 air to 1 gas by volume; jacket tempera- 
ture, 29.5; temperature measured at crank-angle 200 
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deg., 77 deg. Cent.; pressure measured from the di ™m 
at 200 deg. crank-angle, 14.7 per sq. in. ; volume 
measured at this point, 0.3872 cub. ft.; speed, 106 revolu- 
tions per minute. The gas constant for the charge is 
therefore - = 0.01616. 

This constant may now be used to calculate the tem- 
perature at any point along the compression curve, since 
at a point where the pressure is P and the volume V 
the temperature is :— ev 


t= 0.01616" 

Fig. 9 shows temperature-curves for the compression 
stroke calculated in this way, both for trials 72 and 73. 
Trial 73 was run at about 200 revolutions per minute. 
The constant, however, cannot be a during the 
whole cycle, because, although the weight of the charge 
remains the same, assuming that there is no leak, yet the 
volume corresponding to this weight is slightly different 


_ after the explosion has taken place owing to the contrac- 





tion due to the chemical t of the con- 
stituents. The chemical contraction is calculated from 
the analyses of the gases. In the gas used in the experi- 
ments referred to the contraction amounted to 3.14 per 
cent. The effect of this is to change the gas constant for 


all points along the expansion-curve from 0.01616 to 
0.01 The curve, Fig. 10, shows the tem tures 
calculated along the expansion-curves for trials 72 and 


73. When applying this method of taking the tempera- 
tures the governor should be put out of action, so that 
there shall be no change in the rate of the supply of gas 
which will produce a disturbance of the temperature in 
the cycle. Any disturbance produced in a particular 





Angle. 


cycle causes a temperature wave through a long series of 
succeeding cycles. In practice the gas-engine can be run 
without any difficulty without the governor if the engine 
is coupled to a erator, because the generator auto- 
matically settles down to the speed corresponding to the 
power applied to it, and by regulating the resistance of 
the armature or the fields, or both, the desired speed can 
be maintained for long periods.’ A special switchboard 
and a resistance-board have been designed for the engine 
at the City and Guilds (Engineering) College, for the 
——- of controlling the generator. 
ethod of Measuring the Temperature of the Charge 
by Means of a Thermo-Couple.—The second method of 
measuring the temperature of the charge in the cylinder 
is _ means of a oo. This method has been developed 
by Dr. Coker and Mr. Scoble at the Technical College, 
insbury. It was found that alloys of platinum with 
rhodium and iridium respectively were able to with- 
stand the temperature of explosion near the walls of the 
cylinder for some hours, or even days, when made into 


thermo-couples ‘oso in. to aos in. thick, provided the 


engine was not overloaded. The actual temperature 
measurement is made by observing the change in the 
electromotive force produced in this couple by a change 
in temperature. The small changes on the electromotive 
force produced by a couple of this kind can be measured 
with great accuracy on the bridge described below. The 
general relation between electromotive force and tempe- 
rature found for one of the couples used is 


E (microvolts) = — 174 07.6075 T — 0.001673 T2. 
The general arrangement of the apparatus is shown in 


Fig. 11. The battery B and resistances R, and R, are 
arranged in circuit, so that the fall of potential between 
the extreme points of a bridge-wire, B W, can be adjusted 


to 1 millivolt. This is tested by the electromotive force 
of a cadmium cell, C, which can be o to the battery 
electromotive force by means of the upper key, K,, an 
allowance for the known me oe pee | variation of the 
electromotive force of the s ard cell used being made 
by an adjustable contact-maker, D. The thermo-couple, 
H, has one lead connected to the lower key, Ky, and the 
other set to a set of resistances, S, in the main circuit, 
each of which gives a difference of potential of 1 millivolt 
when the adjustments are correct. During an observa- 
tion, therefore, the battery electromotive force opposes 
that of the couple, and the readings of the bridge-wire 
and step resistance, taken together, measure electro- 
motive force of the couple when the galvanometer, G. 
shows a balance. The scale of the bridge-wire is graduated 
to read to 10 microvolts, and single microvolts may be 
read by estimation. The — of the observations 
were taken when using a D’Arsonval galvanometer, 
iving, on a scale distant 110 cm., a deflection of 560 mm. 
or 1 microvolt. The contact-maker used with this 
opeccetas is one devised by Professors Callendar and 
] =: " — has already been described and illustrated 
in Fig. 3. 

Suction Temperature.—Direct measurements of the 
suction temperature were made at the City and Guilds 
Engineering) College during the session 1912-13 on a 
) ley gas-engine, with a cylinder 7 in. in diameter, 
stroke 14 in., and with a compression ratio of 4.8. The 
object of the experiment was to show how the suction 
temperature varied with the speed, with the jacket tem- 
perature, and with the mixture. 

The apparatus with which the measurement was made 
has been already described above. The results of the 
experiments are shown by the curves, Fig. 12. It is 
pro to repeat these experiments on engines of more 
modern type and with higher compression ratios as soon 
as the development of the new laboratories at the College 
renders it possible to do so. 

The Cyclical Variation of the Temperature of the Charge 
in a Gas- Engine Cylinder.— An example bas already been 
given of the method of determining the cyclical varia- 
tion of the temperature of the charge in a particular ex- 
periment, deducing it from the temperature mearured 
at a point on the compression curve in combination 
with accurate indicator diagrams. The exper ment 
was made at the City and Guilds (Engineering) Col- 
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lege on the gas-engine already referred to. The engine 
is not of recent construction, and therefore the com \- 
sion ratio—viz., 4.8—is low compared with the ratios of 
gas-engines of more modern construction. Dr. Coker 
and Mr. Scoble have measured the cyclical variation of 
temperature on a more modern engine constructed by the 
National Gas-Engine Company in 1907. This engine has 
a cylinder 7 in. in diameter, and a stroke of 15in. The 
maximum volume occupied by the charge is 5.8 times the 
minimum volume. The method adopted was to measure 
directly by means of a platinum couple the temperature 
at various points along the compression curve and along 
ous of the expansion curve ; but the highest temperature 

ad still to be measured by using the charge itself as a 


gas-thermometer. A value of a is selected from a point 


on the expansion stroke, and the constant so found is 
used to calculate the higher temperatures. In this 
method it is unnecessary to make any calculation regard- 
ing the chemical contraction before and after the ex- 
plosion, because the temperature is measured after the 
explosion ; but the rate of change of temperature at the 
point where the temperature is measured is very great, 
and therefore, in comparing the two methods, it is neces- 
sary to choose between a temperature measured when the 
rate of change is great, with a corresponding lag and 
no correction for chemical contraction, as against a 
method of measuring the temperature when the rate of 
change is a minimum—viz., just after the closing of the 
suction-valve, and allowing for chemical contraction. 
With suitable precautions, both methods can be made to 
give consistent results. 
The curve in Fig. 13 shows the temperature cycle in a 
-engine cylinder determined by Dr. Coker and Mr. 
Scoble when the ratio of air to gas was 7.35 to 1. The 
jacket temperature was 35.6 deg. Cent., and the highest 
temperature calculated was 1836 deg. Cent. 
Temperature Oycle of Gas Charge.—Conditions. 








Curve | LHP. Ratio of Airto | Jacket Outlet 
Number. | _ Gas. Temperature. 
| | deg. O. 

1 10.24 | 7.35/1 | 35.6 

2 9.96 7.08/1 | 87.2 

3 10.11 } 7.13/1 | 81.4 

4 10.36 | 6.71/1 j 40.6 

5 10.36 6.66/1 62.8 

6 43.7 


9.74 | 6.64/1 

Application of the Work of the Committee to Practical 
P ms.—The application of the work of the committee 
to practical problems car be illustrated in connection with 
the calculation of the heat exchanged between the work- 
ing agent and the walls of a gas-engine cylinder. 

First Law of Thermodynamics and the quantities neces- 
sary to apply it to determine heat lost or gained by the 
working charge during a change of state.—Let A (Fig. 14) 
be a point on the pressure-volume diagram representing 
the state of a working agent with regard to its pressure 
and volume. Let the state change al the path A B, 
so that B represents the state after Sedaese Then 


The heat'received by the working 
agent from its external ra} 


_ { Mass i 
ment during the change of state{~ | charge 
from A to B = Q 


The change of The work done 
i { its internal | by the agent (1) 
| ene! per on its envi- 
poun ronment 
That is, reckoning in thermal units, . 


Q=M(Es - EK.) + 5 « « « (2) 


In which M7 is measured in pound calories. 
is the mass of the charge in pounds. 

F,, is the internal energy of the charge in its 
final state. 

E, is the internal energy of the charge in its 
initial state. 

Z is the work done by the agent on its 

3 environment measured in foot-pounds. 

= 1400. 


Earlier it was assumed that the specific heat of the 
used in the gas-engine sylinder was constant, and t 
the ch of internal energy was determined by the 
change of temperature only. With this assumption the 
first term on the right-hand side of the equation was 
reckoned by merely multiplying the specific heat into 
the change of temperature a to the change 
of state from A to B, the mass of charge M being cal- 
culated from the general relation, 


PV 
M= - ° ° oo Zl 
oT (3) 
corresponding values of P, V and T being taken from an 

int 29 the path where they could be determined. It 4 
| encoding however, that the specific heat is variable, and 
the committee began their work by reviewing all the 
available experimental data in connection with the 
subject. Several members of the committee were them- 
selves carrying out researches in relation to this problem 
at the same time. 

Data Found to Enable this Determination to be Made.— 
The aim of the committee was to ascertain the true value 
of the specific heat at constant volume, Ky, or, to put it 
in anot way, to ascertain the relation between the 
internal energy of the gas and its temperature. In 
dealing with ga ine problems it is more convenient to 
combine equations fi) and (2) into a single expression, in 
which the specific heat is given not in terms of the unit 


and temperature. Substituting in equation (3 Vio = the corresponding volume measured at A 
or the standard pressure 1 atmosphere, Le ahead schased t-ontitined Compentnaen ent qin. 
temperature 273 deg. Cent. absolute, and for the sure, and 
— ce ry os, it = be found that the weight of a Yt = the ordinate of the — emnepent at the 
cubic foot of the working agent at standard temperature temperature corresponding pera- 
and pressure is 0.081 Ib., and therefore in terms of foot- ture of the state-point, then 
pounds, and still assuming that the ific heat at Bue = Vac X: 


constant volume is constant, equation (2) _ rs : . 
The tion of the points A and B on the P Vd 
JQ = 0.081 J Ky (change of temperatare) + Z. | gives wo indication of the vemperature at A or B. If the 
The quantity 0.081 J Kv represents the change of in- | temperature at one of the points, however, is known, 
ternal energy in foot-pounds per degree change of tem- then the temperature at the second point can be calcu- 
perature per cubic foot as measured at standard tem- lated from the relation 
perature and pressure. When Ky is variable and is a P, V. _ Ps Vs 


e 





known function of T, say ¢ (T), the term becomes T. ” T, ° ° - (4) 
2 This relation expresses the characteristic equation for 
0.081 J e ¢(T)d T. gases, and is quite independent of the specific heat of the 
1 


gases concerned. It applies to all positions of the state- 


Temperature. Negrees Cent. 


















NS 
(46.1) \ 


Figs. INTERNAL ENERGY OF GAS-ENGINE MIXTURE . 





-Lbs. Cubic Foot. 
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(4u6.x) to Gas by Volume. 


(ang) Temperature Degrees Centigrade 
Values of this ex ion in which the lower limit T,| point in the PV di m, provided that the following 
is 0 deg. Cent. can be read off the curve given in Fig. 15, two conditions are satisfied :— ; ; 
which is taken from the first report. Condition 1. That there is no change in density of the 
To use this curve to find the internal energy corre-| gas, such as may be produced by some change in its 


ding to a given state-point it is to measure | chemical constitution. : ’ 
epee Vent volume V homo ¥ Guemen and| Condition 2. That the weight of the working agent 
also to determine the absolute temperature T. The | during the change of state from A to B is constant. 





corresponding volume at standard temperature and pres-| It is fundamentally important, therefore, to be able to 
sure is then calculated from the equation— measure by direct observation the temperature corre- 
to at least one position of the state-point in the 

VPT Faas cocssne bey monan of thin tomparstase and the 

ee rf P.° relation expressed in equation (4) the temperature corre- 

sponding to any other position of the state-point in the 

This calculated value of V. when multiplied by the} di can be calculated, viding always that the 


internal energy, as given by the curve for the temperature itions 1 and 2 are not violated during the change of 
T, gives the in qusngy of the gus cossanpenting tthe state. If the first condition is violated, there is a small 
given state-point. change of volume caused by chemical action as the 

Symbolically let state-point moves from A to B; and in order to calculate 


E, = internal corresponding to the position | chemical analysis 





of mass, but in terms of the unit of volume at standard 





energy of , 
of a state-point A. action. When these analyses are known, a correction 
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can be made, and equation ni) can still be applied to 
calculate the temperature. is kind of action to be 
reckoned with—for example, if the state-point A is on 
the compression-curve of & gas-engine and the state-point 
B is on the expansion-curve. 

The earlier part of this report shows that the com- 
mittee have given a good deal of consideration to the sub- 
ject of the direct measurement of temperature, and that 
individual members have worked at the problem success- 
fully. Exam have been given earlier in the report 
of methods which have been aaees eahars Se ae 
in the researches which are now being carried out. This 
example shows how the equation (4) is used to calculate 
the temperature for different positions of the state-point 
B from observations of a single temperature. The single 
temperature which it is most useful to know is 
suction-temperature, and this may be defined as the tem- 
perature of the charge in the cylinder just after the 
admission-valve is closed. There is then a definite 
weight of cha: in the cylinder at a detinite pressure 
and volume, and at a definite temperature. Allowing for 
the chemical contraction, equation (4) can be applied 
along the expansion-curve. 

The committee have examined into the question of 
leak of charge, and have come to the conclusion that in 
most cases In a modern engine it is a negligible amount 
when proper precautions are taken. These considerations 
show how important the suction temperature is in com- 
bination with the indicator diagram, as from this tempera- 
ture, and the pressure and volume given by the diagram, 
the state of the working agent all through the cycle can be 
determined, at least approximately. e values of the 
suction temperature for a particular engine are exhibited 
in Fig. 12 above, and a diagram of the kind would be| without loss of heat, assuming that the mixture used is 
useful in connection with any internal-combustion motor. | that specified near the curve in Fig. 15, this mixture being 
To resume, it can now be assumed that it is ble to | very much nearer the actual mixture used in a gas-engine 
fix a temperature for one particular position of the state- | than air. 
point A, and then the temperature at the end of the 
change of state B, if not observed, can be calculated. 











































change in the mixture—namely, from 674 deg. Cent. 
to 82 deg. Cent. With a modern engine using a higher 
compression, it is probable that the temperatures would 
be generally higher. Fig. 13 shows the cyclical variation 
of temperature as determined by Dr. eron @ more 
modern engine, and the suction temperatures given by 
him are of the order of 200 deg. Cent. Dr. Coker explains 
this high suction temperature as being vty A due to the 
retention of hot gas and partly due to the long exhaust 
pipe which was used. 

by and Callendar’s experiments have shown that 
when using rich mixtures the maximum temperature in 
the cylinder is mage | about 2000 deg. Cent., and these 
results have been confirmed by Coker and Scoble. For 
the mixtures used in ordinary working conditions the 
experiments of Dalby, Callendar, Coker and Scobel show 
that the temperature is about 1800 deg. Cent. It is hoped 
to continue the experiments on temperature measure- 
ments when engines of more modern construction have 
been installed in the new — laboratory of the City 
and Guilds (Engineering) College. The concentration of 
research on the accurate measurement of temperature 
isa step towards a more certain knowledge of 
the specific heat of gases at high Comgenatanee $ the 
vital importance of this cubject is indicated by the brief 
explanation given above of the method by which the 
determination of heat exchange between the working 
charge and the walls of the cylinder can be made. So 
far the committee have only been able to present the 
curves given in Fig. 15 as representing the most reliable 
data available. © practical use to which the curve can 
be put is illustrated by using the data given by it to find 
the efficiency of an engine working on the Otto cycle 


Thermal Efficicncy. 


With a knowledge of those temperatures the internal 1 wer | Ty Ave 
energy of the working agent can be read off from the r Mixture given in Fig. 13. Standard. 
curve, Fig. 15, and then the first term on the right side h 0.187 0.242 
of the equation—viz , t 0.273 0.356 

E, — E, = change of internal energy 0.337 0.426 
is determined. $ 0.384 0.475 


The value of the second term on the right side of equa- 
tion (1) is merely the value of the shaded area under the 
path AB ——_ 7 ~ foot-pounds. Pong ane, — 
a pressure-volume diagram giving the ini an 
conditions of the working t and the path of the 
state-puint in between, together with the temperature 


The committee are of opinion that they can usefully 
continue their work by organising research on the lines 
which have been foreshadowed in this report. The com- 
mittee recommend, therefore, that they be again re- 
——. and that, in view of the expensive nature of 





B @ research and the orgenisation involved, the sum of 
corres} to one position of the state-point, the gran : 

right ade of the equation can be determined and the heat us, be ted to hom 

gained or lost by the ne + during the 

can therefore be computed. If t wette loss of} Vicrortan Rivers.—The Murray, which forms the 
heat the work done is done at the ex of the internal | northern boundary of Victoria, is the largest river in 
EE ee ane pe el Coe, att mnt | Auntrlin. Ths total length ie 150 mils for 1300 of 
Ih of the physical constants of the which it flows along the Victorian borders. Several 


gases by the careful 
examination of methods, apparatus, and results of various 
investigators, including members of the committee, and 
c of state of the working c'! ina ine can 
now be followed with a degree of accuracy which hitherto 

A diagram from an actual gas-engine shows the P V 
changes during the whole of the four-stroke cycle, but 
the method explained above can only be applied to deter- 
mine the heat exchanges during that part of the cycle 
when the weight of charge enclosed in the cylinder is 
constant—t.e., during the period between the closing of 


an . a ee have ey and 
are y lost in the absorbent tertiary flat country 
through which they pass. The principal Victorian rivers 
are the following :—Avoca, 170 miles in length; Broken, 
110 miles ; Broken Creek, 120 miles ; Glenelg, 290 miles 
= into Discovery Bay) ; Goulburn, 345 miles (joins the 

mine pone Echuca) ; Hopkins, 170 miles (falls into the 
sea at Warrnambool) ; Latrobe, 145 miles (falls into Lake 
Wellington) ; Loddon, 210 miles (falls into the Murray) ; 
Macallister, 100 miles (falls into the Thomson) ; Mitta 
Mitta, 167 miles (joins the enki ; Mount Emu Creek, 


the custion-vaive # the opening at Ge cxhenst. valve. 4 — (aie a i: eee ; joe ae 
ere is no diffic ty in applying e me practically : : ws . = ; 
to a change of state along the Ovens, 132 miles (joins the Murray) ; mid 


compression-curve, because 
o ee 1 => < ve ~~ - g ell There is no 
chemical change, an e weight of c is constant. 
Applying the method to the analysis of the expansion- 
curve, however, there is difficulty. The left side of 
equation (1), Q, gives the heat gained or lost by the gas 
during a change of state. Q includes the heat gained by 
combustion as well as the heat gained or lost from out- 
side, so that it must be written :— 


Q=0+C, 


where O represents the heat gained or lost to the outside, 
and C represents the heat uced by combustion during 
the change. The difficulty is to separate these two 
during a change of state along the expansion-line. I is 
probable that combustion is not quite complete at the 
point of maximum ure ; in fact, some eombustion 


140 miles (falls into the Loddon) ; Snowy, 103 miles (falls 
into the sea) ; Tambo, 120 miles bog 3 into Lake King) ; 
Thomson, 110 miles (falls into the Latrobe) ; Wannon, 
145 miles (falls into the Glenelg); Wimmera, 190 miles 
(falls into Lake Hindmarsh); and Yarra Yarra, 150 
miles (falls into Hobson’s Bay). : 





Tue Late Mr. Atrrep Dowson.—We b to have 
to record the death, which occurred on the 14th inst., at 
Fleet, Hants, of Mr. Alfred Dowson, civil engineer, 
7 of Westminster. Mr. Dowson was sixty-eight 
years of age. For nearly a quarter of a century he was 
actively engaged in the design and construction of en- 

ineering works on the sea coast, including piers and 

stages at New Brighton, Hunstanton, Redcar, 
Cleethorpes, Wallasey, and St. Anne’s-on-the-Sea. He 
was also consulted on the improvement of the harbour of 


may be going on right up to the point at which the| St. Heliers, Jersey, and much of the work su uently 
exhaust valve opens. If, , Renna two Ler are taken | carried out followed the lines he had advocated. Mr. 
on the expansion-curve, and this method of analysis is 


D - Dowson had made a thorough t:dy of coast erosion ; he 
applied, neglecting O, the heat loss determined will 
obviously be too great. 

Ax anal of the diagram by this method will be 
found in Dr. Clerk’s Gustave Canet lecture, and need 
not, therefore, be further pursued [ENGINEERING, July 4 


ab — parts b our sea shore, onneey wengias — 
a novel system of open groynes, w e patented, 
opr with much success at the mouth of the River 


and 11, 1913.) Attenti be specially d to ani of the Tram ++ nr om m) -- unite — 
» Il ' on ma 5 rawn way Acts, he outsev tram- 
the curves in Fig. 12, which s ow the a ts of trials Collen : 


made for the purpose of ascertaining 

between the suction temperature and the 
the mixture used, and on the . When the mixture 
is 9 parts of air and 1 part of gas by volume, the 


y in this —s and in India. In conjunc- 
tion with his brother, Mr. J. Emerson Dowson, he pub- 
lished, in 1875, a treatise on ‘‘ The Construction of Tram- 
ways.” Mr. Alfred Dowson ultimately gave up his sea 
; C work, with a view to act as engineer to his ther’s 
suction temperature is about 70 deg. Cent. at a speed | well-known Dowson Economic Gas-Power Company, sub- 
of 100 revolutions per minute. _At 200 revolutions taking charge, until his retirement in 1 of 
minute the suction temperature is increased to 784 deg. the company’s works at i e. The deceased was 
Cent. At the constant speed of 200 revolutions per | greatly interested in sanitation problems, and was for 
minute the temperature gradually increases asthe mixture | many years a Fellow of the Royal Sanitary Institute. 
my eg TR 1 mixture the temperature | He also took a keen interest in the movement to preserve 
, > is 


, increases to deg. Cent. | our commons and open spaces, and for several years he 
with a 6 to 1 mixture. At the lower the change | acted as honorary surveyor to the Reading branch of the 
in temperature is almost as great for a corresponding | Commons Preservation Society. 



















constructed breakwaters and c .ner coast-defence works | and 


FOREIGN ENGINEERING PROJECTS. 
We give below a few data on several foreign engi- 
neering projects, taken from the Board of Trade Journal. 

‘ormation concerning See peweeet can he 
from the Commercial Intelligence Branch, 
Board of Trade, 73, Basingball-street, London, E.C. 

Morocco: H.M. Chargé d’Affaires at Tangier reports 
that tenders are invited by the Moroccan Adjudications 
Commission for construction of a second section 
17.7 km. (about 11 miles) long, of the road from Salé to 
Kenitra. The estimated value of the contract is 307,679 
francs (about 12,300/.), and a deposit of 5000 francs (about 
2007.) is required to qualify any tender. Tenders, on the 
— form, accompanied by certificates of competency, 
will be received by M. le Président de la Commission 
Générales des Adjudications et des Marchés, Dar En- 
Niaba, Tangier, up to 11 a.m., on October 3. The con- 
ne = must elect domicile in the neighbourhood of the 
wor 

Mexico: The Diario notifies that a fifty-two years’ con- 
cession has been granted to Sefiores Alberto Barberis 
and Ciro Castillo Corzo for the construction and working 
of a railway in the State of Chiapas, starting from a con- 
venient point between the stations of La Aurora and 
Tonalé on the Pan-American Railway, and ing 
through the town of Tuxtla Gutierrez to the left bank 
of the River Grijalva. A branch line will run from the 
junction with the Pan-American Railway to the Pacific 
Coast. The concessionaire must complete at least 50 km. 
(about 31 miles) in each of the first five years, and the 
whole undertaking must be finished within a period of 
eight years. Free importation of materials required in 
connection with the work is allowed for a period of five 


years. 

Brazil: The Diario contains a decree, 
No. 11.008, of July 22, approving the plans and estimate 
of 7,566,966 milreis (about vn pe for the construction 
of 43 miles of the Brusque section of the Santa Catharina 


Railway. 

Ecuador : With reference to the concession for the con- 
struction of a railway from Huigra to Cuenca, ae mg to 
the firm of Messrs. Orenstein and Koppel, of Berlin, the 
Registro Oficial, Quito, publishes the text of a decree 
containing regulations governing the construction of the 
line. The Registro Oficial also notifies that a cc ion 
has granted to Sefior Edmundo Catefort for th 
construction of a railway between Quito and Bahia de 
Cardquez. The concessionaire en to form a com- 
pany with a capital of 1,000,000/., t uadorian Govern- 
ment guaranteeing interest on the revenue up to 6 per 
cent. per annum on that amount. 











yt ee ber of the minin —~ i- 
ex rom the Uni ingdom in July was 
62,3771., as compared with isn 300 oe July, i913, and 
62,2282. in July, 1912. British South Africa figured in 
these totals for 22,710/., 42,765/., and 29,0171. respectively. 
In the seven months ended with July 31, this year, mining 
machinery was ex to the value of 527,331/., as 
compared with 661,826/. and 509, 436/. 


Tue Carr Cop Canau.—On July 29 the Cape Cod 
Canal was ned for commerce. is canal is a tide 
level connection between Buzzard’s Bay and Cape Cod 
Bay, on the coast of Massachusetts. It is 84 miles long 
from shore to shore, but with approach-channels, ulti- 
mately giving throughout 30-ft. depth of water, its 
length is 13 miles. It a@ minimum bottom width of 
100 ft., with 200 ft. at passing-places. It has been cut 
by dredgers through gravel. e canal is situated on 
the sea route between New York and Boston, between 
which cities 25 million tons of shipping are estimated to 
pass annually. Both pas-enger and freight traffic are 
very heavy. From its exposed nature the sea passage 
round Cape Cod has constantly proved a source of danger 
to shipping, while in addition to affording enhanced 
safety, the new route reduces the sea by no less 
than 138 miles if the outside route round the Nantucket 
Light is taken, or by 70 miles on the Pollock Rip Channel 
route. The canal has been constructed by private enter- 
prise at a cost of 12 million dollars. It is crossed by 
sundry roads and ray ye the most important piece 
of bridgework being for the New York, New Haven, and 
Hartford Railroad, which is taken over the waterway by 
an electrically-operated bascule bridge. 





Rims ror Moror-Venicte Tyres.—The Engineering 
Standards Committee have issued an interim report on 
rim diameters for solid tyres for motor-vehicles. Six 
nominal sizes have been accepted by the tyre and commer- 
cial vehicle sections of the Society of Motor Manufacturers 
Traders, and these sizes have been submitted to a 
sub-committee of the Engineering Standards Committee, 
and will be recommended by m to the main com- 
mittee for adoption as British standards. The diameters 
selected are 670mm., 720mm., 741 mm., 771 mm., 
850 mm., and 881mm., and it is believed that these 
diménsions will provide suitable standards, and will 
enable the largest number of existing moulds to be used 
without alteration. The su jittee recommend that 
the rims should be provided with slots in the flanges to 
facilitate the removal of the tyres, and that suitable 

i hould be provided where a continuous 
inturned flange is not used. also consider that a 
reasonable lead should be provided on the outer edge of 
the rim to facilitate the pressing on of the tyre. The 


question of ifying suitable tolerances to be allowed 
on the stan rim diameters is under consideration, 
and this, together with other recommendations in con- 


nection with solid tyres, will be presented to the main 
committee for publication at a later date. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
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GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


8667/14. E. E. Ben and G.C. Bingham, Maldon. 
ternal-Combustion (2 Figs.) May 15, 1913.— 
This invention has for its object valve-gear for internal-combus- 
tion ane wherein the inlet-valve is operated through the 
medium of hit-and-miss mechanism from a f-speed spindle in 
such a manner as to automatically control the of the engine 
and to permit of it being varied as required. Inlet-valve gear, 
according to this invention, comprises a reciprocating frame 
operated from a half-speed shaft of the engine, a slide mounted 
in said frame and adapted to engage the stem of the engine inlet- 
valve, and hit-and-miss mechanism which is controlled by the 
velocity of the frame during its forward movement to lock said 
frame to the slide or to allow the one to move independently of 
the other as the engine speed varies, and consists of a combined 
inclined surface and stop on the frame, a hinged finger-piece on 
the slide, and a ee which normally holds said finger-piece to 
engage the combined inclined surface and stop. The half-speed 
shaft a carries a cam b which operates, against the action of a 
spring c, the free end of a rocking-arm d which is mounted to 
rock upon a transverse spindle ¢ and carries an anti-friction 
roller f against which the cam 4 works. This rocking-arm has 
hinged to it one end of a push-frame g, which is supported at its 
opposite end by the engine inlet-valve stem 2 by means of an 
eyed lug secured to the frame and through which the valve-stem 








works. The push-frame g has arranged to slide in it a slide h, which 
is held in its normal position by a spring &, and is fitted with an 
extension or lug / which engages and operates the inlet-valve 
stem when the slide is caused travel with the frame. This 
slide has hinged or pivoted to it a finger-piece m which swings 
in a vertical plane and is normally held by a spring n against a 
cam surface on the frame. The lower end of this pring n reste 
on one end of a lever 0, which is pivoted to a fixed plate p, and 
has its —— end arran, to move over and en; a serrated 
segmental projecting rib on the plate, so that the lever may be 
adjusted to any position desired to vary the tension of the 
spring. The cam surface on the frame g comprises a combined 
curved surface and stop q, and nst this the finger-piece m 
works in such a manner that it will slide over the curved surface 
and engage the stop when the engine is running at normal 
speed, but when it exceeds this speed the finger-piece will be 

rown by the curved surface downwards to such an extent as to 
allow it to pass the stop so that the slide will not be forced to 
travel with the frame, and consequently the inlet-valve stem will 
not be operated as it normally is when the slide travels with the 
frame. The force with which the finger-piece is thrown down- 
wards, and consequently the extent of its downward movement, 
depends upon the speed of the engine and the tension of the 
spring n, so that by bm by the latter the former may be varied 
as desired. (Sealed July 30, 1914.) 


LIFTING AND HAULING APPLIANCES. 


12,764/13. The Butterley Com . Ltd., Butter- 
ley, and C. E. Drabb: Ripley. * es. 
{4 Figs.) June 2, 1913.—This invention relates to inding- 
engines or the like, and its object is to provide means for auto- 
matically controlling and ee the working of such engines, 
whether steam or electrically driven, to prevent over or under- 
running ; the apparatus operated from any revolving shaft 
of the engine and ca steam valve to be closed at any 

redetermined point of the run through the medium of a wedge- 


ar and trigger being inserted in the valve-operating linkage. 
The shaft 1 of the engine, or some rhaft rota’ thereby, is con- 
nected with another shaft 8 whose end is screw-th at 3a 


for some distance and works in nuts 4 carried by a rod 5 which 
forms a continuation of the threaded shaft. The w! 
a connecting-rod capable of being lengthened or shortened 
according as the screw-threaded shalt is screwed out of or into 
the nuts. The other end of this extensible pe is con- 
nected ss ofa ry —- is fulcrumed at FI = 
lever may in the form of a plate having a specially-curv t 
6) therein. In the slot works a pin carried by the end of a rod 8, 
whose other end is attached to a wedge-bar 9, which forms a link 


or connection with the valv e10. The wedge-bar 9 passes 
through a bridle 11 in which is pivoted a r 12 operated 
through the medium of the connecting-rod 11a, bell-crank 23 and 


rod 13 from the starting-lever 14. Now, assuming the engine to 
be sto; and a run about to commence, the parts 9, 9a, 11, lla 
and 12 of the valve lio are in the positions shown, 
the steam-valve 10 and weight 15 can now be raised by 


then commences to rotate. At the same time the screwed shaft 3a is 
rotated and is screwed out of the nuts so as to | m the con- 
D -rod as a whole. This causes the pivoted lever 6 to move 
about its pivot 6a, and the slot 6b in its plate is so that 
as the lever moves, the wedge-bar 9, with which it is connected 
through the medium of rod 8, is moved to the right until the 
wedge 9a is withdrawn from under the trigger 12 and the —- 
15 is allowed to close the valve. The is such that 

takes place when the proper and predetermined point of the run 
a , when any suitable device forming no part of this 
invention may be employed to put a brake into operation and 
bring the engine to a standstill. Now the engineman cannot open 
the valve and thus cause the engine to start again in the same 
direction, since the wedge connection in the valve-operating 














linkage is withdrawn, as described above. On operating the 
engine-reversing lever 20, however, from right to left, the pin 
which works in the slot 6) in the plate of the pivoted lever 
6 is moved to the other end of the slot, and the latter is so 
arranged that this brings the wedge connection back into its 
initial position. The engine is now ready for another run, but in 
the reverse direction, so that the threaded shaft will rotate in 
the other direction and shorten the extensible connecting-rod, 
thus returning the pivoted lever to its original position when the 
wedge connection will again have been withdrawn and the engine 
is —~ my as before. On again actuating the engine-reversing 
lever the pin carried on the end of rod 8 will be moved to the 
other end of the slot, the wedge connection will be re-inserted in 
age ie) the parts will be as they were initially. (Accepted May 
» 4. 


oe.46n/i8, Babcock and Wilcox, Limited, and F. W. 
Hollick, London. Cranes. [1 Fig.) October 1, 1913.— 
This invention consists in the application to cranes of reversing 
gearing, including a friction clutch comprising discs fixed on the 
reversing shaft, the hubs of which discs carry the reversing 
bevels, said discs being fitted with plane annular facings for 
frictional contact with —_ annular facings on the bevels. A 
practically constant coefficient of friction between the contacting 
surfaces of such a clutch is obtainable without the necessity for 
lubrication, while risk of seizing or jamming, on the one hand, 
and of involuntary slipping, on the other hand, is avoided. As 
shown, running loose on the driving shaft A, are two toothed 
bevel-wheels B, C adapted to mesh, as usual, with one bevel-wheel 
D secured on he driven shaft E. The two bevel-wheels B, O are 





also loosely mounted on the hubs of two friction-discs F, G keyed 
to the driving shaft, one adjacent to the bevel gear B, and one 
adjacent to the or The inner face of each disc F, G 
has a plane annular facing H of ferodo (a material d of 


fashioned to rest on the outer face of the felly-band 2. This 
member 11 is also provided with an inwardly-extending flange 
13 provided with ures, On the outer face of the felly-band 
2is a second broken ring or annulus 14, the outer face of which 
is inclined and fashioned to engage the inclined face 7 of the 
band 3, and with the inner face thereof cylindrical to seat on 
the outer face of the band2. The broken ring 14 is also pro- 
vided at one side with an age he ge | lip or flange 15. 
The 14 and the outer portion 12 of the member 11 
are approximately wedge - in cross-section. Posi- 
tioned against the side plate of the felly 1 is an annularly- 
formed clamping-ring 16, provided with an inwardly-extending 
flange 17, which rests against the side of the felly, and is further 
provided with an outwardly-extending portion 18, which is 
adapted to bear laterally st the side 8 of the band 3 of the 
tyre. Extending outwardly from a is a laterally out- 
wardly-inclined flange 19. The in y-extending flange 17 of 
the member 16 is provided with apertures arranged in transverse- 
registering relation with —— to the apertures in the flange 13 
of the member 11, and the felly 1 is also provided with a series of 
transverse apertures. Extending in these apertures 
are bolts 20 provided with nuts 21, the function of which is to draw 








po fr 
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aA 


the clamping-ring 16 inwardly towards the felly, and also, at the 
same time, to shift the band or ring 3 of the tyre laterally for 
firmly seating it. In setting up a wheel of this description, the 
member 11 ie positioned on the felly-band 2 and the tyre with the 
member 14 seated in the frusto-conically-formed groove formed 
by the face 7 with one side thereof resting against the shoulder 10, 
and the two are slid laterally on to the felly-band 2 until the in- 
clined face 6 of the band 3 rests on the inclined face of the por- 
tion 21 of the member 11. During this operation, or Paden & oa 
thereafter, the member 14 is forced laterally in the direction of 
the member 11 until the inwardly-extending lip or flange 15 
thereof engages the side of the felly-band 2. The clamping-ring 
16 is then positioned and the bolts 20 passed through the aper- 
tures in this ring, the felly, and the member 11, and the nuts 21 
are placed on their th: ed ends. As the nuts 21 are drawn up, 
they tend to force the member 11 inwardly towards the side of 
the felly, and this movement causes the inclined outer faces of 
the — 12 and the ring 14 to engage the inclined faces 6 and7 
of the ring 3. At the same time, the lateral movement of the 
member 16 causes the face 18 thereof to force the ring 3 laterally 
t ds the ber 11 ing the inclined faces 6 and 7 of the 
ring 3 to contract the members 11 and 14 to firmly lock them in 
tion. (Sealed July 30, 1914.) 


14,763/13. H. M. Butler, Leeds. Road-Vehicles. 
(9 Figs.) June 26, 1913.—The present invention has for its object 
to provide an improved construction of built-up hind axle of the 
kind comprising two tubular wheel-carrying axle ends connected 
by channel-section members, the latter being so shaped as to pro- 
vide a substantial space midway or about midway between the 
qeeme tubularaxleends. According to this invention, the ends 
of each channel-section member, which ends are, as hitherto sug- 
gested, straightened to lie upon flattened portions of the axle 
ends, are either constructed with flanges which overhang and lie 
above and below the inner end of each tubular axle end, or the 
axle ends may be formed with flanges to lie above and below the 
faces of the channel-section members. The axle ends 1 are each 
formed of a tubular member, the outer end of which is of circular 
section to constitute the barrel upon which the hub of the wheel 
rotates, while the inner end is formed with what is hereafter 
termed a wing 2, of somewhat oblong form in cross-section. e 
vertical sides of the wing 2 are recessed in the direction of its 
length, by means of which there are formed on the two opposite 
sides outwardly-extending upper and lower flanges 3, the ends of 
the recesses next to the barrel being closed by laterally-extending 
flanges 4. The wing 2 extends beyond the flanges 3, the vertical 
side faces of which extension 5 are preferably curved outwardly, 
as shown in Fig. 2, and form continuations of the bottom of the 
wing recesses, while the dimensions in side elevation of the 














asbestos and other non-inflammable constituents) or similar sub- 
stance, while the bevel-wheels B, C are provided with co-operating 
ey annular metal facings I nearly contacting with the facings 

on the discs. A sliding sleeve J, operated by the usual clutch 
lever K, is fitted on the shaft A between the bevel-gears, and is 
adapted to act thereon through the intermediary of thrust bear- 
ings L 80 as to press one or the other of the bevel-gears B or C 
into frictional contact with its frictional disc F or G, so that 
the reversing shaft may be driven in one direction or the other. 
(Sealed July 30, 1914.) 


MOTOR ROAD VEHICLES. 


5963/14. P. B. Bosworth, Akron, U.S.A. Wheel 
Rims. [1 Fig.) March 9, 1914.—This invention belongs to 
that class of tyre-holding rims known as demountable, and 
embodies a novel construction by which the tyre may be quickly 
and fixedly mounted on the wheel rim, and demounted there- 
from, and which will hold the tyre securely against independent 
movement while mounted on the wheel. e invention consists 
in the combination with a vehicle wheel of a rof wi - 
— rings positioned on the periphery thereof, one of the 
said wedge-shaped rings being — with an inwardly-pro- 
jecting flange for preventing its lateral movement, a tyre-carry- 
ing rim provided on its inner face with a pair of inclined faces 
adapted to seat on the inclined faces of the a rings, 
and a a ee secured to the side of the wheel and pro- 
vided with a portion en g the side of the tyre-carrying 






ex co! nds to the dimension between the inner faces 
of the flanges 3. In order to connect the two axle ends 1 in such 
Fig... «4 
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&@ manner as to leave a substantial space about midway of the axle 
when complete, the ends are connected by two channel section 
members or bridge-pieces 6, arranged so that the backs of the 
members 6 face each other. The opposite ends of these members 
6 are formed with astraight portion 7 to lie flush against the wing 
2 between the flanges 3, the straight ends being connected by 
outwardly-curved or otherwise bent portions, so that when the 
two members are placed in position on and connecting the axle 
ends, there shall be left in plan a space enclosed by a substantially 





the rim and the outer faces of the 
denote respectively the felly and felly-band of an ordinary 
wheel constructed in accordance with the well-known standard 
now adopted by manufacturers for carrying elastic tyres. Sur- 
rounding the felly-band 2 is an outer band 3, which is preferably 
with corrugations or dovetailed ves 4 for use in 
assisting in — a tyre 5 in position thereon. The cross- 
sectional on of the tyre aside from the portion which 
band 3 is immaterial. 
band 8 along one of its lateral faces is provided with an inclined 
face 6, and at another point with an inclined face 7, preferably, 
alth not n ly, inwardly from the lateral face 8 
of the 3. The ly inner face 9 of the band 8 is united 
with the inclined face 7, by a shoulder 10. Mounted on the outer 
face of the felly-band 2 is a broken retaining-ring 11 provided 


rim for shi it laterally to cause snug eng 
-shaped rings. land 2 


" frame (see Fig. 2) The members 6 are also formed so as 
to lie against the curved portions of the extension 5. The ends of 
the members 6, when the axle is built up, bear against the 
laterally-extending flanges 4, and the flanges 3 on the wings 
overlie the outer faces of the flanges of the channel-section 
members 6, and the dimensions of the wing 2 of each tubular 
member or axle end 1 and the dimensions of the sections 6 must 
be such as to allow of the bolts or rivets such as 8 being 

through the channel-section members 6 and the wings 2 to secure 
the members to the wings, without the rivets extending into the 
bore 9 of the axle ends. When the members 6 have been secured 
in position by the rivets 8 on the axle ends 1, the flanges 3 on the 
wings are caulked down cold on to the outer faces of the said 
members 6. The flanges of the outwardly-curved or bent portion 
of the members 6 may be formed with bolt-holes to receive bolts, 
by which a gear-box is ted to the bers, or other means 
may be employed for connecting the gear-box thereto, (Sealed 











the penn onl being moved from right to left and the engine 





with a laterally-projecting -shaped flange 12, the outer 
face of which A scting, and with the inner face thereof 
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NOTES ON THE RELATION BETWEEN 
RAINFALL AND YIELD. 


By D. Hatton Tomson, M.A. (Cantab.), 
Assoc. M. inst. C.E. 


Ir is unfortunate that practically the only system- 
atic gauging of rivers and streams maintained in 
this country is in connection with existing works, 
and whenever new schemes are projected in 
hitherto unappropriated drainage areas, the only 
available data on which to base their design are the 
records of rain-gauges in the locality or in neigh- 
bouring watersheds. There is no need, therefore, 
to emphasise the importance of establishing as 
accurately as possible the general relation between 
annual rainfall and yield in areas where the two 
sets of observations have been simultaneously 
carried out for a period of years. 

A common method of ascertaining this relation 
is to plot the annual yield against the rainfall of 
the corresponding period, and to draw amongst the 
points thus obtained a curve—usually a straight 





line—from which a simple formula in fair accord- 


Fig. 


REDMIRES DRAINAGE AREA 





records of only a few gauges, or even one gauge, 
so placed as not to be fairly representative of the 
drainage area ; or the yield may be calculated from 
a weir-gauge the rating of which is open to ques- 
tion. in areas containing reservoirs it is possible 
to determine the yield only by taking into con- 
sideration a number of variables, such as compensa- 
tion water, overflow, draught to supply, and change 
in reservoir-level, any or each of which may be a 
source of error. Sometimes only the main feeders 
are gauged, a rough estimate being made to account 
for the smaller contributories. The mere construc- 
tion of a reservoir, if it forms a large proportion of 
the total collecting area, appreciably affects the 
natural yield by introducing a factor which did not 
previously exist—namely, evaporation from its water 
surface. Indeed, the most fruitful source of discre- 
pancy is perhaps due to the changes of conditions 
which inevitably take place in the course of time 
and tend to break the continuity of the observations, 

Assuming, however, that the records are reliable, 
the relation between rainfall and yield would be 
representable by a single curve only, if all the 
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ance with the facts can be deduced. Dr. H. 
Lapworth* has pointed out that the annual evapora- 
tion (E), including all losses in inches in any 
drainage area, may be denoted by :— 
E=C+aR . (1) 
where 
R = annual rainfall in inches. 
a constant. 
a = a coefficient peculiar to each watershed. 
The annual yield (Y) in inches is then represented 
by the straight-line equation :— 
Y=R-E=(1-a@)R-C (2) 
The points as plotted above, however, usually 
distribute themselves in so haphazard a manner 
that it is probable no two individuals would derive 
the same values for the constants a and C from the 
same data. The reasons for this irregularity are not 
far to seek, and fall under the following heads : — 
1. The observations themselves may not be 
reasonably accurate. 
2. The physical conditions of the drainage area 
vary from year to year. 
3. The time-distribution of the yield differs from 
that of the rainfal!. 
_ Now there mus‘; be an appreciable probable error 
in applying the observations to the purpose in 
view, however carefully the readings themselves 
are made. The rainfall may be derived from the 





* Transactions of the Association of Water Engineers, 
vol. xv., page 181. 
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physical conditions of the drainage area, apart 
from the actual total annual rainfall, remained con- 
stant from year to year. In fact, only certain of 
these conditions—such as area and shape of the 
drainage area, its topography, geology, condition 
of surface, and natural storage capacity—are con- 
stant ; others—such as time-distribution and inten- 
sity of rainfall, temperature, direction and intensity 
of wind and saturation—are continually changing. 
But even were it feasible, which it is not, to form 


/an equation allowing individually for each of these 


factors, it would be so uttwieldy as to be useless. 
A formula such as (2), which represents the yield 
as a simple function of the rainfall, is for practical 
purposes undoubtedly preferable, even if it is 
theoretically illogical. 

The third source of discrepancy lies partly in 
the fact that the yield lags behind the rainfall ; 
they are therefore not comparable in every respect 
eriod. The importance of 
this lag depends upon the type of watershed under 
consideration ; in impervious and sparsely vegetated 
areas the whole of the discharge passes away very 
quickly, but in large retentive drainage areas the 
lag may be very pronounced. Many engineers 
have recognised its significance, and for the pur- 

of records terminate their water-year when 
the discharge is usually low—namely, in the late 
summer or early autumn, instead of on the last day 
of the calendar year—in order to prevent the normal 
flood season from being split up into two portions, 





and to credit as large a part of the annual discharge 
as possible to the rainfall of its origin. Experience 
shows, however, that the correlation of observations 
arranged in this manner is not sensibly improved. 

Were it ible to estimate the lag, if only 
approximately, another method suggests itself. 

he rainfall of any year might be compared with 
the yield of the year ending later by the amount of 
the lag. The question then arises, What is meant 
by the lag’ It might be defined, for instance, as 
the average time between the commencement of a 
rain-spell and that of a rise in discharge, or between 
the heaviest part of the rain-spell and the peak of 
the flood-wave. But even were some such assump- 
tions adopted, and apart from any difficulties in 
determining their numerical values, the problem of 
correlation is not thereby solved, for a drainage 
area not only has a retarding, but also an equalis- 
ing, effect upon its discharge. The yield not only 
lags ; its time-distribution is totally different from 
that of the rainfall. 

The flow of a stream consists essentially of a 
series of freshets following one another at intervals 
in accordance with the occurrence of the rainfall 
from which they are derived. The rate of rise, 
the height of the flood-peak, and the rate of fall of 
each individual freshet depend upon the intensity 
of the rainfall and the physical characteristics of 
the drainage area. The main mass of the flood- 
wave usually follows quickly on the rainfall, but 
weeks and months may pass before the whole of 
the flow due to that fall has drained off. With most 
streams in temperate countries the tail-end of a 
freshet is replenished by its successor long before 
the channel runs dry, so that the discharge at a 
given moment may be composed of water originat- 
ing from a number of entirely independent rain 
spells. It follows, therefore, that the discharge of 
any one year is derived only in part from the rain- 
fall of that year, the remainder arising from the 
rains of the period which, if the drainage area is 
very retentive, may extend back many months and 
even more thana year. Also part of the rainfall of 
that year is not discharged until the following year, 
and therefore cannot affect the yield of the year, in 
which it occurs. This overlapping of the annual 
yield would be of no importance were the magni- 
tude and distribution of the rainfall similar year by 
year, since the undischarged surpluses at the end of 
each would be similar and so counterbalance one 
another so far as the annual tutals were concerned. 
In reality, of course, the rainfall varies very con- 
siderably, so that this surplus at the end of a wet 
year will be greater than at the end of a dry year. 
Other conditions being unchanged, therefore, the 
ty of a wet year following a dry year will beara 
ess than normal proportion to the rainfall, since 
it will include only a small surplus from that dry 
year; and, conversely, the yield of a dry year 
following a wet —_ will beara greater than normal 
soap to the rainfall, since it will include a 
arge surplus from that wet year. Even a year of 
no rainfall, to take an extreme case, would produce 
a yield derived from the undischarged surplus of 
the preceding year. Thus, in view of the fore- 
going considerations, the discharge of a given year 
cannot he expected to compare without qualifica- 
tion with the rainfall of that year. 

When, however, a number of consecutive annual 
observations is available—say, twenty or more, the 
more the better—some assistance may be gained 
by regarding the problem from another point of 
view. Rainfall is a physical phenomenon which 
varies from year to year, according to some ill- 
understood law ; over a short period these fluctua- 
tions appear to be fortuitous, but a long period 
evinces the fact that those years, the fall in which 
is in the neighbourhood of the average, occur most 
frequently, whilst the greater the deviation from 
the average, both in excess and in defect, the more 
rare is their recurrence. The longer the period of 
observations available the more marked and regular 
is this frequency relation. Similarly, the annual 
yield, since it is derived from the rainfall, varies 
accordingly to a frequency relation, the form of 
which, however, will differ from that of the rain- 
fall, since the discharge is equalised by the drainage 
area and subject to certain losses. If, then, the. 
annual rainfall and yield be taken separately, and 
the vs gpm ry frequency law which a long series 
of each would ultimately assume be capable of 
determination, the two phenomena may be corre- 
lated on the assumption that the rainfall of a given 
frequency produces a yield of the same frequency. 
By this means all considerations of time-lag and 
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difference of time-distribution are eliminated, a 
simple comparison being made between two events, 
one of which is known to be derived from the 
other, and each of which occurs on an average at 
equal intervals of time. A practical application 
of this principle is best explained by examples. 

For this purpse the mires drainage area 
of the Sheffield Water Works has been selected, a 
table of annual records from 1879 to 1907 being 
given by Mr. L. S. M. Marsh, in the Proceedings 
of the Institution of Civil Engineers, vol. clxxxi., 
page 10. Its area is about 5000 acres. From this 
table each yield is plotted in Fig. 1, page 293, as a 
black dot against the rainfall of the corresponding 
year. The distribution of these dots is markedly 
irregular, and the straight line which would best 
represent them is not readily determined by eye. 
Now, in order to apply the principle of equal fre- 
quency enunciated above, the two sets of observa- 
tions should be plotted in order of magnitude, as 
in Fig. 2. It is immaterial that the years in each 
set do not ap in the same order. The hori- 
zontal scale then measures the number of years 
out of the total (in this case 29) during which a 
rainfall or yield of given magnitude is equalled 
or exceeded ; in other words, the ints lie ap- 
proximately on duration curves, and smooth lines 
drawn among them by freehand, as shown, would 
a very fairly the form these curves would 
take were an indefinitely long series of observa- 
tions available. When more than, say, twenty 
years’ record can be utilised, the points usually lie 
in a fairly regular manner, and the smooth lines 
through them may be drawn with some degree of 
confidence. The points where any ordinate, such as 
A'BO, cuts the duration curves, represent the rain- 
fall and yield occurring on an average with equal 
frequency. The rainfall A and the yield A B may 
therefore be transferred to Fig. 1, and used as the 
co-ordinates of a point on the required straight line. 
A series of points thus transferred from the dura- 
tion curves will be found to lie on a straight line, 
or very nearly so, among the points of observation, 
and from this a formula for the watershed based on 
equation (2) can be calculated. In the Redmires 
drainage area the constant C = 14 anda = zero, 
so that equations (1) and (2) become :— 


E = 14, 
and 


Y=R- 14. 
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or, in words, the annual evaporation is 14 in. what- 
ever the rainfall. 

In further illustration, the formula for the 
Trenchford drainage area (961 acres) of the Torquay 
Water Works has been calculated. The records from 
1887 to 1909 are given by Mr. Samuel C. Chapman 
in the Transactions of the Association of Water 
Engineers, vol. xv., page 153. The diagrams, Figs. 
3 and 4, page 293, are worked out in a precisely 
similar manner to those for the Redmires drainage 
area. In this case the constants are C = 13, 
a = 0.1, so that equations (1) and (2) become :— 


E=01R + 13, 


Y =0.9R — 158. 


In this case the annual evaporation is not inde- 
pendent of, but increases slightly with, the rainfall. 


and 





CALCIUM CARBIDE AND NITROGEN 
PRODUCTS. 
(Continued from page 272.) 

ConTINUING our article on the manufacture of 
calcium carbide and nitrogen products, we give 
on the present and opposite further illustra- 
tions of the powerful turbo-generators which provide 
the electricity for the various chemical reactions 
involved in the process, as carried out at the works 
at Odda, on the Hardanger Fjord, Norway. The 
three latest turbine sets furnished by Messrs. 
Piccard, Pictet and Co., of Geneva, are also on the 
Pelton system. Two of the machines have two, and 
one machine a single running wheel, which run at 
250 revolutions per minute. Each set with two 
wheels is of 16,000 horse-power. 

The two running wheels are at a distance of 2 m. 
(6 ft. 64, in.) from each other between centres, and 
are enclosed in a common casing built up of plates. 
They each receive the impulse of a jet having a 
diameter of 161 mm. (6.3 in.) at full load. Each of 





the two nozzles is supplied by a separate set of 
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iping, fitted with an hydraulically-operated valve. 
The piping is connected to two mains, as described 
in the previous article. The turbine-shaft, 505 mm. 
(19.8 in.) in diameter at the part where it is 
fitted in the wheel-boss, is carried in two bearings 
with spherical seatings, one 420 mm. (16.5 in.) and 
the sm 320 mm. (12.6 in.) in diameter, this latter 

rovided with strong annular thrusts for maintain- 
ing the wheels in the axis of the jets. The bearings 
are supplied with oil circulation by a small pump, 
one for each bearing. The oil in the tank is cooled 
by the water leaving the wheels. 

Each wheel has an over-all diameter of 3.465 m. 
(11 ft. 44 in.), and is fitted with twenty-four buckets 
cast in steel, held on a steel disc, also cast, the 
method of fixation being on Messrs. Piccard, Pictet 
and Co.’s patent system. Inthis, each bucket is 
made with two stay-lugs; these grip the outside ring 
of the disc, and the bucket is thus astride the disc 
(Fig. 33). Fastening is obtained by means of two 
bolts (marked A in Fig. 33), which run through the 
disc and lugs ; the bolts are made slightly conical 
and engage steel split bushes (marked B), which 
are machined over their whole pa and are made 
inside with the same taper as the bolts, whilst they 
are cylindrical on their outside surface, the hole in 
the disc in which they are fitted being cylindrical 
also. The bushes are tightened in the hole cut in 
the disc, and this prevents all loosening of the 
bucket under the shock it receives from the water- 
jet at each revolution of the wheel. The holes in 
the disc being cylindrical and bored on templates 
with those in the lugs of the buckets, the buckets 
are interchangeable and can easily be replaced. 

The turbines are fitted with the patent method of 
double automatic governing, based upon the com- 
bined action of two different systems, one acting 
by modification of the flow, and the other by modi- 
fication of the turbine efficiency, both being com- 
bined in one and the same governor. Governing 
by modification of the turbine efficiency is ob- 
tained by means of a tipping device (marked C in 
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Fig. 32), placed directly at the outlet of the injector 
on the path of the jet for deviating the latter. 
Governing by modification of the flow is obtained 
by means of a needle (marked D in Fig. 32), which 
is displaced in the direction of the jet axis inside 
the nozzle-pipe. The tipping device acts very 
rapidly and gives an excellent governing of the 
speed without the sid of any revolving masses, 
whilst the needle acts slowly on the flow, thus 
preventing all danger through water-hammering 
in the main. Although both the tipping device 
and the needle are operated by the same governor, 
their action is not simultaneous ; the former first 
deviates the jet, then the needle moves slowly 
forward in the nozzle-pipe until the flow corre- 
sponds with the load for the time being, the tipping 
device meanwhile returning backwards under the 
action of the governor. ut this return of the 
device is connected to the motion of the needle, so 
that gradually as this latter advances, the tipping 
device rises not to its former position, but to a 
position tangent to the new jet, the diameter of 
which has decreased. When the load on the tur- 
bine increases, the needle travels backwards under 
the action of the governor, and at the same time 
the tipping device rises, and maintains, what- 
ever be the load on the turbine, its position 
tangent to the jet. The necessary oil under 
apg for working the relays is supplied 

y a pump (marked E in Fig. 33), one for each 
governor, and placed at the end of the turbine 
shaft. These pumps are rotary multiple-piston 
pumps, of strong design, without gearing or 
valves. They work smoothly, and the multiplicity 
of the pistons ensures great regularity in their out- 
put, an important condition for a governor-pump. 

The governor with its relay is located between 
the two nozzle-pipes ; the tachometer is driven by 
a belt. This tachometer, though of strong type, is 
of great sensitiveness, since it contains no joints 
liable to cause friction, the weights being suspended 
by flexible steel strips. The governor is provided 
with a device for varying the speed of the turbine 
within certain limits, so as to give it the required 
speed when connecting it up with another set. 
Another arrangement allows of modifying statism 
at will—i.e., the difference between the speed under 
full load and that empty ; this can be done whilst 
the governor is working. The needles oan also be 
disconnected from the automatic governing device 
and worked by hand by means of gearing (marked 
F in Fig. 32) fitted to a column in close proximity 
to the governor. 

The three-phase generators, which are directly 
coupled to these turbines, were made by the British 
Westinghouse Company, Manchester. They are 
designed for an output of 9600 kw. at a power- 
factor of 0.8, equivalent to 12,000 k.v.a. at 
12,000 volts, 25 periods per second. The rotor 
consists of a solid hub with two steel rings, into 
which are dovetailed the pole-pieces with pole- 
shoes. The stator consists of four parts, and has 
an inside diameter of 3810 mm. (12 ft. 6 in.). 
The outside diameter of the machine is 5946 nm. 
(17 ft. 6 in.), and the distance between bearings is 
4115 mm. (13 ft. 6 in.) centres. The machines are 
totally enclosed and furnished with air channels, as 
described in connection with the Siemens-Schuckert 
generators illustrated in the previous article. 

The magnetising current for the above-mentioned 
generators is supplied by four turbine-driven ex- 
citers. These units were built by the firms furnish- 
ing the alternating-current units. The exciter 
units are also run by Pelton turbines with auto- 
matic needle regulation for the speed, but they 
have no arrangement for regulating the pressure. 
The capacity of the turbines is 250 horse-power at 
750 revolutions per minute, and the water con- 
sumption is 64 litres per second. The 110-volt 
direct-current generators coupled to these turbines 
have a capacity of 220 electrical horse-power at 
750 revolutions per minute. The units are guaran- 
teed for an overload of 80 per cent. above the 
normal rate. 

The switch gear is very complete, and contains 
all apparatus required for the safe and efficient 
operation of the modern power plant. The present 
s witch-gear is located in a four-storey building. It 
was furnished and installed during 1911-1912 by 
the British Westinghouse Company, of Manchester, 
and has proved to - very satisfactory. It may be 
specially mentioned that the automatic oil circuit- 
breakers have handled a number of severe short- 
circuits without showing any signs of distress. 

Tae 12,500-volt transmission lines are brought 





out through the rear wall from the fourth floor of 
the switch-gear building. The lines to the carbide 
factories at Odda, situated about 3 miles from the 
electric generating station, are carried on two rows 
of steel masts, each row taking two lines. Each 
line consists of three aluminium cables, with a 
cross-section of 450 sq. mm. (6.975 sq. in.). The 
lines are carried along the shore of the Sérfjord, 
where for some distance the mountains rise almost 
vertically to a height of more than 1000 metres, 
and where avalanches of snow and stone are 
frequent. In order to protect the lines it was 
found necessary to cut a ‘tunnel about 1200 m. 
(3936 ft.) long through the mountain. In addition 
to the overhead conductors there are also two iron- 
armoured lead -covered treble - conductor copper 
cables, each conductor having a cross-section of 
120 sq. mm. (1.86 sq. in.), which convey power 
direct to the cyanamide works. With the trans- 
formation of the current to suit the requirements 
of the calcium carbide and cyanamide works we 
shall deal when describing these works in the suc- 
ceeding articles. 
(To be continued.) 
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Les Pierres Précieuses. Par JeaAN Escarp. Paris: H. 
Dunod and E. Pinat. [Price 30 francs. } 

Ir is curious to note that France, commonly 
regarded as the home of luxury and of refined 
ornament, has long been without an adequate 
treatise on gems and precious stones. A large 
literature exists in other countries, from which we 
can learn how stones have been employed in art 
and industry, but for thirty years France has not 
contributed to this subject. The present volume, 
however, makes amends, covering so large a field 
that it is difficult to do justice to its comprehen- 
siveness. For the gem can be viewed in many 
aspects, some of them far removed from the con- 
ventional lines of ornament and decoration. The 

uliar qualities of hardness and durability 
emanded of precious stones make them invaluable 
in some industrial operations ; the action of light 
on others gives them ready employment in optics 
and physical research ; in presence of these larger 
interests, the skill of the lapidary and the art 
of the jeweller occupy a position of secondary 
importance. 

With the variety and extended application of 
precious stones, with the possible synthetic repro- 
duction, and with the continual addition of strange 
and often uncouth names to our catalogues as fresh 
discoveries are announced, it becomes necessary to 
review definitions and to ask what constitutes a 
precious stone? Definitions are always difficult, 
and when fashion is the arbiter science is at a dis- 
advantage. But in no case would chemical analysis 
or optical examination decide the question. Oxides, 
aluminates, silicates, and many other combinations 
are all represented, so that we have to do not with 
a natural family, but with artificial groupings. To 
be a precious stone from the popular point of view 
a mineral must possess a number of qualifications, 
but the greatest of these is rarity. It must be 
transparent and of a fine water—that is, very 
limpid. It should have a strong, clear colour, 
devoid of nuances or half-tones, though there are 
exceptions. The mineral must be very brilliant, a 
quality that depends upon the optical properties of 
dispersion and refraction. This last is again a 
function of density : therefore precious stones are 
heavy. Further, it must be hard, soas to take and 
hold a fine polish. The more a stone unites these 
qualities in a high degree, the higher place it will 
hold in popular estimation, always provided its 
rarity makes it difficult to obtain. There are. 
however, minerals which are neither limpid, nor 
clear, nor dense, nor hard, and yet havea high place 
in the hierarchy of valued gems. Such are the opal 
and labradorite, whose iridescent reflections make 
their chief charm; the former especially owes its 
beauty to the warm reflections that play about in its 
semi-transparency. The turquoise is opaque, but its 
beautiful delicate blue colour appeals to the popular 
taste. Market price is little guide in decisions, for 
this is controlled by many vague factors. For 
instance, the topaz, after having been highly 
esteemed, is to-day utterly démodé; on the other 
hand, artistic workmanship will give to ‘‘ fancy 
stones,” pierres de fantaisie, a high, if temporary, 
value. Among these will be reckoned beautiful 
varieties of quartz, jaspar, agate, feldspar, &c., 











that by reason of the variety of brilliance and polish 
to which they are susceptible lend themselves 
admirably to the graver’s tool for the treatment of 
artistic subjects. Some of these are as yet little 
known and their qualities inadequately appreciated. 
It is one of the merits of Mr. Escard’s work that 
he treats these lesser known varieties in consider- 
able detail. This is in some measure due to the 
fact that many of the minerals suitable for lapidary 
work are from Madagascar, and have been the 
wy of French exploration. Here may be 
ound the beautiful rose-coloured quartz that is 
known by several names—tourmalines that run 
through the whole possible gamut of colours. There 
are reds of all shades, vieing with the ruby in pure 
red, and sometimes tinged with violet, or fading 
away to the most delicate rose ; there are 
greens and blues, some browns with now and then 
a smoky tint, some golden-yellows, and one of 
dazzling gold. Here the colours are uniform in 
the same crystal, there they alternate to form har- 
monious blendings. One does not know what to 
admire most—the delicacy and perfection of the 
form, the multiplicity and brilliancy of the faces, 
or the variety and richness of the colours. 

With material so varied in its nature and appeal- 
ing to so many interests, the author has a large 
field to explore. He traces the part jewels have 
played in the ancient history of the Egyptian, 
Greek, and Roman people. Alas, for the credit of 
human nature, he shows that the most ancient 
traditions prove that the art of imitating the costly 
gem has been practised from the time when it was 
first appreciated and utilised as a personal adorn- 
ment. The Egyptians, it is to be feared, had as 
little sense of morality as of chivalry. In the early 
days, men monopolised the jewels for their own 
decoration, they were too precious to be wasted on 
the weaker sex. But as gems became more common, 
mean men treated their wives to the cheaper kinds, 
and when the first chemists had learned the art of 
producing a colourable imitation—and that they 
very soon did—the wives had to accept the miser- 
able forgery. Later in time, Pliny instructed his 
world how to decide between true and false stones, 
and there seems to have been no age when decep- 
tion was not practised on the ignorant and vain. 
The author sketches the history of many well- 
known stones, but it would have extended his 
volume to unwieldy dimensions to tell of the crime 
and guilt for which these precious gems have been 
responsible. 

wo chapters are devoted to the discussion of 
the characteristic properties and peculiarities pre- 
sented by precious stones generally. The more 
interesting portions refer to the modification of 
colour caused by the action of radioactive sub- 
stances and by X rays. Sir William Crookes has 
taught us much of the behaviour of diamonds 
when submitted to these conditions, and also of 
the phenomena of fluorescence and luminescence. 
Some of this information is reproduced here, but, 
as we think, without sufficient acknowledgement. 
The matter, however, is very well summarised, and 
the facts are clearly stated. It is otherwise when 
treating of that vexed question, the genesis of the 
diamond. English chemists and geologists are 
practically ignored, but what is of more import- 
ance is that the rival theories in favour of an 
aqueous or igneous origin are not clearly outlined. 
Naturally, reference is made to the meteoric 
theory, that would persuade us that diamonds are 
the gift of heaven conveyed to earth in meteoric 
showers. Such an origin appeals powerfully 
to the imagination, but though it is certain that 
diamonds have been extracted from meteoric 
masses, it may be questioned whether the meteors 
are the product ‘‘ du démantélement d’astres plus 
cu moins rapprochés de nous.” Similarly there is 
no proof that a particular meteor in which a diamond 
was found embedded constituted the true matrix 
of the diamond. If from some catastrophe a por- 
tion of our gemmiferous beds, so well described by 
the author, was ejected into space and arrived on 
another planet, we know that such a conclusion 
would be unfounded. Whatever ingenuity is 
brought to bear upon this problem of genesis, it 
remains a puzzle. It is even doubtful if we are 
entitled to say that in some vague and undefined 
manner carbon, existing deep down in the internal 
regions of the earth, submitted to high temperature 
and great pressure, has been changed from its black 
and uninviting appearance to the most beautiful 
gem which ever saw the light of day. But in some 
such form that theory finds general acceptance, 
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A more varied and not less interesting class of 
gems is that in which the base is either quartz or 
silica. Among the former are placed the chalce- 
dony, agate, and opals ; in the second, the feldspars 
and complex silicates. The aluminates, which 
include the ruby, sapphire, and varieties of spinel, 
make another important group, while the garnets, 
tourmalines and beryls form another convenient 
division. The great number of stones described 
is quite bewildering, and the popular nomenclature 
might be revised with advantage. A sufficient 
description of each is given, and the illustrations 
of these sections, as elsewhere in the volume, are 
excellent and admirably supplement the text. 

Pearl, coral, and amber can hardly be called 
precious stones, but their description necessarily 
finds a place here. The pearl fishery is a large 
industry, and the trade in imitation pearls pos- 
sibly still larger. The discovery of X rays has 
found a new sphere of usefulness in the pearl 
fishery, since by their aid it is possible to see 
clearly the position and shape of the pearl secreted 
within the oyster. Those that show well-developed 
pearls are opened at once, and the gems extracted. 
Where smaller pearls are detected, the oyster is 
placed in tanks and given the opportunity of in- 
creasing them, and when no pearl is visible the 
oyster is returned to the sea. It is claimed that 
the introduction of radiography has introduced a 
very decided economy. The presence of the. fly 
in the amber can be detected without any such aid, 
but when found increases the value of the speci- 
men considerably. The trade in amber amounts 
to about 8,000,000 francs annually, and that in 
coral to about one-fourth of that amount. 

A true industry, and one that has gained a fair 
footing in France, is the fabrication of artificial 
stones, both by synthesis and by a process of 
reconstruction. In the first case, the problem is 
to unite the materials of which a stone is composed 
in such a manner that the product shall possess all 
the properties of the true stone, whether physical, 
chemical, optical, or crystalographic, so perfectly 
that no test can detect any difference from the 
natural mineral. In this way Moissan has reproduced 
the diamond, Ebelmen the spinel, Fremy and Feil 
the ruby and sapphire, and other successes might 
be recorded. So far as is known, the process of 
syothesis approaches the formation of the mineral 
in the depths of the earth. Reconstruction is quite 
a different process. That consists in pulverising 
natural stones that are faulty or useless, and re- 
uniting the powder by fusion at a high temperature. 
By this means solid and transparent masses are 
produced that can be cut like natural stones, and 
externally have the same appearance. They are 
distinguished by the expert by the absence of 
crystalline texture and the special form of minute 
gaseous bubbles formed internally. These recon- 
structed stones are, however, much prized as jewels; 
they have the composition, the brilliancy, and the 
hardness of natural stones. The author, who is 
evidently well acquainted with the whole process 
of manufacture, or of manipulation of precious 
stones, as practised in France, where the in- 
dustry has its home, discusses the future of the 
diamond in a hopeful manner. He is fully con- 
scious of the difficulties in the details of manu- 
facture, but confidently believes that the process 
is sound, and that in the future artificial diamonds 
of several carats weight will be at the command of 
the jeweller. But to produce artificial diamonds, 
large in size and perfect in transparency, will be so 
expensive, that no depreciation in the value of the 
natural gem is to be feared. Notwithstanding the 
progress in manufacture by synthesis, for a long 
time to come the market is likely to be flooded with 
imitations, more or less worthless, and therefore 
the author does well to conclude with a chapter on 
the processes of imitation and the methods of 
detection. But even when armed with these instruc- 
tions, one should mistrust his powers to detect a 
fraud, for long and skilful training in the art of 
deception has produced such adepts that the suc- 
cessful unmasking of an imposture can only be 
accomplished by those who have acquired equal 
knowledge and experience. 





The Wonders of Wireless Teleoraphy, explained in Simpl 
Terms for the Non-Technical Reader. By J. A. 
FLEMING, M.A., D.Sc., F.R.S. London: Society for 
Promoting Christian Knowledge. [Price 3s. 6d. net. ] 
WHEN the nicely-adjusted apparatus of the labora- 
tory had demonstrated the ibility of dispensing 


with metallic conductors for the transmission of 








telegraphic signals, and it became evident that 
future progress demanded the erection of engi- 
neering plant on a large scale, Mr. Marconi, whose 
name is so honourably connected with the develop- 
ment of wireless telegraphy on a commercial basis, 
invited the co-operation of Professor Fleming in 
erecting a power plant for the production and 
emission of electric waves on a scale hitherto un- 
recedented. This was but a little more than a 
ozen years ago, but was before Poldhu had become 
historical, before electro-magnetic waves had flashed 
across the Atlantic, and when the modest equipment 
of a 25-horse-power oil-engine and an alternator 
capable of producing a low-frequency alternatin 
current at a pressure of 2000 volts was regard 
as an imposing installation. Dr. Fleming was thus 
present at the birth of commercial radiotelegraphy, 
he has watched over its rapid growth, and his 
ingenuity and experience have contributed not a 
little to its progress and development. He is 
therefore in an admirable position to recount ite 
history, to tell what it has accomplished, and to 
indicate its hopes and prospects in the future. 
Unfortunately, the plan of his book limits the 
thoroughness of the treatment. Professor Fleming 
has extended his well-known elementary work on 
“Waves and Ripples in Air and Water” to 
embrace electro-magnetic waves in ether, and the 
method pursued in that work has to some extent 
decided the arrangement of this book. Conse- 
quently the description of the wonders of wireless 
telegraphy is delayed, pending the setting forth of 
some physical principles that do not affect the 
mechanical results. Further, the author has been 
so closely connected with Marconi that the work of 
this eminent physicist figures so prominently as to 
allow insufficient room for the adequate display of 
the achievement of others who have worked not 
less indefatigably, but without so complete a 
recognition. Nevertheless, we doubt if reoni’s 
great merit is sufficiently emphasised. It is owing 
to him more than to any other that wireless tele- 
graphy has been placed on a commercial basis 
and become a great factor in trade and in- 
dustry. To take the great step involved in 
passing from the working of laboratory experi- 
ments at small cost, to the construction of the 
apparatus on the large scale necessary for the in- 
terchange of messages on a commercial footing, 
uired the skill of the financier as much as the 
ability of the physicist. To inspire the confidence 
in the public that was necessary to float a company 
needed an enthusiast. To perceive thé advantage 
that would result from this addition to our resources 
demanded the intuition’of a prophet. History will 
probably demonstrate that we are more indebted 
to Marconi for the strength of his convictions than 
for the ingenuity of his mechanical inventions. 
There is no necessity to describe with any com- 
pleteness the scientific contents of the book. In six 
chapters Professor Fleming sketches the main charac- 
teristics of electric oscillations and electric waves : 
the construction and utilisation of apparatus for 
the transmission and reception of signals ; the 
results of practical application with the peculiari- 
ties that have been encountered and the explana- 
tions offered. In these successive chapters, the 
author is certain to express, lucidly and pictur- 
esquely, the fundamental — that make 
medictabamnate possible. ide experience pro- 
vides him with a great wealth of graphic illus- 
tration and enables him to draw instructive 
analogies from other departments of physics 
that assist the unscientific reader in follow- 
ing, or imagining, the processes that cannot 
be made evident to the senses. It goes with- 
out saying that none of these aids will be 
wanting, and nothing omitted that will assist the 
student in grappling with unfamiliar conceptions. 
In undertaking this task of illuminating the dark 
places of experimental science the author renders 
a very essential service. He instructs those who 
are intelligently interested in the details of a new 
discovery and its application. He addresses him- 
self entirely to an unspecialised public, and should 
be readily understood by any receptive mind after 
diligent attention. Such an amount of attention 
will be well rewarded, for the wonder of radio- 
telegraphy lies rather in the method than in the 
fact of accomplishment. Those who are content 
simply to marvel at the successful transmission of 
signals over thousands of miles, or the convey- 
ance of articulate speech over hundreds, only very 
inadequately comprehend the magnitude of the 
achievement that excites their admiration, To see 


it in its proper proportion, some effort must be 
made to apprehend the mental processes involved 
in the patient unravelling of recondite phenomena ; 
the scientific imagination exercised in the contriv- 
ance of experiment and the interpretation of 
results; and the acuteness of reasoning every- 
where practised. 

No guide more competent than the author could 
conduct us through the mazy intricacies of the many 
problems connected with practical radiotelegraphy, 
or better discriminate between the many specious 
speculations and hasty conclusions that new appli- 
cations bring in their train. In few branches of 
mechanical science is there greater opportunity to 
err in misconceiving the results of isolated experi- 
ment on a small laboratory scale, conducted under 
favourable conditions and able supervision, as neces- 
sarily directly applicable to the regular conduct of 
a communication for commercial purposes 
at all times and under all conditions. Accuracy and 
reliability are the qualities that are of the utmost 
importance. Even efficiency in the technical sense 
—that is, economy in utilising power for a par- 
ticular end—is subsidiary to certainty of operation. 
On practical grounds, therefore, we would willingly 
have listened to Professor Fleming on some points 
of technical interest in the method of generating 
radioelectric waves, a topic that is now exercis- 
ing electrical engineers. Mechanical methods are 
pressing hard on those of the spark and arc, and 
great changes are possible in the equipment of the 
radiotelegraphic station of the future. The author 
raises our curiosity in the possibilities of future 
psinim end without satisfying it, and though the 
general prospect, seen dimly through uncertain 
mists, looks very inviting, such a hand- book may not 
be the place to discuss the salient features too closely. 
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WE illustrate in Figs. 1 to 4 on the present page 
& portable lead-melting furnace for pouring the joints 
of cast-iron water- mains. It is built by Messrs. 
George Green and Co., engineers, Keighley, and con- 
sists of one of their improved soft-metal melting 
furnaces, lined with firebrick and mounted upon 4 
ball-bearing turntable (see Figs. 2 and 3) on a steel 
bogie. The bogie is carried on cast-steel wheels with 
improved dust-proof roller bearings, and fitted, as 
shown in Fig. 1, with a hand-screw brake, which 
acts on all four wheelk. The furnace is designed for 
burning ordinary gas-coke fuel, forced draught being 
used, the fan being driven by hand by means of the 
transmission device shown in our illustration. One 
man can — produce sufficient blast for the melt- 
ing. The melting-pot, which can be seen in Figs. 1 
and 2, and in plan in Fig. 3, is of cast iron, a screw 
stopper-plug provided with a hand-wheel regulates 
— | cuts off the flow of molten metal. Owing to its 
length, the pouring-spout is heated with hot blast, with 
a view to keep the molten lead fluid whilst pouring ; 
a damper is provided in the smoke-pipe for regulating 
the current of hot blast t# suit the requirements. 
A chamber at the bottom of the furnace shell, under- 
neath the furnace proper, serves as a store for coke. 
The furnace we illustrate has been designed for the 
pouring of lead joints on 50-in. diameter pipes ; the 
capacity of the melting-pot is 10 owt. of molten lead. 
The design can be varied to suit special requirements. 





CUTTING-OFF MACHINES FOR PIPES. 


Tue illustrations on show two machines, 


designed and constructed by Messrs. Charles Winn and 
Co., of Granville-street, a for rapidly 


cutting off lengths of iron and stee electric con- 


pipes, 





duits, &. The machine 
illustrated in Fig. 1 is cap- 
able of working on pipes 
up to 4 in. bore, while that 
shown in Fig. 2 takes in 
pipes up to 2in. bore. 
The details illustrated in 
Figs. 3 to 9 belong to the 
smaller machine, and the following description refers 
particularly to this, though it may be taken as applying 
generally to the larger machine as well. What differ- 
ences there are between the two machines can easily 
be seen by comparing Figs. 1 and 2. 

The frame and headstock are cast in one piece, as 
can be seen in Figs. 1 and 2, and they are strongly 
ribbed to ensure rigidity; the gibs are of strong 
section, to withstand rough usage, and wide apart to 
resist the torsion of thesaddle. The machine is driven 
by a three-speed cone-pulley carried directly behind 
the head+tock, and power is transmitted to the spindle 
7 machine-cut gearing, protected by guards as shown. 

e drive has been made sufficiently powerful to 
allow full advantage to be taken of modern high-speed 
steel-cutting tools. The headstock bearings are of 
ample proportions, and are adjustable for wear, and 
the spindle, which is hollow, is fitted with a thrust- 
collar at the front end and with locking-rings at the 
back end to take upend play ; it is also provided with 
a bush-holder at the back end, into which bushes of 
various sizes are fitted to support the outer ends of 
long tubes. Figs. 3 to 6 illustrate details of the head- 
stock and of the firm’s patent quick-grip chuck, which 
is probably the most interesting part of the machine, 
and adds largely to its efficiency. The chuck, which 
is of the four-jaw self-centring type, is opened and 
closed while the machine is in motion by means of the 
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capstan levers, prominently shown in Figs. | and 2, 
and an examination of Figs. 3 and 5 will show how 
this is accomplished. It will be seen that the capstan 
head is keyed to a short shaft, at the other end of 
which is a pinion a which engages with a geared 
segment on the Y-shaped lever}. The upper ends of 
this lever fit into a groove in the outer part of the 
chuck, so that by turning the capstan levers in 4 
clockwise direction the outer part of the chuck is 
moved longitudinally from left to right. This move- 
ment forces the jaws inwards, since their outer 
ends rest on the conical inner surface of the outer 
ring of the chuck, as shown in Fig. 3, and the 
jaws thus grip the pipe tightly; to release them, 
the capstan levers are turned in the opposite 
direction, thus allowing the jaws to be moved 
outwards by the flat springs shown in Fig. 6. To 
adjust the jaws to take pipes of different sizes, it 1s 
only necessary to slack back two nuts and turn the 
outer ring of the chuck about its axis. The jaws rest 
on eccentric cam surfaces formed on the chuck-ring, 
so that they move radially inwards or outwards, 


| according to the direction in which the chuck-ring is 


turned ; the arrangement is clearly shown in Fig. 6. 
The adjustment that can be effected in this way is 
about one-third of the total capacity of the chuck, 
but further adjustment can be obtained by chang- 
ing the jaws, an operation which can very 
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-_ carried out without removing any part of the 
chuck. 

Details of the saddle and slide are illustrated in 
Figs. 7 and 8. It will be seen that the saddle is fitted 
with two tool-rests set at an angle, so that the cutting- 
tools may be of the simplest possible form. The tools 
are each arranged to absorb the thrust of the other, 


high cutting speeds. They are fed into the work by 
means of a hand-wheel and screw, the latter being cut 
with right and left-handed threads, which work in 
renewable gun-metal nuts fitted into the rests, as 
shown in Fig. 7. The same figure also shows the means 
adopted to equalise the cutting of the two tools. For 
this pur , the screw c, working in the fixed nut d, 
18 provided, and, by turning the knurled head of this 
screw, the required adjustment can be effected. 

The machines are fitted with an adjustable length- 
stop, which can be seen in Figs. 1 and 2, and is shown 
in detail in Figs. 8 and 9; 


the way when it is required to cut a long pipe. They 


are also provided with a rotary-gear pump to supply 
@ continuous stream of lubricant to the cutting-tools, 
and with a tray having a reservoir and strainer to 
collect the used lubricant and swarf. 

With these machines a piece of 1l-in. gas pipe can 


| be cut off in 5 seconds and a 2-in. gas pipe in 12 seconds. 
| The machines are made in smaller oa a 
and to clear themselves in cutting, thus permitting | 


ger sizes than 
those illustrated, the larger machines being capable of 
cutting pipes up to 8-in. bore. 








VicToRIAN ExprenpitTurg. — The skill and integrity 
with which the finances of Victoria have been controlled 
has been productive of the best results. The great bulk 
of the Victorian Government loans was raised for the 
prosecution of reproductive public works; and these 
works not only secured fairly remunerative employment 
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reasonable rates ; and it is not a little satisfactory to add 
that while European securities have been greatly affected 
by the recent course of European history, Antipodean 
investments have hardly suffered at all. In 1 e 
average rate of interest on Victorian loans was 6 pes 
cent. In 1860 it still stood at 5.99 per cent.; but in 1870 
there was a decline to 5.78 per cent.; in 1880 to 5.01 per 
cent. ; in 1890 to 3.99 per cent. ; and in 1900 to 3.83 per cent. 
In 1910 a further reduction to 3.56 per cent. had been 
secured, and in 1911 and 1912 the average was only 3.54 per 
cent. In 1855 the outstanding public loans of Victoria 
amounted to 480,000/. ; in 1860. to 5,118,100/. ; in 1870, to 
| 11,924,8007.; in 1880, to 20,056,600/.; in 1890, to 
| 41,377,693. ; in 1900, to 48,774,885/.; and in 1910, to 
55,501, 7’ In 1911 a total of 57,933,764/. was attained ; 
|and in 1912 this aggregate was further carried to 
60,712,216/. The effect of the severe economy practised 
in the matter of interest was that, notwithstanding the 
great increase of the debt and the very considerable 
expenditure incurred for useful public works, the annual 
ch for interest only stood in 1912 at 2,150,746J., or 
a debt of 441. 17s. 7d. per head of the population, the 





it can be swung out of: 





for the Victorian working classes, but the harbours and | annual charge for interest per head being 1/. 11s. 10d. 
railways which were brought into operation gave a/| Victorian finance is certainly a credit to Victorian ad- 
valuable and sustained stimulus to al] departments of | ministration. Notwithstanding the lightness of Victorian 
Victorian trade and industry. The skill with which the | indebtedness per capita, stocks and debentures had been 
loans of Victoria were financed had also the effect of | purchased and cancelled at the close of June. 1912, to the 
enabling the Victorian Government to raise capital at | extent of 1,356,489/. 
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INDUSTRIAL NOTES. 


THE report recently issued by the Royal Commis- 
sion on Mining in South Africa states that the coal 
deposits in South Africa are numerous, but compara- 
tively undeveloped. In 1913 the total output onl 
amounted to 8,800,000 tons, valued at about 2.200,0000. 
The value of the output in diamonds in the Union of 
South Africa was 11,389,000/. in 1913, and in the 
same year the gold output from the Transvaal was 
me ll at 37,400,000. Tn regard to cost of produc- 
tion in the gold mines of the Witwatersrand it is said 
that by calculating the working capacity of two 
Europeans as equal to that of three natives, it is esti- 
mated that if natives at their present cost per shift— 
viz., 3s. 2d. per head—had to be replaced by Europeans 
at en ane this appeared to be the minimum wage 
at which Europeans could live in the Transvaal—out 
of the fifty-two producing mines for which figures were 
available, twenty-six would cease to make a protit. 
If the white labourers replacing natives were paid at 
the rate of 12s. 6d., about the current rate in Western 
Australia, where living is cheaper, out of the fifty-two 
mines, thirty-five would cease to make a profit. The 
average cost of native labour, 3s. 2d. per shift, includes 
the cost of food, recruiting and compound expenses, 
in addition to money wages. In 1913 the value of gold 
recovered r ton of ore, reckoned at the rate of 
4/. 4s. 1l4d. per fine ounce, was 27s. 9d,, in which 
sum the working costs per ton of ore were 17s. 11d., 
and the average gross working profit per ton of ore 
93. 10d. 


The total amount paid in salaries and wages by the 
Rand gold-mines was 13,600,000/. in 1912, and 
12,900,000/. in 1913. The average wage of the white 
employee, excluding the technical and clerical staff, 
was 316/. per year. That of the native was 30/. If 
to this latter sum there be added 10/. for housing the 
native and for the rations he receives, the white man, 
who is employed almost wholly in supervision, will be 
seen to receive about eight times as much in wage as the 
native, who does the manual work. The Economic 
Commission has found that, when allowance is made 
for the cost of living, the Witwatersrand workman is 
better off, in a monetary sense, than the workman in 
Australia and America, and much better off than the 
workman in Europe. 


We are informed that employment in the engineer- 
ing trades in the Manchester district is expected to 
becom? almost normal in a week or so. The improve- 
ment is due to the demand for skilled labour in the 
establishments making naval guns and munitions of 
war, the reopening of machine-making shops, and the 
receivi7g of large orders which, but for the war, would 
have been placed in Germany. 


The sixtieth quarterly report for June last, issued 
by the General Federation of Trade Unions, gives the 
balance-sheet for the quarter ended June 30 last, 
which shows a membership of 985,344, and an excess of 
income over expenditure of 10,372/. 11s. 


The same quarterly report states that the question 
of how the war is going to affect trade unions is being 
asked on every side. The auswer can only be 
arrived at when one knows how the trade unions 
are going to face the situation. It goes without 
saying that there will be a greatly increased volume 
of pee ee and the trade unions paying unem- 

loyment benefit are sure to be faced with serious 
bi culties. Some unions will have a fair percenta 
of members in employment during the whole of the 
war, and these members will manifest both their 
common-sense and their patriotism by maintaining, or 
even increasing, their normal contributions. The 
problem of retaining the effective membership of the 
workless members will be serious. Where Reservists 


or Territorials have been mobilised steps should be|d 


taken, not only to retain intact their membership, 
but to keep in touch with them. Another really 
important matter is the setting aside of funds for the 
sole purpose of securing the continued existence of the 
union and the carrying on of its work. 


A meeting convened by the Wholesale Textile 
Association was held in London on Wednesday, the 
26th ult., when it was stated that, in Germany, when 
& manufacturer obtained an order he could go to a 
commercial bank and get an advance to the amount 
of 60 per cent. of the value of the order. That 
enabled him both to buy raw material and to pa 
——— while he was carrying out the work. English 
banks, on the other hand, immediately asked for 
securities or personal guarantees. The result was 
that the small manufacturer in this country had no 
chance. It was decided to ask the Chancellor of the 
Exchequer to encourage existing banks to grant the 
necessary facilities, or else to found a commercial 
bank on the German model. Sir George Pragnell, 
chairman of the Wholesale Textile Assoziation, 
remarked that in the movement to capture the trade 





of Germany and Austria they had so far only touched 
the fringe of the matter. 


In a pamphlet, No. 124, issued by the United States 
Department of Labour we find it stated that no data 
are obtainable giving accurate information as to 
wages and membership in unions prior to 1906. A 
few unions have complete records of membership, but 
on account of the many independent or dual unions 
that have been connected with the general arbitration 
plan it is impossible to show the precise increase in 
membership of a large number of unions. Again, it 
must be understood that the question of jurisdiction 
and amalgamation has had a very marked influence on 
membership. 

It is for this reason that it bedeme enae to show the 
number of men receiving inc’ wages, but in con- 
sidering the skilled crafts as a whole the increase in 
1913 over that paid in 1906 was approximately 6.5 per 
cent., while the unskilled occupations showed an 
increase of about 5.5 per cent. 

In the skilled occupations the greatest increase in 
wage rates for 1913 over 1906 was received by the 
hdibeaiem, 1.50 dols. per day, or from 3.50 dols. 
to 5 dols. per day. The smallest increase was 20 cents, 
received by the carpenters and structural and orna- 
mental iron-workers, or from 4.80 dols. to 5 dols. The 
house-shorers, considered a semi-skilled occupation, 
though fast becoming a skilled occupation, received an 
increase of only 18 cents during the same period. 

Among the unskilled occupations the plasterers’ 
labourers were obliged to accept a reduction in wages 
from 3.50 dols. per day to 3.25 dols. per day, but the 
general increase in the other unskilled occupations 
amounted approximately to 25 cents per day on the 
average. 


On Thursday last, the 27th ult., the Prime Minister 
received at the House of Commons the deputation 
appointed by a conference representing the Parlia- 
mentary Committee of the Trade Union Congress, the 
General Federation of Trade Unions, and the National 
Executive of the Labour Party, to which we referred 
in our last issue (see page 285 ante). Mr. Arthur 
Henderson, M.P., introduced the deputation, and, 
together with Mr. J. A. Seddon and Mr. W. A 
Appleton, spoke in support of the four resolutions 
passed at the conference. 

The Prime Minister expressed his entire agreement 
with the deputation with regard to the termination of 
existing trade disputes, the settlement by amicable 
arrangement of future difficulties, and the desirability 
of the cessation of overtime wherever ible. He 
stated that he was in sympathy with the suggestion 
that the machinery of the trade unions should, if pos- 
sible, be employed for the relief of their members, 
in conjunction with the local relief committees, but 
he added that the question of the appropriation grant 
was a large and difficult one, which he must submit 
to the careful consideration of his colleagues. 


Our contemporary, L’Jndustria, Rome, states that 
the question of the Saturday half-holiday is not one 
which has ever to any degree occupied the attention 
of the Italian working classes. Except in very few 
isolated cases, on occasions when the men have asked 
for a reduction in working hours, has the question 
been raised, and the men have agreed to let the matter 
slide immediately the employers have commenced to 
argue the point with them. In Italy, the main reason 
for reducing the number of working hours on Satur- 
days —i.e., the absolute observance of Sunday as a 
day of rest—is non-existent. Speaking generally, the 
working classes do not feel the need of the “‘ British 
week,” and the industry of the country is not in a 
condition to bear the extra expenditure which it 
would entail. 


The same journal also states that the war has pro- 
uced in a number of Italian industrial firms an 
abnormal state of affairs, quite apart from the results 
due to financial perturbations. It would therefore 
not be surprising if a number of Italian firms preferred 
to close altogether temporarily, or were compelled to 
do so. Our contemporary would deem it prudent on the 
part of the firms who are actually, or who may find 
themselves shortly, in difficulties caused by the war, 
immediately to take the n measures, and see 
whether it would not be preferable to close their 
establishments several days a week. By taking this 
action they would be able to exist over a longer time, 
and to give their whole staff occupation—reduced, it 
is true—but nevertheless of great value in the circum- 
stances. This would be much preferable to working 
full time for a shorter period, then closing down com- 
pletely, and immobilising the whole staff. After 
writing the above, our contemporary was glad to add, 
in an editorial note, that the measure thus advocated 
had been adopted by most of the Italian works. 


In an article in the New York Railway Age Gazette, 
on “German Oriticism of State Railway Manage- 
ment,” it is said that Germany's State railway 





<2 oe is an oppressive monopoly and a political 
mistake. Recently this view was expressed at three 
different industrial congresses, and in one case the 
indictment was backed by a two-thirds majority. This 
revolt - ge railway nationalisation comes just at the 
time when some Americans and Englishmen have 
begun to see in nationalisation an easy, infallible way 
out of all railway troubles. What aggravates the 
indictment is that it is mainly directed against the 
Prussian State system, which of all railway systems 
in Germany is the most flourishing and efficient. 
Every charge that is customarily levelled inst 
corporation railway ownership is now (July 19) levelled 
against the Prussian State system. The main charge 
is that the Prussian system makes for monopoly and 
restraint of trade. In committing all the offences 
which private corporations commit, the State knows 
no fear, for against it the public is doubly helpless, 
and there are no competing roads which can be used 
to bring the extortionate State to reason. German 
experience shows that State ownership does not pre- 
vent monopoly. Monopoly remains monopoly, even 
though it is managed by officials, and the State is only 
the national organ of erring men. 





Contracts.—The Edison and Swan United Electric 
Light Company, Limited, have received a contract for 
12 months’ supply of standard type ‘‘ Royal Ediswan” 
drawn wire and ~ a iswan” carbon and 
special type lamps for H.M. Office of Works. 


GERMAN AND AUSTRIAN TRADE IN Brass AND Brass. 
WARE.—Another White Paper has recently been issued 
by the Commercial Intelligence Branch of the Board of 

rade relating to the exports of brass and brassware by 
Germany and Austria. Compared with our own exports 
in these trades, those of our rivals are enormous, though 
the available figures seem —v less favourable to 
the United Kingdom than they actually are, since 
their figures cover certain articles not included in our 
own. As far as they form a guide, however, in a 
recent year, while the United Kingdom exported 
foods of this class to the amount of 1.6 million ster- 
ing, Austria’s exports were 1 million and Germany’s 
nearly 6.5 millions. The princi exports of Germany 
were :—Brass, tombac, and similar alloys, 549,650/. ; rods, 


, | Sheets, &0., of same, 1,088,700/.; wire of copper alloys, 


314,200/.; lacquered and other wares of sheet brass, Xc., 
2,368,200/.; wares of copper, tombac, brass, &c., 
‘**verniert,” coloured, coa with nickel, &c., 1,075,000/. 
In many of these articles France and Italy are the 
largest purchasers from Germany, but in others Great 
Britain ranks as the largest buyer. In one or two cases 
Russia is Germany’s largest market. Like previous 
reports, this — o interesting information on the 
markets, extrac from consular reports, &c., and all 
interested in it their business while the oppor- 
tunity offers would these well worth perusal. 


_ Tue ron anv Sree. InstituTe.—We are informed that 
in consequence of the war, the Comité des Forges de France 
has been ey to cancel all arrangements for an autumn 
meeting of the Institute in France this year. Under 
the circumstances, the Council have decided that it would 
be advisable to postpone for the present the organisation 
of any alternative arrangements for an autumn meeting 
for the reading and discussion of papers. The following 
a have been submitted :—(1) ‘‘ Note on the Theory 
of Hardening and on the Constitution of Steel,” by E. D. 
Campbell ; (2) ‘‘ By - Product Coking Industry and its 
Relation to the Manufacture of Iron and Steel,” by G. 8. 
Cooper ; (3) * Determination of Cobalt in High-Speed 
~— 8,” Dufty ; (4) ‘‘ Electrolytic Iron: its Manu- 
acture, 


% 

roperties, and 
‘*Transverse Testin, 
6) ‘* Utilisation of 


Uses,” xy L. Guillet; (5) 
of Cast Iron,” . G. Hailstone ; 
eat Contained in Slags,” by W. L. 
ohnson ; ** Mechanical a Blast-Furnaces,” 
by N.G. Kapp; (8) “‘Iron-Ore Deposits of Lorraine 
and the West of France,” | P. Nicou ; (9) ‘‘ The Trans- 
formations of Steels,” by H. de Nolly and M. Veyret; 
10) ‘* Oxygen Content of Open-H Steel,” by J. A. 

ickard and F. M. Potter; (11) ‘‘ Decarburisation of the 
Steels in Salt-Hardening Baths,” by A. M. Portevin ; 
(12) ‘‘Influence of Coalescence on Mechanical Pro- 
perties of Steels and Alloys,” by A. M. Portevin 
and V. Bernard; (13) ‘“‘Use of — Ferro-Manga- 
nese in the Steel Processes,” by A. Sablin; (14) ‘‘New 
Process for Heating Blast- Furnace Stoves,” by A. 
Spannagel. The Council propose to print in the usual 
way advance copies of those ses ~ nen for publica- 
tion, and to invite discussion thereon by correspondence. 
It is expected that the copies will be ready for issue 
about the second week in September, and they may then 
be procured from the Secretary by members who desire 
to send pe ——- to the ge 2, - 
papers and correspondence thereon wi publi in 
the next number of the Journal. If, later in the year, 
any meeting becomes necessary for the discharge of 
formal business of the Institute, due notice will be sent 
to all members. The Council wish to place on record an 
expression of their most sincere sympathy, which they are 
sure will be shared by all members, with their President, 
Mr. Adolphe Greiner, and his family in the great anxieties 
under which they are at present suffering, in common 
with his countrymen, at whose hands the Institute experi- 
enced such kindly hospitality in the autumn of last year. 
We take this opportunity of associating ourselves fully 
with the Council of the Iron and Steel Institute in their 
as of sympathy to Mr. Adolphe Greiner and his 
amily. 
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PROFESSIONAL EXAMINATIONS. 
To THE EpitTor or ENGINEERING. 

Sir,—Now that many of the younger engineers will no 
doubt have joined, or be joining, some branch of the 
national forces, there would seem to be a ibility that 
a considerable number may be prejudi in respect to 
the various professional examinations to be held in the 
near future. It would manifestly be an injustice to those 
candidates who are absent performing their first duty to 
their country if those who remain behind, and so avoid 
such duty, should be placed in any position of advantage 
over them in respect to these examinations, and whatever 
prestige they confer. 

I would therefore suggest that the various examining 
authorities should carefully consider this matter with a 
view to devising some equitable solution o: the difficulty; 
or even that the examinations should be suspended for a 
time, and so enable to compete on equal terms 
eventually, all being meanwhile free to undertake their 
patriotic duties. 

My views are taken from an impartial, and not from 
any personal, standpoint. I am of an age far beyond any 
examination, and have neither relative, pupil, assistant, 
nor friend who can be affected one way or the other. Ib 
is without amy personal bias, therefore, that I ask for 
this matter to be considered. 

Yours faithfully, 
An AcEp ENGINEER. 

Westminster, September 2, 1914. 





‘DISTRIBUTION OF PRESSURE AROUND 
CYLINDRICAL RODS AND BODIES WHEN 
EXPOSED TO UNIFORM AIR-CURRENTS.” 

To THE EpiTor oF ENGINEERING. 

S1r,—The article by Dr. Thurston on ‘‘ The Distribu- 
tion of Pressure Around Cylindrical Kods and Bodies 
when Exposed to Uniform Air-Currents” is of great 
interest; but are the conditions under which the ex- 
periments were made conformable to real life? Appa- 
rently the experiments were conducted on the same 
lines as those of Messrs. Irminger and Iterson—viz., the 
suspension of the object in a ‘‘wind tunnel” or tube. 

But the passage of air through a wind tunnel is not con- 
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stant throughout the section of the tunnel. It would 
move slower at the circumference than in the centre, 
being retarded at the sides by friction; and, further, 
the object experimented upon contracts the area of the 
tunnel, and obstructs its flow, thus driving the air against 
the sides of the tunnel, where, not being quite so free to 
escape, it has to squeeze in between the object and the 
sides of the tunnel. These are not the conditions in open 
air, In open air the velocity would be practically 
uniform, and would meet with no resistance in an out- 
ward direction—that is, at right angles to the flow— 
beyond the re of the air-current against the yielding 
air wall. It would not be confined by any unyielding 
tunnel walls. If the circular 0.832 in. in diameter, 
were placed in a tunnel of double the diameter of the 
former tunnel, would the results be identical ? 
The — given, ae — sevend the truth 
prox . can, ve light thrown 
om in the Showing i =} sronn ats “ ra: 
Consider the air ourrent to be split up into a number of 





equi-distant streams, represented by a number of jets of 
water playing on the cylinder in parallel lines, or by a 
Coe . balls projected forward with equal force, thus 
see . le 

Consider the effect of each stream separately and inde- 
ape of the rest. It is obvious that the effect would 

a rebound from the surface struck, as shown in Fig. 2. 
But as each rebounding jet or ball is struck by the next 
on-rushing jet or ball, its course is altered, as indicated in 
Fig. 3, the combined effect of the whole of the rebounds 
being to push the on-rushing current aside and produce a 
suction on the two sides, as represented in the diagram 
onsnpuaging Dr. Thurston’s paper. 

I should not have thought, however, that the suction 
would have been uniform in the lower half, but somewhat 
greater at c than d, as shown in Fig. 4. 

It is interesting to observe, as pointed out and illas- 
trated in my work on “‘The Guide-Framing of Gas- 
holders” (published in 1889), that the effect of wind 

ure on the floating bell of a gas-holder is not that 
of the wind thrusting it directly against the standards. 
The force of the wind is not conveyed around the floating 
holder as if it were an arch, or in the manner it would 
be if there were no internal gas pressure. The holder is 
pushed over by the internal gas pressure on the off side, 
through the wind pressure neutralising the gas pressure 
on the near side, or the side against which the wind 


f the diagram of external wind pressure given by Dr. 
Thurston is combined with a diagram of the internal 
gas pressure which acts radially outwards uniformly 
around the circle, it will give for all practicable purposes 
the resultant forces acting on the floating holder, together 
with the guide-framing wep, it. 


ours truly. 
August 29, 1914. F. 8S. Cripps. 


PersonaL.—The Dey Time Registers, Limited, of 
Queen Victoria-street, E. C., have amalgamated with the 
International Time Recording Company, Limited, of 
City-road, E.C., and both firms will give up their present 
premises. The combined businesses will known as 
the International Time Recording Company, Limited, 
and will occupy the entire five-storey building at 
30/32, Farringdon-road, E.C. This brings together the 
two oldest and largest firms in the business.—The i- 
neering business established forty years ego by ti 

eminent Swedish engineer, the late Mr. Richard ram, 
and since his decease, fifteen years ago, carried on under 
the title of Schram, Harker and Co., will henceforth be 
carried on under the designation of Harker, Cable and 
Yr: at the same address, Cannon-street House, London, 








Lioyp’s Statistics oF Vessets Lost, &c.—During 
the quarter ended March 31 last, 13 British steamers, 
totalling 13,600 tons, were removed from Lloyd’s 

ister. Of these ships, one was abandoned at sea, two 
were lost in collision, one foundered, four were reported 
as missing, and the other five were wrecked. As would 
be expected, this loss is greater than that of any other 
country, but as the tonnage lost is only 0.07 per cent. of 
the total steam tonnage owned in this omer. the 
figures may be regarded as satisfactory. The British 
Colonial losses are six ships, of an te tonnage of 


4247, during the period, this loss being 0.27 per cent. of 
the total tonnage owned in the Colonies. © United 


States lost three vessels, making 12,382 tons together, 
and Sweden lost five vessels, totalling 12,175 tons, the 
eee oe of the total tonnages owned in these countries 
ing 0.63 and 1.29 respectively. Next in order on the 
list come Norway with ten ships (10,017 tons), Japan 
with six ships ( tons), Germany with 11 ships (7961 
tons), Italy with six ships (5558 tons), and Denmark 
with three ships (4660 tons); the percentages lost in 
the case of these five countries are 0.54, 0.62, 0.17, 
0.44, and 0.66 ease. The only other countries 
mentioned individually in the statistics ge issued 
by Lloyd’s me goed are Spain, France, olland, 
and Russia, and their respective losses are 2969 tons, 
2289 tons, 2192 tons, and 1749 tons. Other countries have, 
however, lost ships of an ageregate tonnage of 7465 
between them, thus bringing the grand total for all the 
countries of the world to 78 steamers, of 96,630 tons in 
all. Coming now to sailing-ships, we find that altoge 
the world’s losses amount to 73 vessels, ting 49,221 
net tons. The United States heads the list fcr this class 
of shipping, having lost 23 vessels, making 19,854 tons 
together, which is 1.93 cent. of the total sailing 
pwn owned in the United States. Norway takes 
second place, ty mts losses rr — 10 mr 
aggregating tens (1.7 per cent. of the total tonnage), 
while Great Britain comes third on the list, our losses 
having been 6841 tons, in 14 vessels, and the tonnage lost 
being 1.62 per cent. of the total British ton of sailing- 
shi The British Colonies have lost six ips, —s 
1373 tons in all, which is 0.86 per cent. of the 
Colonial The only other countries with losses 
exceeding 1 tons are: Germany, with 5202 tons; 
Italy, with 2495 tons; and Sweden, with 1618 tons; the 
percentages of the total tonnages owned by these coun- 
tries are 1.53, 1.01, and 1.57 respectively. In all cases, 
it will be noticed, the percentage of sailing tonnage lost 


is considerably higher than the corres; ing figure for 
oT and ‘this fact clearly indicates the greater 
risks to whi 


ch the former class of shipping is exposed. 
In the above figures it should be weslinel that, in the 
case of steamships, the tonnage given is the gross tonnage 
in each case, while for sailing-ships the net ton 18 
quoted. Vessels of less than 100 tons, and the ships 
trading on the Great Lakes of North America, are not 
considered in compiling the above statistics. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 19. 

Turret has been a general falling off in business 
in all lines of iron and steel. Numerous encouraging 
inquiries come from the Pacific Coast asking for 
material to prosecute ——s work. The Euro 
war is primarily responsible for the stringency of bank 
money to push much pone construction work. 
Until this banking problem is solved, the structural 
mills especially will suffer. Railroads are ordering 
next to nothing. Even the car-builders report no 
new order. Great apprehension is felt in all American 
shipyards over the prospective passage of a law per- 
mitting American registry to purchase foreign ships. 
If the coastwise shipping can be excepted, the law 
will be acceptable, as American shipyards exist on this 
patronage. Plans for securing as much Western Hemi- 
sphere trade as ible continue to be formulated. 
Actual steel production has not as yet declined, but 
many tin-plate mills have shut down, owing to the 
inability to obtain tin. Steel production is jeopardised 
by the exhaustion of ferro-manganese. Pig-iror is 
hardening in prices without a corresponding demand. 
Small advances have been made in bars, sheets, and 
crude steel. The American steel trade has assumed 
the attitude of ‘‘ watchful waiting.” The anticipation 
of a heavy demand for mill pre ucts is general, but 
the extent of damage that ma suffered from existing 
embroilments abroad cannot essed at. Our iron 
and steel export trade is not seriously affected, as over 
40 per cent. of it is absorbed in Canada. 





Messrs. R. anp W. Hawruorn, Lesiiz anp Co.— 
The thirtieth annual meeting of Messrs. R. and W. 
Hawthorn, Leslie and Co., Limited, was held on Mon- 
~ Sir B. C. Browne in the chair. The accounts showed 
a divisible balance of 101,477/., and dividends amounting 
= per cent. were proposed for the year, the reserve 
fund being increased to 186,000/., and 30,788J. 4 | 
carried forward. The chairman said the company b 
been busy during the past twelve months, and all depart- 
ments had done well. The largest share of the work 
turned out had been carried out for the British Admiralty; 
and as long as the war lasted the company must sacrifice 
everything to meet the requirements of the Government. 





Tue Oxnapwick Trust AND THE War.—We are in- 
formed that the following resolution has been passed by 
the ee Trustees :—‘‘In view of = immense — 
portance of encouraging in every way promotion o! 
careful sanitary pom om Be in the naval and militar 
services during the I - campaign, the Chadwi 
Trustees have resolved, under the powers conferred upon 
them under the scheme they administer, to announce their 
intention to award, at the close of this year, the Chadwick 
Gold Medal and 50/. each to the naval and military 
medical officer respectively in the British Service who 
shall have distinguished himself most in promoting the 
health of the men in the Navy and the Army. The nomi- 
nation for such presentations to be, as provided by the 
terms of the trust, by the Directors-General of the Naval 
and Military Medical Services respectively.” The Chad- 
wick Trustees are also making arrangements for oe 
or assisting in the provision of, lectures and demonstra- 
tions on naval, —_—. and hospital hygiene. Vartioulars 
of these lectures will shortly be announced. 





CoMPETITION WITH GERMANY AND AvusTRIA-Hunoary. 
—In connection with the campaign undertaken by the 
Board of Trade, on the advice of their ny he 
mittee on Commercial Intelli to assist British 
manufacturers and merchants to secure trade formerly in 
the hands of German or Austro-Hungarian firms, the 
Board have received a very large number of inquiries for 
names of sellers or buyers of articles of which sources of 
supply or markets have been interfered with by the war. 
Special ments have been made in the Commercial 
Intelli — of the Board of Trade for dealing 

inquiries, and lists are being prepared and cirou- 
lated of articles which inquirers desire : (a) to purchase ; 
and (b) to sell. The first lists are now ready, and may be 
obtained on application to the Branch. Firms interested 
in any of the goods mentioned, either as buyers or sellers, 
should communicate with the Director. An enlarged 
sample-room will also be established very shortly for the 
— of exhibiting samples of German and Austrian 
or Hungarian goods or materials which have competed 
with British products at home or abroad, ially those 
which are for the continuance of British manu- 
factue, but which it is now impossible for them to 
obtain from their previous sources. Firms who may 
wish to exhibit goods are invited to make gotten to 
the Commercial Intelligence Branch. It should be 
em | understood, however, that the Exhibition is 
intended exclusively for samples of goods which have 
formerly been obtained in Germany and Austria-Hun- 
gary alone and which firms may now desire to purchase 
in the oe _ dom. | will 2 given a the 
opening e ibition. catalogue library will also 
be o and firms who may not desire to exhibit 
sam are invited to furnish catalogues of goods for- 
merly received by them from Germany and Austria- 
Hungary ; these catalogues to be classi Ayn in 
oe eS nek Sa © eer e address 
of the Com ial Intelligence Branch is 73, i - 
street, London, E.C. 
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Fig. 26. 
Fig. 24. 
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CANADIAN CUSTOMS CRUISER. 
(Concluded from page 247). 

Havine dealt in our last article with the deck and 
cabin arrangements of the Canadian Customs cruiser 
Margaret, we now propose to deal with the machinery 
equipment. Various figures illustrative of this will be 
found on Plate X XII., and on the present and opposite 
pages. The propelling machinery, which is shown in 
position in the ship in Figs. 15 to 17, on the plate, and 
in greater detail in Figs. 24 to 27, annexed, consists of 
two sets of vertical reciprocat.ng engines having a com- 
bined indicated horse-power of 2000 at 180 revolutions 
per minute. The cylinder diameters are 14 in., 23 in., 
and 38 in., and the stroke is 24in. The high-pressure 
and intermediate-pressure cylinders are fitted with 
ong Be stp and the peek ge g cylinder with a 

at double-ported valve with relief-rings on the back. 
The valve-gear is of the Stephenson type, with double 
bar-links, and is reversed by a direct-acting ine, 
built by Messrs. Scott, Mac-Taggart and Co. Rach 
main engine has an independent steam turning engine, 
while alternative hand-gear is fitted. The arrange- 
ment can be seen in Fig. 27. 

Each engine has a separate condenser with steel 
body and cast-iron ends. The tubes and tube-plates 





im) 


are of brass. 


Circulating water is delivered to the 
condensers by two independent centrifugal pumps, 
driven by vertical open-type engines. The pumps and 


engines were built by Messrs. Gwynne. In the 
engine-room there is a 15-ton evaporator by Messrs. 
Weir, which is used for make-up feed purposes, the 
vapour-pipe oe direct to the port condenser. It 
can be seen in Fig. 16. The two air-pumps are of 
the Weir monotype, having their suctions con- 
nected to the qenbeneeni, and each delivering to 
feed filter-tanks in the engine-room. The main 
and auxiliary feed-pumps are of the Weir type, 
|their steam supply being automatically controlled 
by a lever actua from their common float-tank. 
he main feed-pump is arranged to draw from the 








feed filter-tanks, reserve feed-tank, or direct from 
| the condenser and deliver through a Rankine filter, 
| then through a Weir surface feed-heater, to the main | 
feed-valves on the boilers. The auxiliary feed-pump | 
suctions are as above, but the pump delivers direct to 
the auxiliary feed-valves on the boilers. The other | 


auxiliary machinery in the engine-room comprises | 


Weir’s make. 
with in our previous article. 









































“4 8 j ’ tL 
bilge-pumps, fresh-water pump, general-service pump, | engine-room can be seen in the various figures on 


nd sanitary pump. These pumps are all of Messrs. | Plate XXII. The electric lighting and power plant 
The services they perform were dealt | is shown in Figs. 
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15 and 16. It consists of two 15-kw. 
heir positions in the | 110-volt steam sets, by Messrs. Clarke, Chapman and 
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THE CANADIAN CUSTOMS CRUISER “MARGARET.” 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LTD., SOUTHAMPTON. 





Fie. 28. WrreLess 


Co. In addition to furnishing lighting and power for 
fans, &c., the generating sets supply current for the 
wireless-telegraphy outfit. This, which is illustrated 
in Fig. 28, above, is a standard 14-kw. Marconi in- 
stallation, with emergency gear. 

The boiler-room is reached from the engine-room 
through an air-lock, controlled at the engine-room 
bulkhead by a Mechan’s patent sliding-door. The two 
boilers are of the water-tube type, coal fired. The 
working pressure is 220 lb. per sq. in., the heating 
surface being 3297 sq. ft., and the grate surface 60.4 
sq. ft. in each case. Each boiler is fitted with 
Mumford’s feed-regulating gear and Madan’s patent 
fire-extinguishers. Air is supplied to the stokehold by 
two Bro*herhord fans and engines of the enclosed type. 
A Sellar’s self-acting feed injector is fitted in the 
stokehold, and arranged to draw from the reserve-feed 
tank, and deliver to the boilers through the auxiliary 
feed-valves. The steam-pipes are of solid-drawn steel, 
the main steam ranges having expansion joints. The 
stokehold is provided with a See’s patent ash-ejector, 
taking its water supply from the general-service pump. 
The bunkers have a total capacity of 200 tons, giving 
@ range of nearly 2000 miles at full speed, and about 
4000 miles at an economical speed. 

The Margaret was launched on January 14 last, in 
an unusually advanced condition ; the machinery and 
accommodation being so nearly completed that a pre- 
liminary six-hour trial was carried out on January 20. 
The progressive trials were held on January 25. Four 
runs were made at varying speeds from 6 knots up to 
15} knots, the load consisting of 157 tons on a draught 
of 10 ft. 2 in. The results obtained were very satis- 
factory. Forced draught was only used on the last 
two runs at 13} and 15} knots. Consumption trials 
were afterwards carried out at 12? and 8? knots. On 
January 29 the official full-power trial was run con- 
sisting of six hours at full power. Six runs each of 
one mile in the middle of the six hours showed a mean 
speed of 15.415 knots, with the engines running at 
1874 revolutions per minute and developing 2050 indi- 
eated horse-power. The mean speed over the whole 
six hours was 15.37 knots, the mean revolutions per 
minute 186? and the indicated horse-power 2050. The 
total load carried on this trial was 140 tons on an 
extreme draught of 10 ft. 1 in. Circle trials were 
carried out on the completion of the official full- power 
trial, and the results were exceptional for a boat of 
this size and class. The circle was completed under 
each helm and with both engines full ahead on each 
turn in two minutes each way, and the diameter of 
the circle measured orly about two lengths. Gun 
trials and electric trials carried out at a later date 





proved satisfactory in every way. The trials were 
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conducted under the direct supervision of Mr. Warren, 
the surveyor to the Canadian Government. 








BUCYRUS DIPPER-DREDGERS ON THE 
PANAMA CANAL. 

In one of our series of articles on the Panama Canal 
we gave a short description* of two very powerful 
dredgers which were then under construction for the 
Panama Canal. These dredgers are actually the most 
powerful dredgers in the world, being equipped for 
operating dippers having buckets of 15 cubie yards 
capacity. These two dredgers, named the Gamboa 
and Paraiso, were recently delivered, and commenced 
operations in the Culebra Cut, the former on April 3, 
and the latter on June 6. They have been constructed 
by the Bucyrus Company, of South Milwaukee, Wis., 
by whose courtesy, through their British representa- 
tives, Messrs. Geo. F. West and Co., Caxton House, 
Westminster, we are enabled to give on page 306 
four illustrations showing them at work. 

These dredgers have a displacement of about 1500 
tons, the hulls, of steel, having an over-all length of 
136 ft., width of 44 ft., and depth at bow of 154 ft., 
aud at the stern 134 ft. The framing of the hull is 
8 approximately at 24-in. centres, the floor 
beams being 12 in. by 25 lb. channels, and the deck 
beams 5 in. by 3} in. by y-in. Z-bars, 11.6 lb. per ft. 
The frames are 6-in. by 34-in. by 8-in. Z-bars, every 
fifth frame being a 2-in. web-plate frame 30 in. deep, 
with 3}-in. by 34-in. by §-in. angles. Intercostal 
stringers of 15-in. by 33-lb. channels are placed be- 
tween the web-frames to support the 7-frames. A 
heavy structural-steel truss is built into the hull, with 
cross-trusses in certain positions. 

Each dredger has two dippers respectively of 15 
and 10 cubic yards capacity. The former measure 
10 ft. 94 in. in height from the bottom band to the lip. 
They are of ?-in. plate, the dumping-door being of 
2-in. steel plate. The upper edge is stiffened by a 2-in. 
by 14-in. steel band, which is tied back to a casting 
on the end of the dipper-boom or handle. The front 
and sides of the bucket are supported at the bottom 
by a 2-in. by 16-in. steel band. These large dippers 
are for use in soft material. They have lips of man- 
ganese steel, 2 in. thick and 50 in. deep at the centre, 
reduced to 94 in. at the back edges. They have 
no teeth. The dredgers are shown at work in our 
illustrations with their 10-cubic-yard buckets in hard 
ground. These buckets are also constructed out of 
#-in. plate, and the lips are furnished with four 


stiffened by top and bottom steel bars 2 in. by 12 in., 
and on the sides by l-in. by 22-in. plating. The racks 
are of nickel-chrome steel, with shrouded teeth 12 in. 
wide and 3in. pitch. The dipper-handle weighs 
81,000 lb. 

The dipper-boom or jib is built up of two steel- 
plate gi ers, with curved top and bottom chords, and 
is 62 ft. long, weighing, with machinery, 113,000 lb. 
At its lower end it has a cast-steel foot stepped in a 
cast-steel pivot-bearing. This pivot-bearing rotates 
on & — bol to the hull. The pintle is 
bushed with bronze, and a large bronze washer is 
placed between the boom step collar and the base- 

late. The swinging circle is of structural steel, and 
is 24 ft. in diameter. It is mounted on the hull 
truss, and has steel centre castings and bearings, with 
bronze liners. Connection with the boom is by two 
horizontal built-up girders projecting from the circle, 
one on either side of the boom. e A frame is of 
steel, each limb being of box section. The back guys 
are of 3-in. steel rope, and are equalised. The front 

ys to the boom-head are also equalised. Hoisting is 
S a single 3}-in. steel cable, and the rope for the 
swinging circle is 2-in. steel cable. 

The main hoisting-engines are of the twin tandem 
compound type, with cylinders 16 in. and 28 in. in 
diameter by 24-in. stroke, with Stephenson valve- 
gear, and piston-valves for the high-pressure cylinders, 
and double-ported balanced slide-valves for the low- 

ressure cylinders. The winding-drum is graduated 
rom 55 in. in diameter to 84 in. in diameter, winding 
being on the smaller end when digging and slow 
eel is uired. The winding-shaft is 16 in. in 
Goasinn, ont carries outside the drum gears 12 ft. 
in diameter, driven by intermediate spurs from the 
engine. The drum is mounted loose on the shaft, 
power being transmitted to it through a steam- 
operated wood-lined clutch-strap, worked by a 14-in. 
steam-cylinder. The swinging-engine has two cy- 
linders, 12 in. in diameter by 16-in. stroke, with 
steam-operated link reversing gear. The swinging- 
drum is 42 in. in diameter, and is fitted with a wood- 
lined steam-operated brake. The shipper-shaft on the 
boom is of nideslchvene steel, and is provided with two 
large brake-wheels, 75 in. in diameter by 12-in. face. 

These dredgers are fitted with three spuds. The 
two forward spuds are 72 ft. long and 48 in. square, 
with cast-steel diaphragms 5 ft. apart, and the side 
plating strengthened with continuous 10-in. [-beams. 
The forward spuds are placed far enough back to 
allow a swing of 180 deg. for the boom. They 
are fitted with collapsible feet, consisting of two 
heavy steel castings pivoted to the end of the spud 
by a 12-in. pin, and when open forming a foot about 
7 ft. by 9ft. The third spud is placed centrally at 
the stern, and is 80 ft. long and 30 in. square. The 
forward spuds are operated by 2}-in. steel cables con- 
trolled by double-cylindered 12-in. by 16-in. engines, 
the winding-drums being 42in. in diameter. The back 
spud is worked by rack and pinion drive. 

The engines are designed for 125 lb, steam pressure, 
supplied by two Scotch merine-type boilers, each of 
about 2700 sq. ft. heating surface. The plant further 
includes a condenser of about 1500 sq. ft. surface, 
feed-water heater, &c., a complete electrio-lighting 
equipment, fuel oil and water-tanks of 18,000 gallons 
capacity, fire-service equipment, &c. Two three-drum 
winding-winches are also fitted for handling barges, 
one winch being on each side of the main deck. 

These two dredgers, which will work to a depth of 
50 ft., are at present in use in the Culebra Cut. 
Figs. 1 and 2, page 306, show the Gamboa working on 
the Cucaracha slide near Gold Hill, on which slide 
the Paraiso, shown in Fige. 3 and 4, has also been 
engaged. The rate of working of the Gamboa is said 
to average 6000 cubic yards sy day in two 8-hour 
shifts. The material is largely hard rock, and the 
occasional size of the lumps may be gathered from 
Fig. 4, which shows a 50-ton rock brought up by the 
Paraiso. Such material is too large to dump, and is 
therefore drilled while on the bucket and shot, the 
fragments being redredged subsequently. The photo- 
graphs, being all taken while working in this class of 
material, show the 10-cubic-yard buckets only in use. 
The 15-cubic-yard buckets are for use on smaller 
material. The illustrations show the dredgers deliver- 
ing into 1000-cubic-yard sea-going hopper-barges. 





Roya Tecunicat Coitiecr, GLascow.—The calendar 
of this college for the ensuing session, which commences 
on the 23rd inst., has recently been issued. The book, 
which contains over 500 pages bound in blue cloth covers, 
gives lists of the governors, committees and staff, and also 
contains a brief account of the history and constitution 
of the college. Regulations for day and evening c 
and particulars of courses of study in civil, mechani 
and electrical engineering, mining, metallurgy, naval 
architecture, chemistry, dyeing, sugar manufacture, 
textile work, architecture, building, and other subjects, 
are also included. Particulars of the various burearies, 





forged and hardened-steel teeth. The dipper handle 
is Oregon fir. It is no less than 72 ft. long, and is | 


* No. VII., ENGINEERING, vol. xcvi., page 546. 


scholarships, and prizes available to students are also 
given, ther with lists of the successful candidates in 
the 1913-14session ; the class examination papers for last 
session are also reprinted. 


: 
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THE LATE ENGINEER REAR-ADMIRAL 
W. T. HOCKEN. 


Ir is with regret that we have to announce the 
death, on Friday, August 28, of Engineer Rear- 
Admiral W. T. Hocken, who was serving in the 
Engineer-in-Chief’s Department at the Admiralty on 
duties in connection with the engineering personnel of 
the Fleet. He attended his duties until a few days 
previously, and it is probable that the extra stress 
due to the war may have been a contributory cause to 
the fatal termination to his illness. 

The deceased officer, who was in his fifty-fourth 

ear, had a long and extensive sea experience, and 
is services may be briefly detailed. He entered the 
Service as acting assistant-engineer, July 1, 1881 ; 
served on the China Station as assistant-engineer in 
H.M.S. Audacious, September, 1882; and in the 
receiving ship at Hong Kong in July, 1883. He 
returned to England in March, 1886, and was ap- 
pointed to H.M.S. Black Prince in the following 
May. He was promoted to the rank of engineer, 
with seniority of September 1, 1886, and in January, 
1887, was appointed to H.M.S. Galatea. In October, 
1889, he was appointed to H.M.S. Lizard, on the 
Australian station, being transferred to H.M.S. Rapid, 
on the same station, in March, 1891. He returned to 
England in July, 1893, and in the December following 
joined H.M.S. Hussar. While in this oe he was 
promoted to Chief Engineer, with seniority of May 31, 
1894. His next appointment (in June, 1895) was to 
H.M.§. Isis (building), and he remained in that ship 
on her commissioning in May, 1898, for the Mediter- 
ranean. He was advanced to Staff Engineer on 
May 31, 1898, being transferred to H.M.S. Royal 
Sovereign in April, 1899. On his return home he was 
appointed to H.M.S. Agamemnon in December, 1901, 
and later to H.M.S. > Ser soem (March 26, 1902). 

Advancement to the rank of Fleet Engineer came 
on May 31, 1902, this title being superseded a year 
later by the new rank of Engineer Commander. In 
June of 1903 he was appointed to H.M.S. Conqueror, 
and in October, 1904, to H.M.S. Donegal, in the first 
cruiser squadron, where he remained till August, 1906, 
when he was appointed to assist in the supervision 
of machinery m torpedo. boat destroyers and torpedo- 
boats at Devonport. He was transferred to H M.S 
Leander for similar duties in May, 1908. Six months 
later he was appointed to H.M.S. Defiance fur charge 
of the torpedo store at Devonport. 

He was promoted Engineer-Captain with seniority 
of February 21, 1911, and in June of that year was 
appointed on the staff of Vice-Admiral Sir John Jelli- 
coe in the Atlantic Fleet. He was transferred in April, 
1912, to the staff of Vice-Admiral Burney in the Home 
Fleet, where he remained until appointed to the Admi- 
ralty at the close of 1912 for duty in the Engineer- 
in-Chiet’s Department in connection with engineer 
personnel, 





Motor AmBULANCES.—The Ford Company, of 55, 
Shaftesbury-avenue, have brought out a light canvas- 
covered body, which can be applied to any of their chassis, 
and will thus convert a car into an ambulance carrying 
two patients. The body complies with the specifications 
of the ambulance authorities. 


Tue Perroteum Yxrar-Boox, 1914.—This year-book, 
which is compiled by Mr. Sydney H. North, the author 
of “ Oil Fuel,” ‘‘ Petroleum,” &c., is published at the 

ice of 5s. net by Messra. Wilkinson Brothers, Limited, 
33, Cannon-street, E.C. It measures 8} in. by 5} in., 
and contains over one hundred pages of statistical data 
on the uction of petroleum in the various countries, 
the ruling prices over long periods, &c. The table of 
prices is most interesting ; it shows that the average 
price, taking a few of the years dealt with, of crude 

troleum in Baku was, in ko per pood, 13.7 in 1899, 
9.9 in 1905, 21.04 in 1909, 15.04 in 1910, 21.7 in 1911, and 
34.92 in 1912. No less interesting is the other informa- 
tion which the book contains on the oil-fields of the 
world and on the uses of petroleum. 








University or Lonpon, University Coiiecr.—A 
course of twelve lectures on ‘‘The Theory and Practice of 
st Ses pW ” will be delivered by Professor J. A. 
Fleming, A., D.Se., F.R.S. (Usiconiy Professor of 
Electrical Engineering), at University College, on Wed- 
nesdays at 5 p.m., beginning Octo 28, 1914. The 
course will be in two parts, six lectures before Christmas 
and six between Christmas and . It is open to 
both members and non-members of the university. It is 
intended for telegraphic engineers and electrical students 
who have already some elementary knowledge of the sub- 
ject, and it will presume an elementary acquaintance with 
the differential calculus, and with the properties of vector 
quantities. The object of the course is to impart a more 
ad knowledge of the theory and practice of wire- 
less telegraphy in its modern form. University College 
is provided with an antenna and P.M.G. license for its 
use. The course will be illustrated by numerous slides, 
experiments, demonstrations, and diagrams; also by 
printed notes of formule and various data. The fee for 


Application for tlahete of adusiatien checld be mate to 
. Walter W. , University College, 
Gower-street, London, W.C. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 

Nore.—Owing to the European War the London Metal Exchange has been closed since July 30. 
Private transactions have, however, taken place at prices which have been made public in some cases. 
The price of tin is about 1391. to 1411. per ton, and the quantity in stock, or in transit to the 
United Kingdom on the 3ist ult., is given, in some statistics issued by Messrs. Ricard and Freiwald, 
as 11,443 tons. According to Messrs. J. Lewis and Son’s monthly report, transactions in Standard 
copper, which is the quality usually plotted on our Di m of Metal Prices, have taken place at 
receding prices, which have not been made public. Quotations for Best Selected have, however, been 
declared, and these show an advance from 601. on the 4th ult. to 681. 10s. on the 11th ult., followed 
by a steady decline to 601. on the 28th ult. Electrolytic has fallen to 60/. for prompt cash, and 581. 
to 591. for forward delivery, after selling at 70/. to 72/1. for immediate delivery ex-warehouse. The 
total arrivals in England for the month have been 12,754 tons, and the deliveries 11,960 tons fine, so 
that stecks have increased by 794 tons. Antimony has changed hands at prices ranging from 35/. to 
401. per ton ; spelter at from 281. to 341. per ton ; and soft foreign lead at from 21/. to 241. per ton. 
Quicksilver fell from 71. to 61. 15s. per bottle on the 3ist ult., and tin plates now stand at 
from 13s. 3d. to 13s. 6d. per box of I. C. cokes, f.o.b. Wales. The prices of steel ship-plates 
and steel rails are given in the above cageem, as also are the settlement prices for pig 
iron since the Glasgow pig-iron warrant market reopened on the 7th ult. According to statistics 
issued by Messrs. W. Jacks and Co., the total shipments of pig-iron from Middlesbrough 
(including Skinningrove) during August have been only 31,870 tons, whereas in July 82,412 tons were 
shipped, and the total shipments for August of last year were 111,254 tons. The diminution has been 
principally due to the reduction of foreign shipments, which have fallen from 44,948 tons in July to 
7935 tons in August, while coastwise shipments have only dropped from 37,464 tons to 23,935 tons. 
The foreign shipments have been distributed as follow :—China and Japan, 1454 tons ; India and 
Australia, 65 tons ; France, 219 tons ; Belgium, 1226 tons ; Germany, 780 tons; Norway and Sweden, 
1938 tons ; Italy, 1510 tons ; and other countries, 743 tons. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade. — Though beset with 
difficulties of transport and shipment which render a 
normal volume of iness impossible, the steam-coal 
market maintains a fairly even tone. Big tonnages are 


still held up in wagons at the ports, but prospects of | 


shipment to friendly and neutral countries are slowly but 
steadily improving, and an expansion of this section 
of trade is expected. The Russian railways are again 
coming into the South Yorkshire market for steam coal 
supplies for shipment from the Humber to Archangel. 
As the White Sea ports close at the ee of 
October, deliveries be executed as rapidly as pos- 
sible under the circumstances. Country deliveries have 
been slightly delayed, owing to the —— of general 
traffic for Government purposes on two of the principal 
lines. The pits have difficulty in working three days a 
week. Those that rely very y on export business 
have only been engaged two days. Considering the 
general trade upheaval, the local industrial demand is 
good. Not only are heavy tonnages going into consum 
tion in the armament factories, but there is a lively 
demand from the general steel trades. Prices are firm. 
The house-coal trade is easier, with a corresponding 
slackening in values. Some stocking is in pi Gas 
fuels are active on inland works contract account. Coke 
is in heavy demand at the furnaces, but slacks are weaken- 
ing. Quotations :—Best branch hand-picked, 15s. to 16s.; 
Barnsley best Silkstone, 12s. to 13s.; Derbyshire best 
brights, 11s. 6d. to 12s. 6d.; Derbyshire house, 10s. 6d. 
to lls. 6d.; best large nuts, 10s. 3d. to 11s. 3d.; small 
nuts, 9s. to 10s.; Yorkshire hards, 10s. to 11s. ; Derby- 
shire hards, 10s. to 11s. ; best slacks, 7s. to 8s. ; csmendh, 
5s. to 6s.; smalls, 2s. to 3s. 


Iron and Stcel.—The South Yorkshire steel and iron 
trades are making fair headway in circumstances of a 
widely varying character. On the one hand there is great 
pressure, due to the war, but on the other there is the 
difficulty of replacing valuable export business. The 
demand upon locally-produced raw material has again 
been t, but makers have wisely refrained from more 
than fractionally raising values that are considered to 
be inflated. est Coast hematite is quoted at 79s. 6d.; 
East Coast hematite at 77s. 3d.; Lincolnshire foundry at 
60s. 8d.; Lincolnshire forge at 59s. 8d.; Derbyshire 
a 593. 3d.; and Derbyshire fo 
Coast hematite has now approxima’ the figure of 
September, 1913, but West t hematite has still an 
advance of 6s. to make before it reaches that p us 
.evel. The bar-iron mills are more busily e 
for many months past, and, judging from the steady flow 
of inquiries, activity in this branch is likely to increase 
rather than diminish. In view of the strong position held 
by local makers, in consequence of the demand for war 
material, and the absence of Continental dumping and 
underselling, a further advance on the top of the 11. rise 
already recorded would not come as a surprise; but 
makers have adopted a cautious policy, and the South 
Yorkshire Bar-Iron Association has decided not to inter- 
fere with the basis quotation of 8/. 10s. Scrap values are 
moving upward. Fora long time the market has been 
flooded with all kinds of scrap, available at cheap rates, 
but a fair demand has now sprung up, and wrought-iron 
scrap is making up to 65s., and heavy steel scrap 
about 60s. Such a pressure of work has never before 
been experienced by the armament firms. Guns, sh 
and all kinds of munitions of war are being made at an 
unprecedented rate. One of the largest tirms has re- 
ceived orders to supply until further notice as many 
shells of all sizes as it can possibly turn out. Extra men 
are being employed. British Government requirements, 
however, are by no means restri to armaments, sub- 
stantial orders having been received for tools to be used 
by soldiers for engineering pu The diversion of 
export business from Austria and Germany given rise 
to an improved outlook in the general steel trades, but 
shipping risks still constitute a serious drawback. The 
advanced quotations for billets are firmly held. 





War Maps.—We bave received from Messrs. Edward 
Stanford, Limited, of Long Acre, W.C., another war map 
showing Belgium, Lorraine, and the area of 
France compri between these countries and Poitiers 
on the south and St. Nazaire on the west. The map 
therefore includes the line of the Loire. It is priced at 
2s, 6d. unmounted, or 5s. moun 





DisTarsuTinc CONCRETE THROUGH OprEN SpouTs.— 
In a paper a in the Journal of the 
Western Society of ineers an account is given of the 
system of concreting h open spouts now largely 
adopted in America. concrete is mixed to such a con- 
sistency that it flows readily along these spouts and into 
the forms. If too wet, the water drains out, and thespout 
blocks; and, similarly, if the concrete be too stiff, it will 
not flow. With the proper consistency, however, it flows 
readily, and it is claimed that the forms are 
more solidly than when a stiffer mixture is used and 
rammed. © system in question has, Mr. B. J. Sweatt 
states, been used for the concreting of a large arched 
bridge at Cedar Rapids, Iowa, constructed in rein- 
forced concrete. The bridge, which is 308 ft. long 
between abutments, has three of 96 ft. each, the 
roadway being 48 ft. wide, by two footpaths, 
each of a clear width of 10 ft. The whole of the concrete 
was distributed to the uired positions from a hi 
tower, from which the distributing spouts were fed. T' 
system is claimed to be an ideal one w the 
to be covered does not exceed 300 ft. from the tower. 
From the discussion. it appears that a gradient of 1 in 7 
is @ good slope for the spouting. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. | 
The Cleveland Iron Trade. — The pig-iron market is 
lifeless. Buyers and cellers alike show little inclination 
to operate, and attention is centred on operations in 
rance. What little business is passing is confined to 
transactions in small parcels for early delivery almost 
entirely to home customers. Practically no effort is made 
to do a. business, A — feeling of uncertainty 
vails. o. 3 g.m.b. Cleveland pig is 51s. 6d. to 
1s. 9d.; No. 1 is 54s. to 54s. 3d.; No. 4 foundry and No. 4 
forge, each 5is. 3d., forge being very scarce; mottled, 
50s. 9d.; and white, 50s. 6d. Demand for East Ooast 
hematite pig has fallen away, home consumers having 
apparently satisfied their requirements, at all events 
for the time being. Producers still ask 70s. and 
72s. 6d., and in some cases even more for Nos. 1, 
2, and 3, but buyers will pay no such rates, and 
ge that they experience no difficulty in buying 
they need from second hands at 68s. As a matter 
of fact, at least one transaction has been put through at 
67s. 6d. So far as can be ascertained efforts to sell 
foreign ore this week have not been successful. Con- 
sumers are said to be in the market, but not disposed to 
pay the prices asked. In the absence of transactions 
market rates are nominally on the basis of 19s. 6d. ex-ship 
Tees for Rubio of 50 per cent. quality. 
more coke offering, and sellers appear more disposed to 
meet customers. The supply, however, is by no means 
abundant. Durham beehive blast-furnace coke of average 

quality is on sale at 18s. delivered at Tees-side works. 


Stocks of Pig-Iron.—Makers’ stocks of pig are not now 
made known, but they have been accumu — rather 
rapidly during the past week or two, and by this time 
must be considerable. The stock of No. 3 Cleveland pig- 
iron in the public warrant stores here at the end of last 
month s at 94,703 tons, 12,674 tons having been with- 
drawn during August. There are warrants in circulation 
for 87,000 tons. 


Tron and Steel Shipments.—With exports cut off and 
coastwise yy very considerably curtailed, shi 
ments from the Tees during August were sniall. e 


clearances of pig-iron averaged 1225 tons per working 


day, the total despatches being returned at 31,870 tons. | been 
at 56s. East | O 


learances of manufactured iron amounted to 14,122 tons, 
7512 tons of which went foreign, and 6610 tons coast- 
wise ; and despatches of steel reached 25,771 tons, 21,170 
tons going abroad, and 4601 tons to home customers. 


than | The Argentine, with 6031 tons, was the largest buyer of 


manufactured iron, whilst India was the best customer 
for steel, taking 5130 tons. Other principal buyers of steel 
were :—The Argentine, 4924 tons; South Australia, 4205 
tons ; New South Wales, 2546 tons ; and West Australia, 
1001 tons. 


Manufactured Iron and Steel.—The finished iron and 
steel trades continue to be fairly active. A local firm has 
this week booked a substantial order for rails. Specifica- 
tions, prpay ! for structural material, are coming in 
freely, and in the absence of all German competition, the 
local steel works are in a healthy position, most of the 
firms having work in hand to last until the end of the 
year. Prices all round are strong. Principal market 

uotations stand :—Common iron en 82. ; best bars, 

. 7s. 6d.; best best bars, 8/. 15s. ; packing iron, 61. 5s.; 
iron ship-plates, 7/. 5s.; iron ship-angles, 7/. 10s.; iron 
ship-rivets, 9/.; iron girder-plates, 7/. 5s.; steel bars 
(basic), 6. 15s.; steel bars (Siemens), 6/. 15s.; steel 
ship-plates, 7/. 5s.; steel ship-angles, 7/.; steel boiler- 

lates, 82. ; steel joists, 7/. 2s. 6d. to 7l. 5s. ; steel strip, 
by. 10s. ; steel hoops, 6/. 15s.—all less the customary 
24 per cent. discount ; light iron rails, 7/. 15s.; heavy steel 

i — 15s. ; steel railway sleepers, 7/. 15s.—all net at 
wor! 





Free Tests witH Doors.—The Red Book of the British 
Fire-Prevention Committee, No. 183, gives illustrated 
particulars of tests with doors encased with steel sheeting, 
the centre being reinforced with steel bars and filled in 
with concrete. One of the doors was hung on runners 
and made to slide. It was fixed on the inside of an open- 
ing. The other, on page, was fixed in a reveal on the 
inside of an opening. Both installations were by the Chubb 
and Sons’ Lock and Safe Company, Limited, on. 





Markets FoR Macuinery Be.tinc.—British manu- 
facturers of leather, hair, and cotton belting for machi- 
nery will be in in & memorandum just issued by 
the Commercial Intelligence Branch of the Board of 
Trade, 73, yy E.C., showing the princips 
markets to which German and Austrian goods of this 
class have been exported. Although German exports of 
these products do not appear to rival ours in value, the 


y has been sold in a recent year, most of it being 
of other classes than leather, cotton, or wool. In other 
countries the sales are also For instance, Germany 
sold to Russia recently in one year leather belting to the 
value of 131,700/. ; to Sweden to the value of 22,9501. ; 
Ttaly, 23,0007. German woven hair or cotton belting, 
Russia took 70,7007. worth ; France, 14,150/. ; and so on. 
panente % a howe age oy of all >> of 
beltings, t! tterly the country has develo an 
industry of this kind itself. France takes a pron nak 
amount of woven belting from Germany. The Russian 
trade was formerly in the hands of British firms, but has 
been captured by German efforts. In 1912 Germany’s 

worth 735,000/. 





total exports of belting were 


There is rather | N. 


are in some directions very considerable. Even in this | B: 
filled | country no Jess than 98,700. worth of belting from 





NOTES FROM THE SOUTH-WEST. 


Cardif.—In the steam-coal trade business has been 
somewhat restricted, in consequence of shortage in the 
supply of large descriptions. ese shortages are due to 
a shrinkage in production, on the one hand, and heav 
bookings, on the other hand. Not only have the Lords 
of the Admiralty continued to book the full production 
of some of the leading collieries, but provision has also 
had to be made for the requirements of the French and 
Italian fleets and railways, as well as for a demand from 
Eeypt and Russia. It is stated that between 15,000 and 
20,000 men have left the South Wales coalfields to join 
the army ; such an extensive transference of labour must, 
of course, have some effect upon the output. Smalls have 
been in good demand. The best secondary steam coal 
has made 20s. to 21s.; other secondary descriptions, 19s. 
to 19s. 6d.; best bunker smalls, 7s. 9d. to 8s.; and cargo 
smalls, 5s. to 7s. per ton. The best household coal has 
brought 19s. to 20s.; good households have made 17s. to 
188. ; No. 2 Rhondda large bas made 13s. 6d. to 14s.; 
and No. 2 smalls have realised 6s. to 7s. per ton. Patent 
fuel has been quoted at 19s. to 20s. per ton. Special 
foundry coke has made 27s. 6d. to 30s.; good foundry 
coke, 21s. to 25s.; and furnace coke, 18s. to 20s. per ton. 
As regards iron ore, Rubio has been quoted at 20s. to 
2is. per ton upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
ewport. 


The Tin-Plate Trade.—The aspect of the tin-plate trade 
in the Neath district has improved, half the mills at the 
works being employed, so the men can go to work by 
rotation. e Neath District Council is finding employ- 
ment for a number of men on constructive works. 


Dowlais.—The Dowlais works have resumed operations, 
and have again active. The Goat Mill has turned 
out steel rails, billets, steel sleepers, &c., and its produc- 
tion has been speedily despatched. The Big Mill has 
been engaged on steel tram-rails, fish-plates, &c. The 
collieries have been working an extra hour, and a heavy 
tonnage has been brought to bank. 


Ni .— Business in Monmouthshire steam-coal has 
been checked by the fact that few sellers are in a position 
to accept fresh orders for some weeks. There has, however, 
no lack of inquiries. Smalls have shown steadi- 
ness ; house coal, patent fuel, and coke have remained 
without quotable alteration. 


The Swansea Valley.—The blast-furnaces at Landore 
have been in full swing. Things have been better in the 
tin-plate trade, and ten mills have been in operation at 
Cwmfelin, eight at Beaufort, eight at Duffryn, four at 
Forest, four at Aber, and three at Midland. Six mills 
which had been stopped for repairs have also been re- 
started at the Worcester Works. The steel trade has 
shown some slackness. There has an active demand 
for weldless tubes at the Mannesmann Works. 





Cottece CALENDARS.—We have received from the 
City of Bradford Education Committee the calendar for 
1914-15 of the Bradford Technical College. At this in- 
stitution both day and evening classes are held, and, as 
is natural, special attention is paid to textile courses, 
wool-working and dyeing being a staple trade of the dis- 
trict. The engineering section is under the direction of 
Professor G. F. Obarnock, assisted by lecturers in 
mechanical engineering, electrical engineering, and civil 
engineering, and the college is well e ~~ with labora- 
tories.—The new calendar of the Merchant Venturers’ 
Technical College has also been received. This institu- 
tion is that in which the Faculty of Engineering of the 
University of Bristol is provided and maintained. The 
department of civil engineering is under the direction of 
Professor R. M 


peering 

charge of the department of electrical engineering. 
There is also a special section devoted to automobile 
engineering, under the direction of Professor Wm. 
Morgan. degrees of B.Sc. and D.Sc. are granted 
in engineering. In addition to day classes, the school 
conducts a comprehensive scheme of evening classes. 





Ceruine Roses ; British STaNDARD SpsciricaTion.— 
Ata time like the age when a special effort is bei 
made to supply as far as possible ourselves those 8 
erte me by imports from the Continent, the British 
8 


ri J and ufacturers’ Association, 
and this fact should ensure the acceptance of the 
specification by the electrical industry. The standardisa 


tion of two and three pin-plug fittings is being proceeded 
with, oe ees ae Se it would sy yh 
venient to issue separate specifications, so + stan- 
dardisation, as far as it has ae Tony ht be taken up a 
once. bay ad aE material to be 
used and the dimensions of all essential parts. The ter- 
minal plates are of different sha: a system which, for 
reasons stated in the report, Committee consider 
more sati than the use of different colours. The 
= matey | be obtained post free for 5s. 2d. from the 

of the Committee, 28, Victori W 
ster, 8.W., or from Messrs. Crosby 
7, Stationers’ Hall-court, E.0. 
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NOTICES OF MEETINGS. 


Tue InstirvcTion oF Mintne Enoingers.—Wednesday, Septem- 
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at the Doncaster Coal-Owners’ Research Laboratory. 3. *‘Self- 
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Irrespirable Atmospheres.” By Mr. J. 8. Haldane, M.D., F.R.S., 
Director of the Doncaster Coal-Owners’ R h Laboratory. 
4. “‘The Unknown Clays in Coal-Mines.” By Mr. J. W. Mellor, 
D.Sc. The following papers will be open for discussion :—(a) 
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Wiomill, B A., B.Sc. (+) “‘ The Absorption of Oxygen by Coal.” 
Part I. By Mr. T. F. Winmill, B.A., B.Sc. (c) ‘Self-Contained 
Rescue Apparatus for Use in Irrespirable Fm ey ” (First 
Ts not yet published, but advance proofs available). By Mr. 
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Tue Institute or Metats.—Thursday, September 10, at 4.30 p.m., 
at Oaxton House, Westminster, for formal business only. No 
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Metals by the Spraying Process,” by Mr. R K. Morcom. 6. “The 
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Coke, Condenser-Tubes and Corrosion, by Mr. A. Philip, B.S8c., 
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8. W. Smith, B Sc., A.R.S.M. 9. *‘The Behaviour of Copper-Zinc 
Alloys when Heated in a Vacuum,” by Mr. W. E. Thorneycroft, 
B.Sc., and Professor T. Turner, M.Sc. Ovopies can be had on 
application. 
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In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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THE SCIENCE OF EDUCATION. 


THE proceedings of the British Association in 
Australia have been enlivened by the delivery of 
two somewhat contentious addresses on the subject 
of education. Of these, the first was read by Pro- 
fessor H. E. Armstrong, at Melbourne, on Friday, 
August 14, whilst Professor John Perry, the 
President of the Section of Educational Science 
delivered his presidential discourse at Sydney 
on August 21. Both papers deal with the same 
theme and should be read ether, since the well- 
known fervour of the President of the Section, 
which lends a glow of eloquence to all his deliver- 
ances, has in this instance led him to somewhat 
overstate his case, a tendency which finds a 
useful corrective in the somewhat less revolutionary 
views expressed by the Vice-President. 

Both speakers agree in attacking the classical 


gos | basis on which the bulk of the youth of the country 


is being educated, or, as one may more properly say, 
being partially educated. This, of course, is an old 
story. Dickens relates that Mr. Edward Carstone 


309 | ‘*had been eight years at a public school, and learnt, 


I understand, to make Latin verses of several sorts 


3o9|in the most admirable manner,”” This accomplish- 


ment still appears to be held as the height of achieve- 
ment by the senior classic of the old school and 
no inconsiderable proportion of his successors. 
Other supporters of the classical tradition are, it 
is true, le fatuous, but Professor Perry quotes 


‘ from one, a wild rhodomontade to the effect that 


classical studies are the cause ‘‘ of all imaginative 
aspirations, all intellectual interests,” ‘‘it enabled 
men to appreciate all the great thoughts of all ages 
and all lands, and to be awake to the movements 


. of their own day.” On this basis, Burns can have 


had no intellectual interests or imaginative aspira- 
tions ; and Shakespeare, with his little tin 
and less Greek, must have been in an almost 


320| equally parlous state. As to the appreciation 


of the great thoughts of all ages, history does 


,in any way peculiarly receptive, of the two great 
thoughts of the past century embodied in the 
doctrine of evolution and the principle of the con- 
servation of energy. In fact, when a classical 
enthusiast is cross-examined it invariably turns out 


read, | that it is not the thought he admires, but the 


setting. Nevertheless, fine craftsmanship may be, 
and often is, exercised on raw material the most 
a. A more plausible claim is that a study 
of the classics facilitates clearness of thought and 
expression; but here again the facts hardly support 
the contention. Of the two great political erators 
of the past century, Bright was superior to Glad- 
stone, not merely in the height of eloquence at 
times attained, but in clarity of expression, in which 
his classically-trained rival was, indeed, notoriously 
deficient. 

No one, of course, wishes to abolish classical 
studies, or, indeed, to diminish the attention paid 
to them by those with special aptitude for this 
course of training. Man does not live by bread 
alone, and the classics, archeology, and physical 
astronomy are as legitimate pursuits as engineering, 
chemistry, or bacteriology. All that is demanded 
by those who revolt against the classical tradition 
is the preservation of a due sense of proportion, 
and that the average lad should affect the studies 
which are revolutionising the world rather than, as 
in the past, spend the major portion of his school 

iod in memorising exceptions to the rules of the 
tin language, which is nearly as far as the average 
schoolboy gets. 

Professor Perry complains that some members of 
Parliament appear to think that a knowledge of 
science should be a disqualification for a committee 
appointed to deal with scientific business. Perhaps, 
however, this view is somewhat less absurd than it 
seems at first sight. 

The Advisory Committee on Aeronautics consists, 
quite properly, wholly of qualified men, but there 
are other cases in which there is not a little to be 
said for constituting the committee of intelligent 
laymen. It has been, indeed, contended that no 
important scientific generalisation is secure until 
it can be explained in a fashion intelligible to the 
man in the street, and until this stage is reached 
some caution is necessary in placing too much 
reliance on the views of so-called experts. The 
bacteriologist of a quarter of a century ago main- 
tained that water once contaminated was rendered 
permanently unfit for human consumption. The 
rule-of-thumb water- works engineer declared 
that the contrary was proved by his daily ex- 
perience; and time, with its fuller knowledge, 
has shown that he was perfectly correct in this 
contention. Experience has proved that a House 
of Commons Committee, in spite of its lack of 
technical knowledge, can and does deal quite com- 
petently with matters of this kind so long as 
politics can be excluded. On the other hand, had 
the French Panama Company obtained, and acted 
on, the most competent medical advice open to it, it 
could not, with the knowledge then existing, have 
rendered the Isthmus healthy. Again, a lay com- 
mittee has reported very fairly on the subject of 
vivisection. In fact, where general principles are 
involved the specialist must convert the ablic, and 
if he cannot start with the conversion of a lay com- 
mittee, which is by the very manner of its appoint- 
ment of somewhat above average intelligence, the 





| 


time is certainly not ripe for extensive State action 
on his advice. This is certainly so in a democratic 
country, where the public strongly resents being 
‘* organised” in advance of its convictions. 

It is nevertheless quite true that the country is 
severely handicap by the general ignorance of 
scientific principles prevalent amongst factory 
owners and financiers, though Professor Perry seems 
to take a somewhat exaggerated view of the per- 
nicious effects of the almost exclusive devotion to 
classics of the better endowed youth of the country. 
He even attributes to this the circumstance that 
the sons of able lawyers and the like sometimes 
marry chorus girls—a proposition which ap to 
be a direct plagiarism from ‘* Patience,” where the 
results of the a oe ons upbringing of Teasing Tom 
are summed up thus :— 


** The contequence was he was ruined totally, 
By marrying a girl of the corps-de-ballet. 


On the other hand, Professor Perry appears 





much too sanguiné as to the results to be reaped 


from a greater prevalence of scientific studies in 


not record that the senior classic and his peers|the educational course. Genius, he tells us, is 
have welcomed with any special ardour, or been | very common, but 99 per cent, of it is destroyed 
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at the schools. All one can say is that Professor 
Perry must include amongst his geniuses a vast 
mass of what the rest of us would call medio- 
crities. All experience shows that the com- 
modity in question is exceedingly scarce, and 
little affected by schemes of education. On this 
point Professor Armstrong’s testimony is in direct 
conflict with that of Professor Perry. He insists, 
in fact, that creative ability is extremely rare, and 
that the sole hope for the future of democracy is 
that it shall recognise in time that there is an 
aristocracy of genius, and few thinking men will fail 
to agree with him. On the other hand, there seems no 
justification for Professor Armstrong’s claim that 
wisdom and science are interchangeable terms. 
Etymologically, science means knowledge, and the 
etymological definition still remains the correct one. 
The antithesis to wisdom is folly, and to science ignor- 
ance. Ignorance «~ sured, but there is excellent 
authority for the \ vhat, though you bray a fool 
in a mortar, yet will he not be from his 
folly. Conversely, it is equally true that no system 
of training can either create or destroy wisdom ; 
it can merely enlarge or restrict the data on which 
the few wise men born into the world frame their 
conclusions. No improvement in our national 
scheme of education can increase the innate wisdom 
of the individuals who, taken in the mass, constitute 
the public; it can widen their perspective, but 
cannot enlarge their mental capacity. Knowledge 
comes but wisdom lingers is likely to remain the 
complaint of the far-sighted of many generations yet 
unborn. 

Professor Perry really seems to believe that 
creative ability can be generated merely by a greater 
insistence on the importance of laboratory work as 
an integral part of the education of youth. For 
our own part we should be disposed to question 
whether the laboratory really does much even in the 
matter of developing reasoning power. This has, in 
fact, been the experience with the heuristic system 
of teaching science as applied in Ireland. A youth 
learns, for example, that adding an acid to zinc 
leads to a certain gas being generated. The ques- 
tion set him to discover is whether the gas comes 
from the zinc or from the acid, and by a care- 
fully-arranged programme of experiments he is 
forced to the conclusion that it is the acid 
which furnishes the hydrogen. Obviously, such 
a system of instruction requires a great expen- 
diture of time for the acquirement of very few 
facts. Were it true that the average youngster 

ined by this course, the power to follow the 

euristic method ‘‘on his own,” the time might be 
deemed well spent ; but it is reported that this is 
not the case, and that generally the pupil never 
thinks of applying such methods of science outside 
of the school laboratory. Indeed, whilst he can 
work successfully to a prescribed programme, such 
as the foregoing, it is only the exceptionally gifted 
who could originate a single important step in that 
programme. It has, moreover, to be observed that 
in most of the work of the world the logical faculty 
plays but a small part, and this is necessarily so, 
owing to the inadequacy of the premises available. 
ic is, in fact, the weapon of youth, which starts 
in life with certain general principles and little or no 
experience. If enthusiastic, the young man is dis- 
gusted to find that his elders express doubts as to 
the accuracy of conclusions which appear to him 
inevitable deductions from basic principles, as, 
indeed, they may be. Nevertheless, owing to the 
incompleteness and inadequacy of these principles, 
the man of experience proves right nine times out 
of ten, though every now and then it is the young 
would-be reformer who turns out to be correct, and 
civilisation receives another push forward. 

Professor Perry, Mareen —— a were the 
aver boy properly taught, he wou ‘ove ve 
cain to the te who is usually called y Neen 
educated in es coe ge Hac o doubt if the 
latter were, without im! nary — ing, pitted 
against Professor Song's average pupi - the 
subjects in which these pupils have specialised, he 
might show up very unfavourably ; but this would 
imply nothing more than that 4 had been worse 
taught. The real test of capacity would come when 
both reached waters beyond the depth covered by 
the training in question. 

Dr. Ray kester has remarked that the primi- 
tive mammals differed from their successors mainly 
in the smaller ratio of brain to body weight. For 
their normal needs he considers, nevertheless, that 
these early types were probably not notably worse 
off than their more intellectual successors. In fact, 





for the common round of gee - a oa a < 

matter (com tively speaking) sufficed ; but 
Con the cuneve of anaieliie held by their rivals 
that ensured their ultimate success in the struggle 
for existence. This will undoubtedly prove to 
the case when Professor Perry’s average pupil meets 
the competition of the exceptional man, no matter 
how indifferently the latter has been trained initially. 
In fact, Madame Montessori has shown that, by her 
methods of education, the idiots sent to her from 
asylums were as forward at the same age as normal 
children taught in the usual way. Unlike Professor 
Perry, however, she would not maintain that these 
unfortunates would continue, as time went on, to 
rival the better - endowed, but worse - educated, 
normal child. 

Laboratory training is no doubt a very excellent 
means of education, but it cannot work miracles, 
avd has the drawback of being expensive. He would 
be a bold man, moreover, who claimed that it was 
the sole method of equipping a man for effective 
scientific research. lf we mistake not, Mr. Oliver 
Heaviside enjoyed but small advantages in this 
regard. Yet the value of his highly original 
contributions to electrical theory is universally 
recognised. Many men there are, like Faraday, 
who need to view an experiment for themselves, 
but a man may be both a clever experimenter and 
a careful observer without the imagination and 
insight needful to effect important generalisations. 

Amongst scientific investigators, Kepler will thus 
always hold a rank in advance of Tycho Brahé. 
There is far too great a tendency at the present 
date to maintain that research work is possible 
only in the laboratory. Many careful workers are, 
in fact, incapable of correctly interpreting their 
own results, which may, however, prove ve 
fruitful in the hands of a philosopher gifted wit 
that Vorstellungs-fahigkeit which Tyndall notes as 
the most remarkable endowment of such thinkers 
as Newton and Darwin. The late Mr. W. Suther- 
land, we believe, based almost the whole of his very 
original and interesting hypotheses on the experi- 
mental work of others. 

Professor Perry has admittedly done most 
excellent service in reforming the methods of 
teaching mathematics to the average boy by 
insisting on familiarising the pupil, by actual ex- 
periment with compass, ruler, and squared paper, 
with the nature of the conceptions involved. 
The change is of the utmost value, not because it 
will convert the average boy into a mathematician, 
any more than laboratory training will make him 
a creative thinker, but because it will enable him 
to appreciate to some degree the aim and methods 
of both. Punch’s professional golfer assured the 
anxious amateur that though he would never learn 
to play golf well, he might in time attain to the 
stage of recognising good golf when he saw it. 
Mutatis mutandis, this sums up not unfairly the 
principal benefit to be derived from a more wide- 
spread scientific knowledge. Even the clever 
lad will benefit by Professor Perry’s system as a 
preliminary to the older orthodox methods, but as 
a preliminary and nothing more. In fact, we have 
known one of the more successful of Professor 
Perry's pupils to observe that the mathematics he 
learnt on the orthodox _~- he could use, but 
what he oe 3 under fessor Perry, though 
interesting, had to be learnt over again before it 
became available as an instrument of research. It 
remains as true now as in the days of Alexander 
that there is no royal road to mathematics. 

A laboratory training is not, in fact, even essential 
to the successful conduct of experimental research, 
as the man will always be greater than the method. 
Nevertheless, it is unquestionably useful. Two 
faults are commonly conspicuous in the average 
product of our technical college laboratories, and 
the remark may be extended tothe American. The 
pupils either believe in their actual observations, 
or they do not. In the former case they tend to 
base wide generalisations on crude and inaccurate 
experiments, and in the other alternative to ‘‘cook” 
their results to fit in with some preconceived 
theory. It required a man of genius to discover 

m from an almost insignificant difference in the 
density of atmospheric nitrogen and that derived 
from a chemical com d; and, in spite of Pro- 
fessor Perry, genius will never be other than scarce. 

Sir J. J. mson has observed that faith in the 


experimental method is only achieved with much 
labour. The novice finds results not merely incon- 
sistent with themselves, but with every law of 
Nature, either known or conceivable, almost justify- 








ing such observations as the well-known aphorism 
that the laws of mechanics were never discovered 
in the laboratory. 

Both Professor Armstrong and Professor Perry 
conceive the German system of education to be 
worse than our own. In this they have the support 
of no less eminent a philosopher than Mr. Dooley, 
who remarked to the long-suffering Henessey that 
certain educational methods were a ‘‘good thing 
for Germany, because all a German knows is what 
someone tells him, an’ his grajation papers is a 
certy-ficate that he don’t need to think any more.” 
Perhaps the critics are too severe, the German 
scheme having certain by no means unimportant 
advantages. tt was Moltke who took the view 
that in war the genius was supreme, but that it 
was difficult to make certain of the possession of a 
genius when the crisis arrived. The average com- 
mander being a mediocrity, organised mediocrity 
would beat unorganised mediocrity every time, and 
in view of the rareness of genius, the chances of 
warfare lay with the country that made best use 
of its average talent, rather than with the nation 
that based all its hopes on the opportune dis- 
covery of a heaven-sent commander. Geimany 
has organised her science study on a not essenti- 
ally different plan, and undoubtedly has accom- 

lished much highly valuable work. Ostwald has, 

owever, declared that the system is not without 
some very material drawbacks, remarking that men 
like Liebnitz and Kelvin would, by the machine-like 
organisation of the German system, be still indis- 
tinguished from the ruck at an age when, as matters 
actually stood, they had already acquired an inter. 
national reputation. 

Both Professor Armstrong and Professor Perry 
refer to H. G. Wells and his theories. The 
former attributes little value to Wells’s views, an 
opinion which finds ample justification in Wells’s 
frank admission that his views are nota scientific de- 
duction from observation and experience, but as he 
says, ‘‘ I make my beliefs as I want them,” disregard- 
ing all such inconvenient facts as clash with his 
a priori conclusions. His dialectics, in short, bear 
a by no means remote resemblance to those of the 
Bellman in the ‘‘Hunting of the Snark,” who 
stifled incipient controversy by the emphatic asser- 
tion that ‘‘ What I tell you three times is true.” The 
scientific and the literary temperament are seldom 
combined in the one individual, and there have 
been ‘other instances of keen observers and able 
writers equally incapable of formulating effective 
generalisations. Of Goethe, Tyndall writes: 
‘**In sharpness of observation in the classification 
of facts according to the analogies discerned, 
Goethe possessed extraordinary powers.” He had, 
in other words, excellent qualifications for what 
Huxley has called a ‘‘ Hodman of Science.” ‘‘ He 
could not formulate distinct mechanical concep- 
tions, and in regions where such reasoning reigns 
supreme he became a mere ignis fatwus to those 
who followed him.” As Huxley has pointed out, 
the methods of deduction adopted in the mechani- 
cal sciences are applicable to all generalisations, 
a contention which unintelligent critics have 
attempted to pervert into the totally different pro- 

ition that nothing was to be believed in unless 
it could be weighed or measured in a laboratory. 

Fortunately, however, Mr. Wells is a much better 
novelist than philosopher, and his characters, natu- 
rally drawn by the instinct of genius, refute the 
very theories they are supposed to establish. It is, 
in short, a case of General Février turning traitor, 
or better, perhaps, of Frankenstein’s monster turn- 
ing on his creator. This is well exemplified in the 
‘**History of Mr. Polly,” which Professor Perry 
quotes as an illuminative illustration of the conee- 
quences of a defective education. This, no doubt, 
was one thesis the author intended to establish ; but 
it is very a nt that Mr. Polly was a mediocrity, 
with the soul of a very minor poet or artist that no 
system of education could have rendered other than 
futile, and who was actually fortunate in ultimately 
finding a niche that exactly suited his indistin- 
guished characteristics. 

We have headed this article the ‘‘Science of 
Education,” but Professor Perry declares that 
there is no such thing, but merely an art of 

, “*just as there used to be an art 
of engineering.” It was, he says, only slowly 
that the science of engineering was developed, 
and he remarks that in the creation of a science 
we have for long periods the observation of 
detached phenomena with no obvious connection 
between them. Ultimately experiment simplifies 
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things, and the science is gradually created by 
inductive reasoning and research. Speaking gener- 
ally, this is probably a not inadequate description 
of the growth of science, but there appear to be 
some curious exceptions in the case of practical 
engineering. This is not infrequently more ‘‘ scien- 
tific” at the outset of a new departure than sub- 
sequently. The pioneer has to make use of all 
the scientific knowledge he es, and to guide 
his path by experiment and deduction, his procedure 
being truly scientific in character. After he has 
accomplished this, however, experience provides 
rules of thumb, and his successors are able to build 
highly efficient machinery with but very little 
recourse to the methods of science. Nevertheless, 
we have never met an engineer who confessed to 
having a greater knowledge of either physics or 
mathematics than he could find a use for, though he 
might be very positive that some other engineer was 
‘*far too theoretical.” In fact, an industry that does 
not progress stagnates, and even the builders of 
such a product of experience as a locomotive do 
find it possible from time to time to make improve- 
ments, even though these may be framed in a some- 
what minor key. The development of each new 
pattern calls, indeed, for some exercise of the 
methods of science, although it will probably 
remain true to the end of time that mechanical 
engineering is essentially an art rather than a 
science. It is this fact that makes experience in 
any particular line of construction so extremely 
valuable, and in the average daily work of the engi- 
necr, logical deduction from first principles can 
never play other than a subordinate part. 





BRITISH PATENTS AND FOREIGN 
PATENTEES. 

Last week we reviewed the position of British 
patents, designs, and trade-marks granted to alien 
enemies. We were not able to deal completely and 
satisfactorily with the matter, as the Government 
had not made their iutentions as clear as they 
might have done, and they complicated matters, 
just before we went to press, by the introduction 
of a Bill amending the Patents, Designs, and Trade- 
Marks (Temporary Rules) Act, 1914. As the Bill 
has now been printed, indeed has become an Act 
of Parliament, we have the whole of the Govern- 
ment’s proposals before us, and are thus in a 
position to deal fully with the matter. 

To distinguish the two Acts we will refer to 
the earlier of the Acts as the Temporary Rules 
Act, and the amending Act of last week as 
the Amending Act. We pointed out last week 
that the Temporary Rules Act gave the Board of 
Trade power to do such things as they thought 
expedient for avoiding or suspending any patent or 
licence granted to, and the registration of any trade- 
mark the proprietor whereof is, a subject of any 
State at war with His Majesty, and any proceedings 
on any application made by any such person for 
either a patent or a trade-mark. The Amending 
Act now gives the Board of Trade power to avoid 
any patent or licence the person entitled to the 
benefit of which is the subject of a State at war 
with His Majesty. The amendment appears at 
first glance to be merely a verbal one, but on con- 
sideration it will be seen to be of considerable 
importance. The Temporary Rules Act was limited 
to patents and licences granted to an enemy ; the 
words ‘‘ granted to” were unduly limiting as the 
excluded patents that had been granted to British 
subjects on inventions communicated from abroad 
by an enemy ; they also excluded patents that had 
been sold or assigned to an enemy, and they 
further excluded cases in which British patents 
were held by British or other subjects as nominees 
of an enemy. 

A curious point in connection with the Tempo- 
rary Rules Act was the omission of power to avoid 
or suspend a registered design. The oversight has 
been — — the Board of Trade has now 
power to avoid or suspend. any registered desi 
or trade-mark. The foulion ike in addition to 
the inclusion of designs, also gives the Board of 


Trade power over all and any rights conferred by | trad 


the registration of a design or a trade-mark. 
Another curious point in connection with the 
Temporary Rules Act was that it gave power to 
avoid or suspend the proceedings on a pending 
application for design registration, but did not 
give, as we have pointed out, power over a registered 
esign. 


A new feature in the Amending Act is one to 





enable the Board of Trade to t in favour of 

is Majesty, on such terms and conditions, and 
either for the whole term of the patent or registra- 
tion or for a less period, as the Board re | think 
fit, licences to make, use, exercise and vend 
patented inventions or registered designs liable to 
avoidance or suspension. 

It will be seen that the Board has now three 
alternative courses of action open to it, and can 
either order avoidance, suspension, or a licence. 
The latter power will be of great benefit to the 
community and will enable manufacturers to spend 
money in plant and commence manufacture secure 
in the knowledge that at the end of the war they 
will not be liable to be called on by the owner of 
the patent under which they have been working 
under licence for the payment of a royalty in the 
future of an unknown amount. It was not to be 
expected that manufacturers would spend money 
laying down plant if they were only to be allowed to 
use a patent or registered design during the period 
of its suspension—that is, for an unknown term. 
The granting of a licence is preferable to the avoid- 
ance of an enemy’s patent. The avoidance of 
patents, designs, and trade-marks would, we fear, 
be found to be a two-edged sword, which, while 
damaging the enemies’ interests in this country, 
would cause damage to our interests in their 
countries. In our opinion, the Temporary Rules 
Act and the Amending Act are not to be used to 
confiscate completely the rights of enemies in the 
patents, designs, and trade-marks which they held 
previously in this country, but are rather to be 
regarded as levers to obtain better terms, and pro- 
tect our interests abroad in the future. The object 
of the two Acts is to suspend, not to destroy. 

The intended practice before the Pa‘ent Office 
in connection with applications for suspension of 
a patent, design or trade-mark, or the grant of a 
licence, may be summarised as under:— 

When an application is received notice will be 
sent to the patentee, licensee or registered pro- 
prietor at his registered address for service, and the 
application will be advertised in the Illustrated 
Official Journal (Patents). There will be a short 
opposition period, and a date for hearing will also 
be advertised in the Illustrated Official Journal. 
At the hearing a representative of the patentee will 
be entitled to be heard against the grant of such 
suspension or licence. If applications are made by 
several individuals in respect of the same patent, 
they will, as far as possible, be heard together. It is 
notat themoment possible tostate definitely whether 
licences granted in each case will be exclusive or 
not. Much will depend upon the circumstances of 
each case. The question is really one for the 
tribunal hearing the application to decide ; but 
where the circumstances show that an exclusive 
licence is the only way of obtaining the article to 
an adequate extent, and at a reasonable price, it is 
possible that an exclusive licence will be granted, 
subject to power to withdraw the licence or impose 
fresh terms if the conditions are not fulfilled. 
Licences may be either for the continuance of the 
war or for any period during the term of the patent, 
and may be subject to terms and conditions, in- 
cluding the payment of royalties, in proper cases, 
either to the State or to the patentee, if the 
licence is continued beyond the conclusion of the 
war. 

The expression, ‘‘ subject of any State at war 
with His Majesty,” is given in the Amending Act 
&@ meaning more extended than that ordinarily 
employed, and is to apply also to any person resi- 
dent and carrying on business in the territory of 
a State at war with His Majesty, as if he was a 
subject of that State. Also the expression, when 
used in connection with a company, is to include 
any company or firm whose business is managed or 
controlled by such subjects, or is carried on wholly 
or mainly for the benefit or on behalf of such sub- 
jects, notwithstanding that the company may be 
istered within His Majesty’s dominions. 

As the two Acts give power to avoid or suspend 
any pending applications for patents, designs, or 
e-marks, the Comptroller has given notice that, 
during the continuance of the war, no patent will 
be sealed and no registration of a trade-mark or 
design will be granted to an alien enemy, and that 
in the case of applications which are not yet in a 
condition for grant or registration, the proceed- 
ings will not be interfered with until the a. 
tions become ripe for acceptance, when the formal 
acceptance will be held back for the time being. 





The right of opposition to the grant of patents and»- 
ms other than subjects of a State at war with | th 


e registration of trade-marks is withdrawn from 
alien enemies, but our subjects and alien friends 
have the right to oppose pending applications of 
alien enemies, the p ings, after the giving of 
notice of opposition, being suspended until the end 
of the war. 

The Comptroller has power during the con- 
tinuance of the Temporary Rules Act to extend 
the time during which any Act or thing may 
or is required to be done under the main 
Patents and Trade-Marks Acts, and he has given 
notice that he will extend the time upon such 
terms and subject to such conditions as he may 
think fit in the following caser, namely :— 

(a) Where it is shown to his satisfaction that the 
applicant, patentee, or proprietor was prevented 
from doing an act, or filing a document, by reason 
of active service or enforced absence from this 
country, or any other circumstances arising from 
the present state of war, which, im the opinion of 
the bom lier, would justify such extension. 

(b) Where the doing of any act would, by reason 
of the circumstances arising from the present state 
of war, be prejudicial or injurious to the rights or 
interests of any ny patentee, or proprietor. 

Applicants are, however, warned that those who 
fail to conform to the provisions of the main 
Patents and Trade Marks Act will run the risk of 
losing their rights unless they are able to bring 
themselves enter one or other of the two provi- 
sions mentioned. Applications under (a) are to be 
made and will be considered at such time as the 
applicant, patentee, or proprietor is in the position 
to do the act or file the document, and applications 
under (b) are to be made before the date for the 
doing of any act or the filing of any document. 








THE LATE LORD MERTHYR OF 
SENGHENYDD. 

As announced in our last ixsue, the Right Hon. 
Lord Merthyr of Senghenydd died at Newbury 
on Thursday morning, the 27th ult., in his seventy- 
ninth year. His loss will be felt through a wide 
range of the social strata, for while attaining 
honours and wealth, he had also secured the esteem 
of all with whom he came in contact. In his life 
he played many parts, the volume of his activities 
widening with the years until it brought him into 
contact with all classes of his fellow-countrymen in 
South Wales, and with many elsewhere. He was 
engineer, coal-owner, iron- master, steel - maker, 
philanthropist, industrial -e-maker, and much 
else. To all this he attained entirely by the force 
of character and intellect, for he owed little to social 
position, and less to scholastic education. 

The subject of our memoir was the second son of 
Thomas William Lewis, of Abercanaid, and was 
named William Thomas—his father’s christian 
names, but inverted in order, according to the 
Welsh custom. He went to school at Meithyr 
at the age of 7} years, and remained there 
nearly six years. Then, in 1850, at about the 
age of thirteen, he was eo at the Ply- 
mouth (Merthyr) Iron Worke, under his father, 
who was mechanical engineer at the works, and for 
several years he worked twelve hours a day, 
passing through the pattern-shop, the fitting- 
shop, and the various other departments. Owing 
to fis close attention to his duties, and to his 
studies, he was able, before the expiration of his 
apprenticeship, to become his father’s assistant. 
On leaving the Plymouth (Merthyr) Iron Works, 
he came in touch with Mr. W. S. Clark, viewer 
for the Bute Mineral Estate in North Wales. Mr. 
Clark was at that time (in the early ‘fifties of last 
century) engaged in constructing the East Bute 
Dock, at Cardiff, the Rhymney Railway, and in 
colliery workings at Treherbert. On January 1, 
1855, the deceased, then only eighteen years of 
age, and known under his patronymic of William 
Soon Lewis, called at Mr. Clark’s residence at 
Aberdare, taking with him a series of working 
drawings he had prepared, which so impreesed Mr. 
Clark that he engaged young Lewis as one of his 
junior assistants. Later, from 1857 to 1861, he acted 
as chiaf assistant to Mr. Clark. From 1861 to 1864, 
Mr. Lewis was partner with Mr. Clark in carrying 
out the same duties. These comprised the widen- 
ing and deepening of the entrance to the Bute 
Docks; making a tidal dock and breakwater ; 
erecting coal and ballast staithes; constructing 
high-level and wharf lines of railway, the installa- 
tions including a stone viaduct and several stone 
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and iron bridges; sidings fur coal-wagons ; and also 
reporting, as occasion offered, on other important 
mineral properties in South Wales, &c. 

In 1864, on the death of Mr. Clark, Mr. Lewis 
was selected out of a large number of applicants 
for the post of mining engineer to the Bute estates. 
In the same year he married Anne, the daughter 
of Mr. W. Rees, a colliery owner, of Llettyshen- 
kin, Aberdare, and a granddaughter of Mrs. Lucy 
Thomas, known as the ‘‘ mother of the Welsh 
steam-coal industry,” from the fact that it was she 
who exported the first cargo of Welsh steam coal. 
This first cargo of steam coal was from the Waun- 
wyllt Colliery, and, owing to its smokeless quality, 
attracted the attention of the late Mr. John Nixon, 
whose name became associated with South Wales 
coal. Mr. Lewis, besides being engineer to 
the Bute Trustees, acquired a large private prac- 
tice as mining enginevr and valuer. In 1867 he 
became a colliery owner himself by the purchase 
of interests in the Hafod Colliery, and as the 
result of a prolonged strike in that colliery, he 
succeeded a few years later in forming the organisa- 
tion which ultimately became known as the Mon- 
mouthshire and South Wales Coalowners’ Associa- 
tion. Mr. Lewis was the founder of the Sliding- 
Scale Committee, following the great lock-out of 
1875. 

In order to emphasise Mr. Lewis’s action in the 
above connection, we may state that the strike we 
refer to, and others which occurred in neighbour- 
ing collieries, convinced him of the necessity for 
organisation ; hence the formation of the Coal- 
owners’ Association we have referred to, an associa- 
tion of which he was president for many years. 
Further, he was not only the founder of the Sliding- 
Scale Committee, but was a member of that com- 
mittee as long as it existed, occupying the chair 
for twenty years. Together with the Right Hon. 
William Abraham (‘‘Mabon”), M.P., he signed the 
first sliding-sca’e agreement in 1876. He always 
entertained feelings of the greatest respect for 
‘* Mabon,” testifying to his nobleness as an oppo- 
nent and his great co-operation as a colleague. 
These feelings are best expressed in a remark 
of his to the following effect : — ‘‘ The lasting 
impression which ‘Mabon’ left on my mind is 
his splendid co-operation. We fought for our 
own sides, of course—and twenty years is a long 
time to fight—but it is ‘Mabon’s’ co-operation 
that I remember best and respect most. I shall 
never forget his helpfulness, which was always 
uppermost even when he was most loyal to the 
men.” In recognition of his eminent services to the 
Sliding-Scale Committee, Mr. Lewis was repeatedly 

ressed by the Coalowners’ Association to accept an 

onorarium, which he invariably declined. But in 
1882, on the suggestion of the late Lord Swansea, 
he was presented with an address and 4 cheque for 
1000 guineas. Some years later he was presented 
with a sum of 3000 guineas, all of which he de- 
voted to various charitable, educational, and other 
public purposes. 

Upon the retirement of Mr. Boyle, in 1880, the 
late Marquis of Bute placed the sole management 
of the Bute estate in South Wales, with its docks, 
railways, and colliery property, under Mr. Lewis's 
control. In 1908 he retired from the management 
of the Bute Docks, a position which he had held 
for a period of twenty-eight years, but retained the 
mansgement of Lord Bute’s colliery interests and 
landed estates. 

Mr. Lewis was knighted in 1885 ; he received a 
baronetcy in 1896, and was created a baron in 1911. 
When only twenty-six years of age he was elected 
an Associate of the Institution of Civil Engineers, 
becoming a full member at thirty. During his 
career he occupied the positions of President 
of the University College of South Wales and 
Monmouthshire ; Member of Council of the Insti- 
tution of Civil Engineers ; President of the South 
Wales Institute of Engineers; President of the 
Mining Assdciation of Great Britain; President 
of the Institution of Mining Engineers; Vice- 
President of the Iron and Steel Institute ; Vice- 
President of the Institution of Mechanical Engi- 
neers ; and chairman of many local bodies. e 
always took a most keen -interest in the local 
affairs of Aberdare, and we may add that for many 
years he was a member of the Aberdare Local 
Board of Health. , 

His work in the interest of industrial peace was 
frequently in request. In the year 1900 he was 
successful in settling the Taff Vale Railway strike 
after the Board of Trade had failed. Shortly after- 





wards he submitted « scheme for the formation of 
Boards of Arbitration for the prevention of railway 
disputes to the Boards of the Taff Vale, the 
Rhymney, the Barry and the Cardiff Railway Com- 
panies. The last-named company was the only one 
to — the principle he put forward and the 
proposal was dropped. When, however, in 1908, 
the Amalgamated Society of Railway Servants 
threatened to bring about a national strike, Mr. 
Lloyd George, who was then President of the 
Board of Trade, brought the contending parties 
twgether, and when he, Mr. Lloyd George, received 
the freedom of the city of Cardiff, he acknow- 
ledged in most generous terms the invaluable assist- 
ance given him by Lord Merthyr—then Sir William 
Thomas Lewis—in drafting the scheme which was 
ultimately accepted by the railway directors and the 
men’s representatives. That scheme, which averted 
the threatened railway strike, was almost identical 
with the one that Lord Merthyr had asked the 
local railway companies to adopt eight years before. 
On the occasion we allude to, Mr. Lloyd George 
gave at Cardiff the following frank acknowledgment 
of the assistance he had received from the de- 
ceased :—‘‘ With respect to the railway settlement, 
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I am very glad of this opportunity to recognise 
with gratitude the assistance which I got from your 
distinguished fellow-citizen, Sir William Thomas 
Lewis, who I hope will allow me to proclaim him 
as my friend. His experience and his counsel 
were invaluable to me. Throughout I was in close 
personal touch with him. I sought his advice, and, 
what is far more than most people can say when 
they get good advice, I followed it, and followed it 
with results which I think are pretty patent to 
the whole country, and I am glad to take this 
opportunity of thanking him in the presence of his 
fellow-citizens. You will be glad to know that the 
scheme of conciliation which we agreed upon then 
has been put through with very considerable 
success.”’ 

The Monmouthshire and South Wales Miners’ 
Provident Society, which was founded in 1882, to 
aid the miners and their families, was started by 
the deceased, who, as early as 1869, had strongly 
advocated the formation of such a society. It 
is interesting to add that in recognition of 
his numerous gifts, particularly to the Merthyr 
Hospital, the Board of Management of the 
Miners’ Provident Society met at the Merthyr 
Hospital, in September, 1889, for the purpose of 
unveiling a memorial tablet placed therein, bearing 
the following inscription :— 

‘*In commemoration of the gift of Sir William 
Thomas Lewis, Knight, to the Merthyr General 
Hospital, of 35,000 pennies, presented to him on 
the occasion of his receiving the honour of knight- 
hood, by 35,000 members of the Monmouthshire 
and South Wales Miners’ Provident Society, in 


grateful recognition of the fact that the formation 
of their society was mainly due to his untiring 
energy. October, 1886.” 

Besides the management of Lord Bute’s interests 
aud estates, Lord Merthyr acquired very large in- 
terests of his own asa coalowner. He amassed great 
wealth by his control and part ownership of some 
of the largest undertakings in the South Wales 
coalfield, including the Lewis Merthyr Consoli- 
dated Collieries, the International Collieries, and 
others. The explosion which occurred at the 
Universal Colliery, Senghenydd, with its appalling 
loss of life, was the source of much grief to him, 
and affected his health. 

He was also a pioneer in the construction of 
iron and steel works, among which we may mention 
the Cardiff-Dowlais Steel Works, and, in conjunc- 
tion with other prominent men in the trade, he put 
down and remodelled other works. In fact, Lord 
Merthyr was remarkable for indefatigable industry ; 
he was also in perfect touch with every detail of all 
the concerns with which he was connected. 

The news of his death was received with deep 
sorrow. He had suffered of late years several 
illnesses, and it was feared that his age would pre- 
vent his complete recovery from the effect of these. 
About three months ago he had another illness, 
which made it incumbent upon him to seek com- 
plete rest previously to undergoing an operation, 
for which purpose he was removed to the London 
residence of his second son, the Hon. Trevor 
Lewis. Lord Merthyr withstood the operation satis- 
factorily, and was placed in a nursing home at 
Oakhurst, near Newbury, Berkshire. Here, un- 
fortunately, congestion of the lungs supervened, 
and he passed away at 2 .4.m. on Thursday, the 
27th ult. 

It will be remembered that Lord Merthyr had 
been nominated as President of the Iron and Steel 
Institute for the two years from 1909 to 1911, but 
at the last moment he found himself unable to 
undertake the office. Sir Hugh Bell, the retiring 
President, thereupon kindly consented to retain 
the office of President for another year, and at the 
spring meeting of the Institute, 1909, he expressed 
his sincere regret that Lord Merthyr—then Sir W. 
Thomas Lewis—had been compelled to arrive at 
the decision he had taken, all the more so because 
that decision had been brought about by personal 
suffering. Lord Merthyr leaves two sons and six 
daughters, and is succeeded in the title by his 
elder son, the Hon. Herbert Clark Lewis. 








THE USE OF MUD-LADEN FLUID IN 
OIL-WELL BORING. 

In drilling for oil, large quantities of natural 
gas are very often encountered. As the oil-fields 
are frequently comparatively isolated and far from 
industrial centres, there may be at the moment no 
market for this gas. This, and the fact that it is 
a hindrance to drilling operations, causes it to be 
regarded as a nuisance. Hence it is not infre- 
quently allowed to waste, and through the lack of 
an appreciation on the part of the oil prospectors 
or producers of its potentialities, a commodity 
which might later prove a valuable asset is irre- 
trievably lost. Cases of this kind have been in- 
numerable in the United States. In time the gas 
becomes exhausted, and, possibly, just when it 
could be usefully applied, the supply may fail, or 
fall so materially as to be of little commercial 
value. In one instance on record a well, which, on 
first striking gas, produced 6,000,000 cub. ft. per 
day, was allowed to waste for twenty-two months, 
in which time the output shrank considerably. 
From the immediate neighbourhood the gas from 
other wells had been piped to two towns six 
miles away. The capacity of the latter bores 
has rapidly diminished, owing to the failure 
to close the first promptly. If the amount thus 
wasted had been conserved it would alone have met 
the present demands of the towns for no less than 
twenty-four years, whereas the supply is showing 
signs of rapid exhaustion after a period of only 
about six years. 

The gas is frequently at high rock pressures, 
600 lb. to 800 lb. per sq. in., and one bore may 
emit as much as 40;000,000 cub. ft. per diem. 
There are well-authenticated cares of wastage to 
the extent of 1,500,000,000 cub. ft. from a single 
bore in a very short time, owing to a failure to 
take prompt measures on striking gas. Whether a 
present market exists for the gas or not, the destruc- 





tion of natural resources at this rate is greatly to 





























SEPT. 4, 1914. ] 


ENGINEERING. 


311 








be deprecated. If it could be conserved, it might 
be that in a short time a demand for the gas 
itself would arise in the neighbourhood, or perhaps 
the future would bring with it other means of 
utilising it. Much of the gas is suitable for the 
production of gasoline, and even now a large 
industry of this kind is carried on. Three years 
ago about eight million gallons of gasoline were pro- 
duced by compression from natural gas in the United 
States, and now we may reasonably assume that 


the industry, often showing attractive profits, has | T 


increased. The number of wells actually furnishing 
gas for gasoline production is at present small, com- 
pared with that of the wells known to supply suit- 
able gas. It is clearly desirable that present waste 
should be avoided, since the future may very likely 
bring with it a market, even if for the moment the 
commodity ap to be valueless and superfluous. 
It is said to [ largely the fault of terms of the 
drilling contract that such waste exists. The con- 
tractor aims at reaching the oil-bearing sands with 
the least possible delay. Frequently not till the 
gas is emitted in such volumes that it is an actual 
hindrance to boring operations is much notice 
taken of it, and then perhaps only with the result 
that the work is abandoned, temporarily at least. 

The United States does not stand alone in fur- 
nishing examples of the waste in pioneering work. 
In no country, however, has the neglect been on 
quite so large a scale. Im many directions the 
lavish gifts of Nature have been abused rather than 
properly utilised. Most people admit that the 
** conservation of natural resources” movement, 
inaugurated some years ago, was timely, though 
exaggeration may have been introduced now and 
then into the arguments. With praiseworthy 
solicitude, the United States Bureau of Mines of 
the Department of the Interior has been en- 
deavouring to encourage oil producers to conserve 
the gas encountered at oil-wells, with a view to its 
future use. The gas often issues from strata above 
the oil-bearing sands, and it is a common practice 
to bore a well and put down casing to the oil-sands, 
leaving the gas from the strata above free to enter 
the space between the casing and the sides of the 
hole. It is then possible for the gas to pass from its 
own strata to others of a porous nature, and to 
travel thus for great distances, with much loss, 
and also with danger to neighbouring wells. It 
is desirable that the gas should be either sealed 
off from the bore, or that, if utilised, it should be 
taken to the surface through a proper casing. 

The officials of the Bureau of Mines have been 
conducting a campaign having for its object the 
adoption of the use of mud-laden fluid in oil-well 
boring. This has met with considerable success 
in the Cushing field in Oklahoma. Mud - laden 
fluid has been used for some years with rotary 
rigs, but it was only last year adopted, at the 
suggestion of this Bureau, with the ordinary 
rig. In rotary drilling the fluid is forced down 
inside the hollow drill stem and passes up the 
hole. In this way a circulation is kept up, which 
not only keeps the bit clean, but brings drillings to 
the surface, so that a knowledge is obtained of 
the strata passed through. At the same time the 
fluid keeps the sides of the hole from caving, and 
gas is shut off without withdrawing the drill stem. 
Bores of great depth have been safely accomplished 
by these means without setting the first string of 
casing. It has now been found that a similar use can 
be adopted with the ordinary cable rig employed in 
dry-hole drilling—that is, drilling in which only 
enough water is used to keep the drillings slushy 
enough to allow the bit to strike the bottom. The 
fluid employed is best made with fine sticky clay, 
capable of remaining a long while in suspension in 
water, the proportion used being about 20 per cent. 
by weight of the water. Such a fluid interferes no 
more with the drop of the tools than does clear 
water, but it has immense advantages over the 
latter. The objection to the use of clear water is 
that it encourages caving, while it is frequently 
impossible to eq 4 a bore sufficiently filled with it 
to overcome the head of gas, owing to rapid flow 
into surrounding beds. The attempted use of 
clear water has sometimes permanently drowned 
out gas sands. 

The mud-laden fluid acts in a different manner. 
If chere is any tendency for the fluid to flow into 
beds passed through, the suspended clay acts as 
grout, uall clogging the interstices, and sealing 
the walls of the hole. Practically any bore may 
oe be made gas-tight, provided a sufficient 
head is obtainable, either statically or by pumping. 





When once sealed, work can be continued through 
the fluid to greater depths, while if it be neces- 
sary subsequently to open up the gas supply, 
this can be readily done by bailing out until the 
pressure of the gas overcomes the head of the 
fluid column, when the gas will blow out and clean 
the sand automatically. The treatment of a well 
has to be adapted to circumstances. If gas-bearing 
strata are expected, it is naturally best to fore- 
stall trouble by drilling with the hole full of fluid. 
he presence of the fluid in a hole does not 
interfere in any way with the setting of the 
casing. A hole already ‘‘ wild” may be reclaimed 
by the application of the fluid; but in such 
cases, naturally, special measures have to be 
taken to introduce it into the hole. When 
flows are encountered, so great that the boring 
tools will not drop with any force, it is clear 
that the fluid would be ejected before sufficient 
had been inserted to provide the required head. 
In such a case a kind of fluid-lock is fitted to the 
head of the casing already inserted in the hole and 
reaching as far down as possible. This lock consists 
of a gate-valve fitted to the head of the casing in 
the hole, with a length of about 40 ft. of 10-in. 
casing, having a second gate-valve at the top. 
When ready the lower valve is closed, and fluid is 
pumped into the 10-in. casing, and when this is full 
the top valve is closed and the lower one opened. 
Gas then passes up into the lock displacing the 
fluid. The process can be repeated until the bore 
has been supplied with sufficient fluid to overcome 
the head of gas, when the lock can be dismantled, 
the hole filled if necessary by pumping in direct, 
after which drilling may pr . If the length of 
casing inserted in the hole is well-seated, but so 
short that the weight of the casing and lock does 
not overcome the gas pressure, the whole may be 
anchored down if the difference is only slight, or 
another method may be advantageously adopted. 
In the latter, a tee-head with a large valve is 
fitted to the casing, and through the tee a string 
of tubing of smaller diameter and supplied with 
a non-return valve at the bottom is inserted in the 
bore to a point below the gas sand. This smaller 
tubing, which passes through a gland in the tee, is 
coupled to a pump, by which fluid is forced into 
the well, being delivered below the gas-bearing 
stratum. At the same time the gas is allowed to 
escape through the large valve which, however, is 
closed down just so much as is required to prevent 
the fluid being blown out with the gas. In this 
way several wells have been successfully shut off. 
In some cases, where a static head has proved 
insufficient to overcome the gas-pressure, the fluid 
has been kept under pressure by pumping for a few 
hours, after which work has been renewed, but in 
such a case it is necessary that only a moderate 
amount of drilling should be done before renewing 
the fluid pressure, as the clogging action does not 
penetrate very deep. Care should always be taken 
to admit the fluid to the hole through a pipe ending 
as near the bottom as possible, in order to prevent 
possible damage to the sides. 

With this system all waste outside the casin 
from one stratum to another can be avoided, an 
water prevented from passing to gas sands, or salt- 
water to fresh-water beds. Faulty seatings of 
casing have been rendered tight, while wells can be 
safely drilled through gas strata to oil sands, or 
through one oil sand to another at a greater depth. 
Combination wells drawing oil from different beds, 
or oil from one and gas from another, can also be 
bored and cased without trouble or loss. 








NOTES. 
**ALL THE WorLp’s AIRCRAFT.” 

Tus is the title of the annual founded and 
edited by Mr. Fred T. Jane, the founder and 
editor of ‘** Fighting Ships.” It was originally 
known as ‘‘ All the World’s Airships.” This is 
the sixth year of issue, and the work is divided 
into four parts, dealing with the aeroplanes and 
dirigibles of the world, ‘historical aeroplanes of the 
last six years, the world’s aerial engines, the fourth 
part being an aerial directory. It opens with the 
following statement, which we feel sure will meet 
with general approval in this country, so far as the 
British machines and motors are concerned :—‘‘On 
account of the general European war, it has been de- 
cided to publish the first edition of this book a month 
earlier was generally anticipated. This means 
that the Italian and United States pages have to go 
to press imperfectly brought to date. On the other 





hand, though certain details which would other- 
wise have appeared are necessarily lacking, the 
matter collected concerning the principal belli- 
gerents is of such a nature that immediate publica- 
tion seems desirable, and to justify the unfinished 
state of the British pages, from which, for obvious 
reasons, a good deal has been deliberately deleted.” 
A number of illustrations of British machines and 
motors have been, and very rightly so, completely 
blocked out in this first edition, a copy of which we 
have received from the publishers, Messrs. Sampson 
Low, Marston and Co., Limited. But the infor- 
mation it contains on the aircraft and engines of 
the other nations of the world, with the reserva- 
tion in regard to Italy and the United States, 
a ree above, will prove most interesting for 
reference purposes at the present time. The infor- 
mation is arranged alphabetically according to 
countries, and includes the names of the aviators, 
aerial societies, and aerial journals; military, 
naval, and private flying-grounds, and illustrated 
data on the various machines—length, span, area, 
weight total and useful, type of motor, speed, 
number of machines built, &c. The fourth part of 
the book is the commercial part, in that it gives 
the names and addresses of the firms throughout 
the world who manufacture or deal with the various 
parts entering in the construction of aircraft. 


Tue Boarp or TRADE AND MANUFACTURERS’ 
INQUIRIES. 


We have in recent weeks on several occasions 
referred to the energetic action taken by the Board 
of Trade with the object of assisting British 
manufacturers te occupy the markets hitherto 
served by Germany and Austria. With commend- 
able promptitude the Board has issued a series of 
White Papers dealing with a variety of classes of 
manufactures, and giving statistics relating to the 
magnitude of Germany's and Austria’s trade in the 
principal countries. is will give some idea as to 
the value of the market to be approached, while 
not less interesting are the extracts from consular 
and other reports, which in many instances give 
admirable advice as to the best way of meeting the 
needs of the country and combating the competition 
of our rivals. We now have to refer to another 
very important = taken by the Board. Since 
communication with certain European countries 
has been cut off, many traders here have had difti- 
culty in securing for their manufacturing pro- 
cesses supplies which they formerly drew from the 
Continent. In many instances such supplies are 
procurable here. Other firms whose Continental 
market has temporarily gone are in the position of 
seeking buyers. The Board of Trade has made 
arrangements to put such firms into communica- 
tion with each other, and in another column we 
reproduce an official notice in this connection. A 
list has been published by the Commercial Intelli- 
gence Branch of the Board of Trade, divided into 
two sections. The first names articles which in- 
quirers desire to purchase ; the second, articles 
which inquirers desire to sell. We notice in the 
lists several articles relating to the engineering and 
hardware trades. Many of these articles appear 
in both lists, and we conclude the inquirers in 
these cases have been put into touch with each 
other. Inquirers of either class should avail 
themselves of the facilities thus offered. Com- 
munications should be addressed to the Director, 
the Commercial Intelligence Branch of the Board 
of Trade, 73, Basinghall-street, E.C. In addition 
to this useful departure, the Board is arranging for 
an exhibition of German and hattelennale goods 
competing abroad with British-made goods, from 
which our manufacturers ought to be able to derive 
valuable information. 


Rerractory Marerta.s. 


The material that has been used in the United 
States for some years in the manufacture of silica 
gas-retorts is identical apparently with the ganister 
quartz of Yorkshire, &c., and contains 95 per cent. 
of silica ; it is crushed, mixed with 2 per cent. of milk 
of lime, and worked into strong retorts of excellent 
ap nce. ‘* Whole” moulded silica retorte are 
only made up to 18 in. in length; generally the 
retorts are built up of tiles and bricks. They 
expand when heated by { in. or ;} in. per lineal 
foot, unless the joints are made with thick paper 
or straw-board, or with a cement of mild aluminous 
clay, which shrinks when the settings are put to 
work. The retorts do not crack when first lighted 
up nor later when cold air rushes in ; further to 
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obviate this danger the mouth-piece is frequently 
made of solid moulded fireclay. Stoking-machines 
(De Brouwer, Fiddes- Aldridge, Ritter Conley. 
Bredel) can be used with such retorts ; the retorts 
so stoked last three or four years—that is, longer 
than clay retorts. The experience so far gained is 
favourable. These facts were reported to the 
Institution of Gas Engineers at the recent meeting 
at Liverpool by the Refractory Materials Com- 
mittee. This committee has also tested refractory 
materials under load in a way that imitates — 
conditions so far as possible. In conjunetion wit 
Dr. J. W. Mellor (of the Retort and Fire-Brick 
Section of the Society of British Gas Industries), 
samples of fireclay, &c., were obtained from Stour- 
bridge, Yorkshire, Newcastle, and Scotland, and 
were tested under load. The interesting observation 
was made that the melting-point of the material was 
lowered by 12 or 13 per cent. when the sample was 
subjected to a pressure of 54 1b. per sq. in. Thus, 
samples normally melting at 1650 deg. Cent., 
melted at 1435 deg. with a load of 54 lb., and at 
1380 deg. with a load of 72 lb. per sq. in. ; the 
melting-points of another specimen were 1690 deg., 
1435 deg., and 1410 ai n another series, pres- 
sures of 84 lb. and 112 lb. per sq. in. were _— 
and the melting-point of a very good china-clay was 
thereby lowered from 1770 deg. to 1520 deg. and 
1400 deg. Cent. ; a fireclay gave the melting-points, 
1730 deg., 1460 deg., and 1410 deg., and was thus 
equally strong under pressure as the china-clay. 
In the settings, this lowering of the melting-point 
was probably not so large; but the observation 
was important and deserves further study. 


Foreign ComretiItion In Pumps anv PumpPpineG 
MAcHINERY. 


Statistics for a recent year show that while our 
exports of pumps and pumping machinery to all 
markets abroad amounted to 677,8001., those of 
Germany to foreign markets amounted to the value 
of 533,9001. Of this figure, pumps worth 18,4501. 
came from Germany into this country, but Ger- 
many’s greatest shipments to any one foreign 
country were to Russia, to which she sent machinery 
of this class to the value of 91,8501. At the same 
time we sold goods worth 72,8001. in that market. 
It is stated that although we have taken a promi- 
nent part in the supply of such machinery, our 
share there would have n ter had our firms 
realised the extent of the possible business, and had 
they been more willing to meet the Russian commer- 
cial methods. The change that is taking place in 
the Urals from placer-mining to methods re- 
quiring more machinery should create a good 
market, if adequately handled. The United States 
are large exporters of pumps to Russia. In 
Canada, the Balk of this trade is in the hands 
of the United States, though Germany sonds to 
that country —— to the value of ten times the 
amount we do. In South Africa we have a strong 
footing, but the United States and German trade is 


considerable. It is stated that for this market 
manufacturers should develop suction-gas pumping 
plants suitable for use with Colonial anthracite 


containing a high proportion of sulphur. In 
Egypt, although German trade of this class of 
plant is very much smaller than ours, it is, 
nevertheless, worth es as it tends to 
increase. German firms usually give longer credit 
in Egypt than do the firms of other countries. 
In Servia, Bulgaria, and Roumania, Germany does 
a large trade, mostly in the better class of pumps. 
The cheaper kinds, in which also a large business 


is done, come from the United States. From | 500 


Bolivia, where Germany competes with British 
products, it is reported that British prices do not 
attract. Germany sells there pumps of cheaper 
qualities, giving also longer credit. Agents are 
said to be constantly canvassing the country for 
the German firms, and ate in with quotations as 
soon as there is any agg of an order. Sales 
are pushed vigorously. In Japan wy has 
a strong footing in the matter of electrically-driven 
pumps for mines. To France Germany sends 
pumps to the value of 52,3001., while we send 
there only 28,0001. worth. Again, in Italy, Germany 
disposes of about 34,0001. worth, while our business 
only amounts to 20,2001. Inthe Argentine, where 
this country has so much in its favour, though we sell 
to the value of 64,400/., Germany manages to do 
trade to the amount of 29,3001. The Commercial 
Intelligence Branch of the Board of Trade, 73, 


AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. I | 


By Freverick Wi1114m Lancuester, M. Iust. C.E. 
INTRODUCTION. 


ALL authorities may to-day be said to agree on! 
the broad fact of the utility and importance of the' 
flying-machine or aeroplane—or, more broadly, 
aircraft—in warfare ; but at present the air service 
as a fourth Arm of the military organisation, 
either of this country or of any of the other great 
military Powers, can only be regarded as of a 
tentative and experimental character. 
It is, unfortunately, not yet possible to draw 
conclusions of a lasting nature from the actual 
usage of aircraft in the present war, mainly for two 
reasous. Firstly, the machines at present avail- 
able (with possibly a few exceptions) are entirely 
without armour or defence of any kind, and, 
dirigibles apart, are, generally speaking, without 
guns or other offensive armament of an effective 
character. Secondly, the machines are numerically 
so weak that, as an Arm of the Service, the 
aeronautical forces are a negligible factor. The 
uestion of sufficiency in numbers is evidently 
Tepemtent upon the point of view taken. On the 
one hand, if we regard the flying corps as merely 
the successor to the pre-existing balloon corps, the 
numbers, as they at present stand, may be regarded 
as sufficient; indeed, perhaps, even liberal. On 
the other hand, if we would recognise in the advent 
of the aeroplane the dawn of a fourth Arm (this 
being the point of view adopted in the present 
series of articles), the present numbers, which in 
no case represent one-twentieth part of 1 per cent. 
of the total forces, are a truly negligible quantity. 
In order to get a fair perspective of the position 
from the present standpoint, it is sufficient to 
institute a comparison with the cavalry, to which 
Arm, from its function, the aeronautical Arm 
is most closely akin. Here the accepted numerical 
proportion in a modern army is about 6 per 
cent. of the total of all arms. Now there are 
many otherwise competent authorities who would 
deny to the aeroplane (or to aircraft generally) 
the potential importance which the writer hopes 
cttdnaneliy to demonstrate is its due; let us 
put the matter to the test. We hear con- 
stant reports of the work done by German 
aircraft, and particularly the effective tactical 
reconnaissance of the German aeroplanes, which 
appear to be continuously employed during the 
course of every engagement for locating our gun 
positions, directing gun-fire, following up bodies 
of troops in retreat, &c. We also hear reports of 
their wider field of operations, presumably carrying 
out reconnaissance of the strategic distribution of 
the forces of the Allies at points remote from the 
enemy’s lines. We may presume that the Belgian, 
French, and British aircraft are employed with equal 
success ; but here, in the nature of things, the infor- 
mation that appears in our own Press ismeagre. As 
already pointed out, the total number of machines 
engaged is microscopic ; the Germans are reputed 
to have possessed at the outbreak of hostilities 
some 500 machines in all. If the German cavalry 
had been limited to 500 mounted men, would they 
have been ever heard of at all? Answer is unneces- 
sary. It may be reasonably argued that the capital 
value of an aeroplane, with pilot and observer, 
being so much greater than that of a cavalryman, the 
above comparison is unfair ; granting this objection, 
we may perhaps admit that the cost equivalent of 
aeroplanes would be ten squadrons of cavalry, 
say 1500. This does not seriously alter the 
position ; such a force would be quite unperceived 
and be of no tangible service to the German army 
of to-day. 

If, then, instead of the present moment bei 
that of the introduction of the aeroplane (an 
dirigible), it had chanced to be the moment when 
mounted men were put on trial for the first time 
as a fighting machine, and presuming the initial 
trial to have been made on a similarly modest scale, 
the mounted men would, relatively speaking, have 
proved a failure, and no one, not sed of 
exceptional intuition or foresight, would have had 
the least conception of the possibilities of cavalry 
when numerically sufficient, and handled in suffi- 
cient masses and with appropriate supports. 

The foregoing is not put forward asa rigid demon- 
stration that the air service is in the future destined 





Basinghall-street, E.C., has just issued a memoran- 


an illustration illuminating the view the present 
writer (in common with some few others) holds, but 
which clearly is not yet the official view, in this 
country at least. The great difficulty in connection 
with the present subject is that in order to get the 
future into true perspective, it is necessary to be 
able to look forward along two parallel lines of 
development—i.e., to visualise the improvements 
of aircraft possible in the near future as a matter 
of engineering development, and simultaneously 
to form a live conception of what these improve- 
ments and evolution will open up in the poten- 
tialities of the machine as an instrument of warfare. 
The writer of the present article does not wish it 
to be supposed that he is endeavouring completely 
to lay down axioms as tothe military future of air- 
craft of a positive character, or that he pretends to 
be in a position to formulate a cut-and-dried con- 
structive programme; his intention is rather to 
give something in the nature of a lead in the 
direction in which it appears development may be 
logically anticipated. 


Tue Primary anv Seconpary Fuactions 
OF THE AERONAUTICAL ARM. 


It is generally recognised that in its employment 
in connection with military operations a most valu- 
able property of the flying-machine or aeroplane is 
its mobility; it is, in fact, mobile to a degree that 
can scarcely have been dreamt of in warfare of the 
past. When, therefore, we look for uses in co-ope- 
ration with an army in the field in which the aero- 
plane may show to advantage, we naturally turn to 
examine the duties at present fulfilled by the cavalry, 
hitherto the Arm to be employed wherever mobi- 
lity is of importance. Thus it is well recognised 
that one of the main duties for which the cavalry 
have hitherto been responsible—namely, reconnais- 
sance—is a duty to which aircraft are eminently 
suited. It is at the outset important to realise that 
the cavalry, in face of the improvements in small 
arms and artillery, with the advent of the 
armoured motor-car, and with the greater mobility 
of the main bodies of troops in modern war- 
fare, have been finding the difficulties of effective 
reconnaissance continually on the increase. It is 
stated by one of the greatest authorities on the 
subject that of the reports sent in by cavalry 
patrols not more than 1 per cent. are of any use to 
the commanding officer, usually owing to fact 
having anticipated the receipt of the information ; 
in other words, the whole process of tactical 
reconnaissance by cavalry has become far too 
slow to keep pace with the conditions of modern 
warfare. 

So far as the writer is aware, there has, up to the 
present, been no serious attempt to work out in 
complete detail the duties that can be undertaken 
by aircraft, or to define in specification form by any 
process of logic the types of machine that will be 
n at the outset to deal with the various duties 
so postulated. It is necessary to say at the outset, 
in view of the fact that if to-day we had a perfect 
organisation based on existing conditions, the first 
great Power to be similarly equipped would require 
to be answered in the form of a further equip- 
ment especially directed to his destruction, and so 
(as in the evolution of the Navy) we shall prob- 
ably have in due time ental destroyers and 
‘*super” destroyers, and again still larger and 
more heavily armed machines for the destruction of 
these. 

The primary function of, and basic justification 
for, any Arm is the execution of its duties in 
relation to other than its own kind ; thus, though 
it is admittedly one of the first and most im- 
portant duties of cavalry to drive the enemy’s 
cavalry out of the field, and establish superiority, 
this is actually the secondary function of the 
cavalry Arm ; its primary function is the observa- 
tion and harrying of the other Arms of the Service. 
Again, the primary function of a fleet is neither 
to hold nor defeat a hostile fleet, although this, 
its secondary function, is universally admitted 
to be its first and most important objective. Ulti- 
mately, in every case, there must be some primary 
purpose which gives rise to the need for any kind 
of fighting machine, apart from its power of offence 
or defence against its own kind ; it is this primary 
purpose that imparts the initial impulse and direc- 
tion to its development. 

It is proposed forthwith to define the primary 
function of the aeronautical Arm as comprised by 





to become as important an auxiliary to an army in 


dum oa this subject which will well repay study. | the field as the cavalry of to-day; it is no more than existing Arms of the Service—viz., the infantry, 


its duties and actions relating to the three pre- 
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cavalry, and artillery.* Its secondary function is 
“defined as comprised by its duties in the attack on 
and defence from its like Arm—i.e., the destruc- 
tion or countering of hostile aircraft. 

It is necessary to be perfectly clear as to the 
above definitions. In considering, in the first 
instance, the comparative merits of the aeronautical 
and the older Arms of the Service for any par- 
ticular duty, as it is needful to do in order to 
justify, or otherwise, any particular type or usage, 
it is futile to import into the initial discussion the 
action or possible counter-manceuvres of the 
enemy’s aircraft; this latter may, or may not, 
eventually prove an important factor, but its 
influence, when taken into account, must be 
studied not only as touching the air service, 
in contemplation, but also at the same time as 
affecting the other Arms of the Service (more 

icularly the cavalry) in its corresponding usage. 
n brief, as a matter of logic in discussing the 
functions and duties of the aeronautical Arm 
and the type-specifications of machines, by which 
its objects are to be secured, the primary function 
alone has to be considered. Subsequently, when 
a provisional scheme and specifications have been 
formulated, it is time to take count of the secondary 
function, and to endeavour by careful prevision to 
forestall the enemy. 


AEROPLANE versus DIRIGIBLE. 


Two questions are involved in the consideration 
of the relative merits of the ——— and dirigible. 
We are firstly concerned with their respective ad- 
vantages and disadvantages in relation to their 
primary function — namely, as instruments of 
reconnaissance, attack, and defence ; secondly, we 
have to take into account their secondary function 
—i.e., their relative power of mutual destruction ; 
whether, in fact, either can drive the other from 
the field, or whether each may have its own réle to 
play in securing and holding the command of the 
air. 

Before going into either of these questions in 
detail it is convenient to review a few of the facts 
by which limitations are imposed on the ultimate 
performance of either type of aircraft. We must 
avoid falling into any error by judging each too 
closely by its performance of to-day. 

The all-important question of speed is a matter 
depending primarily on the lightness (i.¢., horse- 
power per given weight) of the prime mover, and 
the law of resistance. The horse-power per given 
weight available is roughly the same whichever type 
of aircraft is in question, and any future advance 
in the art of motor construction tending to diminish 
weight will, we may presume, be equally available 
for either type. The laws of resistance of the 
aeroplane and dirigible are well understood ; 
in the case of the former the resistance is approxi- 
mated by a curve a a, Fig. 1, representing the 
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sum of a resistance following the V-square law and 
a constant ; the latter (the dirigible) may be taken 
as following the V-square law implicitly, Fig. 1, 
bb. Fig. 1 represents approximately actual values 
of the resistance coefficients, in tractive effort per 
cent., in machines of average size as they exist to 
day, for the speeds given in miles per hour.t 

* Also the Navy and merchant marine where naval 
warfare is in question. 

+ The maximum speed attained by an airship is ap- 
proximately 50 miles per hour ; the maximum in the case 
of an aero’ is considerably over 100 miles per hour ; 
thus (Fig. 1) the tractive coefficient in the case of the 
aeroplane is very considerably greater than in the case of 
the airship. The reason for this is that the dead-load in 
the hip 7 ted ob age F gine ur- 
tenances—is disproportiona’ 
of the weight that can be deed to the eusllenppuer 
installation is relatively smaller than in the aero . 
Were it not for this fact the airship would have bela thee 
advantage until speeds about 40 per hour had bsen 
reached and the aeroplane after. 











One salient fact is at once evident ; the greater 
the horse-power available for a given engine weight 
the greater the > the matter of speed 
in favour of the aeroplane. The highest speed 
of flight of an aeroplane attained to-day (through, 
i.e, relatively to, the air) is already more than 
twice that of which the fastest dirigible is capable ; 
there is every prospect that its advantage in this 
respect will increase rather than diminish with the 
march of progress. 

Beyond the above, it is well understood that an 
increase in size is conducive to a reduction in the 
resistance cocflicient ; this applies to both aero- 
plane and dirigible. This fact has been one of the 
controlling considerations in dirigible design ; no 
dirigible, other than of comparatively large size, 
has nm found to be of real service. It is, more- 
over, evident that, in the case of some of the large 
Zeppelins, it will not be found practicable to go 
very much further in the direction of increase. 
Here again the aeroplane is at an advantage ; we 
can in nowise regard the aeroplane of to-day as 
defining the limit of what can be reached. 

It is abundantly manifest that the dirigible is at 
a permanent disadvantage of not less than two to 
one in the matter of speed. 

The question of range and duration of flight is 
largely determined by petrol-carrying capacity. In 
the aeroplane both range and duration depend 
definitely upon the petrol supply holding out ; in 
the case of the dirigible the same applies to a 
limited extent ; but here the duration and, to a less 
extent, the distance can be greatly prolonged by 
reducing the speed to the minimum possible with- 
out jeopardising the control. In the dirigible the 
oudeal loss of buoyancy, due to the leakage and 
escape of hydrogen, is an independent determining 
factor. Asa matter of fact, there is not (taking 
everything into account) much to choose between 
the two types of aircraft in the matter of range or 
radius of action ; on the other hand, under favour- 
able conditions, the dirigible has undoubtedly the 
advantage on the score of duration of flight. The 
maximum may be taken as about 24 hours in the 
case of the aeroplane, against 48 hours in the 
case of the dirigible. This may be taken as a 
fair indication of their relative capacity, though of 
no quantitative value as a guide to what is to be 
expected under service conditions. The possi- 
bilities of the future are here rather in favour of 
the airship; there is an absolute limit both of 
range and duration where the aeroplane is con- 
cerned. 

On the question of storage or housing the advantage 
of the aeroplane is overwhelming ; the aeroplane, 
especially if furnished with folding wings, can be 
stowed away in any ordinary shed or barn, whereas 
the ‘‘ balloon hall” necessary for the safety of an 
airship is not only most costly, but is an unmis- 
takeable landmark for hostile aircraft at 20 miles 
distance. Again, bad weather affects the storage 
of an aeroplane but little, whereas the housing or 
getting out of an airship in a strong wind is a diffi- 
cult and risky business, even under the best of 
conditions. A large Zeppelin may sometimes call 
for the services of 300 men. 

The foregoing by no means exhausts the grounds 
of comparison, but is sufficient for the present pur- 
pose. It is scarcely > | to point out the 
very great disparity of weight, and, incidental 
thereto, carrying capacity, between the two classes 
of machine; the large German Zeppelins have a 

weight, taken from their displacement, of 
32 tons (military) up to 35 tons (naval); of the 
aeroplanes in service, practically all the military 
machines are less than 1 ton ‘‘ tare,” and most 
types do not exceed 1 ton gross—i.e., with full 
complement, petrol, oil, &. 

of we were concerned with the primary function 
of the aeronautical arm alone, there a to be 
no reason to doubt that both kinds of aircraft 
would have their place; the large air-ship has 
unquestionable advantages under suitable condi- 
tions: cruising at high altitudes over the battle- 
field, or over or in the rear of the enemy’s lines, 
and reporting to head-quarters by wireless every 
movement of strategic or tactical importance, it 
can render the most vital service. It is able 
to carry a complement of officers trained to 
observation, capable of giving an accurate inter- 
pretation of what they observe, and acting under 
most favourable conditions, such as are not - 
sible in any aeroplane ; it can move at some fifty 
miles pet hour, if required, or remain to all intents 
and purposes stationary ; it can follow continuously 





the course of events from sunrise to sunset, and 
remain the whole time in touch with headquarters, 
either for sending or receiving. On the other 
hand, for bearing despatches, for flying at low 
altitude within range of shot and shell, as may be 
necessary for detail reconnaissance or in cloudy or 
misty weather, for bringing machine-gun fire to 
bear at some important point or at a critical 
moment, &c., all these are duties for which the 
aeroplane is pre-eminently suited, as also for rapidly 
locating and signalling gun positions, directing fire, 
and duties of such-like character. 

It is more than questionable whether actual 
fighting is any part of the primary function of a 
dirigible at all; it is at least becoming apparent 
that bomb-dropping is an entire misuse of the large 
airship ; the results are incom bly small in 
view of the means employed, and can never affect 
decisively the course of any battle or campaign. 

It is important to note that though it is possible 
effectively to armour an aeroplane, at least to be 
proof against small-arms fire, and that in any case 
the vulnerable target is small, the dirigible, pre- 
senting a mark larger than the proverbial haystack, 
cannot be effectively poctectel. In spite of the 
fact that injury to the envelope is not necessarily 
dangerous, such injury has already necessitated in 
more than one instance a hurried descent into a 
hostile country, with the effective loss of both 
vessel andcrew. These are the considerations that 
render the dirigible at a formidable disadvantage 
when within reach of the enemy's guns. 

We may now to the discussion of the 
secondary function of the aeronautical Arm in 
its present relation—that is to say, we shall con- 
sider the question of aeroplane versus dirigible in 
armed conflict. 

At the outset it is desirable to dispose of the 
much-worried analogy that crops up again and again 
when the present subject is discussed. Some of 
the most strenuous supporters of the airship as an 
auxiliary to the aeronautical service are fond of 
drawing a parallel between the air service and the 
Navy, the airship being put forward as analogous or 
comparable to the battleship or battle-cruiser, and 
the aeroplane to the torpedo boat or destroyer. In 
the writer’s opinion any such analogy is totally 
fallacious. The effective area of the target presented 
by an aeroplane is but a fewsquare feet. The effective 
target area of a torpedo-boat or destroyer is more 
than one hundred times as great. The time during 
which an aeroplane is visible and under fire, owin 
to its small size and high speed, is short compasel 
to that of to o craft at sea.* The armament 
which a Zeppelin can bring to bear on an attacking 
aeroplane is confined to that which she can carry on 
a platform arranged on the top of the structure, 
since the hostile aeroplane making its attack from 
above can manceuvre to remain, in billiard phrase- 
ology, ‘‘snookered” so far as the car and main 
armament are concerned. Beyond the above, the 
8 of the aeroplane is approximately double 
that of the airship, whereas the speed of a fast 
destroyer is not more than 20 or 25 per cent. 
superior to that of a fast and heavily-armoured 
cruiser of modern type, and even this advantage is 
lost in heavy weather. 

It will be realised in considering the above 
facts that the whole analogy breaks down—the 
continued existence of the battleship or cruiser in 
the face of torpedo-craft does not in the least degree 
imply or involve the continuance of the airship asa 
logical necessity. 





MECHANICAL COOLERS FOR WATER 
AND OTHER FLUIDS. 

On the next page we illustrate a mechanical cooler 
of unusual design, which has been devised by Messrs. 
Heenan and Froude, Limited, of Worcester, for cooling 
the circulating water of internal-combustion engines, 
the condensing water of refrigerating machinery, the 
circulating water of air-compressors, and the like, 
plants for one or other of these purpoees having been 
installed by the patentees in many quarters of the 
world. In these machines the water is cooled by 


exposing it in thin films to a current of air forced 
over it M means of a fan. 
As will be seen on reference to Figs. 1 and 2, the 


machine is of very simple construction. It consists 
of a number of cylinders, each of which is built up of 
galvanised-steel sheets, which are wound ay on 
to a cast-iron centre. This winding is done by special 


+ Added to this, to detect the approach of a hostile 
aerop'ane the sky has scanned in the three 
dimensions of space. 
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machines which leave a small space between the courses 
of the spiral for the passage of the air. The cylinders 
are mounted on a horizontal shaft carried on ball or 
roller bearings fixed to the end plates of the tank. The 
water contained in the tank is automatically main- 
tained at a certain level by means of a ball-float valve, 
whilst air is driven by a fan through the spiral spaces 
of the upper half of the drum—that is, of the parts 
which are above the water-line. With this form of 
construction an enormous amount of surface can be 
packed into a very small s The cylinders de- 
soribed are rotated at a slow rate, so that the surface 
of the drums is kept continuously coated with the 
water or other liquid to be cooled. The cooling effect 
is obtained partly by direct conduction of heat from 
the liquid to the air Passing through the annular 
spaces, but also in most cases by the evaporation thus 
promoted, since the vapour drawn off by the air carries 
with it ite latent heat. Perhaps an even better idea 
of the general construction of ‘hese coolers is afforded 
by Fig. 3, which represents the same machine as 
Figs. 1 and 2, but with the covers off, showing clearly 
the three drums dipping into the water - trough 
below. 

It should be pointed out that as the water is spread 
over the cooling surfaces in a very thin film, it is im- 
possible for the suction of the fan, which draws the air 
through the machine, to cause the water to heap up on 
the edges of the plates, forming globules or drops which 
would poet 5 away by the outgoing air in the form 
of spray. Hence the only water lost is that due to 
evaporation, and the cooler is thus very economical with 
regard to the make-up supply. To pass the necessary 
volume of air through the special drums a fan is used, 





either of the centrifugal or propeller type, according 
to the size and type of the machine, a centrifugal fan 
in a number of cases being found to be the more effi- 
cient. The drums are rotated by a side shaft driven 
by a chain from the fan shaft, as best seen in 
Fig. 1. As the air current is provided by a fan, the 
efficiency of the plant is independent of climatic con- 
ditions, which may seriously affect coolers dependent 
on natural draught. 

An interesting feature of this t of machine is 
that it can be arranged for ventilating the engine- 
room as well as for cooling circulating water, the 
cooler being installed in the engine-room, and arranged 
with an outlet duct from the fan discharge through 
the roof or wall to the outside of the building. 

A special and very compact form of the cooler has 
been developed for use on shipboard, where auxiliary 
lighting sets are now frequently driven by oil-engines. 
In this the fan is mounted on the tup of the tank, and a 
chain-and-spur gear-drive is arranged between the fan- 
spindle and the drum-shaft ; the steel-plate cover over 
the drums in the standard cooler is f away with 
by raising the height of the tank sides sufficiently to 
jp Aerseers. any possibility of water splashing out due 
to the rolling or pitching of the ship. Another special 
application of the cooler is for the cooling of oil used 
in the tempering and hardening of metals, such as 
steel forgings, castings, &c. The continuous cooling of 
the oil-bath increases considerably the output, at the 
same time eliminating all possibility of fire due to the 
oil becoming overheated. 

One of the most interesting applications of the 
Heenan cooler is in connection with filtering and cool- 
ing the air-ventilation supply of electric generators. 








Fic. 4. 


In this application, stringent conditions have to be 
| dealt with. In the first case, it is essential that there 
|should be no trace of spray in the air entering the 
generator, as otherwise there would arige the danger of 
short-circuits in the winding and consequent fire. A 

eneral view of the cooler of this type supplied to the 

irmingham Corporation, and designed to deal with 
50,000 cub. ft. of air per minute, is illustrated in Fig. 4. 
The drums are practically the same as used in the 
water-coolers, and are rotated by a single worm- 
reduction gear, the worm-shaft being extended and 
fitted with a pulley to be driven by a small motor. 
On account of the water being spread in a very thin 
film over the surfaces, it is impossible for any loose 
moisture to leave the machine and enter the genera- 
tor. Further, as a certain amount of evaporation 
takes place due to the passage of the air over the wet 
| surfaces, a large cooling effect is obtained, the tem- 
| perature of the air being reduced sometimes by as 
much as 20 deg. Fahr. 
|. A further use of this machine as a filter or purifier 
h in connection with breweries, where a supply of 
| purified and cooled air to the refrigerator and tun- 
rooms is of very great importance, particularly when 
the breweries are situated in industrial districts where 
the air is Jaden with dust and impurities. In such 
cases the plant consists of a machine built up on the 
| same lines as the filter mentioned above, the air being 





| blown through the machine by means of a forced- 
| draught fan, and delivered to the various rooms 


through ducts having specially - designed orifices. 


| The simplicity of the apparatus enables very large 


volumes of air to be dealt with at a low expenditure 
of power. E 
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26-4 TYPE MINERAL TRAFFIC LOCOMOTIVE; GREAT CENTRAL RAILWAY. 


CONSTRU -TED FROM THE DESIGNS OF MR. JOHN G. ROBINSON, M. INST. C. E., CHIEF MECHANICAL ENGINEER TO THE COMPANY. 
2-6-4 GOODS SANK ENGINES N°18 GLASS 
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| le int het hase | 
(oreo) |e ----- Total Length oor Define 6 | 
T.¢.Q T.C.@ T.C.Q T.C.Q T.c.Q 
WEIGHTS LOADED 8-0-0 20-0-0 2-0-0 20-0-0 26-10-0 
, T C.Q 
Total Weight of Engine %-0-0 in Working Order 
A New type of mineral traffic locomotive is being |STRESS DISTRIBUTIONS IN ENGINEERING | _Dr. Stanton has made arrangements to test the standard 


built at the Gorton Works of the Great Central Rail- 
way, to the design of Mr. John G. R»binson, M. Inst, 
C E., Chief Mechanical Engineer. These new engines 
ace of the 2-6-4 type. They are intended for both goods 
and mineral traffic, but chiefly for the heavy coal traffic 
between the North Nottingham colliery district and 
the ports of Grimsby and Immingham, a distance of 
about 80 miles. The return trip in a day will amount 
to about 160 miles, and as, to avoid terminal delays, 
it has been necessary to adopt a type which will run 
equally well either end first, unusually large tank and 
bunker space has had to be provided. fact, the 
water space is for 3000 gallons, while 5 tons of coal 
can be placed in the buuker. The weight of the 
engines in working order amounts to the considerable 
total of 95 tons, of which 60 tons are on the 5-ft. 1-in. 
ce upled wheels. 

A general idea of the design will be obtained from 
the diagram herewith. Through the courtesy of Mr. 
J. G. Robinson we hope to publish detail drawings 
later. The design embodies inside cylinders 21 in. by 
26 in., having inside admission piston-valves 12 in. in 
diameter, worked by link motion and rocking-shafts. 
In many respects the cylinders and working parts 
duplicate with those of the ‘“ Sir Sam Fay” and the 
**Glenalmond” classes. The boiler is identical with that 
of the “* Director” class. The boiler has a maximum out- 
side diameter of 63 in., the barrel being 12 ft. 3 in. 
long, and the length between tube-plates 12 ft. 73 in. 
The fire-box has an outside length of 8 ft.6 in. The 
boiler has 157 tubes of 13 in. outside diameter. A 

binson superheater is fitted, and the large smoke- 
tubes in which the twenty-four elements are arranged 
are 5} in. outside diameter. Together the tubes pro- 
vide 1390 sq. ft. of heating surface. The fire-box 
heating surfice is 157 eq. ft., making a total of 
1547 sq. ft. The superheater elements are composed 
of tubes having a diameter of 1@ in., and giving a 
heating surface measured inside of 304 sq. ft. The 

rate area is 26 sq. ft., and the working pressure 

80 Ib. per sq. in. 

Water pick-up is fitted, and all coupled wheels and 
the trailing bogie-wheels are braked, the latter on 
both sides. 
heater-pipe, are fitted, to enable the engines to handle 
local or excursion traffic, if need should arise. 
Sufficient allowance is provided latera!ly for the front 
and rear truck to ensure 5-chain curves being taken 
easily. The length of the driving-wheel base is 17 ft., 
and of the whole engine over buffers 46 ft. 4% in. 
We will defer further particulars till we publish more 
complete drawings. 








“Tue Howipays.”—This is the title given to a series 
of guides of the Midland, the London North-Western, 
the Great Northern, theGreat Eastern, the Great Western, 


An ejector and train-pipe, and also y 





and the Great Central Railways, bound in book form, and | 
issued by Mr. Walter Hill, 67 and 69, Southampton-row, | 
London, Ww.C., at the price of 1s. and 1s. 6d. post free. 
Since the public is invited both to work as usual and to take | 
pecans = Sy aye a ee war, the book will | 
in re the holidays and to th rts | 
covered by the railway systems env qaretedl aaees 


MATERIALS. 


ort of the Committee, consisting of Professor J. PERRY 
Chairman). Professors E.G. Coxer and J. E. Peraven 
Secretarie-), Professor A. Barr, Dr. C. Cures, Mr. 
1.BeRT Cook, Professor W. E. Dacsy, Sir J. A. 

Ewinc, Profesor L. N. G. Frvon, Messrs. A. R. 

Fouton aod J. J. Guest, Professors J. B. HENDERSON 

and A. E. H. Love, Mr. W. Mason, Sir ANDREW 

Nosig, Messrs. F. Rogers and W. A. Scosie, Dr. 

T. E. Sranton, and Mr. J. S. Wrison, to report on 

Certain of the More Complex Stress Distributions in | 

Engineering Matcrials.* 
THE reports presented at the Birmingham meeting of 
the Association led the committee to the view that the 
co-ordination of the results of various researches was 
rendered difficult by the diversity of the materials used 
in the tests. It was therefore thought desirable to obtain 
complete and systematic data with ard to three 
definite materials—namely, a mild steel, a hard steel, and 
a steel alloy. 

In accordance with a resolution at the meeting 
of December 19, 1913, a stock of 3 tons standard steel 
has been obtained for the committee by Dr. F. Rogers. 
This consists of :— 


(1) Dead mild steel (carbon 0.12 per cent.). 
(2) Axle steel (carbon 0.3 per cent. ). 
(3) Nickel steel. 


Some of the steel has already been sent to various 
members of the committee, and in due course full in- 
formation will be available with regard to the behaviour 
of the three materials under a large number of different 





| 


teste. 

The mild steel was kindly presented to the committee 
by Messrs. Steel, Peach and Tozer, and the axle steel was 
also presented. 

ionation with regard to the manufacture of the 
standard steels is given in an Appendix. 

A report on the ‘‘ Experimental Determination of the 


Distribution of Stress and Strain in Solids” has been | b 


presented by Professors Coker and Filon. 

A paper on the ‘Internal Stresses in a Built-up Steel 
Compression Member,” by Mr. H. Delépine, has been 
communicated by Professor Petavel, and will be read at 
the meeting. 

A number of members of the committee have, during 
the past year, been engaged on subjects dealt with in last 
's report, but in most cases the experimental work is 
not yet completed. 

e subjects under investigation are the following :— 

Professor Coker and Mr. Scoble: Shear Tests. 

Mr. Cook: Tests of the Physical Constants of the 
Standard Steels. 

Meesrs. Cook and Robertson: Further Work on the 
Strength of Thick Cylinders. 

Mr. Fulton: Alternating Stress at Low Frequencies. 

Mr. Guest and Professor Lea : Combined Stresses. 

Mr. Mason: Repeated Combined Stresses. 

Mr. Scoble: Repeated Combined Stresses. 

Dr. Stanton : Reprated Shear Tests. 

Mr. Mason bas installed, in the engineering laboratory 
at the University of Liverpool, a machine specially de- 
signed for experin ental work on as 
alternating torsion, and simultaneous alternating - 
ing and torsion. He has also constructed an apparatus 
for measurement of hysteresis. 








* Report presented to Section G of the British Asso- 


steels—firstly, by reversals of simple shearing stress, then 
by superimposing bending and direct stresses. The com- 


mittee ask to be reappointed, with a grant of 100/. 


APPENDIX. 
Outline of Manufacture of the Standard Steels. 
By Dr. F. Rocers. 
No. 1 Steel (0.12 per cent. Carbon). 

The materials used in the manufacture of this steel are 
hematite pig-iron, steel scrap, and ore of the purest 
descriptions, melted very carefully in the acid open- 
hearth furnace. The composition is adjusted by the 
addition of ferro-manganese, after which the metal is 
cast into ingot moulds. The ingots are then rolled, with 
several heatings, into bars, which are reeled when black- 
hot, giving a straightening and burnishing effect without 
injuring the steel. This method is suitable for high-class 
mild steel. The bars supplied to the committee are the 
33h ee usable portion of two ingots, and weigh nearly 

cewt. 
No. 2 steel (0.3 per cent. carbon). 

Report not yet received. 

No. 3 steel (— per cent. nickel). 

Report not yet received. 





Experimental Determination of the Distribution of Stress 
and Strain in Solids. 


By Professors F1.on and Coker. 


Very little has been done hitherto in the way of deter- 
mining directly the distribution of stresses and strains in 
the interior of an elastic solid. The investigations which 
have been made deal almost exclusively with the more 
restricted case of two-dimensional stress and strain, or of 
stress and strain in a thin plate parallel to the faces of the 
plate itself, a problem known to elasticians as that of 
** generalised plane stress "* In these cases two methods 
have proved available. The first mevhod consists in 
measuring directly the deformations of the body studied, 

y observing the actual di-.tortion of a face of the solid 
parallel to the plane of strain. In practice this may be 
done by ruling this face into squares and observing, 
with a kathetometer or micrometer, the relative shifts 
of various parts of the network. From these, the extent 
oo the angle at a node of the network has been 
changed from ‘a right sage can easily be found, and 
this quantity, as ix well known, meacures the shearing 
strain (or “slide,” according to a terminology followed 

y many writers on elasticity, who reserve the word 
‘“‘shear” to denote the shearing stress). In this way 
values of the shea: strain are obtained at the various 
nodes of the network. Again, the changes of distance 
between adjacent nodes can be found, and from these, 
if the squares ef the network are sufficiently small, the 
extensions at the various nodes, parallel to the lines of 
the net, can be obtained. The plane strain can there- 
fore be mapped out over the whole face of the solid 
which is under observation. If this method is to give 
satisfactory results, it must be applied to materials 
wher strains are comparatively 6. It has been 
ne with considerable success by Professor Karl 

‘earson (1)+ and various workers associated with him to 
models of dams constructed of gelatine-glycerine jelly, 
and in this way various results of interest in the theory of 
masonry dams have been obtained, although it cannot be 
eaid that the complete system of stresses in such dams is 








ciation in Australia, 


* Love, ‘* Theory of Elasticit _" 135. 
+ See Notes, page 316, — 
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yet known with any certainty. In other cases measure- | own of the distribution of stress in a beam near | sidering the equilibrium of a small rectangle d z,d y, and 
ments of the distortions mw A in ci described on | a point of isolated loading. Both Corbino and Trabacchi, | neglecting body-forces, we have the well-known body- 


the face of a model have been used to determine the 
principal strains and their directions, as in the experi- 
ments of Messrs. Wilson and Gore (2). 

Dr. E. N. da C. Andrade (3) has also employed a block 
of jelly to investigate the distribution of slide in such a 
block when two of its opposite faces A B, C D (Fig. 1), 
constrained to remain plane and parallel and undisturbed, 
are given a translatory displacement relative to each other, 
parallel to their plane. 

Dr. Andrade found that along the middle plane E F of 
the block (half-way, that is, between the two faces whose 
displacement was pareve | the distribution of slide 
gave two maxima at points H, K, distant about one-sixth 
of the length from the unstressed aa ndicular to 
the plane of strain, the slide falling gradually to a mini- 


Fig. 
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A (usa) 


mum at O. For a section E’ F’ near the middle plane 
an effect of the same type occurred, but was less marked. 
For a section E” F” near the face C D where the con- 
straint was applied the slide remained fairly uniform 
over the greater part of the length of the section, going 
down rapidly at the ends to the value zero at O D. 

_ The problem attacked experimentally by Dr. Andrade 
is one of which no exact theoretical solution is known. 
Dr. Andrade himself attempted to fit his conditions by 
an approximate solution, but either through the failure 
of the approximation, or from some other cause, the 
_—— of observation and calculation agreed only qualita- 
ively. 

_The second method used for the investigation of the 
distribution of stresses inside a plate subjected to stress 
in its own plane depends on the property, discovered 
hy Sir David Brewster in 1816, and independently by 
Fresnel, that glass and other isotropic transparent sub- 
stances become doubly refracting under stress. Since 
then this effect has been studied by a number of observers 
(4). It may be taken as fairly well established that 
when a ray of polarised light traverses a plate stressed 
in its own plane, it is broken up into two components, 
polarised — the two lines of principal stress at the 
point where the ray crosses the plate, and the relative 
retardation of these two rays on emergence in air is 


Cr(P - Q), 


where 7 = thickness of the plate, P and Q are the two 
pre mean stresses in the plane of tne plate, and 

is a coefficient depending upon the material and the 
wave-length of the light (5). 

Clerk Maxwell (6) was the first to go fairly fully into the 
theory of the appearances presented when a plate under 
varying stress in its own plane is placed between crossed 
nicols. He showed that the light is restored at all 
points except those for which :— 

(a) The lines of principal stress are parallel to the axes 
of the nicols. 

Since the condition for the extinction of the light is 
here independent of the wave-length, these lines will be 
quite black. These may be called the lines of equal 
inclination, or isoclinic lines. 

(b) The principal stress-difference has such a value that 
Cr(P- Q) is an exact multiple of the wave-length. 

These will be lines of equal principal stress-difference, 
and will give a different set of lines for different wave- 
lengths. They are thus, in general, brilliantly coloured, 
the same stress-difference corresponding to the same 
tint. The — is the line corresponding to 

-Q=0. ese may be called (following Maxwell) 
the isechromatic lines, the black line corresponding to 
P —Q = 0 being called the neutral lines. 

Observations of the isoclinic lines have the advantage 
that these lines are exhibited under comparatively small 
stress, and are independent of the coefficient C. eir 
use does not, therefore, require straining the material to 
an extent likely to produce permanent set, and they can 
be shown by comparatively thin specimens. Also they 
do not require any previous investigation of the coefficient 
C for the _ material or of its dependence upon the 
wave-length. 

In theory, observation of the isoclimic lines is sufficient 
to determine the stress system, provided we have informa- 
tion as to the actual stresses at a very limited number of 
points (7). Such information is generally available from 
the known boundary conditions. On the other hand, 
the calculations required actually to deduce the stresses 
from the isoclinic lines are complicated, and are very 
difficult to apply to cases where the data are expressed 
by purely empirical curves. 

The isoclinic lines are therefore better suited to ex- 

imental verification of stress distribution already 

own from theory, and for which the theoretical isoclinic 
lines can be calculated beforehand and compared with 
observation. They have been so used by M. Corbino and 
Trabacchi (8) using rings of gelatine to verify Volterra’s 
(9) pe | of internal strains in a multiply connected 
elastic solid; and also by Filon (10), who used glass 
beams to verify the ordinary theory of stresses in a beam 
at a distance from points of isolated loading, and also his 





and Filon found that their experimental results confirmed 
the predictions of the theory of elasticity (11). Carus 
Wilson (12), who used in his investigation both the 
isoclinic and the isochromatic lines, was the first to epply 
the optical method to discover the laws of stress distribu- 
fee ay a glass beam, doubly supported and centrally 


He gives a drawing of the lines of principal stress in 
such a beam, but does not use them further, and restricts 
his comparison of theory with experiment, to the stresses 
in the cross-section immediately under the load ; the 
theory with which he compares his results was originally 
sa by Boussinesq (13), and treats the height of the 

m as infinitely thick. Sir G. G. Stokes gave, in a 
note to Carus Wilson’s paper, an empirical correction to 
Boussinesq’s theory. n exact theory of this problem 
has since been given by Filon (14). 

The use of the isochromatic lines, and generally of 
experiments depending upon tint, has this advantage 
—that it yields directly the value of the stress difference 
P-Q. If this be combined with a determination of the 
direction of principal stress at each point, then consider- 
able direct information is given at once, and some cases 
of practical importance have been examined by Hiénigs- 
berg and Dimmer (15). . 

The determination both of P- Q and of the directions 
of principal stress may be combined in one measurement, 
which is very simply made by means of an apparatus due 
to Coker (18). Coker uses a thin celluloid plate cut to 
represent an engineering structure in which it is desired 
to investigate the stresses. This is a more easily-worked 
material than glass, and a lesser thickness is required, as 
its stress-optical coefficient is consideralle. To obtain a 
measure of the stress-difference at any point a tension 
member is placed in front of the strained model, in a 
direction corresponding to one of the principal axes of 
stress, and the colour effect produced in the loaded model 
is neutralised by applying a sufficient load to this cali- 
brating member. The tensional stress T affords a 
measure of the difference of the principal stresses (P — Q) 
subject to a small correction when (P-—Q) and T have 
different signs. 

An improved way of doing this, which saves these 

peated adjust ts of T, is to use a test-piece under 

ure flexure (without shear) in its own plane. This can 
be readily produced in a straining frame, as in the 
accompanying diagram. The stress will then vary linearly 


_big2. 
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from P to Q, and may be read off along ascale P Q, which 
can be previously calibrated against a specimen under 
known tension. 

_ Alittle sideways shift of the test-plate is then all that 
is required to compensate the stress difference at any 
given point, provided that the direction of principal 
stress had been found previously. 

Coker has used a calibration tension member to deter- 
mine the distribution of stress in plates of various shapes 
—for example, in tension specimens pierced with circular 
holes, decks of ships with various openings, cement 
as &c. (17). He has also (18) investigated 
Andrade’s problem of the block whose opposite faces 
slide with rd to one another remaining undistorted, 
and he obtains by this optical method a distribution of 
shear very similar to that obtained by Andrade from 
direct measurements of the slide. Mr. Scoble and he 
have also applied this method to determine the distribu- 
tion of stress due toa rivet in a plate (19). 

The photo-elastic determination of stress carried out in 
this way does not, however, determine the stress in the 
plate completely. It will be noticed that all the method 
gives is the principal stress-difference at any point. If 
each principal stress at a given point be increased by an 
arbitrary quantity, the appearances are in nowise altered. 
To obviate this Coker has used the stretch-squeeze effect 
in the plate to measure the sum P-Q of the principal 
stresses, a suggestion due originally to Mesnager (20). 
For clearly, if 7 be the thickness of the plate. 7 Poisson’s 
ratio, the plate, at the point where the principal stresses 
are P, Q, will become thinner by an amount 7 7 (P+ Q), 
an amount which is small, but with delicate instruments 
not im ible to measure. 

It will be noticed that this provides yet a third method 
for exploring the field of stress in a plate. There is, 
however, no necessity for doing this, as the information 
derived from the known values of the stress difference 
and the direction of the lines of principal stress can be 
readily applied to find the complete system of stresses. 
Let the axes of x and y be en in the plane of the 
plate. Let P and Q now denote the normal stresses 
across elements d y and d x respectively, S the shearing 
stress across either of the above elements; then, if the 
lines of principal stress make an angle a with the axes, 
- if R is the principal stress difference, it is well known 

t 
P—Q=Reos2a 
2S = Rain 2a. 


Thus a determination of R and a at every point leads 





to the value of S at all points. Qn the otber hand, con- 


stress equations for generalised plane strain :— 
bP , 88 _ 9 88 , 8Q 9, 

6a éy 62 oy 

Now, at a point cf the boundary, all the stresses will 
be known. 

For the normal stress across an element of the boundary 
——. the outward normal makes an angle with the 
axis of x is :— 


P cos? 6 + Q sin? 6 + 2S cos 6 sin 0 


= i + Py 2 cos 20 + Ssin 20. 

S and P-Q being known from optical data, and the 

normal stress across the boundary being also known from 

the boundary conditions, the above equation determines 

P + Q, and hence (P — Q being known) P and Q. 
Consider now a point A of the plate. Draw a line 

through A parallel to the axis of 2 to meet the nearest 

boundary at a point Ay (x, y). 

Then, integrating tl e equation 


6P 68 
ba *7,°* 
along the line Ay A, we find 
_ _ 468 
P- P= [38.as 
*0 


where P, is the value of P at Ao. ; 

Similarly, if a line through A parallel to the axis of 
meets the nearest boundary at a point By, (, 7) when the 
value of Q is Qo, 


4” 


68 
Q- = - (3. dy. 
MN 
Now, if we know the value of S at all points, the values 
of the partial differential coefficients ; 8 = can be 
x 
obtained approximately by taking differences. and Q 


can then be found as above by the ordinary process of 
raphical integration, Py, (, being known, as explained. 
his method can be used with any set of experimental 
data, provided only that thise are accurate enough to 


allow of differences being taken to calculate =. 3 
a dy 

In any case, before actually applying the method, the 
curves for S when either z = constant or y = constant 
should be ‘‘smoothed” so as to take out accidental inequali- 
ties. A check on the accuracy of the calculation is easily 
provided, for the calculated P — Q should agree with the 
value optically observed. 

In many problems it is known that one of the normal 
stresses is ughout very small. In this case, if Q, 
say, is nearly zero, we have P = R cos 2a, and the stress- 
difference leads easily to the complete system of stre-ses. 
This assumption has been made by Coker in his earlier 

— but it would seem desirable to justify it more 

ully. 
NOorEs. 
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(Luvres d’ Augustin Fresnel, tome 1, page 713. F. E. 
Neumann, Abh. d. k. Acad. d. Wiss. zu Berlin, 1841, 
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G. Wertheim: Annales de Chimie et de Physique, ser. 3, 
vol. xl., 156. 

(5) F. Pockels: ‘‘ Ueber die Aenderung des optischen 
Verhaltens Verschiedener Gliiser durch Elastische Defor- 
mation,” Ann. d. Physik, 1902, ser. 4, vol. vii., 745. 
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to 442 (1907). ‘* Measurements of the Absolute Indices of 
Refraction in Strained Glass,” R.S. Proc., A., vol. 1xxxiii., 
pages 572 to 578 (1910). ‘‘On the Temperature Variation 
of the Photo- Elastic Effect in Strained Glass,” R. S. Proc., 
A., vol lxxxix., pages 587 to 593 (1914). 

(6) Clerk Maxwell: Trans. Roy. Soc. Edin., vol. xx., 
1853, page 1172; or ‘* Collected Papers,” vol. i. 

7. A proof of the statement in the text is as follows :— 
Let E be the stress function for generalised plane stress 
(Love, ‘‘ Theory of Elasticity,” pages 86 and 446); P, Q, 
S the mean stresses x x, y y, x y in the usual notation ; 
R the principal mean stress difference ; ¢ the angle whicb 
the lines of principal stress make with the axes. 

Then it is known that— 

R2 = (P — Q)?? + 48? 
tan2¢=2S/P-Q 





28=Psin2¢ P — Q = Roos 2¢. 
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Also the mean stresses are given in terms of the stress 
function by— 


_&®E _®E = ~_. "8 
tet Se" 52 ba, doy 
Using the transformations 
2 =x+ey 
, 2n=x2-ty 
we find readily 
5 (5E An ee) 
= -:8S= — 
Q+Ba Tr (f) @- 89s 
6 /(éE _ 6 (6K 
s+P=-35(5e) 8—*P= 34 (35) 
Q-P+2:8=55 (1) 
. ®E 
Q-P-2:8= 55: (2) 
®E 
a 3 
Q+P re = (3) 
From (1) and (2) 
—2:o¢ _®&E _p.2:¢@_ &E 
— Re = 3p Re = ie 
AigR®E_&E (4) 
62 5 


Now, the isoclinic lines give ¢ as a function of x y, and 
therefore of ¢, 7 for every point. On the other hand, it 
is well known that E satisfies the equation :— 

v. E =0, 
ay 
or 
eE 


6.3 - 


of which the solution is :— 
E = E, (&) + Ey (nm) + 7 E; (€) + € Ey (n). 
E,, Ey, Fs, and E, being arbitrary functions. 
(4) then gives :— 


ef HEE "(a () + 1 Ey” (@) |=E,” (n) + & Ey” (n) (6) 


(5) 


Putting 7 = 0, § = 0 successively in the identity (6) 
Ey” (¢) = et *P & | [ =" (0) + & EB,’ | . 
E,"(n) = A 19 Om) [ =” (0) + 7 FE," | - (8) 


Differentiating (6) with regard to ¢, 7, and then putting 
& = 0 and 7 = 0 respectively, we find 


By ()= {2 AO ye + mky'@) |}e = 0 


Be") = {5 St OT By (mn) + EBV" (n) |} n= 0 
1.€., 
y(n) = 40 (5% )g Be” (n) + AHO 
{E,'” (0) + 1 E,”” (0)} (9) 
F,” (¢) = - 41(5%) pene “OO 


{ Ex” (0) + €E,”” (0)} - (10) 
Assume Er" (0) = A, E3"(0) = B, Ey" (0)=C, By” 


Equations (7)-(10) determine E,” (7), E,'’ (7), and hence 
a,” (f), {;” (&) as homogeneous linear functions of 
Hence E = A ¢, +B ¢g+Ceg+D egt+a&+8 nt+y7é +64, 
where ¢), ¢o, ¢; ¢;are now kauwn fuuctions, and a, 8, y, 5 
are arbitrary constants. 

The terms in a 8 6 do not affect the stresses, and may 
be dropped. 

The term ¥ ¢ 7 may add 7 to P + Q. 

If, now, the value of any stress be known at a given 
potas, this leads to a linear equation between A, B, 

_D, ¥. 

Hence the complete specification of the stress at two 
points leads to six equations for A, B, C, D, 7; in like 
manner, if we consider the conditions at the boundary, 
where two of the stresses are in general known, the con- 
ditions at three points give six equations. In either case 
we have more than enough equations to determine 
A, B, C, D, 7. Thus the stress conditions at a few points, 
together with the isoclinic lines, determine the stress 
system completely. 
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Corbino in Nature, January 16. 1913. 
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Note (7). Filon, loc. cit. Note (9); also Filon, Phil. 
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‘ By Carus Wilson: Phil. Mag., ser. v., December, 
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(16) E. G. Coker: ‘‘The Determination by Photo- 
Elastic Methods of the Distribution of Stress in Plates 
of Variable Section, with Some Applications to Shi 
Plating.” Transactions of the Institution of Naval Archi- 
tects. See — es 9 to 11. 

(17) E. G. Coker: Paper cited in Note 14, and the 
following :—‘*The Optical Determination of Stress,” 
Phil. Mag., 1910. ‘*The Distribution of Stress at the 
Minimum Section of a Cement Briquette,” International 
Association for Testing Materials, 1912. ‘‘The Effects 
of Holes and Semicircular Notches on the Distribution 
of Stress in Tension Members,” Physical Society of 
London, 1913. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
— engineering projects, taken from the Board of 
Trade Journal. Further information on the subjects 
dealt with can be obtained from the Commercial Invelli- 
pon | Branch, Board of Trade, 73, Basinghall-street, 

mdon, E.C. 

New Zealand : The Imperial Trade Correspondent at 
Auckland reports, on the authority of the local Press, 
that the ratepayers of Mount Albert, a suburb of Auck- 

d, have sanctioned the proposal of the Borough Council 
to raise a loan of 29,5007. for municipal works. Of this 
amount 12,000/. is set apart for road construction and 
improvement works, 1500/. for road-making plant, 9500/. 
for water supply extension, and 500/. for drainage works. 

Italy: The Gazzetta Ufficiale, Rome, announces that 
tenders will be received, up to September 11, by the 
Direttore Generale delle Opere Marittime, Ministero 
dei Lavori Pubblici (Sezione Contratti), Rome, for the 
construction of piers, wharves, and breakwaters at the 
port of Spezia. The upset price of the contract is put at 
2,778,560 lire (about 111,140/.), and a provisional deposit 
of 100,000 lire (40007) is required to qualify any tender. 
Although the foregoing contract will doubtless be 
onesie to an Italian firm, nevertheless the carrying out 
of the works may involve the purchase of materials and 
accessories outside — 3 

Greece: The Acting British Consul at Pirzus reports 
that the Greek Government Gazette notifies that tenders 
are invited by the Ministries of the Interior, of Finances, 
and of Communications, for the construction, mainten- 
ance, and working of the undertakings necessary for ()) 
the supply of water to Athens, Pirzeue, and their subur 
by using the springs at Stymphalie or Medas ; and (2) 
for the laying of a distributing system in Athens, 
Pireus, an orth Phaleron for water supply and sani- 
tation. The estimated value of the contract 1s 56,000,000 
drachmez (2,240,000/.). Sealed tenders will be received 
by the Ministry of Communications, Athens, up to 
lla.m. on March 27/April 9, 1915. A receipt for the 
payment of a provisional deposit of 500,000 drachme 
(20,0007.) to the Caisse Centrale d’Etat, or the National 

nk of Greece, must accompany each tender. 

Brazil: H.M. Consul-General at Rio de Janeiro 
reports that the construction of the bridge connecting 
the Ilha das Cobras with the mainland is rapidly 
approaching completion, and the opening ceremony has 
been fixed for October 12. The bridge is constructed on 
the ‘‘ Arnodin” system, the roadway being suspended 
from two sets of duplicate parabolic cables. A local firm 
secured the contract at a price of about 57,000/., but the 
materials weresupplied by a Hanover firm. The roadway 
of the bridge, which is intended only for pedestrians, is 
30 m. (about 98 ft.) above sea-level, so as not to interfere 
with maritime traffic. The height of the supporting 
towers is 50 metres, and the distance between them is 
170 metres. The bridge is built to carry a normal weight 
of 32 tons, but it will be tested up to 140 tons. In each 
tower will be installed an electric lift for the conveyance 
of passengers, who will be conveyed across the bridge by 
means of a travelling electrically - driven cable trans- 
porter, with a capacity for 50 first-class and 350 second- 
class passengers. The time of transit in the transporter 
will be two minutes from tower to tower. 





RAILWAYS AND MOTIVE POWER.* 
By Professor W. E. Davsy. 

In all new countries railway development is a subject 
of paramount importance. The prosperity of the indi- 
vidual and the wealth of the community largely depend 
upon the extent to which railways are developed in the 
land. The object of this brief paper is ly to initiate 
a discussion on the subject of Australian railways and 


pages | partly to show the results obtained by the development 


of British railways. For this purpose I venture to re- 





* Paper read before Section G of the British Associa- 
tion, in Australia, 


produce some diagrams from my address to the Engineer- 
ing Section at Sheffield on British railways. The curves 
are plotted from information given in the railway returns 
issued by the Board of Trade. The curves in Fig. 1 show 


how the length of line open has increased from 1850 to 
1910, with corresponding curves showing the number of 
carried and the goods carried. Fig. 2 shows 


what this quantity of construction has cost. The curve 
marked ‘‘ Total” in Fig. 2 shows the total paid-up 
capital plotted against the year, the dotted lines indicat- 
ing the kind of stock making up the total. The lower 
curve in Fig. 2 shows the gross receipts, whilst the 
dotted line below this indicates the net revenue after 
deducting the working +7" ~ from the total 
receipts. It will be seen from the curves that the 
paid-up — in 1908 was 1310 millions of pounds 
sterling. increase from 1850 to 1896 is fairly regular, 
and is at the rate of nearly 10 millions per annum. The 
nominal additions to the capital by the process of splitting 
the shares is indicated by the curve AB. In the year 
1808 the nominal additions amounted to 196 millions of 
pounds. It will also be seen that in 1908 the grossa 
receipts amounted to 120 millions sterling, and the dotted 
curve shows that the net revenue in 1908 amounted to 
434 millions, corresponding to an average of 3.32 per 
cent. on the paid-up capital. If the net receipts are 
reckoned as a percentage of the paid-up capital, after 
deducting the nominal additions to capital, the return is 
increased to 3.9 per cent. 


—+— 





(aug.a) Year 


Capital Paid Up.-Millions. 





Year 


Comparing Figs. 1 and 2, it will beseen that the curves 
of mllonge (33,208 tiles of double track in 1908, including 
sidings, 85 per cent. of which are standard gauge), 
passengers carried, and goods carried, increase regularly 
with increase of capital, indicating that even now the 
possibility of remunerative return on capital invested in 
railway enterprises in Great Britain is nob exhausted. 
In Australia the ultimate return is certain. Very 
approximately the British companies carry per annum 
one nger and 0.4 tons of goods for every pound 
sterling of paid-up capital. In Fig. 3 the upper curve 
shows the working expenditure per cent. of total receipts. 
This expenditure is gradually increasing, and had reached 
64 per cent. in 1908. The lower curve shows the net 
receipts as a percentage of the paid-up capital. There is 
also shown the net receipts exclusive of nominal additions 
as a percentage of the paid-up capital. It will be seen 
that the net receipts have declined only about per cent. 
since 1870, notwithstanding the increase of working 
expenditure. 

ig. 4, 318, shows the cost of working the traffic 
expessend in torme of train-miles. The scale at the side 
shows the equivalent dividend; that is to say, if the 
whole of the locomotive power could be ob’ for 
nothing, the dividend could be inereased 1? per cent. 
Reckoned on the ordinary stock alone, the increase would 
be about three times this amount. The cost is altogether 
41.63d. per mile for the year 1908. This is an average 
inn. — over the whole of the railways of England 
and Wales. 

In the address mentioned above, the author made a 
comparison between the financial position of the London 
and Worth. Western Railway in 1908 and the London and 
Birmingham Railway, from which it has grown, in 1840, 
Briefly, the capital of the London and North-Western 
Railway in 1908 is returned at 125 millions ; twenty-four 
times the capital of the London and Birmingham Rail- 











way in 1840. Its gross receipts in 1908 amounted to 
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15} millions, 22.6 times the amount in 1840. The mi 

open in 1908 was 5406 miles of equivalent single trac’ 
21.6 times that of 1840. The train-miles run during 1908 
were 487 millions, 68.3 times the number in 1840, but the 
receipts per train-mile fell from 231d. in 1840 to 764d. in 
1908—that is, to one-third. The working ex how- 
ever, fell from 93d. to 50d. per train-mile in the same 
period, but the expenditure in 1908, expressed as a per- 
centage of the gross receipts, was 1.62 times the expendi- 
ture in 1840, } 

It will be seen from these figures that the gross receipts 
have increased in the same proportion as the miles open. 
The money earned per mile of track is thus the same after 
a lapse of 70 years. But toearn this amount, however, the 
trains in 1908 must run three times the distance, since the 
receipts per train-mile dropped to 0.33 that in 1840. The 
capital increased at a greater rate than the miles open, 
so that although the earnings per mile are the same in 1908 
as in 1840, there is ‘the obligation to pay interest on a 
larger proportionate capital. Lower dividends are there- 
fore inevitable. These figures show that if a more con- 
servative system of financing the railways had been 
adopted when the receipts per train-mile were higher, 
and extensions and increased equipment had been charged 
more freely to revenue rather to capital, the railway 
companies would to-day have been in a position to 
meet the increased and increasing cost of working with 
equanimity. 

Let us now turn to the consideration of the motive 

wer which is required for the operation of a line. The 
Rind of problem with which the locomotive department 
has to deal is illustrated better by a particular case than 
by generalities. / 

Fig. 5 shows vertically the horse-power uired to 
draw a train of given weight at a given s | on the 
level, calculated from an approximate formula which need 
not be quoted here. The results are comparative there- 
fore, although the actual values of the horse-power are 
subject to large corrections, depending upon the type of 
stock, the condition of the permanent way, and the many 
other factors which enter into train resistance. 

Each curve in the figure represents a definite weight 
in tons. 

Three points are located on the diagram marked re- 





spectively 1864, 1885, and 1903. These points represent 
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the conditions of working on the West Coast route of the 
Scotch express which, since 1863, has started from Euston 
at 10 a.m. every morning. This is an historic service, 
and has been in existence since 1844. The conditions 
of working have changed greatly, as will be seen from 
the diagram. A — train in 1864 weighed 100 tons, 
and required 100 horse-power to maintain the avera 

speed at 38 miles per hour. In 1885 the weight of the 
train had increased to 250 tons; the average speed to 
45 miles per hour ; and the average horse-power required 
from the locomotive to perform this service was 400. 
In 1903 the weight of train had increased to 450 tons, 
and the average speed to 52 miles per hour, necessitating 


an average horse-power of 1000. These res show 
clearly the — which has to be paid for 5; , and 
indicate the  locomo- 


ind of problem pons upon ) 
tive departments—namely, to provide a locomotive of 
a wer — e limits of },~ ef open 
possible, the constructional gauge of the new 
Sieiion railways should be kept larger than the pre- 
sent requirements determine, because the time will come 
when the power required from the engines will increase, 
and an economical engine of large power cannot be built 
within a limited constructional gau powers 
mean large boilers, and provision should be made in 
arches, tunnels, and cuttings for as large a gauge as 


possible. ; 
This bri us to the question, What is the economy 
of a steam locomotive ? diagram was then shown on 


the screen in which energy distribution through a steam 
locomotive was shown graphically. After allowing for all 
losses, about 4 per cent. of the total energy of the fuel 
fired into the fire-box appeared as mechanical energy at 
the driving-wheels of the engine ; that is to say, in order 
to enable the locomotive to work ut the rate of 400 herse- 

wer against the resistances to traction, it must be fed 
in the furnace with heat at the rate of 10,000 
horse-power. This looks appallingly wasteful but the 
science of thermodynamics, which shows us the limita- 


tions placed by natural conditions to the transformation 





of heat energy into mechanical energy, indicates that a 

lect engine—perfect in the sense that there are no 
of heat by radiation, conduction, | 

would require to be fed at the furnace at the rate of 1200 

horse-power to obtain a rate of working from the engine 

of 400 horse-power. . 

The next question which arises is, Cannot the locomo- 
tive be replaced by a tractor which is more efficient? 
Tentative experiments are being made with locomotives 
fitted with Diesel oil-engines, but any increase in efficiency 
is to be considered in relation to the comparative cost of 
oil and coal. There may be conditions where oil is cheap 
and plentiful and coal is dear and scarce. An oil loco- 
motive could then be used with advan At the 
present day, however, the choice is usually between 
steam locomotives and electric locomotives. Electric 
working does not promise much increase in actual effi- 





ciency. It is still necessary to feed the furnaces of the 
central stations with heat energy at the rate of 10,000 
horse-power to obtain 400 horse-power at the wheels of | 
the electric locomotive or the motor-coaches. | 

A diagram was then shown in which the energy distri- | 
bution from the furnaces of the central station to the 
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wheels of the electric locomotive was graphically illus- 
trated. Allowing for losses between the furnace and the 
boiler, the boiler and the engine, the engine and the 
dynamo, the dynamo and the sub-station along the line, 
the transformers in the sub-station, the line between the 
sub-station and the motor, the motor and the rail, it 
appeared that only about 4 per cent. of the heat energy 
in the coal fired into the furnaces at the central station 
appeared in mechanical energy to overcome the tractive 
resistances. 

What then are the advantages of electric working com- 
pared with steam working’? For new lines in new coun- 
tries over long distances, and over short distance where 
there are long intervals between the trains, the steam 
locomotive has paramount advantages. For heav 
suburban traffic over short distances, with short interv 
between the trains, the electric motor is paramount. 

conditions of working come in between. Where 
great power is required, as over mountain grades, it is 
probable that electric-driven locomotives would often 
prove more econumical than steam locomotives, use 
& motor can be easily applied to every wheel of a 
tractor or a train, and there is no limit to the energy 
which can be brought to the train from the central 
station. The power of the steam locomotive, however, 
is limited by the size of its boiler. If, in addition, water 
power were available in the district, the argument for 
electric traction would be overwhelming, provided that 
there were a sufficient number of trains in the service. 
The advantage of the electric motor for suburban traffic 
lies in its power of quick acceleration. What this actually 
means in locomotive construction is illustrated by the 
comparison of a locomotive constructed to bring a train 
of 200 tons to a speed of 30 miles per hour in 40 seconds 
with one constructed to bring a train of 300 tons to a 

of 30 miles per hour in 30 seconds. One is a small 
a tank-engine, the other is the largest ten- 
coupled tank-engine which can be built within the con- 
struction gauge. Both were desi; by Mr. James 





Holden, for the Great Eastern Railway suburban traffic. 








The large tank-engine was the only one of its kind ever 
built, as it was constructed for ——— purposes. 
The large power required is well illustrated by quoting 
from a paper by Mr. Philip Dawson, who has so success- 
fully electrified the suburban services of the London and 
Brighton Railway nee: During the accelerating 
period of one of these Brighton trains the horse-power 
touched the value of 1600—a value quite beyond the 
capacity of any steam locomotive which could conveni- 
ently be employed on a suburban service. cou 
this rate of working rapidly falls off as the journey s' 
is approached, and the journey 5 can be maintained 
by working at a mere fraction of this rate. 

The whole problem is better illustrated by means of 
the diagram, Fig. 6, shown,* in which the tractive force 
and the train resistance are plotted vertically in the first 


quadrant as a function of the s ; the time-speed 
curve is plotted in the rant below, and is obtained 
from the part of the tractive force available for accelera- 


tion ; the time-distance curve is plotted in the next lower 
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quadrant ; and, finally, the energy-distance curve in the 
remaining — quadrant. The method of drawing this 
diagram 1s fully explained in the paper above mentioned. 
The diagram is for a train weighing 300 tons, drawn by 
a locomotive which can exert a maximum tractive force 
at starting of 36,500 lb., with a boiler large enough to 
develop 1000 horse-power. It will be seen that in the 
conditions assumed the locomotive can produce a speed 
of 39 miles per hour in 100 seconds. 

Similar curves are shown in the next figure, Fig. 7, for 
an electric multiple-unit train. The initial tractive force 
can now be maintained constant duriug a longer period 
with a constant larger difference between the tractive 
force and the resistance, and hence the accelerating force 
is greater. In the diagram the dotted lines show the 
curves corresponding to the steam locomotive train, and 
the full curves to a train of the same weight driven 
electrically. 

For a long run, where the accelerating period is a 
negligible fraction of the total period between stops, the 
electric motor has no advantage over the steam locomotive 
in ordinary working conditions, since there is no difficulty 
in building a locomotive of suffizient power to deal with 
any of the problems connected with the running of 

inary and express services. 

Some of the conditions in Australia would seem to 
point to an oil locomotive as the most suitable type. The 
advantages in its favour are that the heat energy in a 
ton of oil is about 30 per cent. greater than the heat 
ene in a ton of coal, and that, apart from the water 
circulating through the jackets of the cylinders of the 
oil-motors, no water is required for evaporation in a 
boiler. Oil locomotives could be used to work traffic 
through a district where there is a scarcity of water such 
as would make it difficult to obtain an adequate supply 
at all times for steam locomotives. For example, in a 





* **Characteristic Dynamical Diagrams for the Motion 
of a Train,” by W. E. by. i of the Insti- 
tution of Mechanical Engineers, 1912, part 4. 
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journey of 100 miles a steam locomotive might burn 
14 tons of coal and evaporate 12 tons of water. In corre- 
sponding conditions an oil locomotive would consume 
under a ton of oil, and would require no water for evapo- 
ration in a boiler. There is no time to enter into the 
subject of traffic working and signalling, so I will 
these remarks to a conclusion, in the hope that a 
discussion on the general questions raised in the paper 
may follow. 








CATALOGUES. ae 

Pulley-Blocks, Cranes, Runways, &c.—The Godfrey 
Manulecteriag Company, Limited, Old Crane Works, 
Graftoa-place, Crane-street, Leicester, have sent us a 
copy of their latest catalogue of lifting machinery. The 
catalogue gives full particulars, including prices, of spur- 

eared chain-blocks for loads up to 10 tons, worm-geared 
Gate for loads up to 15 tons, travelling blocks, travelling 
crabs, overhead cranes, portable jib-cranes, electric hoists, 
shearlegs, jacks, chain - slings, chain-wheels, sockets for 
wire ro and other accessories for lifting machinery. 
It also illustrates examples of overhead runways con- 
structed by the firm, and includes a number of useful 
tables. 


Electricity in Mines.—Messrs. J. H. Holmes and Co., 
of Portland-road, Newcastle-on-Tyne, have sent us a copy 
of the fourth edition of their _——— relating to the 
use of electricity in mines. he — 
examples of continuous-current and alternating-current 
generators installed in colliery power-stations, and also 
shows pumps, haulage-gears, hoists, coal-cutters, air- 
compressors, aad other machinery operated by ‘‘ Castle ” 
or “ Holmes-Olayton” motors; examples of switch- 

r for use in mines are also included. Some leaflets 

evoted respectively to electrical measuring-instruments, 

oil-break switches, and high-tension ironclad switch-gear 
have also been received. 


Searchlight Projectors.—Messr3s. Crompton and OCo., 
Limited, of Chelmsford, have issued a pamphlet illus- 
trating and describing their searchlight projectors for 
commercial and military purposes. e standard sizes, 
which have mirrors varying from 12 in. to 42 in. in 
diameter, are mounted on pedestals or on short conical 
bases, and are cperated either by hand or by means of 
small electric motors. The lamps are of the horizontal 
type, arranged for both hand and automatic working ; 
that of the 42-in. projector requires 150 to 180 — 
at from 50 to 70 volts. The projectors are shown fitted 
with single diverging lenses, and with louvre shutters for 
signalling purposes. A se te price-list, dealing with 
projectors up to 36 in. in diameter, has also been issued 
by the firm. 


Suction-Gas Producers.—A catalogue illustrating and 
fully describing their suction-gas producers for w 
refuse and other similar fuels has reached us from 
Messrs. Ruston, Proctor and Oo., Limited, Sheaf Iron 
Works, Lincoln. In these producers, which are made in 
nine sizes, giving from 25 to 400 horse-power, almost any- 
thing can be gasified. Some of the more uncommon fue 
successfully dealt with are olive residue, dried prickly 
pears, rice husks, cocoa-nut shells, cotton refuse, sugar- 
cane refuse, and even dung-cake. This catalogue also 
deals with the firm’s improved suction - producers for 
ordinary fuels, such as anthracite, coke, and charcoal. 
These producers are made in twelve sizes, with capacities 
ranging from 7 to 550 horse-power. Both types can be 
used to supply gas for heating purposes as well as for 
power production. 


Electrical Machinery and Apparatus.—We have re- 
ceived from the General Electric Company, Limited, 67, 
Queen Victoria-street, E.C., a batch of trade literature 
relating to their productions. Included among it is a 
bulletin illustrating examples of turbo-alternators, alter- 
nating and direct-current generators, rotary converters, 
motor-generators, continuous-current motors, induction 
motors, and switchboards constructed by the firm. Other 
pamphlets and circulars deal with ‘‘ Angold” magazine- 
type flame-arc lamps for alternating currents, speed or 
revolution-counters, measuring-instruments, switches and 
cut-outs, and half-watt lamps. The latter, we notice, are 
now made in twelve standard sizes, of which the smallest, 
giving 200 candle-power, is suitable for 50 to 65-volt 
circuits. Lamps for projection-work are also made in 
four sizes, o use —, in = —_ or horizontal 
positions. Fittings speci esigned for use with half- 
watt lamps are ~~ listed. ‘ 

Electrical Machinery and Apparatus.— Among the 
recent publications of the Beitich ‘Thomson Houston Com- 
pany, Limited, of Rugby, are price-lists and descriptive 
pamphlets relating to induction voltage-regulators for 
alternating-current feeders, motor and generator pulleys, 
aluminium htning-arresters for alternating-current cir- 
cuits, porce! insulators, continuous-current crane- 
motors, and “* Mazda ” half-wattlamps. It is interesting 
to note that the latter are now made to take only 100 
watts on 50-60-volt circuits. For 100-130 volt circuits 
the smallest lamp made takes 200 watts, and for 200-255- 
volt circuits 500-watt lamps are the smallest size listed. 
Altogether twelve different sized lamps of the standard 
type are listed, the largest taking 1500 watts; special 
lamps for use in rojection a tus are, however, made 
in four sizes, taking 300, 500, 1000, and 1500 watts on 
100-130-volt circuits. Particulars are also given of fittings 
for indoor and outdoor use with half-watt lamps. 

Electrical Supplies.—The Edison and Swan United 
Electric Light pany, Limited, of Ponder’s Find, 
Middlesex, and 123 to 125, Queen Victoria-street, E.C., 
have sent us a copy of their abri 

t lamps, 


iving prices and particulars of wire- 
a md ceiling roses, switches, cut-oute, fuse- 





boards, wires and cables, conduit, wood casing, wiring 


accessor fitti and glass- measuring-instru- 
ments, iators, bells, batteries, telephones, arc-lamp 
car &c. We have also received 


separate catalogues 
of heating and cooking apparatus, bells and batteries, 
fans, and half-watt lam The latter are now made 
in twelve sizes, which include several smaller lamps than 
could be made until quite recently. 
100 and 200-watt lamps for 50-65 volt circuits, 200 and 
300-watt lamps for 100-130-volt circuits, and a 500-watt 
lamp for 200-255-volt circuits. Larger lamps are made 
for all these voltages, the largest taking 1500 watts and 
giving 3000 candle-power. 


Electric Transporters, Pulley-Blocks, and Runways.— 
From Messrs. 8S. H. Heywood and Co., Limitea, of 
Reddish, near Stockport, we have received a catalogue 
containing a general specification of their electrically- 
operated transporters, pulley-blocks, and runways, and 
illustrating a number of installations to show some of the 
many pur for which these ———— may be em- 
ployed. The examples illustrated have a 
ranging from 4 ton to 12 tons, and although the latter is 
unusually high, they can be designed for heavier loads if 
required. ey are shown in use for handling coal and 
ashes in power-stations, moving machinery and materials 
in engineering works, handling paper reels in printing 
works, unloading wagons and barges, as well as for many 
special purposes in iron and steel works, foundries, texti.e 
mills, paper-mills, &c. The catalogue gives full particulars 
(including weights, speeds, and shipping dimensions) of 
blocks and transporters with capacities up to 6 tons. 


Telegraph Instrwments and Line Materials.—A very 
comprehensive catalogue of telegraph instruments and 
apparatus hae recently been issued by the India- 

ubber, Gutta-Percha and Telegrapb Works Com- 
pany, Limited, of Silvertown, London, E. This 
pore, i includes single-needle instruments, sounders 
and pole changers, keys, relays, lightning protectors, 
galvanometers, resistances, condensers, vibrators, switches 
and commutators, Morse inkers, Wheatstone automatic 
apparatus, and repeater and quadruplex sets. Several 
patterns of each are illustrated, an ices are stated 
in all cases. Another catalogue to band from this firm 
deals with fittings and tools for the erection and main- 
tenance of telegraph and telephone lines. Among 
its contents we noticed iron and creosoted w poles, 
iron and —— line wire, galvanised iron fittings for 
poles and walis, porcelain and other insulators, iron and 
steel insulator supports, porcelain entrance tubes, porce- 
lain cleats, linemen’s tools, &c. Both catalogues are well 
printed and very fully illustrated, and both are provided 
with a good general index to their contents. 


Overhead Cranes and Runways.—Two catalogues, deal- 
ing respectively with overhead cranes and runways, have 
smell Ge from the Brown Hoisting Machinery Com- 

y, of Cleveland, Ohio, U.S.A. © crane catalogue 
Rret deals with an interesting type of hand-power crane 
built up of a single I-beam supported on a cast-steel two- 
wheel truck at each end. The load is lifted by a Yale 
triplex block carried on a four-wheeled trolley, which runs 
on the lower flange of the beam. These cranes are made 
with capacities varying from } to 5 tons, and as all parts 
are standard, they can be kept in stock, so that early 
delivery can be given. If desired, they can be operated 
electrically. Cranes with lifting capacities greater than 
5 tons are usually equipped with ends built up of steel plates 
and sections in place of the castings above referred to. 
Numerous examples of both types are illustrated and 
prices are stated. The other catalogue gives full parti- 
culars, including prices, of over! runways, operated 
by hand or electric power, for loads up to 20 tons. Their 
construction is illustrated and described, and several 
complete installations are also illustrated. Both cata- 
logues are useful and attractive publications, giving all 
the information likely to be required in a convenient 
form, and including no unnecessary matter. 

Drop-Forging Plant.—A very comprehensive catalogue 
of drop-forging plant has been issued by Brett’s Patent 
Lifter Company, Limited, of Coventry. After a few 
general remarks on drop-forging, the catalogue illustrates 
and describes the firm’s patent lifters for working either 
by steam or by compressed air. These lifters are made 
in sizes suitable for ape woes from 4 cwt. to 3 tons. 
Frietion lifters are illustrated and described, and 
these are followed by iculars of complete drop-stamps, 
illustrations of installations, and examples of work done. 
The firm’s automatic self-contained drop-hammers are 
next dealt with. hammers are driven either by 
belt or by an electric motor, and are suitable for planish- 
ing, embossing, coinitig, jewellers’ stamping, and drop- 
forging small articles. 
sizes, in which the weight of the tup varies from 4 cwb. 
to 10 cwt. The remainder of the are is occupied 
with particulars and illustrations of bar billet-heating 
furnaces fired either by coke or oil-fuel, power-presses for 
clipping the fins from stampings, aad ¢ accessories and 
spares for drop-hammers. The ~ oe gota. 
and very conveniently arranged. It is divid into 
sections, each devoted to a particular class of plant, and 
a thumb index is provided so that any of the sections can 
be turned to instantly. 


Biison Accamulatora, Limited, dieve Bellding, 3 ea 
ison Accumu ited, Edison Buildi an 

Duke-street, S.W., we have received a pamphict illus- 
jating — describing the Edison battery, L me out 
its many advantages, mentioning some of its appli 

tions. p wil Bb somembensd hab is thane cole Oe 
positive plates consist of a number of perforated steel 
tubes containing nickel oxide and flake nickel, mounted 


‘in a nickel-steel frame. The negative plate, which is! 


















































The new sizes are | d 


y are made in twelvestandard 354 


also of steel, is made upof a number of | e-shaped 
pockets of nickel steel fi with iron oxide. ‘The tes 
sisal etek camel. Auseny ture peltcionl strenannenss 
nickel-s' . Among their princi vantages it 
is mentioned that they are lighter than lead cells, will 
withstand any amount of vibration, can be short-circuited 
without injury, may be completely discharged and left 

ischarged without deterioration, are not injured by over- 
charging, and can be charged at a very high rate if neces- 
sary. They are suitable for motor-car ignition, self- 
starting and lighting of motor-cars, marine work, railway- 
train lighting, house-lighting, and for operating medical 
and surgical appliances ; their principal sphere of use- 
fulness is, however, in connection with traction work. 
‘Two separate phlets relating to Edison accumulator 
vehicles for 2 easure and commercial purposes respec- 
tively have also reached us. The pleasure-car pemmphies 
gives specifications and states prices fcr two chassis, and 
shows them fitted with different types of bodies, for 
which prices are also stated ; both chassis are capable of 
running from 50 to 60 miles on a single charge. The 
other pamphlet illustrates several examples of 1-ton and 
2-ton delivery-vans, electric trucks, and other vebicles, 
and also gives some useful data of 1unning costs. Com- 
mercial vehicles are made in ten different sizes for loads 
ranging from 74 cwt. to 5 tons; abridged specifications 
for each size are included in the pamphlet. An interest- 
ing and very convenient instr t tor ure in connection 
with Edison or other accumulator installations is the 
Sangamo ampere-hour meter. It shows at a glance 
the amount of energy available fur use in the battery at 
any time. Also, by combining the instrument with a- 
circuit-breaker during the process of charging, the 
current can be automatically cut off as soon as the meee 
is completely charged. Two small pamphlets describing 
this instrument have aleo been issued by the firm. 


Power-Meters.—A pamphled relating to their power- 
meters, or integrating epgine-indicators, has come to 
hand from the Lunken Company, Limited, 35, Great 
Dover-street, S.E. These instruments are dittioult to 
describe fully without the aid of illustrations, but an idea 
of the principles upon which they depend for their action 
may perhaps be gained from the following brief remarks. 
The instrument consists of an indicator cylinder and 
piston, with external spring, connected to the engine 
cylinder in the usual way. On the piston-rod of the 
instrument is mounted a light friction wheel which runs 
on ball-beari and is capable of rotating about the axis 
of the rod. The ends of two ae drums bear on 
opposite edges of the friction-wheel, contact being main- 
tained by means of springs. The two drums are connected 
by mitre wheels to a cord-pulley driven off the engine 
cross-head so that they rotate in opposite directions by 
an amount ae ent ee to the stroke of the engine, and 
also impart their motion to the friction wheel. With atmo- 
spheric pressure on both sides of the piston of the instru- 
mentthe ts are such that theedge of the friction 
wheel is in contact with the centre of the drums, apd thus 
the wheel does not rotate; but if the ure below the 
piston i ord es, the friction wheel is moved 
radially over the ends of the drums, so that it rotates more 
or less according to its distance from the centre. It will 
thus readily be understood that the rotation of the friction- 








wheel is proportional to the product of ure and dis- 
tance travelled by the engine-piston, so that the amount of 
rotation is a measure of the work done. By connectirg 


the friction wheel to an integrating mecbanism, the total 
work done in a given time, and therefore the power of the 
engine, can thus be obtained from the readings of the 
instrument. For use with winding-engines, locomotives, 
and other engines running at varying s is & stroke- 
counter is required, and this can be fitted to the power- 
meter at a small extra The instrument above 
described is intended to be permanently attached to the 
engine ; but another form, for test only, is also 
listed. The latter instrument is provided with a vertical 
drum, on which indicator di can be taken in the 
ordinary way. Itis possible in this instrument to take 
cards at any time during a test withcut in any way inter- 
fering with the integrating mechanism. 





Me.sournge Harsour Trust.—The Melbourne Har- 
r ge a — + oe — —— oo agente. 
manage, and improve the porto urne end portions 
of the Rivers Yarra and Saltwater. The trust consists of 
five commissioners appointed by the Governor of Victoria 
in Council. The chairman has a salary not exceeding 
1500/. per annum; the remuneration of the other four 
commissioners is not to exceed 250/. in any one year. The 
borrowing powers of the Trust stand at present at 
3,000, 0000 The trust has now been in existence for 
years, and during that period the net receipts 
yng agp: cat mes Ye mn 3 
the aggregate expenditure thus ex © aggregate 
revenue by 1,639,835/., to meet which the Comeniadenere 
raised loans amounting to 2,000,000/., of which 1,700,000/. 
was outstanding at the close of 1912. Of the expenditure 
of 7,298, 430/., 2,225,625/. was incurred in connection with 
harbour improvements and maintenance, including 
dredging, landing, and depositing silt, the construc- 
tion of wharves and approaches (1,771,136/.), and 
t (665,171/.). The revenue collected for 1912 was 
,8091., while the expenditure of the year was 366,090/. 
The excess of expenditure over revenue occurred under 
Se Sane S Caen, Sateen sue maintenance ; 
this expenditure, which was larger than usual, was pro- 
vided for out of the surpluses of previous years. In 1908 
the revenue amounted to 222,323/., and the expenditure 
to 184,618/. ; in 1909 the revenue was 210,569/., and the 
expenditure 170,398/. ; in 1910 the revenue was 255, 608/., 
and the ex iture 168,4500. ; in 1911 the revenue 
was 273,246/., and the expenditure 205 66?/. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each af ; whore none is mentioned the Specification is not 
illustrated, 7 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. ; 

Copies of Specifications may be obtained at the Patent Office, Sales 

‘eek. 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The Sen of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement 4 the acceptance of a Complete Specification, 
give notice at the Patent 0, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


11,506/13. E. Rosenberg, Bowden. Dynamo-Elec- 
tric es. [1 Fig.) it 17, 1913.—This invention relates 
to the starting of synchronous n0-electric hi and is 
an improvement on, or modification of, the invention described in 
Specification No. 9644, of 1912. In the prior specification a method 
is described for starting synchronous dynamo-electric machines 
by means of an electric motor in which a series or electrically 
equivalent connection is provided between the winding of the 
starting-motor and the synchronous machine for the purpose of 
effecting self-synchronising of the synchronous machine. Accord- 
ing to the present invention, at starting, the starting-motor is elec- 
trically disconnected from the synchronous machine, and is con- 
nected in series with it only after speeding-up has been effected. 
The advantage of this method is that the residual magnetism of 
the synchronous machine is not #ffected by the first rush of current 
even if the starting-motor takes a large current, because at the 
start, and while the machine is running at a low speed, the elec- 
trical connection between the motor and the machine is broken. 
The field of the synchronous hine is also bled to build up 
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in the right direction, and when the starting-motor is afterwards 
connected in series with the synchronous machine in order to 
obtain synchronisation, the polarity of the synch hi 
will not be affected. The starting-motor 1 has its windings con- 
nected to the supply mains 2, 3, and 4 and to the terminals 5, 6, 
and 7 of a double-throw three-pole switch 8. The rotary con- 
verter 9 has ite slip-rings connected to the terminal 10, 11, 12 of 
the switch 8, and is also arranged to be connected direct to the 
supply mains through the main switch 13. In order to start the 
converter, the switch 8 is thrown to the position shown, in which 
the terminals 5, 6, and 7 are connec! ether, the switch 13 
being open. After speeding-up has been effected, the switch 8 is 
thrown to its other position, in which the terminals 5, 6,7 are 

ted the t inals 10, 11, 12 respectively, thus con- 
necting the windings of the starting-motor in series with the 
winding of the converter, and thereby effecting synchronisation 
of the latter. As soon as the converter is in synchronism, the switch 
18 is closed so as to connect the converter direct to the supply 
mains. (Sealed July 30, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
4105/13. Drakes, Limited, and A. Dobson, Halifax. 
Dischar, r Charging Retorts. (8 Vigel 








oO! Feb- 
ruary 18, 1913.—This invention relates to mechanism for perform- 
ing the operation of discharging or effecting the withdrawal of 
the spent contents of retorts of the vertical or inclined type used 
in the manufacture of gas, the distillation of shale or for like 
purposes, and the object of the invention is the production of 
mecnanism of such a character as will enable the withdrawal or 
discharging of any desired and suitable quantity of the spent 
material without the possibility of any larger quantity than is 
desired being atany time permitted to descend by gravity or other- 
wise escape from same. A further advantage secured by the 











employment of the improved mechanism in connection with retorts 
for the manufacture of coal gas, is that the coke extracted is not 
broken to the extent that is necessary for its discharge by 
devices at present in use, The invention y also be employed 
in the charging of retorts. In mechanism for discharging or 
charging retorts, according to this invention, semi-cylindrical 
drums wounted so that they will rotate about a common axis 
independently of each other are employed. A indicates the 
framework within which the parte are mounted, said framework 
being arranged to be secured to the lower or discharging orifice B 
of a retort. To attain the object of this invention, use is made 
in connection with each retort of mechanism consisting of a pair 
of semi-cylindrical drums or longitudinal segments of hollow 





cylinders 2 and 3, which are arranged so that their axes are 
coincident, one drum 3 being so much less in diameter and le: 
than the other drum 2 that it will take into and operate within 
same ; thus the drum 2 may be freely rotated in one directi 
while the drum 3 is rotated in the other direction. The pivotal 
shafts 4, 4a of the inner drum 3 are made to take through the 
hollow pivotal shafts 5 and 5a tively of the drum 2, 80 that 
by any suitable gearing, such as the spur-wheel 6, motion may be 
transmitted to the outer drum 2 and by the bevel gear 7 mounted 
on the other hollow shaft 5 the drum 2 may transmit motion 
through the bevel-gear 7a and the bevel-gear 7b, which is fixed 
upon the shaft 4, to the drum 3 ; thus while the one drum 2is rotat- 
ing in one direction the other drum 3 will rotate in the opposite 
direction. In the walls of the framework A bearings are mounted 
to support the shafts of the drums 2 and 3, while on the upper 
parte of the walls A the projecting flange 9 is formed to overhang 
the outer edges of the drums 2 and 3 in order to protect same 
from contact with the contents of the cavity above. As the 
pairs of drums are being rotated they will at one time present 
their open sides to the base of the retort, so that the material 
within said retort will, by gravity, descend and enter the drum 3. 
By continuing the motions of the drums 2 and 3 the opposite or 
opposing edges of these drums will commence to a each 
other, gradually cutting their way through the material, which 
now extends from the interior of the drums 2 and 3 up into the 
retort above. These rotary motions being continued after the 
edges of these drums have met, the portion or part of the material 
within is cut off or detached from that above, and by the drums 
2 and 38 still moving forward, their open sides are gradually 
brought face dowawards to — their contents into the 
below. By constructing the drums 2 and 3 as above described, 
although they present a large opening for the entrance and exit 
into and out of them for the material which they have to deal 
with, yet at all times they entirely close the opening or passages 
leading to the base of the retort B. (Accepted May 27, 1914.) 





MACHINE AND OTHER TOOLS, SHAFTING, &c. 
5648/14. The Electric and Ordnance Accessories 
Limi Birmin 


mpany, and L. gham. 
Tool-Chucks. (3 fiys.) March 5, 1914. — This invention 
relates to chucks or sockets which are intended more particularly 
for use with drills and similar tools, and are of the kind wherein 
the chuck or socket-body is provided with means comprising a 
sliding-sleeve co-operating with driving segments adapted to 
become en with or disengaged from flat surfaces formed on 
a tool-holder in accordance with the position of the sleeve, thus 
permitting of the tool being readily removed from the chuck or 
socket and replaced by another without necessarily stopping the 
machine to which the chuck is applied. According to this inven- 
tion, the flat surfaces on the tool-holder are so constructed and 
arranged that they will be capable of engaging with the driving 
segments more readily than heretofore, for which purpose the 
engaging portion of the tool-holder is formed with two pairs of 
flat surfaces so situated that the flat surfaces of each pair are 
= and diametrically opposite to each other. A is the chuck- 
body provided at one end with a tapered shank a for insertion 
into a correspondingly tapered socket of the machine. B is the 
tool-holder, which is of cylindrical form externally, and has ite 
inner end provided with conical surfaces 6, b, which eogage 
with correspondingly shaped surfaces on the interior of the 
chuck-body. The tool-holder is tapered internally in the usual 
manner for the reception of the tapered shank of the tool, a trans- 
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verse slot /! being formed at the inner end of the tool-holder for 
the usual tang on the shank of the tool to e with. C is the 
adjustable sleeve which is capable of sliding lengthwise to a 
limited extent, and is formed with an internal recess c into which 
the driving segments D enter when the sleeve is at the limit of its 
movement in one direction and thus permit the tool-holder to be 
withdrawn from the chuck-body. E, Eand E!,E! are the two pairs 
of parallel and opposicely-arranged flat surfaces of the tool-holder, 
with which the driving segments D engage when the sleeve C is 
moved to the extremity of its position in one direction, as shown 
in Fig. 1. In order to limit the movement of the sleeve C in the 
direction for causing disengagement of the drivin ents D 
from the driving flats E, E or E!, E! on the tool-holder, the chuck- 
body is provided with a projection or ~ F which may be screw- 
threaded to ongace with a correspondingly threaded hole in the 
chuck-bedy. e pin is inserted in the chuck-body after the 
sleeve C has been placed in position thereon, and to enable this 
to be accomplished the sleeve is provided with a hole or openin 
el through which the pin can be passed, as is well understood, 
By adjusting the sleeve so that the said hole c! coincides with the 
screw-th ed hole in the chuck-body, the pin can be screwed 
into position until it stands below the inner surface of the wall 
of the recess c in the said sleeve, thereby allowing the latter to 
be freely moved within the limited distance provided by the pin F 
in one direction and the collar a! in the opposite direction co- 
operating with the shoulder c* of the said sleeve. (Sealed 
August 7, 1914.) 


21/637/13. A. Herb-rt, Burford, and P. 

Goventey. Turret Lathes. [2 Figs.) September 25, 1913.— 
In turret lathes certain operations have to performed with 

to the turret, and it is the object of this invention to pro- 
vide simple and direct means, movable with the turret-slide, for 
effecting such operations. The operations referred to are :— 
1. Rotation of the turret ; 2. Clamping the turret; 3. Actuation 
of the index bolt ; 4. Clamping the index bolt ; 5. Engegement 
of a clutch on the turret-slide ; 6. Disengagement of that 
clutch. Itis not essential that all these rations be performed, 
as in many cases, for example, the clamping of the index bolt is 
dispensed with. The mechanism employed is of the kind in which 
two rotating gear-wheels, movable with the turret-slide, are 
employed to effect the chief operations referred to, and its object 
is to improve up n mechanism of this kind by causing the 
rotating wheels or discs to directly engage the turret to bring 
about its operation, to directly engage the index-bolt and the 


V. Vernon, 








clutch-lever and the turret-clamping mechanism. In this way 
more certain operation is obtained than in previous cases where 
there was considerable mechanism between the gear-wheel and 
the turret, and there is less liability of wear and consequent 
imaccuracy of operation occurring. Further, a ch and 
simpler mechanism is provided. Accordimgly, the two discs are 
arranged close to the turret, and one engages di with the 
turret in order to bring about its rotation, and also directly acts 
upon the clamping mechanism, whilst the other disc directly 
engages the index-bolt and the clutch-lever. The discs may be 
gear-wheels geared toge There is mounted in suitable 
on the turret-slide A a transverse shaft B. This shaft 

rotates constantly, it carries a clutch O, preferably of the 
“dog” type, which can be held in engagement with a corre- 
nding clutch-member upon a worm D, mounted joosely upon 
shaft. Thus, when the clutch is en the worm rotates 
with the shaft, but when the clutch is disengaged inst the 
action of a spring the worm remains stationary. is worm 
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drives a pair of worm-wheels E and F mounted in bearings 
on the slide, and the wheels constitute the discs referred 
to. Thedisc F—i.e., that nearest to the turret—carries a crank- 
pin F?, which engages radial slots G in a plate G2 attached to the 
turret, rotating the latter by the well known step-by-step 
motion. The turret is carried by the upper end of the stem H. 
This same pin F?, or, if preferred, another, directly actuates the 
tarret-clamping mechanism, which may be of any suitable type, 
and also, if necessary, the mechanism for clamping the index- 
bolt Z. The rear disc E is provided with a pin E2, which moves 
the index-bolt. It is aleo provided with means for directly 
actuating a lever Y, which controls the clutch C previously 
referred to. For a there may be a cam swell, crank- 
pin E*, or the like on the disc, which is adapted to strike the 
clutch-lever and throw the clutch out of gear, arresting both 
discs. To engage the clutch, the lever may be moved endwise 
or otherwise ngaged from the pin or the equivalent, 
when the clutch will drop into gear and the disc rotate until 
the clutch-'ever is again remov (Sealed August 7, 1914.) 


TEXTILE MACHINERY. 


5191/14. Barritt and West, Limited, and E. T. 
West, Newbridge. Loom Shedding Motions. [6 Fig.) 
February 28, 1914.—This invention relates to harness motions 
for weaving selvages on satins, twills and similar cloths. It is 
esigned to produce on satins, sateens, venetians and similar 
cloths, repp-edges or selvages such as have a lift of 5 up and 5 
down, 3 x3, 4x4, 6x6, 8x8, or other similar motion. It consists 
in the application to the side harness of lifting brackets or 

tches to be engaged by one of the healds or a rod or stave 
connected thereto, and be lifted or raised by the heald and 
allowed to remain up during the descent of the heald and be 
changed at the next lift. e side harness A of ordinary con- 
struction is supported by tapes B passing round bowls or pulleys 
C, the tapes B being preferably connected to the harness by 
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adjustable buckles or slides b to regulate and adjust the position 
of the harness. To the tapes B above the harness A hook-shaped 
projection pieces or catches D of metal or other stiff material 
are attached, one at either side of the top supporting roller, and 
to any one of the ordinary healds E a short stave ¢ is attached 
at each end or a stave or rod is attached to the lifting cords con- 
nected to the lifiing-jacks. The projecting catches or projec- 
tion pieces D are so shaped or constructed that the stave ¢ will 
engage with them on the upward movement and them on 
the downward movement of the heald, and so that the one in 
the lower position will be in the path of the stave eand be 
raised thereby as the heald rises. By reversing the a tus 
(Accepted May 2, 


it may be worked from below the loom. 
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BENDING STRESSES IN HOOKS AND| 
OTHER CURVED PIECES. 


By Artuurn Mor ey. 


1. Introduction.—The extreme bending stresses 
in a curved piece or rib of any kind, and particu- 
larly in the principal section of a hook subjected 
to a pull, have com tively recently been the 
subject of some little writing and research. In 
English and American text-books it was until com- 

ratively recently common to estimate such stresses 

y the rules applicable to straight beams and to 

ignore the curvature. A much closer estimation 
may be made by Winkler’s formula, which takes 
account of the curvature, but which has been 
adversely criticised by Mr. E. 8S. Andrews and 
Professor Karl Pearson, who derive much more 
complicated formule. 

2. Objects of this Article—The objects of this 
article are :—1. To show the relations between the | 
foregoing rules. 2. To examine some of the ex- 
perimental evidence in support of them. 3. To) 
point out the liability of the arithmetical and 
graphical calculations to error, and how such error 
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may be avoided. 4. To explain a graphical method 
of dealing with common actual sections. 5. To 
point out the serious errors in previously published 
results. 6. To establish very simple empirical 
rules for practical use to replace complex formulz. 

3. Notation.—Let Fig. 1 represent a hook sub- 
jected to a pull W distant / from the centroid C 
of the principal cross-section at AB. Let y 
ordinates be measured from the axis EF, posi- 
tive towards A, the extreme values being + yc and 
—vt, Let R be the radius of curvature, UC, at 
C of the curve through the centroids of consecu- 
tive cross-sections. 

Let A = 2 (8a) be the total area of the prin- 
cipal cross-section AB, and let y A or A’ be the 

R 


modified area 
. (; +R . «) 


which may easily be drawn out by a well-known 
geometrical construction. Then 





ATA, or - 2( y ba) +2(8a)= -1 
A’ “\R+y ha sa lia 
Let 

s f R mal P=) in 

= (avy) da} : E(3a)— 7, 
and 

1 

v R m 7. 3: 8 = 

2 {(g35) Sa | + = (5a) = 3, 
where 1 = Poisson’s ratio for the material, and let 

m 
Ye = NY 


The degree of curvature is arbitrarily taken 
as 5 =n, Say. 

4. The Three Formule.—The three well-known 
formule for the maximum unit tension at the inner 
skin, or intrados, of a hook at its principal section 
when subjected to a pull W are :— 





The beam formula— 


f= ¥ (1 + ut) (1) 
Winkler’s formula— 
Ss l R 
Pat (+se alee 7): 
The Andrews-Pearson formula— 
Ww m 
A [2 ‘3 R3,\(R—». ) =~} | ” 


And the maximum unit compressive stresses at 
the outer skin, or extrados, of the principal section 
are respectively :— 


p= (-1+ S) (1a) 
san =L- wi sx {nm 7 (x ss y= }] a 


In many hooks | = R, and for simplicity this 
relation will first be assumed; in other cases the 
modification necessary is simple. 

The beam formula, although simple, has been 
shown to be very inaccurate if applied to curved 
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ployed on a section drawn to an enlarged scale, and 
the full capacity of an ordinary planimeter, do not 
yield results sufficiently accurate to give reasonably 
close differences of area, upon which y—1 and y, 
pe The foundation for this statement is that 
published calculations for similar sections by such 
experienced and capable writers as Professor 
Goodman and others, using these graphical methods, 
are inconsistent by considerable amounts, as may 
| be found by plotting, say, the values T/f on a base- 
line representing the degree of curvature, say, 





“| Instead of lying on a smooth curve, the values 


\of T/f disagree by amounts, for ordinary degrees 
of curvature, greater than the difference between 
the formule (2) and (3). 

6. Alternative Graphical Methods.—In compar- 
ing closely the numerical values of (2) and (3) for 
typical hook sections with continuously varying 
curvature the writer found it was possible to 
obtain consistent results with great care and much 
labour by drawing the hook section toa large scale, 
| measuring a sufficient number of widths <, say, 
and calculating arithmetically the values 
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pieces, while the other two are somewhat complex, 
especially the Andrews-Pearson formula. 

5. Liability of Calculations to Error.—The for- 
mule (2) and (2a), (3) and (3a) are to be used with 
caution, for the quantities y, y,, and y, differ but 
little from unity, and consequently to obtain the 
small differences y — 1 in (2) and y, = jy, — yz in 
(3) correct to 1 per cent. generally requires correct 
values of y, y,, and y, to some four or five or more 
decimal places, the number increasing with decrease 
of curvature. In obtaining numerical results for 
rectangular, trapezoidal, or circular sections which 
can be treated arithmetically, no great difficulty 
presents itself; but it is significant that in even 
such simple cases Andrews and Pearson, using their 
own formula in their important memoir* on the 
subject, fall into errors equal to several times the 
difference between (2) and (3). 

But for practical hook sections it is usually 
necessary to resort to a graphical estimation. A 
well-known graphical constructiont for finding A’, 
and hence for y, consists of increasing all the 
widths of the section in the necessary ratio R to 
R+y, and then measuring the modified area. 

Andrews and Pearson in their memoir give a 
graphical method of increasing the widths of the 
section in the necessary ratios 


R m+1 R 3 
_  \"t ana (_*)- 
(z + =) 7 (z + 5) 
for finding y, and +, respectively. 


But these graphical methods even when em- 








* Drapers’ Company Research Memoirs, Technical 
Series I. ‘‘On a Theory of the Stresses in Crane and 
Coupling-Hooks.” : 

+ {tis given in the writer’s ‘‘Strength of Materials,” 
Art. 131. 
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times z for finding y, y, and y, respectively. The 
differences between the original and the modified 
widths may be found by arithmetic subtraction 
and then plotted to any ecale, and the resulting 
(difference) areas measured by a planimeter. The 
calculation of modified widths is laborious, but 
may be facilitated for a series of values by tabula- 
tion of the multipliers 


a = 
Key for y —1, { ( 
and » ; 
f = a 
{¢ : 5) 1 } for +5 1, 
for values of y/R advancing by, say, ;'5, and choos- 
ing widths z at intervals TR along the line AB, 
Fig. 1. The accuracy obtainable for a given size 
of paper, or of planimeter, may be further increased 
by adding algebraically the resulting widths for 
equal and opposite values of y before plotting the 
final area, as shown in Fig. 2, for half a crane- 
hook section. 

For a hook of sharp curvature this method 
is satisfactory, but for small curvatures in- 
tervals smaller than ~, of R would be required, 
and the writer su uently adopted another 
graphical method which is suitable for any degree 
of curvature, and is explained in the Appendix. 

7. Results.—For a fairly full comparison of the 
three formule the extreme tensile and compressive 
unit stresses have been calculated for five different 
sections and various de of curvature n. The 
special crane-hook section is of typical shape, but 


m+1 


m 


R 


es) -1} for 74-1 





— defined geometrically by Fig. 3. The 
special coupling-hook section is a Midland Railway 
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type, shown in Fig. 4, for which the writer is 
indebted to Mr. Henry Fowler, Chief Mechanical 
Engineer of the Midland Railway. 

ese stresses have been calculated for loads 
which give average unit stresses of unity (say, 1 ton 
load per square inch of section). The results are 
shown in Table I. ; they have been calculated for 





= 
the ratios jf se not greatly different from these. 
T-1 
The curves of the ratios ey if plotted, would 


lie a little lower down than those shown in Fig. 5, 
the difference widening with greater curvature, as 


|Set, for which n = 0.433, reading from Fig. 5, 
|T-1 
0 cy te 1.640. The calculated bending stress f 


| per sq. in. ; hence the true stress by rule (3) is 


w 
was 8.79 tons per sq. in. for a load | = 1.21 tons 
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TABLE I. 
. | | TENSILE BENDING STRESSES AND Ratios. CoMPRESSIVE BENDING STRESSES AND Ratios, 
2 | : ee eee —— | ————- —_ e o — x . 
-— »” \ | 
Section and Value of (; ) n y s 3.2 , ae | T-1 T-1 T-1 | O+1 O41 O+ 
J | J-1 f-1 . be at adie Naveed Yeslledad ES 3 | pti | O+1 
+ | 1.3733 | 1.5905 | 0584 | 3.75 | 1108] 972 | 294 2.59 113% | 3.75 | 2% 2.191 0.550 | 0.535 | 1.068 
4 | 1.20708 | 1.30788 | 0.27978 | 45 | 944] 866) 210 1.92 1.000 4.5 | 2.787) 2932 0619 0.652 1.052 
eoaiilt a 1.00861 | 1.1420 | 0.1276 6 | 971 | 913 | 1.62 1.52 1.062 6 | 4.227| 4380| 0.706 | 0.730 1.036 
“Ph . 5 1.03972 | 1.05648 | 0.05044 9 | 11.96 | 11.59 1.33 1.29 1.032 9 7.18 | 7.29 0.792 | 0.801 1.022 
(Plot | 1.018675 | 1.01928 | O.01716 | 15 | 17.62 | 17.29 | 1.175 Liss | L019 | 15 | 18.00 | 1319 | 0.967 | 0879 1.015 
small | 1.0 1.0 - _ | _ _ |1+ 5 itgajit+nhe| —- | — | —- 1-jn | 1-gn 1+y.n 
j 1.27028 | 1.3995 | 0.3619 3 | 7.04 | 640) 2.35 2.18 1.100 6 | 2o| 315) o485 | 0519 L070 
Triangle, 0.5 .. dallas 1.13119 | 1.18770 | 0.16767 4 | 7.10} 662] 1.77 1.65 1.072 | 8 | 4.575| 4812) 05672 | 0.601 1.052 
(Plotted 3) + | 1.0543 | 1.0767 | 0.0683 6 8.641} 8.20 | Lae 1.37 1.041 12 | sose| S367} 0.609 | 0.607 | Lost 
+ | 1.01923 | 1.02695 | 0.02398 | 10 | 1231 | 12.00/ 1.931 1.20 1.026 | 20 | 1547 | 15.87 | 0.778 | 0.793 | 1.026 
small | 1.0 | 10 — — = — \L+tin| ltt [ttvem| — | — | — | 1-#8n| 1-dn | ten 
@ | 1.14585 | 12146 | 0.1943 6 | 1400] 1271 | 2348 | 212 1.108 | 6 | 3583/ 3.743 0.589 | 0.624 1.060 
. Li | 1.16158 | 0.14565 | 6.6 | 13.61 | 1250 | 2042 | 1.875 1.089 | 66 | 4.160) 4375 0.6% | 0.657 | 1.052 
Circle, 0.25 a 1.0718 | 1.10325 | 0.00236 8 | 1381 1293 | 1.726 | Lew | Los | 8 | 5.423 | 5.643 0.678 | 0.705 | 1.041 
(Plotted @) ) 1.0296 | 1.061756 | 0.087212 | 12 | 16.59 | 15.89 | 1.383 | 1324 1.044 12 | 9.2932| 9.498 0.769 | 0.792 1.028 
1.01616 | 1. 0.02081 | 16 | 20.18 | 19.62 | 1.261 1.226 | 1.029 16 13.107 | 13.375 0.819 | «0.836 = 1.020 
1.0102 | 1.01439 | 0.01281 | 2 | 2398 | 2351 | 1199 | 1175 | 1020 | 20 | 17.08 | 17.34 0851 | 0.867 | LOIS 
small | 1.0 1.0 — —-i- _ L+@in)|) 1l4+3.nill+a.ni — | — — 1-9}. | 1-jn l+®.n 
1.1929, | Lasié | O54 | 4194 | 1048 | 9.37 | 2.60 2.28 iz | sez | 327 346) see | 0.618 | 1.054 
Special Orane-Hook Section, 0. t 0.12800 | 6. ; ’ ' 1. 107 7.49 | 4.96 | 5.179) 0.663 | 0.692  —-1.048 
MPlotted Ps) viens 1.04013 | 1.05674 | 0.05058 | 839 | 11.94 | 11.46 | 142 1.87 1.04 112 | 844 869 | 0.750 | 0.772 | 1.028 
1.01416 | 1.01994 | 0.01772 | 18.98 | 17.08 | 16.65 | 1.22 1.19 1.023 1873 | 15.63 15.92 | 0.836 | 0.851 1.019 
small | 1.0 1.0 _ _ — — |1+0.982 n}1+0.878 n/1+0.109 n|  — _ — | 1-0.946 n) 1-0.843 n 140.108 n 
1.1008 | 1.2608 | 08273 | 5.284 | 1187 | 10.78 | 2.25 2.04 110 | 5.284 | 3.179 8355) 0.602 | 0.685 | 1.055 
Special © j 2084 0828 | 1.11 0.1070 ; 11. 11. 1.68 1.58 1.06 | 7.006 | 4.83 5.025 0.691 0.718 | 1.04 
~ ) 5 Seeeeante 1.03375 | 1.04703 | 0.04278 | 10.51 | 14.34 | 1376 | 1.365 | 131 1.04 | 10.51 | 8196 8397 0.789 | 0800 | 1.02 
} 1.01167 | 1.01647 | 0.01466 | 17.515 | 20.88 | 2042 | 1.19 1.17 1.02 | 17.516 | 15.024 15.28 | 0.859 0.874 | 1.02 
small | 1.0 | 1.0 ~ _ _ — |1+0.806 n/1+0.715 n/1+0.089 nm} — - — | 1-0.804 n| 1 -0.715 n| 14-0.089 n 
' ' | | | 
ao ttg-5._RaTIos F-L FOR SECTIONS. — Fig.6. RATIOS G44 FOR SECTIONS. Fig.6. FOR COUPLING HOOK. 
a Goptangle. 83 \\ 
’ Triang ° \ 
o “rcle I “Tes YX ) 
23+— pts J » 
e Spectal Crane Hook Section. 3 > — T 
@ Special Coupling Hook Section. / 12.8 & N see 
oa SS i + ad 
g 
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the case in which | = R, but to include other cases 
unity has been subtracted from the tensile stresses 
and added to the compressive stresses. In all cases 
the formule may be looked upon as representing 
uniform direct and varying bending stresses super- 
posed, and the tabulated results give the bending 
stresses only. 


-1 
The ratios j-i1 shown plotted in Fig. 5, 
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shown by the column ri in Table I. 


From the relatively small differences (about 5 per 
cent. for ordinary crane-hook curvature) between 
the curves in Fig. 5 for greatly differing sections, 
it is evident that the curve for the special crane- 
hook section might be applied with very slight 
error to any similar crane-hook section, and the 
curve for the coupling-hook section to any similar 
coupling-hook section. Thus, taking a crane-hook 
from Professor Goodman’s paper,* 5B, Second 


* Proceedings of the Institution of Civil Engineers, 
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about (8.79 x 1.64) + 1.21 = 15.6 tons per sq. in. 


The ratios of 4 &re shown in Fig. 6 and 


are less important. Fig. 7 shows the stresses T, T’ 
and f for unit pull per square inch of a rectangular 
section for different, values of », and Fig. 8 is the 
corresponding diagram for the coupling - hook, 
Fig. 4, which is interesting, as T and T’ reach 
minimum values within the working range of n 
for such hooks. 
(To be continued.) 





COMPETITION WITH GERMAN AND AUSTRIAN TRADE.— 
The Commercial Intelligence Branch of the Board of 
Trade, at 73, Basinghall-street, E.C., are desirous of 

earing from firms who are prepared to send them 
samples or catalogues of German and Austrian or 
Hungarian goods which have competed with British 
products at home or abroad. The Board of Trade _—— 
to hold an exhibition of samples of this nature, and would 
welcome the co-operation of British manufacturers and 

ers. 





Amenioan Sreet Ratts.— The production of steel 
rails in the United States last year was 3,502,789 tons. 
The corresponding production for the decade ending with 
1913 inclusive was :— 


Year. Tons. Year. Tons. 
1904 .. -. 2,284,711 1909 .. .. 8,023,845 
1905 .. -- 8,875,929 1910 .. .. 3,636,031 
1906 .. .. 8,977,887 1911 .. .. 2 822,790 
1907 .. .. 3,688,654 1912 .. 8,397,915 
1908 .. -. 1,921,015 1913 .. .. 3,502,789 


The great extent of the American railroad network 
ensures & annual demand for steel rails for renewals ; 
but current American railroad construction does not 
exhibit the vigour and energy of former years, and it is 
significant that American railroad bonds to the aggregate 
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amount of 578,673,000 dols. are at present in default with 
respect to their interest. 
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DETAILS OF WORKSHOP MICROMETER MEASURING-MACHINE. 
CONSTRUCTED BY THE SOCIETE GENEVOISE, GENEVA, SWITZERLAND 
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mounted on accurately-finished guides, and can be 
traversed over the e below it by means of the 
micrometer screw and head v. Any backlash in 
this screw is taken up by means of a spiral spring. 
The screw has a pitch of 1 mm.. and the head is 
divided into 100 divisions, and by means of a 
vernier gives readings to ; 4, mm. e@ amount of 
traverse from the zero position to bring the tele- 
scope central with a millimetre division of the scale 
below is read from this divided head. 

The bar to be measured is borne by adjustable 
supports, shown separately in Figs. 18 to 21, 
page 324, each having a form of a grooved pulley, 
resting on roller-bearings. The bar rests in the 
vee of the pulley, and as the latter is mounted on 
anti-friction rollers, resistance to end motion is 
Ss eliminated. The supports are adjustable 

th vertically and transversely. The former 
adjustment is effected by the milled head B, which, 
as shown in the sectional view, Fig 20, is mounted 
on a conical bearing in the bed of the support. 
The cone is hollow, and screwed to take the vertical 
spindle of the support. This latter is prevented 
from turning by a key which slides in a keyway cut 
in the cap D. The transverse adjustment is made 
by the screwed head shown in Figs. 19 and 20. 
Provision is made for setting the supports in i - 
tion by means of the scale engraved along the front 
edge of the bed. 

The second type of machine is illustrated in 
Figs. 22 to 25, page 325, and F'y. 26, subjoined. 














Fie, 26. 


This is a precision machine, and is designed to 
ive absolute measures of length to an extremely 
igh degree of accuracy. It differs from the 

industrial machine already described in that the 

tailstock is fixed whilst the scale is movable. This 
arrangement is superior to that already described, 
since any tilt of the bed is magnified when the micro- 
scope is fitted to a moving headstock, whilst if the 
headstock and microscope be fixed, and the scale is 
the moving element, s small tilt of this scale involves 
an extremely minute error. The error in length due 
to tilt of the rule is, when the microscope is fixed 
and the scale the moving element, equal to 

[1 — cos a], where a is the angle of tilt. This 

angle of tilt is never more than an exceedingly 

small fraction of adegree. Even if the error in the 
parallelism of the scale attained the impossibly high 
value of }°, the consequent error would be less 
than 1 part in 100.000. With the fixed scale pattern, 
on the other hand, the error is proportional to the 
sine of the angle by which the axis of the microsco 

departs from a line perpendicular to the ake. 

Hence the error in this case is directly proportional 

to the angle of deviation, whilst with the moving- 

scale instrument it is proporticnal to the square 
of this very small quantity, and is thus wholly 
negligible. 

he general arrangement of the precision machine 
is shown in Figs. 22, 23, and 24, page 325. There 
are, it will be seen, two microscopes at the tail- 
end of the bed, this arrangement being adopted so 

as to make it possible to measure long rods with a 

scale only half the maximum length that can be 

measured in the machine. The rule is divided with 
the greatest accuracy, and in a test of 4 metre 
long, made at the Bureau International des Poids et 

Mesures, Paris, the maximum error at any division 





was only 6.45 », and these errors being determined 
once for all, and tabulated, the corrected measure- 
ments are accurate to about one p, or jgy5 Of a 
millimetre. The ease with which this scale can be 
calibrated constitutes one of the very great advan- 
tages of this type of machine. 

As our engravings show, this rule is mounted on 
a sliding carriage which is pushed by hand into the 
approximate position required by the length of the 

to be measured. It is then clamped to the bed 
and can then be traversed in either direction by a 
worm and screw, which serve as a fine adjustment. 
The whole body of the rule is protected against 
dust and dirt by a cover which is removable in 
sections, and only that part immediately under the 
microscope in use is exposed in taking a measure- 
ment. 

The headstock is fitted with a plunger having 
a hardened contact-piece. This plunger can slide 
longitudinally under the action of a spring. In 
making a measurement, the specimen is placed in 
position on suitable carriers, grooved rollers being 
used to support long specimens. The two contact- 
pieces are brought up against the ends of the 
specimen, the length of which to the nearest 
millimetre can be read from a scale at the front of 
the machine. By means of a tangent screw adjust- 
ment the nearest division of the movable scale is 
brought accurately between the cross-wires of the 
microscope. After this has been accomplished the 
plunger belonging to the fixed head-tock is adjusted 
so that a fiducial mark on it bisects the cross-wires 
of the corresponding microscope. This adjustment 
is effected by the micrometer drum (reading to 1 ,), 
with which the fixed headstock is fitted. This drum 
is mounted on an exceedingly accurate screw of 
4mm. pitch. The displacement thus made is sub- 
tracted as a correction from the scale reading. 
Where the highest precision is required, the speci- 
men under measurement is enclosed by polished 
wood blocks, as indicated in Fig. 22. In Fig. 24, 
the roller-carriers used to support a specimen 
while being measured are clearly shown. These 
rollers are adjustable, both in height and trans- 
versely. An alternative method of support, adopted 
when two gauges are being compared, is illustrated 
in Fig. 23, on page 325, and in Fig. 26, annexed. 
Here the two rods are both carried on a pair of 
swinging arms, which facilitate the interchanging 
of the position of the two gauges, each being 
brought in succession between the contact-pieces 
of the machine. A mount used for supporting 
short specimens is illustrated in Fig. 25. Here 
the specimen is supported on a pair of horizontal 
rollers, the distance between which is adjustable 
by means of a screw-head. This enables the height 
to be adjusted as required by the diameter of the 
gauge. This carrier is, moreover, fitted with a 
turntable, so that both the diameter and length of 
@ gauge can be measured by simply rotating the 
table through a right angle. 








INDUSTRIAL NOTES. 

Ir is most satisfactory to note that unemployment 
in London is much less prevalent than was anticipated 
in the early part of last month. However, according 
to The Times, furniture making, gold and silversmiths’ 
work, the manufacture of fancy leather goods, and 
other trades dealing with articles which are not prime 
necessities, have been hard hit. In most of these 
the average workman is now only =~“ from one- 
third to one-half the normal time. There is, as yet, 
very little evidence of distress. The confectionery 
industry in London employs a large amount of labour, 
and this trade has been injuriously affected by the 
rise in price of sugar. Many manufacturers have 
adapted themselves to the new conditions, and em- 
ployees who would normally be engaged now in making 
novelties for the Christmas market are turning out 
miniature flags, which cannot be produced rapidly 
enough to meet the demand. Very large orders have 
been given for jam for the Army and Navy, and these 
orders Wave, in many cases, more than compentrated 
for the shrinkage in the consumption of confectionery. 

It is a striking fact that at the Port of London 
trade is actually better, and unemployment is less, 
than it was a year This is due to the fact that 
many cargoes of food-stuffs and other supplies which 
would, under normal conditions, have gone to German 
ports, have been diverted to London 

Inquiry by the Assistance Committee at the Man- 
sion House shown that in 204 banking and com- 
mercial firms, employing 11,440 persons in all, 9772 
employees were in full work, 172 were working over- 
time, 451 were working short time, while 1131 had 
joined the Forces ; only 63 were out of work. In 
fenking and insurance offices the war has made no 





difference to women clerks and very little to men. It 
is estimated that there are 10,000 clerks employed in 
the Stock Exchange. Of this number 2300 are members 
of the provident fund, but there have been only fifty- 
two applications for assistance since the outbreak of 
the war. It many cases salaries have been reduced, 
but very few clerks have been dismissed. 


The Board of Trade issues the following statement 
of unemployment :— 

In the trades a ng insured against unem- 
ployment (viz., building, works of construction, 
engineering, shipbuilding, vehicle-making, &c.), the 
ae of —— at September 4 was 6.24. 

is is practically the same as the percentage a week 
before (6.20), and may be compared with a percentage 
of 3.34 a yearago. The growth of unemployment in 
the insured es has therefore, for the moment, 
stopped. Indeed, in engineering, construction of 
vehicles, and saw-milling there is an actual decline 
of unemployment. This is counterbalanced by a 
— seasonal increase of unemployment in building 

construction of works. The present unemploy- 
ment percentage of 6.24 is well below the esti- 
mated average unemployment of the insured trades 
over a period of good and bad years. In the un- 
insured trades the number of men and women on the 
register of the Labour Exchanges for September 4 was 
73,891, as compared with 80,868 a week before, and 
34,879 a year before. The decline is confined almost 
entirely to men, and is, no doubt, due to the increase 
of recruiting. 





As would be expected, the trade returns of the 
United Kingdom for August show a great reduc- 
tion in both imports and exports. With Germany 
and Austria-Hun trade has, of course, been 
extremely small, and that with other countries has 
been seriously interfered with. This has ariscn more 
from the effects of the war on the foreign exchanges 
than from the war itself. During the month the 
value of the goods imported into this country was 
42,362,034/., which is 13,613,670/. (24.3 per cent.) less 
than was imported during August, 1913. Exports 
have, however, decreased from 44,110,729/. in August, 
1913, to 24,211,271. last month, the difference 
(19,899,458/.) amounting to 45.1 per cent. The per- 
centage drop in the value of re-exported goods is 
almost exactly the same, the figures being 4,419,833/. 
for last month, and 8,150,499/. for August, 1913. 
British imports from Germany have fallen from 
1,879,418/. in August, 1913, to 195,835/. last month 
—a reduction of 1,683,583/. More than half of 
this reduetion—851,043/.—is accounted for by the 
diminution in imports of sugar ; the figures for this 
commodity alone were. 894,254/. in August, 1913, as 
against 43,211/. last month. Steel _ le bars, 
girders, &c., account for another 153,881/. reduction, 
the imports being only 50,498/. last month, instead of 
204,379/., as in the corresponding pericd of last year. 
The total British exports to Germany have dimi- 
nished from 2,249,067/. in August, 1913, to 799,017/. 
during last month, the difference being 1,450,050/. 
The principal item is coal, the amount exported last 
month having been worth only 75,816/., whereas for 
August, 1913, the figure was 477,690/.; the difference 
is thus 401,874/. Wool and woollen goods come next, 
these having fallen off from 645,650/. to 283,375/.— 
a difference of 362,275. Cotton yarn accounts for a 
further reduction of 206,262/., the figures being 
394,848/. and 188,586/. respectively for the two months 
we have been comparing. [For iron and steel the 
figures show a reduction of 52,894/., the exports last 
month having been 46,110/. as compared with 99,004/. 
for the same period last year. The only other item 
worth mentioning individually is textile machinery, 
which has fallen off from 60,488/. to 24,515/., a dif- 
ference of 35,973/. Although these striking figures 

ive a very good idea of the influence of the war on 

ritish trade with foreign countries, its full effects are 
somewhat masked by the fact that the returns include 
some goods imported and exported before the declara- 
tion of war. The Royal Proclamation prohibiting 
the exportation of certain goods has aleo affected the 
figures. 





The quarterly report of the National Amalgamated 
Union of Labour states that the funds of the union 
at the end of June last amounted to 12,798/. 7s. 11d., 
a reduction of 2264/. 1s. ld. on the quarter; the 
membership showed a slight increase. The general 
secretary, Mr. J. N. Bell, stated that one effect of 
the war had been to reduce strike and lock-out ex- 
penditure. In all cases where trouble threatened 
members had been advised to avoid entering into dis- 
putes while the war lasted. He, however, complained 
that some employers had taken advantage of the 
opportunity to enforce reductions, but added that none 
of the —— referred to belonged to the engineer- 
ing trade. ith regard to the relief of distrees arisin 
out of the war he thought it preferable that the loca 
authorities should provide work for able-bodied men 
thrown out of employment, instead of making charit- 
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able grants. In this way recipients would be enabled 
to preserve their self-respect, and the public would 
eventually derive eome benefit from the money spent. 





Although unemployment has not yet become very 
serious, the distress committees and civic authorities 
of many of our large centres of population have been 
making plans for alleviating what distress there is, 
and for providing occupation for the larger number of 
workers who may be thrown out of employment in the 
immediate future. According to the Manchester 
Guardian, unemployment among men in Liverpool 
has only reached large proportions in one or two 
trades. Carters and clerks are suffering ; but as many 
of the latter have joined the forces, the number un- 
provided for has been greatly reduced. Carters, 
warehousemen, &c., may possibly be employed at the 
docks, where a large amount of work is to be done. 
In any case the exceptional activity at the docks con- 
siderably mitigates unemployment among men in the 
city. Unemployment is, however, acute among women 
and juveniles. It has been suggested, as a temporary 
expedient, that girls should be formed into classes for 
some kind of technical instruction, and that boys 
might also have their education improved. The 
opening of relief workshops for women is also contem- 
plated, the idea being to use the workshops to collect 
second-hand clothing and adapt it for wear during 
the coming winter. In this way both employment 
and clothing will be provided for the dist , 
Sheffield the relief committee is satisfied that there i- 
not sufficient unemployment distress at present to 
justify the expenditure of relief funds. Sheffield, 
of course, contains several large armament works, 
which are exceptionally busy. Some parts of the 
cutlery and allied trades are also busy owing to 
Government orders. What unemployment there is 
exists mostly in the silversmiths’ trade, in which a 
number of the smaller firms have had to close down 
through lack of orders. Even here as many hands as 
possible have been kept at work by working short 
time. Relief will, however, be distributed when 
unemployment exists on a sufficiently large scale. A 
number of proposals for public works will probabl 
be submitted to the next meeting of the City Counci 
These proposals are all in the nature of works which 
would be required shortly in any case, but may be 
hurried on if the state of the labour market renders 
it desirable. Many of the schemes are for road 
improvements, &c., which will only require labour 
of the heavier type. One of the largest proposals, 
however, is for an extension of the sewage works, 
which may involve an expenditure of 100,000/. The 
position of Leeds is such that it does not expect to 
suffer so greatly as other large industrial towns. It 
is thought that, owing to the very diverse nature of 
its manufactures, ro. Tan in one trade will be more 
or less compensated for by increased activity in others. 
The City Council of Manchester has approved several 
departmental plans for providing work for the unem- 
ployed. These include the construction of an open- 
air school, main-drainage works, a housing scheme, 
park improvements, sewering, levelling, and paving 
work, 





THE DYNAMIC INCREMENT OF A SINGLE 
ROLLING LOAD ON A SUPPORTED BEAM.* 


By Professor HerpertT Cuatiey, M. Inst. C.E.L., 
B.Sc. (Eng.), Tang Shan, North China. 

In the course of a lettert which was published in 
July, 1912, the present writer advocated the use of a 
formula as follows for the maximum dynamic increment 
of a rolling load on a supported beam of constant 
section (at centre) :— 
wyiwv?L cw 
a= ( ser )=-3 -° - 

5 F = the dynamic increment of the load W. 
V = horizontal velocity of the load. 
L = span of beam. 
EK = modulus of elasticity of the beam material. 
I = moment of inertia of the beam section. 
9 = gravitational acceleration. 
c=WV2L+gEI 

The “compound interest” effec) was assumed to be 
negligible, and it is the object of the present note to con- 
sider that question more thoroughly. 

Let F be the effective force causing the deflection of 
the beam (equal to the load + its increment). Then the 
deflection under the load at a point x from the left sup- 


port is— 
Aw=«F.¥(z) . « « (2) 
where « is @ constant = 5-5, 
and 
v(x) = (L? 2? - 223 + 24) /3L. 
d “= dAw én dAw 
dee” Saas" Ss ° 
a2 i daw )_ yw dfdAw 
dt ae= flv. dz ]-v-4 =o 





7 Pa r read befor Sec’ ion G of the British Associa- 
tise in hun i before Section G of the British Associa 
+ In The Engineer newspaper. 
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This differential equation contains the solution to the 

blem, but is not suited for practical application. 

y successive approximations, however, it is ible to 

arrive at a notion of the extent to which it differs from 
> (1). 

o the computations frequent reference will be made to 

y (x), and its derivatives, and the following table will 

therefore be useful. The proof of the fundamental 

function will be found in all advanced books on strength 
of materials. 
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x a 

ve) dz dz dx dat 
0.L 0.0 L4 0.0 L2 0.666 L -4.0 80L71 
0.1 0.0027 0.048 | 0.306 -3.2 8.0 
0.2 0.00853 0.064 0.026 -2.4 8.0 
0.212 —_ 0.659 0.0 
0.3 0.0147 0.0526 | -0.173 -1.6 8.0 
0.4 | 0.0192 0.082 | —0.293 -0.8 | 80 
0-5 0.02083 0.0 | —0.333 0.0 8.0 
0.6 0.0192 - 0.032 | —0.298 +0.8 8.0 
0.7 | 0.0147 -—0.0526 | -0.173 +1.6 8.0 
0.788 | _— — 0.0659 0.0 
0.8 0.00853 -0 064 +0.026 | +24 8.0 
0.9 0.0027 - 0.048 0.036 +3.2 8.0 
10 0.0 0.0 0 666 +4.0 8.0 


= | | 


First Approximation.—If we neglect the second and 
third terme on the right side in formula (, and 
substitute W for F in the first term, putting x = L/2, we 
get 


sF =F-W=- W.« VeLW. (-0.8 L)) 


W2Vv2L «WwW 
4 3y KI ry m - (t) 
as before. 
Second Approximation.—Proceed as in the first, but 
— the substitution of W for F in the first term. 
hen 


SP =F-W=+ 03 LWE« V? 
g 
Ww Ww 
vo— eee + + 
3g EI 3 


Third sociation ~ sinus 7 to be increased 
by the amount indicated in formula (1), the deflection 
and acceleration will be correspondingly increased so 
that the ‘‘compound interest effect” will be approxi- 
mately allowed for if we take the product of (1) and (4) 
as follows :— 
F (1 Ww v2 ) Ww 
3gE1/] ~ (1 eer) 


3g hl 
Se 

B= nearly [2] 1-3 . (5) 
3g El 3 


Fourth Approximation.— Assuming 6 F is small, let us 
further assume that is not appreciably affected 


d x 
by 6 F, then 
@?F_ @ [- W?« V? dy (x) +Ww] 
ad22 dx g d x? 
naw eee OOM. wer sL 
i, dz g F 


When z = - ,» since <¥ te) for that value = 0, the 
second term on the right side of (3) = 0. Substituting 
for pa we get— 

sF=F-w-=-Wxve t 0.3LF + (- pale 
g gL 
(0.02083 1) | 


a Fae [+ 0.3 LF + Yo | 
g 69 


We V2I W222 V4 
STi - =. ee 
( 39 ) [ ig 6y? =| 
[1+ | 
= W 2 
a [p-S]' 
39 
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It is obvious that a still closer approximation can be 
arrived at by modifying d® F/d2? to agree with this 
formula. For pol a oe purpoees, (5) would seem to be 
close enough, the writer therefore suggests that 
formula as suitable for engineering practice. 





PATENTS AND TRADE-MARKS AOT OF 1907. 
To THe Epitror or ENGINEERING. 

Str,—I am interested in the proposal which is on foot 
to nullify the operation of the Patents and Trade-Marks 
Act of 1907. It will be recollected that this Act made 
the — of foreign patents compulsory in the United 
Kingdom if their eng gt ow was to be maintained. As 
a result, works have, I believe, been erected and are in 
operation in this country for the express object of manu- 
facture under such patents, thovgh doubtless in some 
cases other manufaciures were subsequently introduced 
in such works. 

I shall be obliged if any of your readers could furnish 
me with some particulars of firms whose existence in 
Great Britain bas been brought about by this Act. 

Faithfully yours, 
Aurx. FE. Tuoxer. 
Birmingham Central Laboratories, 55, Station-street, 
Birmingham, September 7, 1914. 





‘BRITISH PATENTS AND FOREIGN 
PATENTEES.” 
To THe Epitor oF ENGingErine. 
Sir,—In your interesting article under the above 
heading, which appeared on September 4 last, you 
remark that the Board of Trade has three courses of 
dealing with an enemy patent, and can order either 
avoidance, suspension, or a licence. 
There ap) to be some doubt as to whether this is 
so, or whether there are only two alternatives— namely, 
suspension and avoidance—the granting cf a licence being 
a corollary to the first of these courses. 
Broadly speaking, a patentee possesses two classes of 
rights, exes 4 
(a) The rig 
vention ; 

b) The right to prevent others eo doing. 

ince the decay of the Merchants’ Guilds, the first of 
these has become entirely subordinate and is 
by everyone, subject only to the exercise of the second 
by the patentee. 

Nevertheless, the grant of a licence specifically confers 
the first right, whilst the suspension prevents the patentee 
from exercising the second. 

I am informed that in the event of a successful applica- 
tion to the Board of Trade the patent would be suspended 
in favour of the applicant, who would also be granted a 
licence, either subject to the payment of a royalty or, 
perhaps, in some cases, without any such stipulation. 

The licence might be an exclusive one, or licences for 
the same patent might be granted to several applicants. 

An exclusive licence would, of , be preferable to 
the applicant, as he could then sue for infringement, 
whereas an ordinary licensee cannot. 

Yours faithfully, 
A. ANNISON. 

3, Central-buildings, Westminster, London, 

September 9, 1914. 


(The Temporary Rules Acts, 1914, state that the Board 
of Trade have power to avoid or suspend, in whole or in 
= any patent or licence the person entitled to the 

fit of which is a subject of ry ty at war with 
His Majesty. The Acts also give the Board power to 

t licences to make, use, exercise, or vend patented 
inventions liable to avoidance or suspension as afore- 
said. The Board would therefore seem to have three 
courses of dealing with an enemy patent. It probably 
will d much on circumstances whether a patent 
ted under it. The 


t to make, use, exercise, and vend the in- 





is suspended or 2 licence is 
avoiding of patents will possi only take place if 
y avoids Ty granted to British subjects. 
Of course it could be argued that if the Board grant 
exclusive licences, the — is suspended so far as a 
entee is concerned ; but if the Board grant ordinary 
icences, then the patent would not be suspended, as the 
patentee could still make, use, exercise, or vend the in- 
vention in competition with the licensee. No cases have 
been decided yet, and it is ——_ to make any 
absolutely definite statement.— Ed. E } 





MakkKkTs FOR ENGINE AND Borier Packines.—In the 
year 1912 Germany exported 141,300/. worth of ine 
and gE a | ~ and Austria-Hu , im 1913, 

4801. A 


, correspondii re for the United 
Kingdom is 134,800/. for 1913. » | © Indian, ian, 
and Chilian markets we hold a position, while to 


the United States and Norway and Sweden our exports 
me about equal to those of Germany. In many - + 
tant Continental coun however, Germany holds a 
much superior position, the present time should be a 
rae gg XA fy 

e. Figures for ex to a large num oO 
countries are given in a White Pe issued during the 
last few days by the Commercial Intelligence Branch of 
the Board le, 73, Basinghall-street, E.C. This 
paper will be of great value to such packing manufac- 
turers as may be prepared to seize the t opportunity 
to make efforts to obtain some of the and Austro- 
Hungarian trade. 
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THE FOUNDRYMAN’S TESTING-MACHINE. 
CONSTRUCTED BY MESSRS. BRADLEY AND TURTON, ENGINEERS, KIDDERMINSTER. 





Fig. 2. 
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We illustrate on this @ simple and relatively CROSS BAR FOR TRANSVERSE 
inexpensive testing-machine constructed ry Messrs. ext J 
Bradley and Turton, Limited, of the Caldwell Foundry, | . § awed 


Kidderminster, specially to meet the requirements of, . 2, 
ironfounders. The machine is capable of exerting a "he \ 


pull of 20 tons, and can therefore test in tension the 

strongest cast-iron bars up to 1 sq. in. section, whilst 

provision is made for the sarrying out of transverse Tes Bar 
tests of bars measuring 3 ft. by 2in. by lin. In this 

connection it may be noted that, with certain special | 

cast irons, founders are now securing tensile strengths | Fig. 























of the order of from 18 to 19 tons per sq. in. To test = * 

such irons, a machine capable of exerting a pull of 20 (O) & of 1 ©) 
tons is very desirable, as the results obtained with small | — ; 
cast-iron specimens are apt to be misleading, giving no| i359 7 ~~~ 6 5 ea a a * 


reliable indication of the real strength of castings made | 
from the same metal. The machine illustrated isessen- the moving part of the machine, fitting over a fixed 
py Ler may ape. | ep pres:, and the load applied plunger connected to the base-plate by two 1}-in. 
toa specimen is from one of two accurate pressure- bolts placed diagonally, as shown. Four rods passing 
gauges. Of these gauges, the one used in textile tests through strong lugs, cast in one with the cylinder head, 
> Do ey in — ~ a py intermediate support below the plunger a movable platen or cross- 
which has » mire open sosley fe aoed when the machin: | the upyer ends of tensina text hers is jrovided balow 
is employed in tounieenns testing ; it reads to 50 owt. the ‘cate of this pe ash oe whilet ry its caer 
by increments of 14 Ib. The machine is calibrated | surface are knife-edges to support the bars when 
by Lgl ong pod pod beat the oo inge of bee: cup: | “a ee ~ 4 = of vere = 
eather , e ers 8 t results are | a e are shown in Figs. 5 6, whilst 
qosunete within an error of under | per cent., which | Fi wy ent 8 give further details of the hydraulic 
is - vee: more than amply sufficient for the needs | cylinder and its a 7 cylinder yyw will - 
e man. seen, & -me iner, e plunger is le tight 
The construction of the machine is well shown in| with a (J leather packing per da in place with a 
Figs. 1 to 9, annexed. The hydraulic cylinder forms guard-ring, as shown, 








/ 
(4095 8) 











The central knife-edge, by which the load is applied 
in transverse testing, is mounted on the block illus- 
trated in Figs. 9 and 10, and is secured to the under- 
side of the fixed plunger. A tank is formed on the base- 

late of the machine which takes the exhaust from the 
Siveuiie cylinder, and the load is applied by the hand- 
pump shown to the right of Fig. 2. An independent 
screw-down plunger is provided at A, Fig. 2, by which 
the operation of breaking the bar is finally effected, 
after using the hand-pump to raiee the pressure in the 
cylinder to nearly the breaking limit. A relief-valve 
of the needle type is fitted at C, and by manipulativ 
A and C the final increments of load can be adjuste 
with great nicety. Shut-off valves are provided to 
each of the gauges, one or the other being closed 
‘gecording as tensile or transverse testa are being 
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made. The valve shown at B, Fig. 2, is used to 
couple up a length of flexible hose, permitting the 
machine to be used for testing castings by hydraulic 
pressure up to a limit of 400 Ib. per sq. in. Com- 
pression tests can also be made between the upper 
surface of the moving cross-head and the lower surface 
of the fixed plunger. 

The machine has been designed and patented by 
Mr. G. B. Richards, M. Inst. N.A., as the outcome 
of a long series of tests on cold-blast irons, which 
made very evident the need for a simple machine 
suitable for installation in the smaller as well as in 
the larger class of iron-foundry. 





TRANSMISSION SYSTEM FOR HEAVY 
INTERNAL-COMBUSTION LOCOMOTIVES.* 
By Hepizy J. THomson. 

THE progress in powerful internal-combustion engines 
has been slow for want of an efficient system of trans- 
mission to form a connecting-link between the prime mover 
and the driving-wheels. ! 
means may be employed: a mechanical clutch system of 
the motor-car type ; an hydraulic system depending upon 
oil-pumps ; a compressed-air system ; a purely electrical 
system, involving a whole electrical plant, to convert all 
the steam energy into electric energy, or at least an 
electro-mechanical system in which the output of the 
rime mover is divided and theenergy transmitted partly 
G mechanical and partly by electrical means. The 
system of Mr. J. P. G. Thomas, of London, belongs to 
the last-mentioned and does not resort to a battery 
of accumulators. ‘Treated purely as a variable - speed 


, the system consists of a planeta ing C, two 
Sootrical machines a ET yo Fig. 2) by their 
armatures A and B, both capable of acting either as 
generator or as motor, and an electric controller not 
marked in the diagram. ‘The casing C is driven at the 
same speed as the prime mover, or at a speed bearing a 
fixed ratio to it. In the casing are mounted duplex 
(double helical) pinions P, of different diameters, meshi 
the one with a large sun-wheel B,, the other with a onal 
sun-wheel Ag, mounted on the load-shaft B, and on the 
auxiliary shaft A,. As illustrated, the gear reduction 
between one sun-wheel and the other through the duplex 
pinions would be 2.25 to 3 if the casing were momentarily 
stationary. Under worki conditions the casing is 
never stationary, however, being driven by the prime 
mover, and if a torque of T foot-pounds were applied to 
the casing, it would (as can easily be shown) uce a 
torque in the same (positive) direction on the load shaft 
equal to 1.8 T, and a negative torque equal to 0.8 T on 
the auxiliary shaft ; those torque relations always exist 
whether the load shaft B, be at rest or rotating, and at 
any speed of any of the three members of the planetary 


gearing. ; 

These relative motions can be seen from the diagram, 
Fig. 2, on which the straight lines mark the respective 
speeds of the shaft, the engine speed assumed 
aconstant. If the resistance to the motion of the load- 
shaft B, be greater than 1.8 T, this shaft will remain 
stationary while the small member of the duplex pinion 
F, will run round, in planet fashion, the sun- 
wheel B,, and in so doing will rotate the other pinion 
at the same number of revolutions, but at a higher peri- 
pheral speed, the net effect of this higher speed being that 
the small sun-wheel rotates in the opposite directions. 
When the load-shaft is stationary the rotation of the 
small sun-wheel is 1.25 that of the prime mover, in the 
opposite direction, and the torque taken from the prime 
mover is just sufficient to overcome friction. When, 
however, the auxiliary shaft A; is prevented from 
rotating in the backward direction, then, if the load 
resistance be less than 1.8 times the engine torque (now 
increased), the large sun-wheel B, begins to rotate for- 
ward ; under the conditions assumed, the speed of D, 
in the forward direction is a little more than half the 
engine speed (see Fig. 2). This, however, is not the - 
tical limit of the speed variations of the load t, if 
means be provided to rotate the auxiliary shaft forward ; 
in that case the load-shaft speed can be made to coincide 
with that of the prime mover. At that moment two of 
the three _ ~% all » three te ee 
are moving at the same speed. Hence y grad y speed- 
ing up the auxiliary shaft from rest until it reaches the 
engine speed, the speed of the load-shaft is automatically 
increased from a little above half the engines to that 
speed, when there is no relative movement 
three members of the i This is realised by first 
taking power from the auxiliary shaft, and later by 
putting pe into it; all this could, however, also be 
realised by means of a simple slipping clutch. What 
the Thomas gear does is that it admits of increasing the 
load-shaft torque above the 1.8 T, and this is attained by 
utilising the torque on the auxiliary shaft to drive the 
electric generator A, the current of which drives the 
motor B on the load-shaft ; the ment resembles 
the Hopkinson testing —both the machines were 
Series wound. The field of A is first weak, but the cur- 
rent is delivered to B with full field acting as a motor, 
and the torque produced by B electrically is added to the 
mechanical torque on B via the large sun-wheel. The 
combined torques easily overcome the load resistance in 
Starting, and 1 begins to rotate in the forward direction. 
But, owing to the en eenaeiiog , the speed (back- 
ward) of A decreases, and the fiel a A becomes stronger. 
The special controller of Mr. Thomas has four different 
Positions for gradually strengthening the field of A, and 


* Abstract of a read before Section G of 
British Association a6 the preter my senting. = 








‘o obtain such a link, various | ° 


+} are &@ maximum at 


cone of the Sali ciounghh at A & tevoniiie, tee 
crease 8 oO! ie impossil ti 
control is changed over to B, the field of which is 
weakened; B, being a motor, runs faster as its field 
weakens. When the B field dwindles to zero, A 
ae idan ae oe 
Owly, developing a ve torque ° 

that stage, no power ia Cleotrically transmitted to the 
load-shaft B,, and the energy losses are practically limited 
to the C*R in A, to the controller, and to mechanical fric- 
tion. By manipulating the controller, the speed of the 
load-shaft is varied from zero up to the intermediate 
mechanical which is the limit of speed variation 
of the functions of A, and B cannot be interc’ le 
But the controller allows of reversing the field of B, 
which then generates current, stopping A, and re 

its movement, until it travels faster in a f 
direction than the ine, and carries B with it in that. 
rotation. Finally, the three members move at the 
same speed, and any two may be coupled together. 
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After effecting the coupling, the B field can again be 
reduced, until the voltage falls below the back electro- 
motive force of A. electric apparatus thus augments 
the torque at a gradually diminishing rate in a more 
efficient way than is realisable by purely mechanical 


means. 
The power dealt with by the electric system is a maxi- 
mum at low speeds of the load-shaft. It decreases almost 
to zero at intermechanical speed, and increases again 
afterwards to the po te pe op speed, when this 
power dealt with ically rarely exceeds one-half of 
the total power developed by the prime mover. This 
speed is not a running speed, but merely a temporary 
y acon venge h w the purpose of bringing all the 

members of the gear to the common speed; the 

ic transmission is then cut out, and the transmis- 
sion becomes merely mechanical. losses of power 

1 starting; they never exceed 6 

cent., and vanish at “‘top-direct” drive. The total elec- 
tric loases amount to 4 per cent. at intermechanical 
speed ; they a Ses 
** top-direct ” be not resorted to. diagrams, Figs. 3 





and 4, illustrate these features. For a considerable 


range on both sides of the intermevhanical drive the 
efficiency is 90 per cent. and more, and this is realised 
by flexible and simple means. Fig. 4 is a tractive 

ort diagram, concerning a locomotive equipped with 
two engines, each developing 500 horse-power at 550 
revolutions. The curve I is the characteristic for 938 
horse-power delivered at the normal speed of 515 revolu- 
tions ; curve II. shows the tractive effort that would be 
delivered if there were no gearing or bearing losses in 
the drive to the axles. The difference between the ordi- 
nates of these two curves therefore represents the loss due 
to the Thomas transmission. A horizontal dotted line 
corresponding to a tractive effort of 10,5001b. (the constant 
tractive effort derived mechanically from the large sun- 
wheel) cuts the curve II. at a point corresponding to 
the intermechanical s r ordinate above this 
dotted line indicates effort obtained by electrical 
means; this gained effort is maximum at starting, but 
it dwindles and finally negative. At 45 miles 
per hour, therefore, the “‘top-direct” clutch is operated, 
and any further speed regulation of the locomotive 
is secured by means of the throttle. The losses are 
hence always small, and could, by suitably propor- 
tioning, altogether be eliminated during the greater 
part of the run. 

The advantages are —— striking, also, on 
heavy gradients, on which a locomotive of the mentioned 
ey could run at 38 miles per hour, on a gradient of 

in 200, and at 19 miles per hour on 1 in 60. For well 
over 90 per cent. of the total running time the direct 
drive would be utilised, and the losses due to the 
Thomas gear are practically confined to the remaining 
10 per cent.; they are small, moreover, during that 
short period, so that the total power wasted in this vari- 
able-speed is about 1 per cent. These figures com- 
pare very favourably with those due to pure electric 
transmission system, which would require all parts of the 
machinery to capable of dealing with the full load. 
This consideration affects the question of steam 
locomotives for very heavy loads ; to secure the necessary 
adhesion, such locomotives would have to be made of 
forbidding bulk. So far, Thomas-gear engines have been 
built for powers ranging from 12 up to horse-power, 

designs for 1 orse-power engines have been 
worked out. On London omnibuses, fitted with the 
Thomas gear, the maximum efficiency is reached within 
a few seconds. 





New Ariantic Liner with GEARED TuRBINES.— 
Messrs. Alexander Stephen and Sons, G w, launched 
on the 3rd inst. the twin-screw geared-turbine steamer 
Tuscania, which they have built for the Anchor Line 
(Messrs. Henderson Brothers), G w. The vessel is 
567 ft. in length, 66 ft. 6 in. in th, 45 ft. in depth, 
of about 14,000 tons and 20,000 tons loaded dis- 


ment. She will have accommodation for about 
350 first class, 150 second class, and 
about 2000 third class. The machinery installed is of 


al interest, as it and that of her sister-ship, the 

ransylvania—launched at Greenock in May last—are the 
first installations of geared turbines to be fitted in large 
Transatlantic vessels, The Tuscania is propelled by twin 
screws, each driven by turbines of the type work- 
ing through aeons pee. 30 gear-wheels are about 
10 ft. in diameter 5 ft. , and are driven by two 
turbines working in series and running at about 1500 
revolutions per minute. An astern turbine of the impulse 
reaction type is i ted with each low-pressure 
ahead tur The boiler installation consists of six 
large double-ended Scotch boilers working under natural 
draught at a pressure of 200 lb. The i has been 
constructed by the builders to the requirements of the 
Board of Trade and British Corporation Registry, and 
also to the American and Italian laws. The Tuscania, 
along with the Transylvania, is intended for the Mediter- 
ranean-New York service. 


TasMANIA.—What is now the fine colony of Tasmania 
was discovered in 1642 by the Dutch explorer Abel 
Tasman. Tasman had two ships under his command, 
the Heemskirk and the: Zeehan, and two ks on 
the west coast of Tasmania are named after the Dutch 
vessels. Tasman concluded to name his discovery Van 
Diemen’s Land; he died under the im ion t it 

- t —_ ~— or New Holland, as 

styling what is at present known 
Com: wealth. More would have 
been done in the matter of Dutch colonisation in New 


for the Government of ~—y ~ III. of England to estab- 
lish a settlement at Port Jackson, New South Wales. 
This settlement was die to three influences. In 

first Cook had greatly increased our knowledge of 
the Australian coast-line; in the second place, George III. 
concluded that it was necessary to f new colonies in 
lieu of what his Government had lost in North America ; 


and in the third it was advisable to 
anticipate French explorers in the Pacific. The influence 
of the French upon the fortunes of Tasmania was con- 
si - In 1792 two French ships the 
island from south and vered trecasteaux 
Channel. 0 f examined the Derwent, 
which had been d Cook, The fact was 
further established by Lieutenant Flinders and 


the name of Bass was given. In 1803a 
was 





ich now claims to possess the harbour 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 26. 

SreEL prices are fractionally advancing and the 
booking of orders is increasing. The opening of 
the Panama Csnal is drawing business which awaited 
that event, because of the lower rates involved 
to Pacific points. The Argentine railways have 
transferred an order of 36,000 tons of rails from 
Germany to mills here. Inquiries from England 
for billets were answered at 5/. sterling f.o.b. New 
York, spot cash. Large orders are pending. Rates 
from Pittsburg via Panama to San Francisco are 
46 cents per 100 lb., as against 80 cents by rail. Large 
dealings in steel were confidently anticipated with 
Canada, but conditions there are much disturbed. 
The supply of ferro-manganese being temporarily cut 
off, prices flew to 140 dols. per ton. It is proposed 
to reduce the quantity used. English shipments are 
assured if American consignces pay the war risk of 
250 dole. perton. Railroads continue to buy cautiously. 
Numerous enterprises are held in abeyance for 
financial reasons. General business in small lots is 
about as usual. Prices are hardening. Many mills 
have gone on full time to accumulate stock that will 
certainly be needed. The entire industry is _ 
into shape for an anticipated expansion of deman 
from foreign and domestic sources. Very many 
inquiries come from abroad relative to the assurances 
of fulfilling orders should they be sent. Large con- 
tracts are now being placed for bituminous coal for 
shipment abroad, and it appears probable that mine 
capacity will be taxed. Governmental action with 
regard to working ships in Atlantic Ovean service is 
being contemplated ; the international features of such 
departure are the subject of consideration. 





Trapge with Denmark.—The Danish journal Politiken 
calls attention to the fact that the Danish market offers 
at thé present time exceptional opportunities for British 

roducts. The financial situation in Denmark is excel- 
ent, and the purchasing power of the people is good. 
The country habitually imports large quantities of goods, 
among which are many of types manufactured here, such 
as hardware, tools, cycles, motor-cars, rubber goods, 
technical instruments, and also articles in common daily 
use. As our country is in @ position to supply foreign 
markets, and communication with Denmark 1s being well 
maintained, it is suggested that this opportunity for 
trading should be taken pane. Messrs. C. Mitchell 
and Oo., Limited, Mitchell House, 1 and 2, Snow-hill, 
Holborn Viaduct, E.C., will be pleased, through the 
medium of their ‘‘ Export Bureau,” to afford British 
traders every assistance in taking advantage of the oppor- 
tunity thus presented. 





STanDARgD Pipk Unitons.—The Engineering Standards 
Committee has just issued a British Standard Specifica- 
tion (No 66) for Copper- Alloy Three- Piece Unions for Low 
and Medium Pressure. These are er intended for 
domestic and similar work, and the unions are for use 
with copper tubes conforming to one of the specifications 
(No. 61) issued last year. he work has m in the 
hands of the Sectional Committee on Screw-Threads and 
Limit-Gauges, by which a Sub-Committee on Metal 
Tubes and Connections was appointed in 1912. The 
commibtee has had the co-operation of a joint committee 
appointed by the Institution of Heating and Ventilating 
Engineers and the National Association of Master Heat- 
ing and Domestic Engineers. The unions specified are 
designed for pressures up to 125 lb. per sq. in. The 
specification covers dimensions, analysis, mechanical, 
tensile, and hydraulic tests, &c., and appendices give 
data on standard threads, test-pieces, &c. The report 
may be obtained, post free, for 5s. 2d., from the offices 
of the Committee, 28, Victoria-street, S.W., or from 
a Lockwood and Son, 7, Stationers’ Hall- 
court, £.U. 





Tue New Army.—Lord Kitchener has sent a letter, 
through Major-General Ru wii , to the British 
Thomson-Houston Company, Limited, of Rugby, ex- 
pressing his appreciation the fact that 852 of their 
employees have entered the Army. The company are 
paying them half wages. Messrs. Hans Renold, Tinited, 
inform us that they are giving to married men, who have 
ealisted, full pay for the first four weeks and half.pay 
afterwards, provided their wages do not exceed 5%. a 
week. Osher cases are dealt with individually. From 
the works and offices of the British Westi Electric 
and Manufacturing Company, Limited, , 700 
men have joined the forces. The staff has subscribed 
9371. to the War Relief Fund, in addition to what the 
Pre | are giving. Messrs. James Walker and Co., 
Limited, -street, West India Dock-road, E. 
inform us that some of their employees have been called 
away to the Service, and that consideration is being given 
to such as aredependent on them. Half wages are bei 
id by the India-Rubber, Gutta-Percha and Ti 

orks Company, Limited, Silvertown, and by the 
Edison and Swan United Electric Light Company, 
os. wpe be =. Middlesex, A. wives or 

ependants o employees called up to the forces. The 
Engineers’ Club, of Aibert-square, leoschakter, has de- 
cided to form a ‘‘ Pals’” battalion in the new army for 
those engaged in works and offices of engineering con- 
cerns, They dosire to receive names of candidates at 
Onve. 








RADIAL DRILLING-MACHINE. 


Tue illustrations on page 332 are reproduced from 
mean my of a new design of radial drilling-machine 
recently constructed by the Selson Engineering Com- 
pany, Limited, of 85, Queen Victoria-street, London, 
E.C. The special feature of this tool is the design of 
the arm and carriage, in order to avoid twistin 
stresses on the former. We shall deal with this point 
and with other notable characteristics of the design 
in the course of the following description. 

The general arrangement of the tool is best shown 
in the front view, Fig. 1, while Fig. 2 shows the 
carriage on a rather larger scale. 1t will be seen 
that the machine is driven by a fast-and-loose pulley 
through a gear-box mounted on an extension of the 
bed-plate. The bed is a and well stiffened by ribs, 
and also provided with planed T slots in the front 
and upper surface ; the latter measures 3 ft. by 4 ft. 
It is extended at the back of the pillar, as shown in 
Fig. 2, in order to take a loose table. The inner 
pillar has an exceptionally large base, which is cut 
away in front so as not to interfere with the work ; 
it is turned immediately under the locking ~~ 
allow a swivelling table to be fitted if desired. e 
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column, which is 12 in. in diameter, rests on ball 
bearings, so that it can easily be turned into any 
position. It is locked in place by a special arrange- 
ment which binds it firmly to the inner pillar, and 
also prevents any tendency to lift under the pressure 
of the cut. This and the other locking devices are 
“egee ae with handles, so as to avoid the necessity 
or using spanners. 

The arm is of box-section, with slots in the top and 
bottom to clear the spindles, as shown in the cross- 
section, Fig. 3, on the present page. The side walls, 
which are strongly ribbed, increase in depth towards 
the column, and are placed as close as possible 
together. The arm has a long bearing on the column, 
to which it can b> firmly locked by the hand-levers 
shown in Fig. 1. It has a self-acting vertical movement 
of 35 in., and can be swivelled, together with the 
column, by means of a handle placed on the end of the 
arm. Fig. 3 is a cross-section through the arm and 
carriage. From this it will be seen t the carriage 
is gibbed to the arm in front as wellas at the bottom— 
an arran t which gives great rigidity to the —— 
bearings of the spindles, and so avoids vibration. e 
are two spindles, one for drilling and the other for tap- 
ping. They are constructed of high-carbon —— 
to size, counterbalanced, and provided with -bear- 
ings to take the thrust. Both spindles pass practically 
through the vertical axis of the arm-section, so that 
the thrust is equally divided between the two bottom 
surfaces of the arm, thereby avoiding all twisting 
stresses, as previously mentioned. The upper bearings 
of the spindles, together with the driving- 
feed mechanism, are carried by the front plate of the 
carriage, while the lower bearings are formed in the 





bottom plate, as shown in Fig. 3. The drilling-spindle, 
which is 2} in. in diameter and is fitted with a No. 5 
taper sccket, has a maximum radius of 4 ft. 6in, 
with a traverse of 14 in. It runs in a long non- 
rotating sleeve which is moved vertically by a rack 
and pinion, and serves to prevent lateral deflection of 
the spindle when the latter is in its lowest position. 


| The double gear is pen directly on the drilling- 


spindle, so that the long driving-shafts have only to 
transmit a moderate torque; a single hand-lever 
serves for starting and operating this gear. The 
tapping-spindle is driven from the drilling-spindle at 
about one-third the speed of the latter. The reversing 
motion is effected by clutches operated by a hand- 
lever, and the quick withdrawal is controlled by a 
pull-down lever and rod. 

The carriage is moved along the arm by means of a 
hand-wheel, and the mechanism is so arranged that, 
after a hole has been drilled, the tapping spindle can 
be brought into the exact position previously occupied 
by the drill. Holes can thus be drilled and tapped 
with one setting of the work, without removing either 
the drill or the tap from the spindles. The various 
handles for starting, stoppiag, reversing, and operating 
the feed motions are all placed on the front of the 
carriage, well clear of each other, and in convenient 
positions for the operator. There are four positive 
feeds, which can be changed while the machine is 
rupning, and tripped automatically at any desired 
= They are stopped and started instantaneously 

y means of a friction-clutch. Eighteen spindle speeds, 
ranging from 15 to 340 revolutions per minute, can be 
obtained by means of the gear-box, which is entirely 
closed, so that the rsrunin oil. It isalso arranged 
so that all idle-running gears are avoided, only those 
actually required being in mesh. 

With regard to the general design of the machine, 
we understand that all parts are sufficiently substan- 
tial to enable full advantage to be taken of drills of 
high-speed steel, and also that all gears are machine. 
cut from solid blanks, and all bearings bushed with 
gun-metal where necessary. If desired, a belt-driven 
machine can easily be converted for electric driving 
by mounting a 6 or 7-horse-power motor on top of 
the gear-box, which is planed for this purpose, and 
connecting the armature-shaft of the motor to the 
driving-shaft of the machine by silent gearing. The 
— of the machine as illustrated is about 3 tons 
12 cwt. 





Trave 1N Iraty.—A communication from the Com- 
mercial Intelligence Branch of the Board of Trade 
states that the British Ambassador at Rome has cabled 
to the effect that there is a demand for goods in Italy 
which have hitherto been supplied by Germany. Among 
the goods mentioned are ‘‘carbons for arc-lamps, mag- 
nesium, silica, bricks, and special types of steel.” 





Tue Unitep States Navy.—It is stated that on the 
lst inst. the Navy Department issued specifications for 
the three new dreadnoughts et oe Congress this 
year. According to Admiral Richard Watt, Chief Con- 
sae — ureau of ae and Repair, ~ 
combined steel tonnage will aggregate approximately 
65,000, made up of about 30,000 tons of armour, with a 
similar tonnage for plates and sections, and 5000 or 6000 
tons of castings. he tenders for the ships will be 
opened at the Navy Department on October 6. These 
vessels will be the largest ever designed for the United 
States Navy. They will be heavily armoured, and will 
be propelled by turbines, and fitted with water-tube 
boilers designed to burn oil-fuel. Two of the new shi 
will in all probability be built by private yards, and the 
other ata navy yard, perhaps at New York. The vessels 
are to be named the California, Mississippi, and Idaho. 
The cost, exclusive of armour and armament, is to be a 
maximum of 7,300,000 dols. each. The main armament 
is to consist of twelve 14-in. guns. There are to be also 
four submerged torpedo - tubes, and twenty-two 5-in. 
quick-firing guns. 





Lonpon Scuoot or Economics.—We have received 
from this institution, the address of which is Clare 
Market, Kingsway, W.C., particulars of lectures and 
classes on railway and te subjects, to be held during 
the coming session. The lectures commence on the 
8th prox., and an inaugural lecture, on ‘‘The Relations 
Between Railways and the State in Other Countries,’ 
will be delive: by Mr. W. T. Stephenson, on the 
12th prox., at 6.15 p.m. The public will be admitted to 
this and to some other lectures without fee. The course 
includes introductory lectures on railway tion, 
rates and fares, geography of Canadian and United States 
railways, and the Parliamentary history of English rail- 
ways, as well as advanced lectures on railway economics 
bos law, railway docks and shipping, and other subjects. 
Courses on subjects useful to railway students, and 
specially recommended to their attention by the Adviso' 
Committes on Railway Subjects, are also included. 
copy of the Calendar, giving detailed syllabuses of the 
courses of lectures and full information as to the prizes 
and scholarships offered by the School and by the London 
University, and also containing the regulations for degrees 
in the faculty of economics and political science, including 
commerce and industry, can be obtained, post free, from 
the Secretary, price 1s. 5d, 
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NOTES FROM THE NORTH. 
P ay Seaesen, het aap 

Glasgow Pig-Iron Market.—When pig-iron market 
opened last fhureday morning the lack of tone which 
has characterised its operations since the outbreak of the 
war was again evident, and while the quotations of Cleve- 
land isons tor enh and one month were — 14d. per 
ton up, the price for three months dropped 2d. per ton 
In the afternoon steadied up a little, and some 
1500 tons were dis of at 51s. 10d. one month, and 
52s. 3d. three months. On Friday the entire business 
done amounted only to 2000 tons, 1500 tons Peed 
hands in the forenoon at 51s. 6d. cash and 52s. > 
three months ; while the remaining lot went in the after- 
noon at 51s. 44d., the closing prices being 51s. 6d. cash, 
51s. 10d. one month, and 51s. 44d. three months, a decline 
of from 14d. to 3d. ~ ton from the —— day. Re- 
viewirg the work of the week, the feeling on Saturday 
was not unsatisfactory, because, although the turnover 
was small, it was still fairly steady, while over the 
week more business was done than on many other occa- 
sions, even since war broke out. The increased firmness 
gave a more hopeful outlook, the fact of 11,000 tons 
changing bands during the week s hening this feel- 
ing. So long as the present financial situation lasts, it is 
highly improbable that much business of this nature 
will be done. On Monday forenoon the steadier 
tone noticeable at the end of the week was still in 
evidence, although the business done was restricted to 
three months warrants, 1000 tons changing hands at 
52s. 3d., another lot of 1000 tons being dealt in during the 
afternoon at the same price, this time at one month. 
Yesterday morning absolutely no business was d 
buyers’ quotations for Clev iron having d 
3d. to 51s., although sellers held out for 51s.4d. This 
idleness continued in the afternoon, prices remaining 
unchanged. No dealings in Cleveland iron took place 
this forenoon, the cash price having advanced at 51s. 1d. 
buyers. A lot of 1000 tons was dealt with in the after- 
noon at 51s. 6d. one month, otherwise the market was 
again idle. 

Scotch Iron Prices.—The market quotations for warrant 
and makers’ iron issued yesterday were almost identical 
with those of last week, Shotts being a notable excep- 
tion. They were ao 69s. 6d.; Gartsherrie, 70s.; 
Summerlee, 70s.; Langloan, 72s.; Calder, 70s., all per 
ton at Glasgow ; Glengarnock, 71s. at Ardrossan ; Shotts, 
70s. ab Leith ; and Carron, 70s. 6d. at Grangemouth. 


Iron and Steel Trades.—Makers of malleable iron are 
not badly off at all; indeed, a few of the works are par- 
ticularly busy with orders both for home and export 
trade. There are few shipping orders for pig-iron, and, 
in consequence, stocks are accumulating. Some of the 
furnaces which had been shut down have been relighted, 
a fact which seems to suggest a demand very shortly, 
both for home and foreign orders. 


Steel Sheets.—Steel sheets in the thicker gauges are 
being made in considerable quantity ) age but there 
is little demand for the thinner quality. ‘‘ Spelter,” 


being contraband of war, has entirely dis _ galva- 
ni poy, Ube it is expected thet lenge oupplies will 
shortly be to hand @ price of 


from America and ~— ti 
which, no doubt, will be regulated by those ruling here 
when they arrive. 


Export Trade.—The export trade is still in a rather 
unsettled state, many factors militating agains» it at the 
moment. Increased prices in finished material, heavier 
freight rates and bank 8, war insurance, and the 
anaes tightness in money, tend to keep the forei 

uyer out of the market. No doubt it will 
time before a readjustment takes place. 

Sulphate of Ammonia.—As regards sulphate of ammonia, 
little change has taken place. 


some little 





Sre.tER.—The United States Geological Survey has 
just issued a report that stocks of ter increased by 
23,380 tons in the first half of the year, and reached on 
July 1 the total of 64,039 tons. In the calendar year 
1913 the production on the Continent of Europe was 
655,454 net tons, about 150,000 tons being exported to 
England. . The British spelter production was 65,197 
tons. It is considered that to furnish 150,000 tons to 
Great Britain per year would not strain the resources 
of the United States. The price of spelter rose 1 cent 
me yous at East St. Louis between August 6 and 
August 20. 





Tue Late Mr. G. N. Yourp.—We regret to have to 
record the death at Surbiton, on the 4th inst., of Mr. 
George Nicholas Yourdi. Mr. Yourdi, who was born in 
1850, was identified during his professional career —_ 
some important water undertakings, being en or 
22 years with Messrs. James and He 
joined the firm in 1883 and was appointed resident engi 
to the Stockton and Middlesbrough Water Board Works. 
This is the undertaking which is now carried on by the 
Tees Valley Water Board. Mr. Yourdi ——e ten > ag in 
connection with this work and acted during con- 
struction of the Fighting Cock’s Reservoir, the Sadberge 
Reservoir, the Broken Pumping-Station, and other 
Sen ae the River Balder. _ he was ap- 
poin ief resident engineer on the Birmingham 
fred ig Be pn Ee A ES 
wate . masonry ve- 
tower, &c., and the conduit as far as the first syphon. 


Daring the last eight or nine Mr. Yourdi had | the 


been in private practice in Victoria-street, dealing 
ueely wi a ooniteneeee and valuations. He sta ¢ 
nstitution ivil Engineers as an associate member in 
1876, and was made a full member in 1884. 


the | N 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The iron trade presents no 
new features of moment. A quiet tone prevails, and 
there is a continued feeling of uncertainty with regard 
to the future. What business i i 


is is confined to 
» | transactions in small lots for early delive . At the 


Clarence Works of Messrs. Bell Brothers a -furnace 
has been damped down, and there are reports that other 
firms may shortly put furnaces out of operation. There are 
now blowing on the North-East Coast seventy blast- 
furnaves, thirty-seven of which are producing Cleveland 
pig, and the remainder making hematite and special 
irons. No. 3 g.m.b. Cleveland pig is 51s. 6d.; No. 1 is 
54s.; No. 4 foundry, 5is. 3d.; No. 4 forge, 51s.; mottled, 
50s. 9d.; and white, 503s. 6d. Home consumers of East 
Coast hematite pig appear to have satisfied their needs, 
and demand is now on a very limited scale. Some 
of the makers still endeavour to fix the price of 
Nos. 1, 2, and 3 at 70s., buts second hands are ready 
ye ae sell at 67s. 6d., and even that figure might 
be shaded in some cases. There is little or nothi 
— in —- ore, values of which show an undou 

ownward ency, notwithstanding reports of mines 
being closed in Spain and consumers tos running rather 
short of neeie Dealers rather a sales, on the basis 
of 19s. ex-ship Tees for Rubio of 50 per cent. quality, but 
buyers consider that too high a figure, and doubtless con- 
tracts could be fixed on rather lower terms. There is 
little or nothing new ascertainable concerning coke. 
——— are anything but plentiful, and sellers continue 
to take a very firm stand. A good deal is being taken up 
for local consumption, and fair sales to West t users 
are reported. urham beehive blastfurnace coke of 
= quality is put at 18s. delivered at Tees-side 
wor 


Stocks and Shipmcnts.—The stock of Cleveland pig-iron 


in the Pan warrant stores now stands at 95, tons. | tha 
Since i 


beginning of the month the stock has been 
increased by 835 tons. — of pig-iron from the 
Tees are on a fairly good scale. To date this month they 
average 3120 tons working day, the total despatches 
being returned at 24,950 tons, 21,650 tons of which have 
gone from Middlesbrough, and 3300 tons from Skinnin- 
grove. Tothe same date last month the loadings were 
ty ay 8234 tons, or a daily average of 1029 tons, and 
or the corresponding part of September, a year ago, the 
clearances reached 28,940 tons, or an average of 3617 
tons per working day. 

Manufactwred Iron and Steel.—The manufactured iron 
and steel works continue busily employed, and ucers 
express the ho 
turers of ship! ~~ | material and joist makers are 
understood to be well placed, and rail producers are 
stated to have good order- books. Principal market 

uotations stand :—Common iron bars, 8/. ; bars, 

. 78. 6d. ; best best bars, 87. 15s. ; packing iron, 61. 10s.; 
iron ship-plates, 7/. 5s.; iron ship-angles, 7/. 10s.; iron 
ship-rivets, 9/.; iron girder-plates, 7/. 5s. ; steel bars 
(basic), 62. 15s.; steel bars (Siemens), 6/. 15s.; steel 
ship-plates, 77. 5s.; steel ship-angles, 7/.; steel boiler- 

= yey Bn A to 
§ — © customary 
cent. discount ; light iron rails, 7/. 15s.; heavy steel tlle, 
61. 15s. ; steel railway sleepers, 7/. 15s.—all net at works. 


-2 





Tue LATE Sin HeNNIKER HeEaton.—A circle wider 
even than our Empire regrets the death of Sir Henniker 
Heaton, who has done so much to bring about reforms in 
postal service. Sir Henniker died, on the 8th inst., at 
the age of sixty-six, at Geneva, where he had been ill 
since the out of the war. Although not directly 
connected with the industries in which our readers are 
primarily interested, all will feel that the loss to our 
coquad to tho choupening of Guinn Salis Win ibogion 

to the ing o' tage wi ie Empire 
and to pt and the United States have been of inestim- 
able benefit to us asa nation, and were directly due to 
his untiring efforts. His services to the country were 
formally ised in 1912, when a baronetcy was con- 
ferred upon him, although four times previously he had 
declined the distinction of K.C.M.G. 





Tue wate Sm Srepnen Furness. — We regret to 
announce the death of Sir Stephen Furness, which 
occurred through an accident at Broadstairs on Sunday 
last. The deceased ie was forty-two years of 
age at the time of his death. He was interested in 
many industrial undertakings, being chairman of 
Messrs. Furness, 4 E. Co., Limited, the Irvine’s 
Shipbuilding and Dry Company, South Durham 
Steel and Iron Compeny, Neptune Steam Navigation 
Gomeeas, arren Co., British Maritime 
Trust, United Shipowners’ Freight and Protective Asso- 
ciation, Peareth Steam Shipping Company, Geo. V. 

urnbull and Co.. Economic rance Company, British 
and Argentine Steam Navigation Company, London 
Welsh Steamship Company, and the Norfolk and North 
American Steam Shipping Company. He was vice- 
chairman of the Broomhill Collieries, Limited, the 
5° sa tte Shipping Company, Messrs. Richardsons, 

estgarth and Uo., the W: ale Iron and Coal Com- 
pany, the Wingate Coal Company, the Houlder Line, 
and ~ So Transport Company, and a director of 
Cargo Fleet Iron Company, Johnson Line, the Bank 
of Liverpool, the London 
orth-Eastern Banking Company, the Northumberland 
- ys Company, and the Standard Protection 
Indemnity Association. 


of receiving further orders. ufac- | th 


Assurance Corporation, the | markets. 





NOTES FROM THE SOUTH-WEST. 


of miners for the war is 


the French, 


Ni .—The steam-coal trad i 
" . Inquiries have ay phan — 
co! -owners continue to _ u jer- wi 
a -sustained demand. 
have been a little dull. 


Patriotic Miners.—There was little difference of opinion 
in a conference held a day or two ago at Cardiff repre- 
senting the miners of South Wales and Monmouthshire. 

erence unanimously agreed to a proposal that 
week shoul ig fae A ively in 
support of the Prince of Wales’ National Relief Fund. 
Tt is estimated that this decision will represent a contri- 
bution of between 3000/. and a Oe week. The Con- 
ference also unanimously appro the action of the 
executive council in recommending the men to work one 
hour extra per day in pits on the Admiralty list in order 
= a ample supply of steam coal may be available for 

avy. 


Bristol Docks.—Bristol port returns for A t were, 
a the whole, of a eatislactory character. © bulk of 
Continental trade is almost at a standstill, only 
Swedish and Norwegian trades being maintained. The 
tonnage returns for Avonmouth for the last twelve 
months have shown a high average. The total arrivals 
at the docks in A numbered sixty-one, representing 
an aggregate bu: of 123,273 tons, or an average of 
2021 tons per ship. 





CanapiANn Ratt Inpustry.—The Jron Age reports that 
@ Dominion Works have closed down and the Sault Mill 
has gone on half-time because railroad and other financing 
by land has been stopped by the war. 





Enoinegk Reorvits ror THE Akmy.—A large number 
of the members of the engineering profession having 
expressed the wish to be allowed to serve their country 
together in one regiment or battalion, the Institutions of 
Civil, Electrical, and Mechanical Engineers have under 
consideration the formation and training of a battalion 
enlisted from am their members, with a view to its 
forming part of Lord Kitchener’s army. 


Dry Farminc.—In the southern third of the continent 
of Australia the rainfall is almost exclusively of the 
winter type, and the winter temperatures are sufficiently 
high to — ordinary cereals gonna candy during 
these mon Consequently, before the dry summer 
sets in, the crops have reached a sufficient degree of 
maturity to complete their ripening before the soil has 
become so dry as to arrest all growth. Dry farm- 
ing, therefore, has not to be resorted to, except where the 
rainfall is less than 10in. According to Professor T. 
Cherry, M.D., of Melbourne, the chie blem now to 

y which nen numbers of 
sheep and cattle can be profitably kept on the wheat 
regions. , 


farms in the 10-in. rainfall 





GERMAN AND AusTRIAN TRADE IN ANCHORS, GRAPNELS, 
AND CHAINS.— y has a considerable foreign trade 
in anchors and various types of chain both for ship and 
— use. Her exports in 1913 had a value of 165,700/. 

cluding bicycle chains, the corresponding e of 
Austria-Hungary for 1913 had a value of 11,910. These 
figures are considerably below that of the United King- 
dom for the same class of material, which in 1913 was 
687,200/. The trade is one, however, with which this 
i lto deal, and any efforts made at 

the German should have 


outlets for their material during the war. The tables 
which are published show that, as far as ships’ anchors, 
grapnels, and cables are concerned, the trade is chiefly in 

hands of the United but that there would 
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NOTICE. 


In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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THE BANKS AND MANUFACTURERS. 


Tuer Chancellor of the Exchequer did well on 
Tuesday when he enforced the vital importance of 
conserving our financial resources : the command of 
ready money has ever been an important factor in 
every great war. The occasion was the reception of a 
deputation from the Association of Municipal Cor- 
porations who desired assistance in the raising of 
loans for undertakings by local authorities. Distress 
is inevitable under present international conditions, 
and it may be that the municipal authorities will 
require to provide relief works, but even these 
should be entered upon guardedly and after the 
fullest consideration. As Mr. Lloyd George said, 
‘*it is very much better that you should get the 
people to work in things that are normal if you 
can: our trade is not going ; the seas are ours, 
and they will remain ours ; we shall get not merely 
our own trade—except that in European countries 
—but we shall get a good deal of the enemy’s 
trade as well.” ‘There is, however, a very impor- 
tant factor in the employment of men at their 
normal trade—the financial facilities available for 
paying the men ; and we can only regret that the 
subject under discussion by the deputation did not 
recall to the Chancellor's mind the need for 
tackling this problem. 

There can be no question of the splendid spirit 
prevailing throughout all industries, reflective of 
the calm confidence in our administration and in 


—|our fighting forces, and of the determination to 


complete the work we have undertaken. The 
financial situation of the country generally is most 
satisfactory. The decrease in the month’s exports 
of twenty millions sterling is not alarming, as much 
of it is due to temporary dislocation. Our over- 
sea supplies of raw material, as well as food- 
stuffs, are normal, except such imports as come 
exclusively from countries involved in the war. 
The things which militate against maintaining 
manufacturing are the increase in freight rates 
and the difficulty of finding money to meet the 
With the insurance of war risks to 
shipping reduced to ordinary rates, there is a ten- 
dency, which we hope will be accentuated, towards 


be | freight rates being reduced, and there remains only 


the conservative attitude of the banks in the matter 
of financing manufacturers. This is a subject to 
which we have in normal times directed attention, 
because the difliculty is not new, although it has 
been greatly intensified by the excessive strain of 
war. It is appropriate therefore to consider not 
only the abnormal situation, with the view of 
evolving a remedy, but the more normal circum- 
stances, in order to ascertain whether such remedy 
could not be of ent advantage to manu- 
facturers. The limitations of our system of bank- 
ing, due to legislation and administrative methods, 
enter into the question, as well as the legitimate 
claims of industry. 

Firstly, as regards the extraordinary conditions 
prevailing, the immediate result of the outbreak of 
war between so many countries, and the necessary 
restrictions to be observed by those countries not 
at war, in order to preserve their neutrality, was 
at once to put a stop to the foreign exchanges, 
and thereby cause a temporary cessation of inter- 
national trade. One serious consequence of this 
was that most of the largest merchants in this 
country were unable to obtain the sums due to them 
from foreign clients, and naturally in their turn 
they were unable to meet their liabilities. Another 
result was that dealing in the bonds, stocks, and 
shares of countries with which we were at war was 
illegal. This, with other complications, immedia- 
ately threw the whole Stock Exchange into confu- 
sion, and as there had previously been a great volume 
particularly from the Continent, 
prices fell disastrously, and the Stock Exchanges 
closed their doors to business. 





Then followed the moratorium—a suspension of 
the payment of debts incurred before a certain 
date, but due for payment while the moratorium 

The period was originally fixed at one 
month from August 4, but it has been subsequently 
extended. The Government also wisely deter- 
mined to conserve and increase the stock of gold 
in the country, and instead of suspending the Bank 
Charter Act, they issued Treasury notes for 1/. and 
10s., made these notes and postal orders legal 
tender, and increased the supply of silvercoin. ‘I'o 
protect the traders they gave a State guarantee for 
the payment by the Bank of England of discounted 
pre-moratorium bills, and they have also instructed 
the Bank to provide sete ro with the funds neces- 
sary to pay all approved pre-moratorium bills at 
maturity, if required. These steps have already 
had the desired effect and bills are again commenc- 
ing to move freely, while the stock of gold at the 
Bank of England is increasing quickly. But there 
is still a large proportion of the traders of the 
country who are feeling, and will feel, very acutely 
the aftermath of the terrible financial crisis 
through which we are passing. Their hard case 
is certainly one that requires close attention with 
a view to make the burden as light as possible. 

Secondly comes the question of the remedy for 
this state of affairs, and whether such remedy 
cannot be — — ren ome benefit industry 
permanently. ndou y there is a greatly 
increased balance at the banks. The low rate of 
interest on deposits is proof of this. To what 
extent are the banks justified in depleting their 
reserves in view of the interests of depositors, 
and what value of security must they exact for 
accommodation? These questions are the more 
important when one reflects upon the great in- 
fluence upon industry of the banks. There is no 
doubt that the large increase in trade and com- 
merce, which has been such a striking feature of 
modern times, is due to the wise and far-sighted 
care and judgment exercised by the banking autho- 
rities in their daily transactions with the traders 
of the country, and the cheap rate at which they 
have supplied the accommodation required. The 
tendency, however, has been undoubtedly more 
and more to consider the large capitalists at the 
expense of the smaller, and to make large ad 
vances to bolster up Stock Exchange transactions, 
the danger of which is very obvious at the pre- 
sent time. ll this is to the detriment of the 
legitimate trader, whose tran-actions would tend 
to increase the wealth of the country. On the 
other hand, one must give consideration to the 
nature of the deposits held by the banks of this 
country. ‘ These deposits are held by them either 
repayable on demand or at a very short notice, 
usually seven days, and it is therefore n 
that they should keep a large portion of their 
funds easily available, so that should a sudden 
panic arise, and large demands for repayments be 
made by depositors, the money may be at their 
disposal to meet these demands. The only money 
they have at their disposal for any length of 
time is their capital, which is usually so small 
in comparison to the total of deposits that it 
is comparatively a negligible quantity. Another 
factor which must always be remembered is 
that the applications from borrowers are collec- 
tively almost invariably largely in excess of the 
funds at the disposal of the banks for lending ; 
consequently they are able, and, indeed, compelled 
by their duty, to select only those applications 
which most nearly approach to their ideal for 
advances—that the advance should be speedily 
repaid, that it should be well secured, that the 
value of the security should be easily ascertainable, 
and that it should be readily realisable. It must 
not be forgotten also that the bank shareholders 
naturally expect a dividend on their capital com- 
mensurate to the risk they run on account of the 
large amount of uncalled-up capital. 

On the other hand, there is the case of the manu- 
facturer of comparatively small means, and with 
those means locked up in plant and material. It 
is important at all times, and vital in the interests 
of the nation in the present juncture, that he 
should be able to obtain funds to carry on busi- 
ness. Distress would be warded off in the present 
abnormal times, and prosperity promoted in ordi- 
nary circumstances, and a further great stimula- 
tion to trade be given, if some arrangement could 
be made to help this class. It has been suggested 
that bankers should accept deposits for fixed terms 
at tixed rates of interest, and thus create a fund 
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which, not being subject to call, would be avail- 
able for making advances to bond-fide traders on 
the security of their business as disclosed in a 
balance-sheet properly prepared by an independent 
accountant to be appointed by the bank. Such 
advances might be, say, to the extent of a pro- 
portion of the orders he has in hand, the genuine- 
ness of which, and the standing of the parties 
giving the orders, being established to the satis- 
faction of the bank making the advance. 

The rate of interest for such advances would, of 
course, have to be higher than that charged for 
properly-secured advances. We commend this 
proposal at the present juncture, and if the avail- 
able capital at the disposal of the banks for such 
special advances were not suflicient there is justifi- 
cation for help being given to the banks by the 
Treasury. The one aim should be to keep manu- 
facturers busy in order to relieve distress. Such 
Treasury support to the banks would be immensely 

referable to municipalities being encouraged by 
oans to promote relief works. ese are seldom 
reproductive and never economically executed by 
** unemployed ” labour. 

There is another phase of the subject of present 
and prospective importance. Much of the difficulty 
in assisting small manufacturers is due to the 
change in the character of the personal side of 
banking business, as a result of the conversion of 
the Banks into joint-stock companies with limited 
liability, and of the successive amalgamations 
of businesses which has continued. Now the 
aggregations have become so great that the 
management is worked as a great machine, with 
too little flexibility to meet sympathetically the 
ever varying conditions of each district and 
almost of each client. A great reform would 
be a scheme of devolution whereby local boards of 
directors with clearly-defined limitations and duties 
would be appointed in the various districts covered 
by the bank. There is need, too, of a rearrange- 
ment of the staffs to ensure that suitable men 
could be appointed in the different branches, after 
a general experience in all departments, and to be 
promoted through the senior posts, in due time 
reaching the managerial chair. In that position 
the manager would be of greater assistance when 
personally attending the Local Board and giving 
professional opinion in placing any proposal of 
an important nature before them. There would 
then be a body of gentlemen as local directors 
who, being naturally and closely in touch with 
local affairs, would know more or less intimately 
the customers of the Bank, and would thus corre- 
spond to the partners of the long-since-departed 
private bankers, who were of great service to their 
bank in this capacity. The London Board, no 
longer harassed by multitudinous trifling detail, 
could concentrate its energies on the more impor- 
tant large business, and certainly have much more 
time to direct the policy of the bank, doubtless to 
its great advantage. 





THE MODEL AND ITS PROTOTYPE. 

ALL design is based upon some principle of 
similarity, which, in fact, merely implies that, 
under corresponding conditions, a full-size machine 
and its mee are subject to, say, the same stresses 
or to equivalent resistances. Were not this the 
case it would be impossible to develop the scientific 
side of engineering, and experience and — 
formule, having but a limited range of validity, 
would alone be of service. Nevertheless, it is not 
always easy to establish what should be the corre- 
sponding conditions between structures or machines 
differing in size. In certain cases matters are 
simple enough, and our early engineers had no difli- 
culty in drawing sound deductions as to the strength 
of a proposed bridge by experiments on small-scale 
models. The method was, in fact, in no essentials 
different from what is still everyday practice. The 
engineer infers the strength of, say, an eye-bar 
from tests on a small specimen cf the same steel. 
In this, however, he has to make an allowance for 
the well-known fact that large specimens commonly 
show a lower tensile strength and limit of elasticity 
than do small test-bars of the same quality of steel. 
Strictly speaking, our pioneers should have made an 
allowance of an o ite character in proceeding 
from their models to the full-sized structure, as it 
is now known that owing to the less trying character 
of a dead as opposed to a live load, higher working 
stresses are issible in bridges of large span than 
would be safe on short beams carrying the same live 





load. In comparing their model with their proposed 
final structure, these early engineers adopted a very 
simple law of similarity. They assumed that the 
weight of the structure would increase as the cube 
of the ratio between the linear dimensions of the 
model and its prototype, whilst the strength 
would increase merely as the square of this ratio, 
and, as Professor James Thomson showed many 
years ago, and Professor Barr some years later, 
this rule has a very general validity. It follows 
accordingly that the limiting piston speed of a 
small engine is the same as that of a large one, 
and that of two engines built to run at the same 
piston speed, and with the same steam pressure, 
the smaller should weigh less per horse-power in 
the ratio of the piston diameters. Again, engines 
built from the same drawings, by merely doubling 
the scale, should prove equally satisfactory in ser- 
vice ; and this was, in fact, done by the late 
M. Normand in the case of torpedo-boat engines, 
the machinery for the Russian boats Revel and 
Sveaborg being practically a replica of those of 
the Balny to 1.9 times the scale. 

Nevertheless, if a series of engines built by one 
firm are compared, it will generally be found that 
the weights per horse-power are not very different 
whatever the size of the engine. For this there 
are several reasons. Thus large engines have 
commonly somewhat higher piston speeds than 
smaller ones built by the same firm, but the main 
cause of this discrepancy between theory and prac- 
tice is that the scantlings of the smaller engines 
are frequently fixed by considerations of workshop 
and foundry convenience rather than by questions 
of strength. For example, an old rule for the 
thickness of a cylinder is :— 

t= pas + hin, 

where the 4 in. is added for the convenience of 
the foundry and to facilitate re-boring. A striot 
adherence to this rule would obviously have made 
impossible the production of the modern petrol- 
engine, in the development of which it was neces- 
sary for the foundry to learn how to cast small 
cylinders in closer agreement with the theoretical 
requirements. 

Another factor which is involved here is the 
difficulty of doing light and heavy work in the 
same shops. Not many years ago a firm which had 
acquired a considerable reputation as builders of 
a reciprocating engines were pressed by a satis- 
fied customer to build him a high-speed engine. 
After a prolonged parley it was finally agreed to 
supply the engine desired. The only work the 
nominal builders did on this engine, however, was 
to chip off the name of the actual makers from the 
castings before forwarding the engine to its desti- 
nation. Neither their equipment nor their experi- 
ence were suited to the building of the type 
required. Had they attempted the task, it is pretty 
certain that an abnormally heavy and not very 
satisfactory engine would have resulted. 

If, however, in place of we prey | the weights 
of different sizes of engines built by the same firm, 
the products of specialists in large engines and 
those of specialists in small ones are compared, it 
will be found that the law of comparison in question 
finds considerable support, especially if both types 
are built to meet somewhat stringent requirements 
as to output. In fact, in such cases the small 
engine will often prove even lighter than the 
theory indicates, since it is commercially possible 
to obtain in small sizes a quality of material 
impractical of employment in large scantlings. 
The large gas-engine, for example, can never 
made proportionately as light as some of the aero- 
plane engines, and the weight per horse-power will 
always be much more for the e engine than 
in proportion to the ratio of its cylinder diameters 
to those of the aeroplane engine. 

Omitting such special engines as these, it is 
remarkable that gas-engines in general obey the 
theoretical law of similarity much more accurately 
than is commonly the case with steam-engines. 
This was very clearly established by an instruc- 
tive comparison of the weights of large and of 
small engines made by Mr. Dugald Clerk at the 
Institution of Mechanical Engineers a couple of 
years ago. From the data then given it appears 
that the rule that the weight per brake horse- 
ay varies directly as the cylinder diameter 

olds with very considerable accuracy for gas- 
engines with cylinders ranging from 12 in. up 
to 51 in. in diameter, the weight of the latter 





being. about 460 lb. per brake horse-power. 
Pressures in gas-engines have always been higher 
than are usual with steam, so that the least thick- 
ness the foundry desired to cast has always been 
nearer that theoretically required than is com- 
meuly the case with steam-engines. 

With engines of similar design, built to the same 
factor of safety, and run at the same piston speed 
and operating between the same limits of pressure, 
the proportion between the inertia stresses and 
the jr stresses will be the same whatever the 
size of the engine. Similarly, the pressure drop 
in the ports and passages will be the same. Ina 
paper recently read before the South African Insti- 
tution of Engineers, Professor Alexander extends 
this law of comparison to some other points. Thus 
the critical speeds of similar shafts are inversely 
proportional to the diameters. Similar fly-wheels 
and similar governors will give the same degree of 
—e whilst the lubrication will, he states, be 

ected in similar conditions if the running clear- 
ances are made Dp age to the square root of 
the diameter. is rule, he finds, gives results in 
excellent accord with the ‘‘ running fits” recom- 
mended by the British Engineering Standards Com- 
mittee. 

The laws of similarity above in question are 
remarkably simple, but, of course, apply in their 
entirety only when the linear velocity of the 
moving parts is the same in the small as in the 
large engine. Then only will the ratio of the static 
to the inertia stresses be the same in both cases. 
It often happens, however, that the angular velo- 
city of the two engines is more nearly constant 
than the linear. Very high speeds of rotation are 
frequently inconvenient, and a small prime mover 
is, therefore, often run at much less than its 
‘* corresponding speed,” the natural result of which 
is, of course, an equivalent augmentation of weight. 

An interesting application of the laws of simi- 
larity was described by M. Normand in his paper 
entitled ‘‘Des Lois de Similitude dans Diverses 
Questions de Construction Navale,” published in 
the Bulletin de lV Association Technique Maritime, 
in 1895. He showed that it was possible in this 
way to determine very readily the practicability of 
using the same general arrangement of machinery 
in a new vessel as in an old one, when the new 
vessel is required to steam at a higher speed. 

Thus, suppose a satisfactory design exists for the 
machinery of a 20-knot cruiser, and that it is pro- 
posed to build another to steam at 22 knots. Then 
the point arises, will the old general arrangement 
be permissible, or must drastic changes be made in 
the disposition of the machinery and the protection 
of the hull and in the form of the latter. The laws 
of similarity show that to increase the speed from 
20 to 22 knots the linear dimensions of the engine 


will be proportionate to V? D!, where V is the 
speed in knots, and D the displacement of the 


vessel. Now, p} is a linear dimension of the 
hull, so that the ratio of the linear dimensions of 
the engines to those of the hull will be increased 


in the ratio of ( = 


general arrangement be adhered to, the engine will 
occupy & proportion of the length of hull greater in 
the above ratio. 

Again, of the total machinery weights, the engine 


weights will, he pointed out, vary as F?, where F 
denotes the indicated horse-power, whilst the weight 
of the boilers and condensers will vary directly as 
F, so that the total machinery weights will vary as 


aF +b Fi, where a and b are constants. 

Laws of similarity are, of course, by no means 
always so simple as those discussed above ; the 
naval architect, for instance, adopts the law that 
for equivalent wave-making resistances the speed 
of the model should be to that of the ship in 
the proportion of the square roots of the linear 
dimensions. This is not the case, however, with 
the eddy-making resistances which originate in the 
viscosity of the fluid traversed, and, as Mr. R. E. 
Froude has pointed out, a model of a submarine 
to one-tenth scale should, accordingly, be driven at 
ten times the ‘‘ full-scale” speed in order to get 
corresponding conditions. This result follows from 
the Reynolds-Rayleigh law that this desideratum is 


obtained when ?” ! is constant ; p denoting the den- 


B 
sity of the fluid, » its viscosity, v thes , and | the 
length of the model. With constant viscosity, there- 


Hence, if the original 
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fore, the conditions will be identical when the pro- 
duct of the speed and the velocity is a constant. It 
was on these lines that Lord Rayleigh explained the 
apparently anomalous results obtained by M. Eiffel 
on the resistance of spheres of different sizes falling 
through the air. Hitherto naval architects have 
not made use of this law, but apparently builders 
of dirigibles will have to take serious note of it. In 
fact, in his paper on ‘‘ The Law of Comparison for 
Surface Friction and Eddy-Making Resistances in 
Fluids,” read before the Institute of Naval Archi- 
tects in 1912, Dr. Stanton declared no other method 
of equal accuracy was available for predicting the 
resistance of dirigibles, submarines and torpedoes. 





EXPORTS IN THE ENGINEERING 
INDUSTRIES. 

THERE are many branches of our engineering 
industries which, we believe, turn out products as 
useful in the economic world as those of any of our 
rivals. For many years we have had a flourishing 
machine-tool industry. For long it was unrivalled, 
but latterly it has had to face competition, mainly 
from America and Germany. Briefly expressed, it 
may be said that as regards the United States, our 
rivalry is concerned mainly with questions of 
design. With Germany it is a matter more of 
price. The revival in our machine-tool design of 
some ten years ago put us in a position to supply 
large markets abroad, where, for their excellent 
wearing qualities, British products had won us a 
good reputation. In spite of this, however, our 
exports of machine-tools in 1913 were only of the 
je of 1,012,8001., or about one quarter the value 
of those exported by Germany. What a hold 
Germany has in this trade is seen by the fact that 
though we have so large an industry of this kind, 
that country supplied us in a recent year with 
machine-tools to the value of 236,8501. Quite apart, 
therefore, from markets abroad, there is trade to 
be done within our own gates. Abroad there are 
vast possibilities if our makers can rise to the 
occasion. France, as we know, is now in the 
market with well-desigued models, but that country 
recently imported from Germany machine-tools to 
the value of over half a million sterling. From us 
in the same period she only took machines valued at 
142,100). Our exports to Italy in 1912 were valued 
at 68,000/.; Germany’s at 408,350). To Russia 
Germany sent 595,5501. worth of tools, while we 
sent there 85,0001. worth. In many other countries 
the disparity is on a similar scale. It is all very 
well to flatter ourselves that our exports bulk 
large. A few years ago people insisted that all 
was well, because our works were busy and exports 
were well maintained. In the meanwhile Germany’s 
were not only maintained, but increased very con- 
siderably. To-day we are told that we should step 
into the gap left by the temporary withdrawal of 
Germany. Sincerely we hope it may be possible 
for us to do so, but if such expansion is possible 
under the present trying circumstances, how much 
easier would it have been in better times to push 
slowly and steadily ahead, so that a greater portion 
of this trade might have been retained in our hands 
as it developed. 

In most of the foreign markets in which Germany 
does much business in machine-tools the chief 
attraction is cheapness. This is the case in markets 
of so diverse a character as Denmark, Russia, and 
the Argentine. In one or two valuable markets, 
such as Australia and Japan, we have the larger 
business ; but a good deal of the more elementary 
work can be done on a cheap class of machine, 
which, if we make it at all, is certainly not pro- 
perly marketed, or our business would be larger 
in those countries where cheapness is a prime con- 
sideration. We have on other occasions referred to 
selling matters, and the value of a progressive 
attitude in this connection. Germany frequently 
sats about studying a market in a very methodical 
way, and before attempting to send goods, finds out 
cxactly what will suitit. All this costs a considerable 
«mount of money, which must be spent before any 
returns can be ex In the end the results 
warrant the trouble. It is announced that a large 
commission is shortly leaving the United States for 
South America for the purpose of studying the 
warkets hitherto supplied from Germany. We 
ought to take a like step, not only in South America, 
»ut in other countries nearer home. It is essential 
\o success, and whether done by firms individually 
7 combination, if good is to follow, it must be 

aken. 





A rather interesting development, which has been 
taking place in Japan, adds point to these state- 
ments. In Japan, in 1896, the imports of bicycles 
were divided among four countries: the United 
Kingdom, the United States, Germany, and France. 
The value of the machines imported from the 
United States was 66801 , and from England, 13011., 
Germany being represented by 691. only. In the 
following year the United States doubled her 
imports, and rapidly increased them until they 
reached a maximum of 88,105/. in 1903. Mean- 
while English imports, after some increase, fell off 
to a few hundreds, but then came into favour again, 
the high-water mark being reached in 1907 with 
imports to the value of 112,1751.; since then, 
although there has been a considerable reduction 
of this trade as the Japanese home industry has 
grown, this country is far ahead of all others. In 
1911 Great Britain sent to Japan bicycles valued at 
70,6641., the United States only 32651., and Ger- 
many, although her contribution had been valued 
at 88701. in 1906, in 1911 only sent 111. worth. 
It is distinctly stated that the American hold on 
the market was lost because no effort was made to 
mers the quality of the machines sent. The 
only American machine now sold is one of the 
higher-grade patterns. Their cheap ty have 
disappeared. The change is strikingly illustrated 
by figures of average price. In the middle of its 
popularity in the Japanese market the average 
price per American machine was 3/1. 9s. Now, 
with sales ever so much reduced, the average has 
gone up to 5l. 14s. On the other hand, when 
American machines were selling by thousands, 
while the English patterns hardly reached four 
figures, the average price of the latter was 61. 2s. 
By carefully setting about to meet the require- 
ments of the market for a good-wearing machine 
at a reasonable price, Great Britain has captured 
the trade, although the average price per machine is 
now only 31. 11s. Similarly, in the matter of cycle 
parts, although at one time the United States 
stood a long way first, her imports have fallen to 
an inconsiderable figure, while Germany has ad- 
vanced. Great Britain, however, has outstripped 
all, and recently exported cycle parts to Japan to 
a value of about three times that of the United 
States in its best year. In this item again the 
products of the United States and Germany fell 
short of the standard asked for at the price. 

The trading in cycles and in cycle parts does 
not ‘always vary consistently. In the principal 
markets abroad, Germany sold in a year cycles to 
the value of 261,100/., while our exports to the 
same countries amounted to about 386,300/. In 
the matter of parts, however, Germany exported 
467,7501. worth, while ours were valued at 836,7501. 
Perhaps the most interesting instance of this differ- 
ence is in the case of the Netherlands, which im- 
port machines worth 75,6001. a year from Germany, 
and only 19,3001). from Great Britain. But we 
send them cycle parts valued at 186,5001., against 
Germany’s 133,100/. In Russia a similar state of 
affairs exists. 

The trade in road locomotives and road-rollers 
is one which we are supposed to have made pecu- 
liarly our own, but to countries to which Germany 
exports to the value of 813,8001., we only export 
to the value of 306,6001. To Russia, Germany 
again sends enormous quantities of these machines, 
their annual value being about 334,300/., com- 

ared with our 18,700). In Brazil again we are 

opelessly behind, and in Belgium, France, Spain, 
Egypt, Turkey, Chili, and other countries there is 
German trade worth seeking. In Canada the 
imported machines of this class are valued at near] 
1,500,0001., our share being less than one-hundred’ 
part of the total. 

In the matter of pipes, although Germany’s 
exports are large, it is satisfactory to think that 
ours slightly exceed them. In the princi 
markets Germany sold pipes and tubes to the 
value of 4,383,000/. in one year, and she held the 
bulk of the Continental trade. The larger countries 
in which we held a preponderant share were the 
Argentine, Egypt, and some others, including 
the Colonies. There are numerous countries 
where, as in other products, Germany’s trade in 
pipes and tubes is increasing, and success depends 
upon prompt tendering and such points, as much 
as on quality and price. Russia again offers a 
large market to Germany in thisline. In fact, that 
country is one of Germany’s best customers in most 
of the engineering and kindred trades. The busi- 
ness has been built up on long credit, as we have 





previously noted. A word of warning must be 
giveninthis matter. In the past it has been very 
easy for debtors in Russia to rid themselves of 
their liabilities by declaring themselves bankrupt. 
This fact has been a discouragement to British 
traders. There are now means in most districts of 
Russia of easily finding out whether the firms 
asking for long credit are reliable or not. In the 
case of reputable firms business might be much 
enhanced by conforming to the manner in which 
their affairs are usually conducted. In these 
matters the chambers of commerce, information 
bureaux and the Consular service now render a 
considerable amount of assistance. It is largely 
as a result of our Consuls’ work abroad that the 
Commercial Intelligence Branch of the Board of 
Trade has been able to publish promptly so many 
bulletins dealing with Reumenate export trade. 
Several of these bulletins deal with branches of 
work of interest to our readers, and those pub- 
lished during the last few days, on topics touched 
on above, are wre | to be as valuable in suggesting 
openings for British trade as those issued earlier. 





RECRUITING AND THE MANUFAC. 
TURE OF WAR MUNITIONS. 

Tue irresistible wave of patriotism which 
has encompassed the whole Empire, and in its 
flood has carried hundreds of thousands of our 
most vigorous and capable youths to recruiting 
stations, is only characteristic of our race. But 
there is need for a word of guidance in the presence 
of so much enthusiasm. It should not be for- 
gotten that the requirements of the Navy and 
Army are most varied. The call to arms is the 
most obvious necessity, but there are others. The 
army at the front and the navy maintaining the 
command of the sea, with all that their work means 
to Britain’s future, must have supplies. Without 
these their most insistent efforts would be soon 
brought to an end, and there is therefore an urgent 
call for men to maintain these supplies. 

Many engineering factories are concerned with 
the most essential of these supplies—rifies, guns, 
ammunition, and even ships, as well as the mecha- 
nism for producing these, and the mechanical 
facilities from transporting them tothe front. The 
manufacture of all such war munitions is as essen- 
tial to the success of our enterprise as their use in 
the fighting line. The men engaged in their pro- 
duction are serving their King and country as 
efficiently and forcibly as the combatants in the 
field. Such men should therefore recognise that 
they are acting as loyally, and perhaps more effi- 
ciently, by giving of their best in mental and 
physical etfort in the factory as by enlisting. Nor 
should the influence of their service in the factory 
be measured in a restricted sense. Some of the 
factories producing war munitions require to be 
extended and to have ‘their capacity instantly 
augmented. Thus the work of men engaged in the 
construction of such new shops, and in the making 
of new presses and new machine-tools, is vital to 
the success of our enterprise at the fighting-line. 

All such men must take a broad view of the 
necessities of the Empire, and before enlisting 
should consult their employers. These know not 
only the importance of the work which is in hand, 
but also of that which is likely to be undertaken in 
the near future, and can advise their employees 
accordingly. We are satisfied that employers will 
prove patriotic enough to give the guidance to 
the men most consonant with the national needs. 
Lord Kitchener himself has expressed his con- 
viction that men engaged, directly and _indi- 
rectly, “in carrying out the great work of sup- 
plying munitions of war are doing their duty for 
their King and country equally with those who 
have joined the Army for active service in the 


pal | field.” In order that such men may not be subject 


to re h by their fellow-citizens, employers 
should issue a card to the men indicating clearly 
that the igs pane is engaged in the manufacture of 
munitions of war, and therefore is unable to serve 
his country in any other way. Such an acknowledg- 
ment of splendid, yet silent, service, given as it is, 
without exception, in a full patriotic spirit, would 
itself be cherished and prove a stimulus, if such be 
needed, to still greater self-denying efforts. ‘There 
is, it may be added, an ample sufficiency of eligible 
men to fill the fighting line without trenching on 
that great army who vide the necessities of 
warfare which must turned out in ever- 
increasing quantity and with ever-growing speed. 
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NOTES. 
Water Suppty or AN [tTaLtan PROVINCE. 


A vast and costly water-supply scheme in Southern 
Italy is now approaching completion. Its pur- 
pose is to supply the — of Puglia or Apulia, 
on the eastern side of the Italian peninsula, with 
good water. ‘This district has a length of 375 km. 
and a breadth of 75 km., and its population 
numbers about 3,000,000. There is literally no 
usable ground water, the soil, save a slight layer 
of mould, being a porous limestone, and what little 
water it carries is somewhat salt. The population, 
therefore, has been compelled to collect rain-water 
in cisterns, and in dry years the Government has 
been obliged to help by sending supplies of water 

y vessel or rail. Some eight years ago it was 
decided to arrange for a water supply for the entire 
province, the water coming from some springs in 
the Apennines, which have hitherto fed the River 
Sele, flowing into the sea on the opposite Italian 
coast near Salerno. The capacity of these springs is 
very considerable and uniform, amounting to some 
675,000 cub. m. in the 24 hours, which is looked 
upon as being sufficient for the entire province for 
many years to come. The State has contributed 
asum of about 5,000,000/ , which, however, does 
not cover the cost, the balance being found by a 
company, which for a period of 90 years is to have 
all the surplus, subject to it supplying all the towns 
with water, for private and public uses, at rates 
fixe! by law. e main conduit has a section 
of 7 sq. m., and is taken througa the Apennines, 

artly in aqueducts and partly through tunnels. 
The aggregate length of the water pipes amounts 
to some ¢ km. Some of the towns included 
in this supply system lie as much as 50 metres 
above the main line, and the water has to be 
pum to these places; the necessary power is 
supplied partly by turbines operated by the water 
itself and partly by Diesel motors. 


Tue Prospects or Textite Macuinery TRADE. 


There is every reason to believe that the war will 
result in an improvement of the already large tex- 
tile machinery trade of this country. It will bring 
a stimulus to those branches which construct the 
special types of machines, for it is only in speciali- 
ties that the Germans seriously compete with us. 
Without going into detailed figures, it can be said 
that practically the whole of the textile machinery 
imported by India is of British make. In Japan 
Germany has secured a footing which, considerable 
as it is at the moment, is likely to become much less 
so after the war. The bulk of the textile machinery 
in France and Italy is of British origin, and the same 
may be said of other countries on the Continent, 
with the exception of Russia and Holland. The 
special machines for raising the nap on fabrics, for 
finishing woollen and cotton fabrics, for winding yarns 
and threads, for drying and conditioning material, 
and for treating cotton waste, have all been highly 
developed by the German machinists. Besides 
this class of machinery, the Germans have deve- 
loped knitting and embroidery machines to a very 
considerable extent. Several German and some 
Russian firms have taken up the construction of 
what one may term the ordinary Lancashire plain 
loom. Itisa er emerge machine, and sells 
in this country from 61. to 10l., being in the main 
a foundry job. Quite a serious competitive blow, 
too, has been dealt to loom-makers in this country 
by German makers during recent years, not only 
in Germany, but also in Russiaand Holland. After 
the war, the preference may be given to British 
makers in Holland and Russia. ‘lhe new method 
of weft-winding has led to the adoption of pirn or 
cop-winding machinery of a new type. The first 
machines came from the United States, but German 
machinists evolved a machine of a somewhat different 
type which has been sold fairly considerably in this 
cuuntry. A Swiss machine is elso on the market, 
and there is evidence that British machinists are 
entering into the competition with machines that 


certainly the qualities of endurance and 
stability. The scientific treatment of cotton- 
waste has been evolved by the Germans and 


Austrians, the Lancashire spinner having left 
the modern methods almost completely alone. 
Naturally the German machinists have designed 
the special machinery necessary, and although 
attempts have been made in this country to foster 
the trade—even with this machinery—they have 
so far been unsuccessful. The time is certainly 
ripe for machinists to consider the whole question 





of all such machinery, and to overcome their 
prejudice against these newer methods and machines 
which have proved so successful on the Continent. 
Hosiery machinery and raising-machinery makers 
will also benefit by the dislocation of Continental 
firms. 

OrENING-BRIDGEs. 


In a recent issue of the Journal of the Western 
Society of Engineers, Professor W. M. Wilson de- 
scribes in a highly illuminative fashion recent prac- 
tice in the construction of opening-bridges. The 
author notes that at one time pontoon movable 
bridges were much favoured, being cheap to build, 
and, so long as traflic was light, the delays due to the 
impossibility of opening and closing them rapidly 
were not a matter of serious consequence. The 
fact that they could be used in cases where the 
river bed was too soft to support the foundations 
of a bridge of the ordinary type was a great advan- 
tage in certain cases, and led to the adoption 
of a pontoon structure for bridging the Hooghly 
between Calcutta and Howrah. With dense traffic, 
however, the considerable time necessary to open 
and close a pontoon bridge led to the development 
of the swing bridge, which is, he says, a type 
economical in design, simple in structure, rapid in 
operation, and rigid in service. During the last few 
years, however, conditions have arisen which this 
type of structure fails satisfactorily to meet. The 
increase in the water-borne traffic and the size of the 
craft navigating the rivers has rendered the central 
pier of the ordinary swing span undesirable, par- 
ticularly in view of the fact that opening-bridges 
may now be called upon to take as many as four 
railway tracks. This, he remarks, necessitates a 
wide bridge and a pier of large diameter, if the 
swing type of structure be retained. Hence the 
bascule system has of late undergone a greatdevelop- 
ment, about the first modern example being the 
Tower Bridge. As the width of the channel in- 
creases, the weight of the moving leaf of the bascule 
rapidly augments, necessitating a correspondingly 
large counterweight and imposing a very heavy 
load on the trunnions. In this respect the vertical 
lift-bridge has an advantage, as the counterweights 
can be much lighter, and Professor Wilson thinks 
that an extended use of this type is probable in the 
future. With this type both the live and the dead 
load are carried as in a simple span, and the live load 
passes direct to the masonry, and not through the 
trunnions. All the earlier opening-bridges were, 
Professor Wilson states, operated by hand. Even 
the double-leaf swing-bridge over the Penfield 
River at Brest, which gives an opening of 350 ft. 
in the clear, was originally designed for hand opera- 
tion. Hydraulic gear came next into favour, but elec- 
tric power is now most frequently adopted. Amongst 
the pontoon bridges-described by Professor Wilson 
may be noted that carrying the Chicago, Mil- 
waukee, and St. Paul Railroad over the Mississippi 
River, between Prairie du Chien and North - 
gregor. Here the river is, he states, 7000 ft. wide, 
divided by an island into two navigable channels, 
through which navigation is maintained by draw 
spans consisting of pontoons 41 ft. wide, 6 ft. deep, 
and 408 ft. long. The river-level varies 22 ft. 
between high and low water, so that the track 
has to be wey up and supported on blocking, 
varied in height to suit the water-level of the 
river. This span can be opened or closed in about 
three minutes. Amongst swing - bridges, Pro- 
fessor Wilson notes as an interesting type that 
constructed by Mr. J. A. Saner in 1899, to carry 
the road from Chester to Manchester over the River 
Weaver. Owing to subsidence, due to the salt 
workings in the neighbourhood, an existing swing- 
bridge had settled badly, and it was evident that 
a heavy load could not be carried by the piers. 
Mr. Saner theretore adopted the plan of taking the 
weight mainly on a pontoon enclosed inside the ring 
of piles which supported the track on which ran 
the rollers under the girders. The buoyancy of the 
pontoon was adjusted so as to reduce the load on 
these piles to a safe limit. Of bridges of the bascule 


type, the Scherzer rolling-lift bridge has been | F 


of late largely adopted. It has the advantage, 
Professor Wilson states, that the centre of gravity 
of each arm is at the centre of curvature of the 
circular arcs on which the bridge rolls. Hence the 
centre of gravity of the bridge is neither raised nor 
lowered when the span is opened. Since, more- 
over, the moving leaf rolls back as it is opened, 
the front end does not overhang the channel, and 
the angle of opening and length of span can thus 
be reduced toa minimum. In the Saauss type of 


bascule erm og described by Professor Wilson, the 
counterweight is connected by link-work to the 
moving leaf, the arrangement being such that the 
centre of gravity of the counterweight moves in 
towards the trunnion as the leaf rises, so that the 
latter is balanced in all positions. 





STATIC TORQUE EXPERIMENTS 
ON A PELTON WHEEL. 


By F. J. Broapspent, B.Sc., A.M. Inst. C.E., 
Lecturer in Civil Engineering, University of Bristol. 


In a Pelton wheel the fluctuation of torque due 
to the movement of each bucket during the period 
the jet impinges upon it may be, and probably is, 
very considerable. An investigation of this fluctua- 
tion, — with information of the exact position 
of the bucket throughout the whole change, would 
throw great light on the design of the buckets. 
Under working conditions, however, the fluctuations 
are so rapid that 1t does not appear ible to 
measure them. Thus, if we take a wheel with four- 
teen buckets rotating at 428 revolutions per minute, 
a —- cycle of fluctuation takes place in 0.01 
second. Under static conditions the fluctuation may 
be readily determined, and, by the device adopted 
in the experiments described in this paper, may be 
used for comparative results with the torque during 
working conditions. The experiments were carried 
out on an ordinary commercial Pelton wheel, which 
is part of the hydraulics laboratory equipment in 
the University of Bristol. The wheel has fourteen 
buckets, of the type shown in Fig. 1, and the per- 
pendicular distance from the centre line of the 
nozzle to the axis of rotation is 6}in. The nozzle 
is 0.69 in. in diameter. Water is supplied from 
a tank 75 ft. above the laboratory floor and dis- 
charges into a lower tank in the laboratory, from 
which it is pumped back again to the upper 
tank. The lower tank is subdivided so that the 
discharge of the Pelton wheel may be made into a 
separate portion from that from which pumping 
takes place. This arrangement enables the experi- 
menter to have complete control of the experi- 
mental conditions and to preserve a constant head. 
The general arrangement of the machine during 
the static torque tests is shown in Fig. 2. A lever 
was clam to the pulley of the machine, and 
from this lever was hung a scale-pan in which 
weights could be plaeed. An indicator-arm was 
also attached to the shaft, the top of the arm pass- 
ing through the centre line of the shaft. The 
indicator moved over a vertical scale, so arranged 
that when the arm was horizontal the distance 
from centre of shaft to scale was exactly 20 in. 
The method of experimenting was as follows :— 
The valve being opened, the indicator was brought 
to a point 7 in. above its horizontal position, and 
weights were placed in the scale-pan until the 
wheel just moved in the opposite direction to the 
working rotation. This thus gave the static torque 
due to the jet plus the friction. The same plan 
was adopted for every 4 in. until the indicator was 
7 in. below its horizontal position. This gives a 
total range of experiment of 38 deg. 36 min., so 
that it amply covers a complete cycle of fluctuation, 
which, with fourteen buckets, is 25 deg. 43 min. 
One set of experiments was made with the supply- 
valve fully opened as during the running of the 
wheel. In order to obtain conditions correspond- 
ing with varying speeds of rotation, the supply- 
valve was now partially closed, thus reducing the 
supply, and therefore the velocity, of water through 
the nozzle. Since the wheel is stationary during 
the experiments the absolute velocity of the water 
in this condition corresponds with the relative 
velocity when the machine is running. No com- 
parison could, however, be made immediately, 
because with the reduction of velocity under static 
conditions there is also a reduction of the weight 
of water delivered. This was dealt with as fol- 
lows :—The torque as actually observed was plotted 
against angle. Six of these results are shown in 
ig. 3. The mean, over the complete cycle of 
25 deg. 43 min., was then found for each case ; 
aud from this mean was subtracted the mean 
friction torque found in the same way. The result 
‘gives the mean torque due to the jet for each 
case. These means were now all altered for the 
same quantity of water per minute, and as the 
running conditions were for the valve fully opened, 
the maximum was the quantity chosen. The 
method is simple and is best illustrated by an 





example. It was found that with the valve fully 
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opened the water rose 4.28 in. in the collecting 
ra In the case of No. 3 it rose 3.51 in. The 


mean observed torque for this case was 12.2 ft.-lb. 


Deducting the friction torque of 0,88 ft.-lb. the 
mean water torque becomes 11.32 ft,-lb. For the 
maximum quantity of water, but the same speed, |in Fig. 5, givi 


chief interest of these graphs lies in the comparison 
near the position of maximum horse-power. In 
order to show the comparison clearly, the horse- 
wers for the three torques—theoretical T,, static 
2, and running T,—have been plotted against v — u 
the curves HP,, H P,, and H P, 


respectively. e excess of actual horse-power 


4 28 
this would be 11.32 x 361 7 13.8 ft.-lb. In this over horse-power calculated from the static torque 


tests is very striking, and may be partially ex- 


way is obtained the mean static torque for the | plained as follows :— 


maximum delivery, but for varying velocities, and 


these velocities are identical with the relative | fluctuation in torque durin 
velocities in the direction of motion of the jet! very considerable, and that 


Referring to Fig. 3, it will be seen that the 
static conditions is 
e mean is very much 


during running conditions. In all, thirteen points | reduced to the low points forming valleys in all 


were obtained. These are plotted against the 


corresponding velocities in Fig. 4. For the upper 
ints, the resulting graph, T,, is an exact straight 
ine, but the lower points do not lie on a straight 
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line. This results partly from the fact that as the 
velocity of the jet is decreased during static con- 
ditions, it impinges on a slightly different part of 
the bucket. Nevertheless, as these points are 
fairly symmetrical about the straight line through 
the upper points, this straight line has been drawn 
in, and from it the resulting horse-powers for the 
corresponding speeds have been calculated. 

Two other graphs are also shown on Fig. 4. 
First is the T, or theoretical torque graph. This 
is obtained in the following way :— 


Let v = velocity of the jet in feet per second. 

u = velocity of bucket in feet per second in direc- 
tion of impinging jet at the radius at which 
the jet strikes. 

r = radius of striking in feet. 

w = delivery of water in pounds per second. 

6=angle between direction of striking and 
leaving. 


Then, from the well-known theory— 
Force of impact = = (v — u) (1—cos @). 
.*. Torque T, = 3 (v — u) (1 — cos 8). 


Since u is the only variable, this is a straight line 
passing through the origin if the axes represent 
torque T and relative velocity v — u respectively. 

The remaining graph (T,) is the ordinary torque 
found during horse-power tests, and it is curious to 
note that it falls into two fairly well-marked 
straight lines. The highest point ot this graph is 
identical with the highest point of the static torque 
graph, because this is the point of maximum 
torque for the stationary wheel. 

From these graphs the comparison between the 
Static mean torque and running torque can be 
made. The running torque is less than the static 
at low relative velocities, but rises more rapidly, 
and at a relative velocity of 32 ft: per second 
crosses, and then remains greater for the whole of 
the higher relative velocities ; this excess is really 
slightly greater than shown in the graph, because 
windage is inclyded in the running torque. The 





the graphs. In order to see what these low pointe 
meant, the cover of the machine was removed, and 
the jet was started. It was suspected that the 
low torque was due to the jet striking the first lip 
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of the bucket, and then being deflected back and 
striking the back of the next bucket. It was 
found, however, that the low value actually 
occurred just when the jet was leaving a bucket 
and was about to strike the next one, though it 
was true that the cause was the striking of the 
back of the oncoming bucket, thus giving a back 
torque. 

ow during running conditions the centrifugal 
action will always tend to throw the jet radially 
outwards, and hence to make the jet partly clear 
the oncoming bucket, and thus to reduce the back 
torque. In addition to this, the jet intercepted by 
the oncoming bucket strikes the leaving bucket 
for some time after the interception during running 
conditions, since both jet and bucket are in motion, 
and the latter portion of the impact will give a 
higher torque than during the static conditions, for 








the bucket will, whilst running, be placed at a more 
favourable angle during the latter part of impact 
than when stationary. 
_ It follows, from the above experiments, that it 
is impossible to design a Pelton-wheel bucket or 
static-torque tests alone ; but it is probable the 
improved static-torque results would mean improved 
running-torque results, for though centrifugal force 
acte very favourably, the low points in the static- 
torque results probably occur also in the running- 
torque results, though not in quite so marked a 
form. Further experiments are needed with diffe- 
rent types of bucket before the real value of static- 
torque tests can be properly assigned. 

It is perhaps worth noting that for any of the 
straight lines in the torque graphs the torque T 
may be expressed in the form— 

T = a(v — wu) - b, 
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where a and b are constants, and since horse-power 


= —, where @ is the angular velocity, 
55U 





— (a(v — u) - b)u 

H.P. BBO ¢ ° 
an expression easily differentiated, and from which 
the maximum horse-power can be found. This 
form of expression helps to show why the maxi- 
mum horse-power in a Pelton wheel does not occur 
when the s of the vane is half the speed of the 
jet, since the best speed is modified by ‘‘b.” The 
value of (v—u) when horse-power = 0—i.¢., (v—u) 


= ° gives the speed when the wheel is running 
a 


free, and when, therefore, the whole effect is 
absorbed in windage and friction. 

It so happens that the maximum horse-power 
just occurs, during running conditions, at a value 
of the torque T, on the lower straight line. For 
this case— 

T = 0.53(v — u) = 10.4 ft.-lb. 
_ (0.53 (v — u) — 10.4) w 
EP. = 650 x 0.642 

From which, by differentiating, 

H.P. maximum oecurs at u = 24.2 ft. per second. 
v — u = 43.9 ft. per second. 


This gives maximum horse-power of 1.05. 

The result is gn be excess of that actually 
found, because the relative velocity 43.9 ft. per 
second is higher than the relative velocity on the 
lower straight part of the T, graph, but the differ- 
ence is only 3 per cent. between the actual maxi- 
mum and this result. The author desires to 
express his indebtedness to the Society of Merchant 
Venturers for the use of the machinery and labora- 
tory during the experiments. 


and v = 68.1 ft. per second. 





Ferro-Mancangse.—The Illinois Steel Company have 
installed a 4-ton Heroult electric furnace to melt ferro- 
manganese for addition to steel. It is found that there 
is a saving of 30 to 40 per cent. of ferro-manganese by 
supplying it molten instead of solid. 
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AIRCRAFT IN WARFARE : THE DAWN 
OF THE FOURTH ARM.—No. II. 


By Freverick Wrii14m Lancuester, M. Inst. C.E. 
AEROPLANE versus DiRIGIBLE (continued). 


Havine in the preceding article devoted some 
attention to contrasting the respective merits and 
limitations of the aeroplane and airship or dirigible, 
and to disposing of the false analogy so frequently 
drawn between the air forces and the fleet, we 
pass to the consideration of their mutual relation- 
ship in matters of attack and defence. Firstly, it 
is evident that the attack will essentially be on the 
side of the aeroplane ; the dirigible can do no more 
than act on the defensive. The great we of 
speed alone, whatever armament the airship may 
carry, settles this definitely ; it is within the power 
of the aeroplane to choose precisely when, how, and 
where it will engage in conflict. The dirigible, like 
the submarine, is too slow to run the enemy to 
earth or to bring him to bay, and, to its disadvan- 
tage, cannot, like the submarine, make itself in- 
visible and attack by stealth. Beyond this, its 
quarry (the aeroplane) is of small size, often 
scarcely visible at a mile or two distance, and when 
not actually in the air can be either concealed or 
efliciently protected. Any attempt at aggressive 
action on the part of the dirigible is totally and 
completely out of the question ; it is in fact beyond 
the conceivable range of possibility. 

On the other hand, if the airship is to continue 
as a factor in warfare at all, it must be able to 
defend itself against hostile aircraft, and in par- 
ticular be capable of repelling the attack of the 
enemy’s aeroplanes. Now the only power of de- 
fence possessed by a dirigible when attacked by 
an aeroplane is counter-attack by gun-fire ; hence 
the extent, character, and distribution of its gun 
armament is one of the most important factors in 
its design. 

In the earlier days of the development of the 
aeroplane, when its horse-power was but little in 
excess of the minimum required for the bare 
necessities of flight, its rate of ascent was so ex- 
tremely slow (if it could be said to have any real 
rate of ascent at all) that it was commonly assumed 
that a dirigible, or airship, could seek safety in 
altitude. To-diy, however, many aeroplanes will 
make altitude at a speed of 700 ft. or 800 ft. per 
minute, thus being more than able to hold their 
own with the lighter-than-air machine, and can 
ascend to over 10,000 ft. altitude (even twice this 
height has been reached); again having the dirigible 
at a disadvantage. 

The method by which an aeroplane may most 
effectively attack a dirigible is a matter that 
remains for future experience to settle. If the 
aeroplane pilot is prepared to sacrifice himself, and 
has at his disposal a powerful machine of modern 
design, no dirigible can stand against him. If, as 
a matter of experience in actual service, men are 
found of sufficient grit and grim determination to 
adopt ramming tactics, and to hurl themselves and 
their craft bodily at the gas-bag of the dirigible, 
its destruction is immediate and complete. There 
is no defence ible against this mode of attack. 
The crew of the dirigible may not have even the 
most slender chance of stopping the aeroplane by 
machine-gun fire; the attack can be made from 
above by a steep vol plané or a vertical dive. In 
the case of a large airship of the Zeppelin type, 
even with machine guns mounted ‘‘on the roof,” 
the chances of defeating such an attack are remote; 
the s of a machine descending vertically, or 
steeply, is es ape seer ge that of its limiting velo- 
city—commonly about 150 miles per hour—leavin 
a very brief period in which to scorea hit. Beyon 
this, no coluaily fatal hit is effective under the 
conditions in question ; no injury to the motive- 
power installation is of the least effect as a stopper, 
and the pilot is in almost pexfect security in his 
position behind the engine. If by an exceptional 
chance he should be wounded, he is still able to 
effect his purpose, unless totally disabled. 

The steep or vertical descent is admittedly a 
dangerous feat of airmanship, but it is not intrinsic- 
ally dangerous ; the risk involved is due to the 
structural stresses to which the machine is sub- 
jected when “‘ flattening out.” These, it is well 

nown, may become excessive; any objection on 
the score of has obviously no weight what- 
ever under the conditions contemplated. 

It is an open question whether airmen will 
always be found ready to step forward at the 





critical moment to go to certain death, and so the 
general feasibility of ramming tactics must for the 
time being remain in doubt. However, there are 
many other modes of attack open to the aeroplane 
pilot, all more or less untried at present ; unques- 
tionably also there are still other methods that 
will in due course be devised. In the case of the 
non-rigid dirigible, as in the ordinary spherical 
balloon, it is almost certain that a hundred or so 
yards of barbed wire trailed beneath an aeroplane 
would be a quite sufficient weapon; equally 
effective would be an incendiary shell, or a 
rocket, presuming any part of the envelope to 
be hit. Ordinary small-arm or machine - gun 
fire is comparatively ineffective, since the bullet 
holes are, in any case, small, and in some of the 
modern machines repairs can be effected without 
coming to earth. However, even rifle fire has proved 
sufficient to bring a balloon down. It is evident 
that the weak point of any dirigible or airship is 
its liability to attack from above ; in the non-rigid 
type, without going to the length of any elaborate 
apparatus, and without endangering the attacking 
aeroplane, almost any angular and weighty object 
dropped from a height cannot fail to be of conclu- 
sive effect if it fairly hits the envelope, and likewise 
in the case of the rigid type—such as the Zeppelin— 
the structure would not stand up under a blow from, 
say, a steel bar of any ordinary stock section of 
70 lb. or 80 lb. weight dropped from a height of 
200 ft. or 300 ft. Without saying that the above 
are suitable methods of attack, it may be claimed 
that they fairly indicate the inherent weakness of 
the dirigible in face of attack by an aeroplane of 
sufficient power to master it in the matter of alti- 
tude. There are methods not mentioned here 
which are actually in use or in contemplation, but 
which, for obvious reasons, require to be treated 
as confidential. It is, however, in the writer’s 
opinion, quite unnecessary to carry the matter 
further ; the weaknesses of the dirigible on the 
defensive are so great and of such a character as 
to render it quite unfit to remain an active parti- 
cipant in aerial warfare. It may escape for a time, 
and may render a certain amount of useful service, 
but only thanks to the circumstance that the number 
of high-powered, fast-climbing aeroplanes is com- 
paratively limited, and to the fact that scientific 
methods of attack have not yet been fully worked 
out or put into practice. However, even to-day the 
finest of Germany’s fleet of Zeppelins would be 
absolutely at the mercy of a modern aeroplane in 
the hands of a man prepared to make his one and 
last sacrifice. So fragile and combustible a con- 
trivance as a dirigible, whether rigid or non-rigid, 
can never, in the writer’s opinion, survive in the 
face of the rapid development of the modern aero- 
— and the engines of offence with which before 
ong it will be furnished. 

Before proceeding to the broader considerations, 
it has been thought desirable to dispose of the air- 
ship as a factor in the aeronautical service—its 
dismissal being an initial simplification. It is not 
altogether important whether or not this con- 
clusion turns out to be literally true. It may 
be that, in spite of all that has been put forward, 
the large airship may retain some degree of utility, 
possibly reserving its appearance until after the 
annihilation of the enemy’s air fleet; even if this 
be so, the main conclusions will be unaffected. It 
is the aeroplane, and the aeroplane only, either as 
@ reconnaissance or a fighting machine, acting inde- 
pendently or in flights or squadrons, that in effect 
will constitute the aeronautical Arm ; and whether 
the considerations we discuss are strategic or tactical, 
it is the potential capabilities and limitations of the 
— that we require to keep constantly in 
mind. 

Srratecic anp Tactica Uses or THE AgRO- 
NAUTICAL ARM. 


In the present distribution of the cavalry Arm, 
the distinction between the strategic and tactical 
uses of cavalry is clearly i For purely 
tactical purposes it is customary to attach one or 
more squadrons, usually a regiment of cavalry, to 
each infantry division. The main cavalry force is 
known as the independent cavalry, and constitutes 
@ separate command, taking general instructions 
from the head-quarters staff. The independent 
cavalry may be engaged in operations of strategic 
import, as in the conduct of a reconnaissance in 
force, or in the execution of a wide ing or out- 
flanking movement, or in the countering of such a 
movement on the part of the enemy. Alternatively, 





it may be employed in its tactical capacity, its full 
weight being thrown at some critical moment into 
the fighting line, it may be to attack and destroy 
the cavalry of the enemy, to raid and capture or 
put out of action his artillery, to harass him in 
retreat, or to convert a retreat into a rout. The 
divisional cavalry are, generally speaking, employed 
for the latter—tactical—duties only. 

Similarly, aircraft are capable of employment in 
duties of both strategic and tactical import, and 
accordingly will probably need to be divided into 
divisional and independent commands. Forexample, 
in reconnaissance there is the strategic scouting, 
whose function is to inform the head-quarters staff 
of the main disposition and movements of the 
enemy’s forces, positions of his dépéts, magazines, 
&c., points of concentration and strength of his 
reserves, and last, but not least, his main and 
perhaps auxiliary lines of communication. On the 
tactical side there are many duties to be carried 
out, in some cases analogous to those at present 
performed by cavalry ; in other cases duties that we 
may almost regard as new, and brought into being 
by the peculiar power and capabilities of the new 
Arm ; in the main, these are such as would indi- 
cate control by the divisional commander. 


Tue Srratecic Scout anp Its Dortigs. 


The strategic value of the aeroplane depends 
mainly upon its utility for the purpose of recon- 
naissance ; briefly, it is its value as an informer, 
rather than as a fighter, that is of service to the 
head-quarters staff. The duties of a machine thus 
acting are necessarily of an entirely diiferent cha- 
racter from those of a machine employed in the 
minor operations of the field, whether for tactical 
scouting, direction of gun-fire, or otherwise. Not 
only will the flight range, as determined by its petrol 
capacity, be a far more important factor in its 
design, since it will require to operate over a large 
area, and to cover long distances over the enemy’s 
territory, where any renewal of fuel supply is im- 
possible, but also its flight speed must be such as 
to render it reasonably secure against pursuit. 
Anything serious in the direction of armour or 
armament will be entirely out of place, since under 
no circumstances will such a machine be required 
to act in a combative capacity ; its defence lies in 
its speed. It appears from all reports that the 
duties in question are such as to require an ob- 
server (probably a staff officer) of mature know- 
ledge from a military standpoint, with considerable 
flying experience, possessing something of an intui- 
tion for reading the meaning of the incomplete 
and fragmentary indications that are obtainable 
from high altitude observation. It is evidently 
not im ible for a strategic scout (as we may 
term the machine under discussion) to descend 
to low altitude in pursuit of more accurate and 
precise information ; but it is always to be re- 
membered that any such manceuvre is dan- 
gerous to an unarmoured machine ; it may be 
too easily shot down or destroyed by shrapnel. 
In this Jatter event it must be regarded as having 
failed in its purpose. The ion of a wireless 
installation may be assumed, but, in the event of 
the machine being lost, the fact that reports had 
already been transmitted to head-quarters would in 
no way mean that the machine had completely 
fulfilled its mission. 

The work done by the strategic scout thus com- 

rises the gleaning of information hitherto only to 
be obtained by a reconnaissance in force—that is 
to say, by a large force of cavalry with supports of 
horse artillery and infantry, often involving con- 
siderable fighting and loss. It is quite improbable 
that aeroplane scouting will prove an entire sub- 
stitute for such reconnaissance; it may be said 
that cavalry can feel and act where the air-scout 
can only see and report, but, as a prelude to cavalry 
reconnaissance, and as an auxiliary thereto, the 
services of the strategic scout should prove of the 
utmost utility. It will, at least, enable the cavalry 
force acting at a distance from its base, frequently 
in the rear of the enemy, to keep in constant touch 
with the general at headquarters, and relieve the 
despatch rider of one of his most difficult and 

us tasks. In service of this character it 
would seem probable that a flight or squadron of 
aeroplanes would be temporarily or permanently 
attached to the independent cavalry, as in the case 
of the supports representing the other two Arms of 
the Service. Under these circumstances the com- 
mand of the combined force would remain, as at 
present, with the cavalry leader. 
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Structural Geology. By C. K. Li University of 
Wisconsin. abes Gena cal Co., Limsted. 
[Price 6s. 6d. net. ] 

Tis book, intended mainly for students, has for 

its object to point out how rock structure may 

be correctly o ed and how the collected facts 
may be intelligently interpreted. The author asks 
his pupils to take a broad view of surface for- 
mation, and to regard rocks as indicators of 
general problems, connected with the configura- 
tion of the earth and its history. He does not 
attempt to decide ‘‘how the earth rose out of 
chaos.” It may have had its origin in the solidi- 
fication of a ring of matter left behind from the 
shrinking of a central nucleus, as Laplace taught, or 
have resulted from the tion of innumerable 
small bodies, as Chamberlin and Moulton have 
suggested. He takes the earth as he finds it, with 
its evidences of growth and decay, subject to the 
action of gravity, of mechanical stress and strain, 
of thermal and chemical forces, and inquires how 
these have operated in the past, what traces of 
their action have been left, and what is the nature 
of the evidence upon which avy theory can be 
built. Even with these restrictions there is abun- 
dant room for the exercise of imagination. The 
interior of the globe is a playground in which the 
mathematician and the physicist, as well as the 
geologist, can display their dexterity and artifice, 
but scientists do not always play the same game. 

The late Rev. O. Fisher used to complain that the 

geologists did not understand his mathematics, and 

the mathematicians did not understand his geology. 

It is a melancholy fact, and a measure of our 

ignorance, that so many rival theories hold the 

field. New methods of investigation do not bring 
confirmation of previous results; it might almost 
be said that each new engine of research builds up 

a theory of its own, having little relation to the 

most trusted theories of the past. 

One distinctive feature here is the great atten- 
tion bestowed on the phenomena described as the 
flowage of rocks. The author takes the view that 
rocks are deformed, either by fracture or by 
flowage. Fracture may be of various kinds, but 
sufficiently explains itself. Flowage implies no 
conspicuous fracture, the rock remaining at the 
end of deformation an integral body of permanent 
form. Rock fractures have characters of their own 
which are easily recognised, though it may be diffi- 
cult to trace the causes with certainty. The 
author’s discussion of stresses and strains may be 
as thorough as the circumstances allow ; butit must 
be admitted that our knowledge of the stresses to 
which rocks are submitted under various conditions 
of compression and torsion is relatively small. The 

henomena of rock flowage offer other difliculties. 

he passage from flowage to fracture is not sharply 
defined. One characteristic result of flowage is to 
produce a parallel arrangement of the constituents 
of the rock-mass, showing schistosity, cleavage, or 
banded structure, but these appearances may be 
imitated by fracture, or be absent owing to the 
existence of ore bodies that cannot adapt them- 
selves to parallel arrangement. ‘‘ A quartzite may 
fracture at one place, while near at hand, without 
increase of depth, but under different conditions, it 
may flow.” Position of level, age, density, and 
composition of rock, all influence flowage very 
materially : we can gather no certain criteria by 
which it is possible to differentiate between the 
results of fracture and flowage. 

But rock flowage has a significance beyond the 
mere surface indications. Since it is supposed to 
originate at very considerable depths, it should 
supply some information on the constitution of the 
interior of the globe, and should either confirm or 
disprove inferences drawn from other sources, as 
earthquakes. If it be justifiable, as the author 
Suggests, to divide the lithosphere into zones of 
vertical distribution, of which the lowest is the 
seat of rock flowage, the study of the epicentres of 
earthquakes should decide the depths to which such 
zones extend ; also the behaviour and rate of travel 
of seismic waves should indicate whether these waves 
have passed through uniformand homogeneous strata 
or through fractured and incoherent material. Much 
has been learnt of late years from earthquake 
records and perhaps conclusions have been Sewn 
from insufficient data, or, in the author’s words, 

_ ‘the evidence is not always regarded as conclu- 
sive.” But the discussion of the problem here does 





not do justice to our knowledge of earthquake 
phenomena, and is so sketchy and imperfect that 
it is impossible to follow the deductions with cer- 
tainty. The argument seems to run thus: The 
seat of earthquake disturbance has been proved to 
be superficial, perhaps 12 miles below the surface, 
and since earthquake shock is likely to be a product 
of rock fracture, it is probable that the zone of 
fracture does not extend on the average below 
depths of that order. Further, as the examination 
of seismic records obtained at a distance of 600 
miles and more from the origin betray the exist- 
ence of waves of different velocities, it may be 
concluded that the velocity of one set is due to the 
vibrations travelling circumferentially through frac- 
tured rock, while the other, following the chord 
and passing through deeper strata, has penetrated 
the zone of flowage, and consequently exhibits a 
different velocity. Therefore on both grounds, of 
determined depth of epicentre and of observed 
wave velocity, there is evidence of change of forma- 
tion at a depth of about 12 miles. If we have 
correctly apprehended the author, the reasoning is 
not satisfactory. Ina solid, as the earth, we have 
not two, but three, waves to consider. Confining 
attention entirely to the waves travelling through 
the interior, these will be of two kinds, but will 
follow the same course, waves of compression and 
waves of distortion. Since these waves travel 
with different velocities, they will arrive at different 
times, whatever the nature of the material passed 
through. The evidence drawn from earthquake 
waves at distant stations, say from 120 deg. to 
150 deg. of the earth’s surface, does point to the 
material at great depths being more elastic and 
more dense than near the surface, but this is alto- 
gether a different question from that under con- 
sideration here. 

The description of faults and folds, and of the 
typical superficial markings, is quite satisfactory, 
as are the instructions for field work, and for 
forming conclusions in doubtful cases where misin- 
terpretation is possible. The work of the practical 
geologist will be facilitated by the use of this 
treatise, and especially the American student, since 
the illustrations are almost entirely taken from the 
United States. The use of geological maps is 
strongly and properly insisted upon. Here and 
there we find an expression which does not 
exhibit the same care and lucidity that mark the 
body of the work. For instance, we read ‘‘ that 
the structure of the greater number of mountains 
is clearly the result of tangential shortening of the 
earth’s crust.” If this means that mountains are 
the consequence of the folding of strata due to the 
crust collapsing on a shrinking core, we doubt the 
adequacy of the explanation. More than one 
authority has shown that the great rock-folds 
encountered in the Alps and Himalayas, to say 
nothing of the Appalachian chain, to which the 
author frequently refers, cannot be explained by 
the contraction of a cooling globe. When the 
Appalachians were young they extended over a far 
greater length than their dwarfed descendants 
cover; and, moreover, if we would invoke 
surface or radial shrinking as a main cause, it is 
difficult to see why continuous chains, coinciding 
with a great circle, should be a frequent feature in 
mountain formation. The Himalayas are a product 
of modern geologic time, when shrinking by cooling 
must have seriously diminished, yet we find an 
elevation continuously extended in a definite direc- 
tion for more than a thousand miles, with an over- 
thrust perpetually directed from the north that 
cannot be regarded as accidental. 

It is impossible to pursue these speculations 
without being brought up against the thorny 
subject of isostasy, or ‘‘ that condition of equili- 
brium of figure to which gravitation tends to 
reduce a planetary body, —— of whether 
it be homogeneous or not.” e author’s account 
of this theory follows closely the American view ; 
indeed, the words of Hayford, the great exponent 
of the theory due to Dutton, are largely quoted, but 
Mr. Leith does not weigh the evidence deduced 
from measurement in other parts of the world, 
—— India. 

ve gather, however, that the data collected by 
the original supporters of the theory do not con- 
vince him that the hypothesis is sufficient, though 
he is willing to accept it asa partial explanation. 
This is the attitude generally assumed, and Mr. 
Leith gives it just expression by saying ‘‘ Unques- 
tionably the plumb-bob deflections show the exist- 
ence of come sort of isostatic compensation, the 





higher areas having lower density, and the lower 
areas having higher density ; but it is questionable 
whether the compensation is as complete as indi- 
cated by Hayford.” The determination of the 
density of rocks below the ocean or far below the 
surface of the globe’s crust can little exact- 
ness, but the theory requires that the product of 
the height of any area by its mean density should be 
the same for all places. This implies that conti- 
nental areas must be light, while the depths beneath 
the ocean must be heavy. Some spherical surface 
must be selected as the locus of complete compen- 
sation—that is, the depth at which the inequalities 
of gravity disappear, and if this surface be placed 
about 120 km. below the surface and a uniform 
distribution of density be assumed, the American 
observations of pendulum displacement and of 
topographical irregularities can be fairly well 
reconciled. ‘‘The disprepancies are so slight that 
Hayford has concluded that the area of the 
United States falls one-tenth short of complete 
isostatic adjustment.” The only other country 
where sufficient data exist for testing the validity 
of the hypothesis on a sufficiently large scale is 
India, and there the attempt to explain the 
anomalous durations in the direction of gravity by 
supposed local changes in load fails. The assump- 
tion of isostatic conditions over that area is by no 
means supported. Since the first time the hypo- 
thesis is put on its trial a failure results, it would 
seem that the relation between topographical in- 
equalities and gravity anomalies in the United 
States is accidental. To harmonise the geological 
and geodetic conditions in India, comparatively 
rapid and abrupt transitions are needed within a 
small area, and these are precisely the conditions 
that the general theory of isostasy fails to meet. 
The author presents some other very pertinent 
reasons for doubting the sufliciency of Captain 
Dutton’s ingenious suggestion, and his attitude of 
criticism or suspended judgment is thoroughly 
warranted. 





Gold-Dredging. By T. C. Eart. 

Spon. [Price 20s. net. ] 
Tre great strides made in the development of 
the gold-dredger during the last decade, and the 
vast amount of alluvial gold in almost every country 
in the world still awaiting the energies of the 
miner, make the volume under review an interest- 
ing one. 

After dealing with the properties and utilities 
of gold, and describing some ancient alluvial work- 
ings in Spain, Africa, and Southern Europe, which 
he attributes to the Romans, and more recent races, 
the author proceeds more specifically with his sub- 
ject. In modern times, during the early rushes to 

old areas, the rich pockets and streaks were worked 

y various light appliances and sluices, sometimes 
followed by the Chinaman, who reaped rich harvests 
where the white man failed. Dredgers are now 
working tailing débris which were formerly hand- 
worked, and are returning good profits. 

The success of gold-dredging has been practically 
demonstrated in many = of the world. The 
amount of gold won by dredgers in California, New 
Zealand, Victoria, and New South Wales during 
the years 1898 to 1911 is shown in this volume 
graphically, California being the most consp'cuous 
with over 1,500,000/. worth in 1911. The capital 
required is not large; New Zealand companies having 
started with 8000/. and under, and operated suc- 
cessfully. Apart from ventures in Australia and 
New Zealand, most of the money for dredging has 
been raised in London. 

Many considerations which are important in the 
selection of dredging-ground are pointed out, and 
the author is of the opinion that the chances of 
failure, when the und has been thoroughly 
sampled and the advice of an expert rie od 
engineer followed, are small. Locality, transport, 
climate, and the availability of water-power or fuel 
are important factors, as all these have a direct or 
indirect bearing on the capital outlay. 

The author goes on to deal with prospecting and 
testing of ground, describing the methods commonly 
used—e.g., shaft-sinking, drilling and dredging by 
a small prospecting dredger, and he recommends 
shaft-sinking as the most satisfactory plan when the 
conditions will ey The prospecting dredger 
is the only appliance that is of any use in fast- 
running streams, and when gold is present in good 
quantities the cost of the process ma more 
than defrayed by the gold recovered. is is also 
the only method which does not lend itself to 
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‘* salting,” on account of the expense. Salting is 
common, and the author mentions several means 
used to that end, and s' ts weapons by which 
the engineer may combat this pernicious practice. 

A chapter is given to the description of the 
bucket-dredger and its various parts, the proper 
selection of a dredge is discussed, and a comparison 
drawn between the New Zealand and American 
types. The former is characterised by the line for 
keeping the dredger up to its work, the open-con- 
nected type of bucket-chain, tables for gold-saving, 
and the tray-elevator ; whilst the American dredger 
is fitted with the ‘‘spud” for keeping it up to its 
work, the close-connected type o bucket-chain, 
rifled sluices for gold-saving, and the belt- 
elevator. The author favours the New Zealand 
type for several reasons, and cites a case, where 
the two ty worked together under the same 
conditions, in support of his contention. 

Dredgers in Australia, New Zealand, and Cali- 
fornia usually have hulls of timber, on account of 
its cheapness; they are generally built in an 
excavated dam, and, after floating, the machinery 
and equipment are fitted. The order generally 
followed in the course of construction and erection 
is given, together with a brief outline of practical 
methods. 

The author next deals with the operation of 
dredgers in rivers and in paddock claims, and 
explains the proper distribution of tailings, so that 
they will not interfere with the later working of 
the dredger. Crews and their wages are discussed, 
and tables are given showing the wage rate for 
‘*winchmen,” &c., in different parts, and also the 
numbers of crews on different dredgers under 
varying conditions ; these show that crews vary 
considerably with different circumstances. A crew 
of four work, in one instance, a 5 cub. ft. machine, 
whereas in two other cases dredgers of similar 
capacity have crews of eight and eleven respec- 
tively, the latter being so large on account of the 
heavy timber encountered by the dredger. Tables 
of costs are also given ; among the dredgers cited, 
one in California costs 1.2d. per cubic yard for 
operation, and another 2.9d., also in California. 

Gold-saving appliances and their limitations are 
considered, and suggestions are made for the reduc- 
tion of loss of gold. The importance of a steady 
and well-regulated water supply and the disintegra- 
tion of clayey material are emphasised. 

The laws in New Zealand, California, and other 
countries in regard to resoiling of dredged ground 
and the pollution of water are briefly dealt with. 
Anticipated modifications in these laws in Cali- 
fornia, it is thought, should bring further areas 
into the scope of operations. Statistics and maps 
are given showing the extent to which dredging 
operations have been carried out in New Zealand, 
California, and Australia, and areas partially and 
wholly unknown are suggested for active operations. 

The concluding chapter is a brief consideration 
of the possibilities of the various countries from 
the point of view of the alluvial operator, many 
maps and pho phs being given for the purpose. 
There are in all seventy-eight illustrations and 
seventeen maps in the book, which appears to be 
a record of a vast experience in the gold-dredging 
world, and should prove useful for reference to those 
actively raewaeeres¢ in this industry. 





La Construction en Béton Armé: Theorie et Pratique. 
By A. V. Macny. Avec une Preface de Pau 
Pixerty. Paris and Liége: Charles Béranger. [Price 
20 francs. } 

Tuts is an excellent and comprehensive volume on 

reinforced concrete, and includes both a theo- 

retical and a practical treatment of the subject, 
the latter being illustrated by several folding plates, 
giving the important details of construction of jobs 
actually carried out, both in France and in this 
country, on two or three of the best-known systems 
of design. The author of the book has had the 
advantage, which, unfortunately, is seldom shared 
by English writers on the subject, of many years’ 
working experience in the design of reinforced- 
concrete structures of all types, and consequentl: 

he deals with the various points he discusses, bo! 

theoretical and practical, with a proper appreciation 
of their relative importance. In addition, the 
methods of calculation he recommends are brief 
and practical. M. Piketty, a well-known French 
designer and contractor, who writes a preface to 
the volume, also lays stress on this fact, and points 
out that in the design of reinforced concrete a series 

of rapid approximate calculations will achieve 4 





better result than the application of the cumber- 
some official formule, which are only suitable for 
checking and verifying designs. A glance at the 
formulz given in the French ‘‘ Instructions Minis- 
terielles ’—or their equivalents in the new Regula- 
tions proposed by the London County Council and the 
Local Government Board—will convince anyone of 
the practical impossibility of applying these long 
algebraic expressions each time the stresses in the 
steel and concrete, or the position of the neutral 
axis, in a beam or slab are required. 

As in most other departments of engineering, 
good design in reinforced concrete cannot be 
achieved by mere calculation ; a happy union of 
theory and practice is needed before any high 
standard can be arrived at. There are, icularly 
in England, many systems of construction evolved 
by the untutored instincts of practical men, which 
a very little sound theoretical knowledge would 
show at once to be clumsy and extravagant, and 
there are also writers on the subject who appear to 
have obtained their knowledge only at second-hand 
and who, after having dealt (laboriously and at 
great length) with one or two simple and elemen- 
tary questions and given a few hopelessly unprac- 
tical examples, ignore or dismiss in a few lines all 
complex problems in whicha student might reason- 
ably be supposed to require some assistance. M. 
Magny, having been for many years with large 
firms of specialist designers, both in England and 
in France, has an intimate and personal knowledge 
and experience of reinforced concrete, and there- 
fore writes with a comprehensive view and a true 
perspective. He deals with nearly every type of 
structure for which reinforced concrete is suitable, 
and gives foreach a theoretical treatment, with 
brief calculations, details of the arrangement of 
the reinforcement taken from actual examples, and 
photographs of finished jobs. The folding plates 
give details of bridges, buildings, and silos erected 
in France on the Hennebique, Considére, and 
Piketty systems; and for British examples the 
author has selected the Waterford Bridge, Ireland 
(Messrs. L. G. Mouchel and Partners), and the 
arch over the River Ogmore at Bridgend, Wales 
(the Considére Construction Company, Limited). 
In addition to these examples, the salient charac- 
teristics of several other systems less well known 
in this country are given, and also illustrations of 
some of the different patterns of embossed and 
fabricated bars. 

The book is divided into eight sections, and the 
first part gives several very useful tables, including 
one of moments of inertia of different sections, 
and one of the bending moments realisable on 
beams, continuous and otherwise, and with partial, 
point, and distributed loads ; whilst the second is 
devoted chiefly to the materials of construction. 
The author has gathered together from various 
sources an enormous amount of general informa- 
tion, the existence of which could only be known 
to one having a very thorough acquaintance with 
the subject. The properties of Portland and other 
cements and the methods of testing ; the various 
useful aggregates and sands and their qualities 
and properties ; the different machines for mixing 
concrete and:the effect of different gaugings ; the 
woods suitable for shuttering and shoring, with 
illustrations of the different methods ; bending and 
placing the steel; surface finishing, superintend- 
ence and cost-keeping are only a few of the points 
which are succinctly, but clearly and usefully, 
dealt with in this part of the work. 

Another section of the book deals with the recog- 
nised methods of calculation and includes refer- 
ences to the results obtained by the classic experi- 
menters (Mérsch, Considére, Talbot, &c.), which 
form the basis of the modern methods of design. 
The fundamental principles and assumptions in- 
volved in making calculations are also stated, and 
the great importance of a full and proper investi- 
ome of the shearing forces in beams is urged. 

is is a point which is often overlooked, and, ia 
England, it.is not unusual to find every care taken 
by those checking designs to ascertain that the 
direct tensile and compression forces in the steel 
and concrete are within the specified limits, whilst 
any verification of the design of the stirrups or 
transverse reinforcement is entirely neglected. The 
fact that the first symptoms of failure in a rein- 
forced-concrete beam are practically always indi- 
cated by diagonal shearing cracks, whilst, within 
limits, the exact number of pounds per square inch 
of tension or compression is relatively unimportant, 
should indicate that absolute safety against collapse 





is better assured by the provision of adequate rein- 
forcement against shear than by limiting the tensile 
and compressive stresses to very low figures. 

The author states that it is beyond the scope of 
the eo - give all the a of calcu- 
tion which were proposed ifferent ineers 
during . the devdipninis o selatiensibosanvete 
design, and he therefore only includes the now 
universally accepted formule of the French ‘ In- 
structions Ministerielles”’ of 1906, which were 
included in the exhaustive report issued by the 
Government Commission after five years’ delibera- 
tion and experiment. The ‘‘ Instructions Minis- 
terielles” are included in the book, and they form 
a pleasing contrast to the quite unnecessarily tire- 
some and inconsistent Regulations put forward by 
the London County Council and the Local Govern- 
ment Board. The book, if translated into English, 
would be an excellent one both for designers and 
students ; but (as is not always done) the calcula- 
tions and dimensions should also put into 
English units, as a very long acquaintance with 
the metric system is needed before ‘‘kg./cm.?” 
conveys quite the same instinctive quantitative 
appreciation of stress as ‘‘ lbs. per sq. in.,” and a 
quick instinct for quantity is essential to good 
engineering. 





The Maintenance of Foreshores. By Ernest Latuaw, 
A.M. Inst. C.E. With contributions by Colonel 
R. E. B. Crompton, C.B., M. Inst. C.E., and A. FE. 
Carry, M. Inst. C.E. London: Crosby Lockwood 
and Son. [Price 2s. net.] 

Tuts book is somewhat difficult to classify, as it 
is neither completely technical nor yet exactly 
popular. The former fact will be appreciated when 
we explain that it does not contain a single drawing 
or diagram. At the same time it comprises very 
much information of value to engineers, some of 
it being of a kind which is difficult to obtain, 
as it lies on the borderland between design 
and business. For instance, it gives a list of 
authorities dealing with drainage and foreshores, 
and generally known as Level and Sewer Com- 
missioners. Of these there are at least twenty-one 
who have powers of varying kinds in relation to 
sea or river frontages, or both, and extending 
inland over all areas below a certain standard 
level. In the main, the work deals with foreshores 
in a more or less general fashion, but interspersed 
with much that is superficial there are very valu- 
able hints and pieces of information drawn from the 
author's personal experience on many parts of the 
coast. The reader feels that if Mr. Latham had 
set out to write a bigger book, going fully into 
details, both of design and execution, it would 
have been of great assistance to engineers dealing 
with the subject. 

The work is divided into eight sections. The 
first deals with the classification of coast erosion, 
referring to notable examples around this island. 
The second, contributed by Mr. A, E. Carey, 
M. Inst. C.E., summarises the findings of the Royal 
Commission on Coast Erosion. The third is de- 
voted to the question of the protection of low-lying 
lands ; the fourth to the drainage of low-lying 
lands ; the fifth to the protection of high lands ; 
and here we are glad to see that the author pro- 
tests against the indiscriminate use of groynes 
without special consideration of the circumstances 
of each locality, and of the design of groyne suitable 
for it. The sixth section has been contributed by 
Colonel R. E. B. Crompton, C.B., M. Inst. C.E., 
and deals with the surfacing of promenades at 
seaside places; this subject was dedlt with in 
our columns in the series of articles by Mr. E. R. 
Matthews, of Bridlington. The last two sec- 
tions concern respectively considerations prior to 
the commencement of structural work on fore- 
shores, and materials and construction, and are 
among the most valuable in the book, since they 
represent very largely the results of the author's 
observation and experience. The volume is essen- 
tially readable, and while it is far from exhaustive, 
it is a useful contribution to the subject which 
will be appreciated by many. 





ANNEALING CasTincs. — The American Society for 
Testing Materials recommends the following tempera- 
tures for annealing steel castings :— 


Carbon per Cent. Deg. Cent. 
ie Fie Ga Seance Pe 925 
et ee ee 875 
a Sa alt See ae 850 
0.55 to 0.79 .. oe _ es oe ee 830 

The heavier the sections of the castings, the longer must 

be the exposure to the temperature, 
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FERRO-CONCRETE BRIDGE AT LONG- 
TOWN, CUMBERLAND. 


THE main road from Carlisle to Glasgow crosses the 
River Esk at Longtown, a few miles north of Car- 
lisle. The existing bridge is rather an interesting 
one, having been — by Thomas Telford and built 
in the year 1820. e understand that it was origin- 
ally intended for some situation elsewhere, and ~ el 
erected at Longiown, in the parish of Kirk Andrews- 
upon-Esk, the spans were transposed, giving the 
bridge a very peculiar appearance. We illustrate 
it in Fig. 1, herewith, from which it will be seen 
how the road surface undulates. The gradients 
from the southern end—the near end in the photo- 
> first 1 in 14 up, followed by 1 in 18 

own ; then | in 20 down, | in 40 up, and finally 1 
in 20down. This bridge, which has been known as 
Metal Bridge, is of cast iron. The near span in our 
view is 150 ft.; the other two are of 105 ft. each. The 
rise of the larger arch is 20 ft., and of the other two 
9 ft. 8in. The arch ribs of the main span are 3 ft. 
deep, and of the small spans 2 ft. 6 in. deep. They 
are of pierced cast iron. The spandrels are of cast 
iron in the form of a cross, their lower ends being let 
into sockets in the arches. The decking is of ?-in. 





is given in Fig. 2. Figs. 3 and 4, partly in section, 
give two spans and one abutment to a larger scale. 
Details of the construction of the central span are 
oe in Figs. 5 to 11, while Figs. 12 to 19 show 
etails of theshore spans. Figs. 16 and 17 give details 
of the decking which are common to all spans. The 
piers and abutments are illustrated in Figs. 20 to 27. 
The normal rise of tide at the site is about 5 ft., 
and the arches are so plated that at the springing 
they are about 17 in. above high water of ordinary 
tides. The highest known flood-level reached a height 
no less than 6 ft. above this, and if the water should 
rise to such a height, it would flow above the arch-ribs 
in the immediate neighbourhood of the piers. In 
eneral design the pour bebe is plain, but of graceful 


the treatment of the balustrading and piers. 

Dealing with the piers and abutments first, it will 
be noted from our illustrations (Figs. 22 and 23) that 
the mid-stream piers are supported on concrete foun- 
dations having bases 24 ft. wide by 46 ft. long in the 
direction of the stream. These bases rest on rock, 
the design providing for the full size being maintained 
for a height of about 3 ft. above the rock-level, after 
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tudinal beams and decking in the neighbourhood of 
the crown. Fig. 5 shows the centre rib of the central 
span, and the verticals and decking, &c., in section. 

he centre arch rib of this s has a section of 4 ft. 
by 4 ft. at the springing, as shown in Fig. 10, diminish- 
ing to 4 ft. by 3ft 3 in. some distance up, and finally 
running out in depth to 3 ft. 3in., inclusive of the 
decking, as shown in Fig. 8. The two side ribs are of 
the same vertical dimensions, but have a width of 
3 ft. throughout, instead of 4 ft. The ribs are rein- 
forced over the greater part of the span by twenty-four 
round bars distributed near the top and bottom sur- 
faces, with two extra bars equally spaced on each side. 
As the ribs run out into the beams and decking, the 
upper twelve bars are reduced in number to six, as 


ines. The central arch has a rise of 8 ft., and the | soon in Figs. 5 and 8. The verticals between the 
shore arches slightly less. The only ornamentation | ribs and beams are shown in Figs. 5, 11, and 19; 
is in the chamfering of the edges of the ribs, &c., and | they are 9 in. by 18 in., and are reinforced with four 


bars. The bracing between the ribs is 15 in. by 
18 in.\in section, and is reinforced with four bars, as 
shown in Figs. 6 and 18. There are four braces to 
each span. The two shore spans of 138 ft. 6 in. are 
similar in design to the central arch, except that the 
width of the central rib is 3 ft. throughout, and of the 
side ribs, 2ft.3in. Their depth ranges from 4 ft. at 
the springing to 3 ft. 3 in. inclusive at the crown. The 











cast-iron plates, resting upon the top member of the 


spandrels. The abutments and piers are of masonry. 
In 1911 the late county surveyor and bridge engi- 
neer for the county of Cumberland reported that the 


bridge was unfit for the increasing traffic making use 
of this important road. It was then closed to traction- 
engine and other heavy traffic, and the question of 
its replacement was considered. In 1912 plans and 
estimates were 
veyor, Mr. William Finch, to whom we are indebted 
for these particulars. In November, 1912, these esti- 
mates were submitted to the Highways and Bridges 
Committee. Three schemes were considered. One was 
for the construction of a stone arch bridge, a second 
for a steel girder bridge, and a third for a ferro- 
concrete structure. A ferro-concrete bridge was finally 
decided upon. It is being built to the specification of 
Mr. W. Finch, to the designs of Messrs. L. G. 
Mouchel and Partners, Limited, 36 to 38, Vic- 
toria - street, Westminster, S.W. The contractors 
are Messrs. Holloway Brothers (London), Limited, 
Belvedere-road, S.E., the cost being defrayed by a 
Local Government Board loan. On this account the 
Local Government Board required that the plans and 
calculations should be scrutinised by some independent 
engineer conversant with ferro-concrete construction. 
This was done by Messrs. D. Balfour and Sons, 
Newcastle-on-Tyne. 

The new bri > situated near the old, and the 
opportunity has been taken to divert the road slightly 
to get better approaches and crossing. The founda- 
tions of the existing bridge are on red freestone 
rock, as are also those of the new bridge. From 
our illustrations on Plate XXIII. with this week’s 
issue of ENGINEERING it will be seen that the new 
bridge consists of three arch-spans, with two short 
spans in the north approach. The latter do not 
present any features of particular interest. The 
central arch-span is 175 ft. from centre to centre of 
piers, giving a clear span of 165 ft. The two shore- 
spans are each of 147 ft. 6 in. to centres of piers, or 
138 ft. 6 in. clear. A general elevation of the structure 


repared by the present county sur- | di 
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which the width is gradually brought into the pier 
width of 10 ft. The length is approximately main- 
tained to the springing, for, though the piers are not 
actually of this length, the difference is made up by 
cut-waters up and down stream. The bases for the 
piers are of mass concrete of the proportions of 6:1, 
and have a 4-in. fine cement facing all over, ending 
at the top just below the springing in a coping 12 in. 


eep. 

The abutments are monolithic and of [| shape. 
They consist of vertical mass-concrete walls, 5 ft. 6 in. 
thick, facing the stream, with floors of similar thick- 
ness running back at a slope of 1 in 6 for a distance of 
40 ft. in the case of the south abutment, shown in 
Figs. 20 and 21, and 45 ft. in the north abutment, 
shown in Figs. 26 and 27. This difference is accounted 
for by the presence on the north side of the two short 
approach spans, to which reference has already been 
made. The full width of the abutment floors is 31 ft., 
the area having been calculated out for a ground load 
of not more than 4 tons per sq. ft. Extending back 
from the front wall to the floor are three mass-concrete 
counterforts. The centre one is 5 ft. thick ; the two 
others are 4 ft. in thickness. The south abutment is 
filled in with earth to road-level. At this end of the 
bridge the balustrading runs out into two wing-walls, 
ending in posts, as shown in Figs. 4 and 21, a section 
of the wing-wall and bebastendo being given in Fig. 24. 
The north abutment is filled in to ground-level, and 
4-in. wall, rising from the ground to the underside of 
the decking of one of the approach spans, encloses the 
8 above, as shown in Figs. 26 and 27. At this end 
of the bridge the balustrading is continued over the 
approach spans on a slight curve, and beyond them, 
ending in short poste similar to those capping the 
piers, &c. 

In each of the three river spans the bridge is carried 
by three arch ribs of rectangular section, the edges 
being well chamfered. Above each rib, and connected 
to it by spandrel uprights, is a longitudinal main beam. 
The latter secondary beams, above which comes 
the decking. The arch ribs run out into the longi- 
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reinforcement is shown in Figs. 12 to 15, being similar 
to that of the central span, except that at the centre 
the number of the upper bars is reduced to four. 
The verticals and bracing are identical with those 
already described. 

The main beams are 18 in. deep by 9 in. in width 
throughout the length of the bridge. Extending 
between them and spaced at 4-ft. 6-in. centres are 
secondary beams 14 in. deep by 6 in. wide. Above is 
decking 64 in. thick, over which is laid the road- 
surfacing material to a depth of 9 in. at the crown. 
The reinforcement of the main beams consists of six 
bars, two of which are aligned near the bottom and 
two atthe top. The remaining two are bent so that 
over the verticals they are near the top of the beam, 
but between them they run near the bottom. The 
secondary beams are similarly reinforced, but with 
only one straight bar near the top and bottom and one 
bent bar near the top at the main beams and at the 
bottom between them. The small spans of the north 
approach have longitudinals, secondary beams, and 
decking similar to the main spans. The balustrading 
is shown in section in Fig. 6, and to a larger scale in 
Fig. 7. It is of 4-in. concrete pierced with cross- 
shaped apertures. The top rail is 12in. by 6 in. 
deep, and is reinforced with two bars. 





Our Coat AproaD.—The exports of coal from the 
United Kingdom in the eight months ended August 31, 
this year (the expression ‘‘coal” including also coke and 
patent fuel), amounted to 46,276,159 tons, as compared 
with 50,396,630 tons in the corresponding period of 1913, 
and 41,246,156 tons in the corres ding period of 1912. 
Coal was also shipped from the United Kingdom for the 
ase of steamers engaged in foreign trade to the extent of 
13,249,027 tons, as compared with 13,720,560 tons and 
11,608,744 tons. At this rate, in one form or another, 
coal left the shores of the United Kingdom in the first 
eight months of this year to the aggregate extent of 
59,525,186 tons, as compared with 64,117,190 tons and 
52,854,990 tons in the corresponding periods of 1913 and 
1912 respectively. 
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CATALOGUES. 


Hoists, Runways, Lifts, &c.—From Messrs. J. Bardell 
Smith and Co., of Lothair Road Works, Leicester, we 
have received a copy of their latest catalogue, in which 
particulars are given of travelling-hoists, wall-winches, 
crabs, jacks, pulley-blocks, hand-power lifts, and other 
lifting machinery. Prices are stated in all cases. 


Machine-Tools.—The Judson- Jackson Comeouz, Limi- 
ted, of 50, Marsham-street, Westminster, 8.W., have 
sent us an illustrated list of machine-tools they have on 
hand for immediate delivery. The list includes a large 
number of lathes, milling-machines, shaping-machines, 
drilling-machines, grinding- machines, spring - power 
a and other tools, for all of which net cash prices 
are quoted. 


Asbestos Goods and Engineers’ Stores.—The Asbestos 
and Engineers’ Stores Company, of 66, Bermondsey- 
street, S.E., have issued # useful and attractive catal 
of “ Dreadnought” non-conducting coverings, jointing 
sheets, packings, india-rubber hose, india-rubber and 
balata ag = Dm belting, hydraulic leathers, belt- 
fastenings, lubricating oils, greases, and other engineers’ 
stores. 

Air Purification by Ozone,—We have received from 
Ozonair, Limited, 96, Victoria-street, Westminster, 
S.W., acopy of their latest catalogue of ozone-generators 
of types and sizes suitable for purifying the air in private 
rooms, offices, cold stores, lavatories, hospitals, theatres, 
factories, &«. We understand that improvements have 
been made in several of the older types of generators, 
and that some new patterns have been recently intro- 
duced. Prices are stated and full particulars given in all 
cases. 


Induction Motors.—The Langdon-Davies Motor Com- 
pany, of 110, Cannon-street, E.C., have sent us a cata- 
logue and price-list of single-phase and polyphase induc- 
tion motors. The former are listed in sizes varying from 

to 100 horse-power for frequencies varying from 40 to 
125 cycles, while the polyphase motors listed range from 
. 120 horse-power for 25-cycle and 50-cycle circuits. 
th types are made with either squirrel-cage or slip- 
ring rotors. We have also received a price-list of 
-** Megger” insulation-testing sets from this firm. 


Suspension Bridge.—A pamphlet illustrating and de- 
scribing the erection of a suspension bridge at New 
Hazelton, in Western Canada, has been issued by Messrs. 


George Oradock and Co., Limited, of Wakefield. This | & 


bridge, which was designed, constructed, and erected by 
the firm, was dealt with in our issue of December 12 
last, on page 808, to which we must refer our readers 
for further particulars of it. The pamphlet is very fully 
illustrated, and the descriptive matter is clear and 
interesting, so that it will doubtless be more favourably 
received than a catalogue of the usual type. 


Motor-Lawnches.—From Wolseley Motors, Limited, of 
Adderley Park, Birmingham, we have received an attrac- 
tive catalogue of motor vessels built by this firm. The 
examples illustrated include standard launches, yacht 
tenders, cabin cruisers, ts, and service craft for sea 
and river use, as well as high-speed boats for racing pur- 
ay With regard to the latter, we notice that Wolseley 

ts secured no less that 33 first prizes in important 
races during 1912 and 1913. The catalogue is well 
printed, and the illustrations are distinctly above the 
average quality, so that it well maintains the high standard 
reached in previous publications of the firm. 


Marine Motors and Motor-Boats, — Messrs. J. I. 
Thornycroft and Co., Limited, Caxton House, Westmin- 
ster, S.W., have sent us a copy of their catalogue of 
marine motors and motor-boats. The catalogue gives 
full particulars of engines ranging in convenient steps 
from 74 to 150 horse-power on paraffin fuel ; they can, 
however, be run on petrol if desired. Illustrations and 

rticulars of a tom on of motor-launches, yachts, - 

ts, and other craft built by the firm are also included 
in the catalogue. The matter is conveniently arranged, 
and is fully coded to facilitate telegraphic inquiries from 
abroad. 


Air-Compressors.—We have received from Messrs. 
Reavell and Co., Limited, of Ranelagh Works, Ipswich, 
a copy of their catalogue of three-stage air-com 


pressors 
for use with Diesel engines, semi-Diesel engines, and for | been 


the auxiliary work in connection with Diesel engine in- 
stallations, both on Jand and at sea. The general features 
of these compressors are too well-known to need any 
comment here, but they are illustrated and described in 
the catalogue. For land work, quadruplex compressors are 
listed in sixteen sizes, with piston displacements ranging 
from 14.2 to 138 cub. ft. per 100 revolutions, and V-type 
compressors in ten sizes, of which the t has a piston 
displacement of 22.5 cub. ft. per 100 revolutions. ine 
compressors of the quadruplex type are made in twenty- 
one sizes, in which the piston displacements vary from 
104 to 730 cub. ft. per 100 revolutions. The catalogue 
also d with hand- power compressors for filling 
charging bottles, auxiliary compressors, and steering 
compressors, the latter being driven by a lever from the 
crosshead of the main engine. 








MILKING-MacuHtngs.—In the State of Victoria milking- 
machines are used by 2000 farmers, so it is evident that 
they have attained to a fair condition of efficiency. When 
they are used with intelligence and care they appear, 
from a report by Mr. R. T. Archer to the British Associa- 
tion, to give very satisfactory results. It is, however, 
difficult to persuade the average dairy farmer to exercise 
the neceisary care in cleansing. 


logue | line at a convenient point between 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


‘ We give below a few data on +> -y — pn 
taken from Board o; 

Prods Journal. Hurther, information on the subjects 
dealt with can be obtained from the Commercial Intelli- 
Basinghall-street, 


gaee Branch, Board of Trade, 73, 
don, E.C. 


France (Algeria): The Journal Officiel (Paris) of 
August 19 states that a concession has been granted to 
the Bougie Chamber of Commerce for the construction, 
and control for a iod of 75 years, of an outer and an 
inner harbour at that port. The estimated cost of the 


construction of the harbour is 8,000,000 francs (320,000/.). he 


Spain: The Gaceta de Madrid of August 21 contains 
a decree authorising the Ministerio de Fomento to invite 
_ ee, ‘the construction a 4 7 ——- oe 

rough Vitoria, to join up with ti urango-Zumdrraga 
Los Martires and 
Vergara. The same issue of the Gaceta contains a decree 
approving the project for the drainage of marsh land on 

@ River Turén, in the Province of at a total 
cost of 1,805,846 tas (about 66,8831.) ; of this amount 
78,965 pesetas (about 2925/.) is allotted for expenditure 
on these works during the current year. The same issue 
of the Gaceta publishes a decree authorising the Minis- 
terio de Fomento to make the n arrangements 
for the carrying out of irrigation works in the district of 
Santo Domingo de la Calzada by means of the waters of 
the Rio Glera, at an estimated cost of 138,052 pesetas 
(about 5113/.). 

Argentina: The Boletin Oficial (Buenos Aires) of 
July 27 contains a copy of a decree, issued by the 
Ministry of Public Works, authorising the Direccién 
General de Irrigacién to expend a total sum of 633,000 
pesos currency fabout 55,380/.) on irrigation works in the 
districts of Nonogasta, Safiogasta, and Malanzan, in the 
Province of La Rioja. 

South Africa : The Imperial Trade Correspondent at 
Durban reports that the Durban Corporation’s estimates 
of expenditure on public works for the year 1914-15 
include the following items: — Hardening of roads, 
20,0007. ; — abattoir (completion), 17,000/.; infec- 
tious diseases hospital, 5000/.; storm-water drainage, 
25,0002.; sewerage, 10,0007.; beach improvements, &c., 
28,000/.; water works, 20,000/.; tramways construction, 
23,0001. ; telephone construction, 10,000/.; electrical work, 
43,0002. se brewery, buildings for use of natives, 





CONTRIBUTIONS TO THE HISTORY OF 
CORROSION.* 
Part III.—Coxr, Conprenser-TusEs, AND CORROSION. 


By Arnotp Pur, B.Sc., F.I.C., A.M.LE.E., 
Assoc. R.S.M. (Admiralty Chemist). 

A NOVEL and, in the present writer’s opinion, a quite 
erroneous departure from the views generally held on the 
theory of corrosion, is made by Messrs. Bengough and 
Jones in the second report to the Corrosion Committee 
"iis cassie dl cnpepthaats chtalen’ by D h 

e results of experiments obtai y Dr. 
whilst acting as an honorary investigator to oe Cae 
sion Committee with his colleague, Mr. Jones, have led 
them to discard the views which, in common with most 
other students of corrosion, they had previcusly held 
upon what Dr. Bengough calls ‘‘a very fundamental 
part as regards the study of corrosion”{—namely, upon 
the possibility of corrosion being caused in condenser- 
tube metal by contact with electro-negative particles in 
© presence of sea-water. 

In the whole of their report the authors have only 
published the results of one quantitative experiment on 
the contact action of coke in the presence of sea-water 
u the corrosion of condenser-tube"material,§ and if 
the proof that this substance does not promote corrosion 
is to be understood as being demonstrated in the report, 
it can only be _— this slender quantitative basis, 
together with the description of some qualitative experi- 
ments, that their novel conclusions are founded. 

The views of the authors on contact corrosion are 

> y scattered througbout a lengthy report dealing 
with many other matters, and on this account, and also 
because it is felt that in some respects their opinions have 
expressed with ambiguity, the collection in the 
present pa 
report which deal with contact corrosion is desirable. 
This course would in fact facilitate reference, and thus 
assist in arriving at as clear an understanding as possible 
of all the experiments on this subject as described by 
Messrs. Bengough and Jones. The exigencies of space 
have, however, proved prohibitive, and the reader must 
be referred to the second report itself as published in the 
Journal of the Institute of Metals, No. 2, 1913, vol. x., on 
the following pages :—41 to 44, 45, 49 and 50, 55 and 5A, 
68, 76, 78, 86, 91; and in the discussion on pages 96, 98, 
102, 104, 106, 109, and 114. 

From a perusal of this rt the author’s conclusions 
on the type of corrosion dealt with in the present paper 
may, it is considered, be fairly summarised as follow :— 


Paper taken as read at the statu meeting of the 
—- «. Metals, — on om 10, and sub- 
mit! or discussion by correspondence up to Septem- 
ber 30, 1914. Part I. appeared in ENGINEERING en 
January 19, 1912, and Part IT. on March 14, 1913. 

+ Journal of the Institute of Metals, No. 2, 1913, 
He tam 13. ENornerainc, August 29 and September 
"t Ibid.. vage 111. 

§ Vide Report, page 43, Table VII. 


per of all those paragraphs in the second | f 





Coke in firm contact with Admiralty-composition con- 


denser-tube metal in either stagnant or running sea-water 
at ordi temperatures exerts no material influence 


inary 
upon the amount of either general or localised corrosion, 
and causes no dezincification ; but, on the other hand, in 
general slightly retards the speed of corrosion. 

In summing up his views on this subject in the reply 
to the discussion on the second report, Dr. ugh 
on eee als + pathy with large be 

a ly, in sym y with a very number of 
people, he had thought that carbon particles introduced 
at ordinary tem ture might set up corrosion, and he 
had all along thought that carbon particles might cause 
dezincification. Until he had investigated the matter, 

was persuaded that carbon particles were destructive 
to tubes; but he was bound to modify his opinion when 
he had carried out his experiments described in the 
report. He thought the experiments in question had 
served a purpose if they only gave negative results 
as to the cause of corrosion. . .” And again on page 111 : 
‘*Mr. Sumner seemed to adhere rather strongly to the 
opinion that particles had an injurious effect. Well, of 
course, the authors of the report could not expect the 
evidence in one paper would convince everybody. At 
the same time they thought that this matter formed a 
very fundamental part as regards the study of corrosion. 
He hoped that they would be able to add evidence to 
evidence until they managed to break down Mr. Sum- 
ner’s scepticism on that point. It was rather difficult to 
know what particles to deal with. They had dealt with 
all the particles they could think of, and they would be 
glad to try experiments with any other particles that 
Mr. Sumner might jb.” 

The views of Messrs. Bengough and Jones, as set forth 
above, are remarkable on many grounds, amongst which 
are the following :— 


1. They are contrary to the investigator’s previously- 
held views. ’ 

2. They are contrary to the general belief and experi- 
ence of the very great majority of users and manufac- 
turers of condenser-tubes, and also to the views of almost 
all scientific investigators. 

3. They are contrary to theory as ordinarily accepted. 

4. They are contrary to the view which the authors 
themselves, in common with most other authorities on 
—_ yore corrosion, —— _, = _ which 
they speci y_ support in ion . of the report 
(Enerngrrine, September 5, 1913, page 341}—namely, 
that all relatively electro-positive metals, such as iron, 
steel, aluminium, and zinc, exert a protective influence 
over condenser-tubes with which they are in contact. 
For it is clear that this protective action by contact is 
identical in character with the corroding action produced 
by the contact of coke with brass. 

5. They are based on the results of negative experi- 
ments, as Dr. Bengough pointed out on page 109 :—‘‘ He 

ought the experiments in question had served a good 
purpose if they only gave negative results as to the cause 
of corrosion.” To disprove a positive statement by the 
result of experiments yielding negative results is notori- 
ously a matter of considerable difficulty, and in any 
case must necessitate a very large number of negative 
results. ; 

6. The number of quantitative negative experiments 
which Messrs. Bengough and Jones publish in the report 
which are alleged to show that the contact of coke with 
condenser-tube metal in sea-water is not a cause which 
promotes corrosion, as has already been stated, amounts 
precisely to one. This result is given in the second 
report, 43, on the second line of Table VIT. 

7. This single —r result appears 7 mane a 
wrongly interpreted, or is, at any rate, of extremely 
doubtful validity, as will be shown later on, although 
possibly this may be due to a clerical error having been 

8. It is generally admitted that localised pitting is 
usually most marked along the bottoms of condenser- 
tubes. The authors admit this on 77, and the 
present writer bas recently recorded the fact that in his 
experience 90 per cent. of the condenser-tubes which he 
had examined in which the piercing of the tube had 
oceurred this piercing had taken place in the bottom of 
the tube. This localisation of the pitting can be readily 
accounted for if one admits the corroding effect of the 
contact of relatively electro-negative bodies at the bottom 
of the tubes ; but if such contact corrosion does not take 
place, it becomes a good deal more difficult to account 


or. ; 

On the above grounds alone the conclusions at which 
Messrs. Bengough and Jones have arrived on the effect 
of the contact of coke upon the corrosion of condenser 
tubes in sea-water appear to be open to very damaging 
criticism ; but further than this the present writer's own 
experience over many years is diametrically opp»sed to 
these deductions as far as they refer to Admiralty com- 
position tubes. In this connection the investigators make 
the following remark on page 20 of their report :— 

“ Arnold Philip has on more than one occasion empha- 
sised his view that electro-negative particles of carbon, 
&c., are of special importance in promoting corrosion, 
but does es — to have brought — any Goalie’ 
experimental work to support it, perhaps beca: use 
seemed to be such an eminently reasonable view. 

This is a very just remark. The t writer was sO 
convinced of the fact himself, and so persuaded that 
everyone else was convinced that contact action was the 
generally acknowledged main cause of corrosion, that 
although he had made many experiments showing that 
the action took place with Admiralty composition tubes, 
and although he had no doubt whatever that it was per- 

easy to demonstrate it at any time, he had not put 
the results of »ny such experiments on paper. 
As an entirely fresh view bas now been put forward 
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TABLE I.—Resvtts or Att THE Corrosion Tests (Twenty-Six 1n Number) CARRIED OUT ON 70: 30 Brass 


in Sea-WateR FOR Turrty Days as Given BY Messrs. BENcoucH anpD Jones IN SECOND REPORT TO THE 


Corrosion COMMITTEE OF THE INSTITUTE OF MRTALS. 
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formally in the Second Report to the Corrosion Com- 
mittee, it is necessary to put on record what it is believed 
must be considered as forming a convincing proof of the 
correctness of the writer’s views on this question. At 
least, in so far as it refers to 70 : 29 : 1 Admiralty alloy. 
But as a preliminary to describing the c»rrosion experi- 
ments which the present writer has himself carried out, it is 
desirable first to call attention in more detail to the results 
of the single quantitative experiment bearing upon the 
contact action of coke and brass which is published in 
the Second Report to the Corrosion Committee. This 
experiment, dealing with the contact action of coke and 
graphite on 70 : 30 brass, is described in Table VII. of 
the report, page 43. 

With reference to this experiment, Table I., above, 
in the present paper shows the results of all the quan- 
titative corrosion results of whatever character obtained 
by Messrs. Bengough and Jones from experiments on 
70: 30 brass in sea-water, as published in the second 
report, and gives all the details of these experiments 
arranged in a tabular form, together with references to 
the tables or figures in the report, and to the corre- 
sponding on which they are recorded. In column7 
of this table the percentage losses due to corrosion 
in thirty days, as calculated by the authors, are given ; 
- in column 8 these —— are Ppecee oy — terms 
of loss in grains uare foot of co: surface per 
100 days S ane to being the figures into a form in 
which they can be compared with those obtained by the 
present writer, which are given later on in this paper. 
In some thirteen cases it has not been possible to icu- 
late Messrs. Bengough and Jones’s figures on account of 
the fact that these have been taken from their curves. 
This remark refers to all the experiments, 1, 2, 3, 14, 18, 
19, 20, 21, 22, 23, 24, 25, and 26. 

Out of the whole of these twenty-six experiments there 
are only three which refer to corrosion by contact. These 
are numbered 15, 16, and 17. Number 15 gives the 
results of the corrosion of a piece of 70 : 30 brass by itself 
and without any contact with any other conducting body. 
This sample was intended to serve as a control or check 
test on experiments numbers 16 and 17, which consist of 
identical pieces of 70:30 brass, corroded in stagnant 
Sea-water for the same period of time in contact respec- 
tively with coke and graphite in experiment 16, and with 
clinker and pyrites in experiment 17. 

No experiments have been made by the writer of this 
paper upon the action of pyrites and clinker in contact 
with brass as affecting its corrosion in sea-water, and no 
further criticism need therefore now be made upon experi- 
ment No. 17. In the case, however, of experiments 
Nos. 15 and 16 dealing with the contact action of coke 
and graphite two remarkable facts must be pointed out. 
Firstly, the corrosion loss on the piece of tube corroded 
in contact with coke for thirty days in oo come No. 16 
namely, 0.25 per cent.—is greater than the loss observed 
by the investigators on any other sample of 70 : 30 brass 
(with one exception) which was corroded under similar 
conditions—namely, in stagnant sea-water of normal com- 
position at atmospheric temperature for thirty days; 
and the results of no less than nine such experiments are 
recorded, Nos. 1, 2, 4, 5, 6, 7, 19, 20, 21; and yet 
it is upon the result of this single quantitative test on the 
ston of coke that the investigators base their conclusion 





that no action takes place. The exceptian to this state- 
ment, which is referred to above, is experiment No. 15— 
namely, the check test-piece to the experiment on the 
effect of the contact of coke on corrosion. 

mdly, in experiment 15 the authors show the cor- 
rosion losses on the check piece of 70: 30 brass in ordi- 


nary stagnant sea-water at atmospheric temperature, | mesh. 


without any aeration or other special treatment, to be 
0.54 per cent. by weight in thirty days, or 134.5 grains 
per square foot per 100 days. This corrosion loss is 
more than double the loss in thirty days on any other 
similarly corroded piece of 70 : 30 brass descri in the 
investigator's report, and is nearly 50 per cent. greater 
than the corrosion loss observed by them in any of all the 
twenty-six experiments on 70:30 brass which they have 
descri even when they have accelerated the corrosion 
by aerating the water, circulating the water, using con- 
centrated sea-water, or tem tures of either 40 deg. or 
50 deg. Cent. The next highest results are, in fact, those 
given in the three experiments Nos. 18, 22, and 26. In 
each of these three, however, the corrosion loss is only 
0.39 per cent. by weight in 30 days—that is to say, the 
most vigorous corrosion which the authors have been able 
to obtain by means of bubbling air rapidly through sea- 
water, as in experiment 18, or by circulating it rapidly 
at atmospheric temperatures, as in experiment 22; or by 
heating it to 50 deg. Cent. and aerating it as in experi- 
ment 26, was found by them to cause less than two-thirds 
of the corrosion which they found to occur in the check 
sample of 70: 30 brass which was corroded in stagnant 
sea-water of normal strength in an open beaker at atmo- 
spheric temperatures for thirty days. _ i 
The above statements of fact concerning these experi- 
ments, it is considered, indicate the very bigh probability 
that a serious error—probably a clerical error—has 
occurred in making the determination of the corrosion 
loss on the check test-piece in experiment 15. If this is 
not the case, it is evident that any corrosion measure- 
ments of this nature must be useless in arriving at a con- 
clusion as to the character of the real mechanism of 
corrosion, for the corrosion loss in thirty days in experi- 
ment No. 15 is more than 2} times as t as the loss 
found in the same time in experiment No. 4—namely, 
0.24 per cent. by weight—which experiment is neverthe- 
less identical in every respect as to the conditions of 
corrosion with those obtaining in experiment No. 15. 
The one and only quantitative experiment upon the 
contact action of coke upon the corrosion of brass which 
Messrs. Bengough and Jones have published in the 
Second Report to the Corrosion Committee, and upon 
which they appear to have based their new theory of the 
unimportance of the contact of coke upon the corrosion 
of brass in sea-water, therefore would seem on examina- 
tion to be one upon which but little reliance should be 


In order to demonstrate the nature of the acceleration 
in the corrosive action of sea-water upon brass caused 
the contact of coke, the following quantitative experi- 
ments have been carried out. f : 

Test-pieces of condenser-tube of Admiralty composi- 
tion—copper 70, tin 1, and zinc 29—were pre by 
cutting a 10-ft. | of tube in half | tudinally by a 
plane containing the axis. These engi of tube were 
annealed at « low red heat, rolled flat, and cut up into 





test-pieces 3 in. long, which were then cleaned by means 
of emery, and were finally each filed to the same size, 
having surface area of 6.32sq. in. The results of the 

ical analysis of this condenser tube are given in 
the first column of the following table :— 


2: Bengough and 

Philip. Jemma. 

Per Cent. Per Cent 
Copper... ... 70.60 71.18 
_ ga = ai 1.02 1.07 
Lead... ins a 031 0.28 
Tron ... ed = 22 0.21 

Zine, &c. (by differ- 

ence) a ae 27.85 27.26 


The results of the analysis of the Admiralty composi- 
Stones Nonpecgh and Senge, ond sobseecd to eu pogo OF 

essrs. ones, re’ to on pge 
of the Second Report to the Corrosion Committee, are 
also given for comparison. 

The test-pieces, pre as described above, were 
stamped with identification marks, and were submitted to 
the action of sea-water under the following conditions :— 

Series G.—Six test-pieces were placed in glass tubes in 
running sea-water for 60 days at atmospheric tempera- 
ture in contact with coke. 

Series H.—Six test-pieces were placed in glass tubes in 
running sea-water for 60 days at atmospheric tempera- 
ture without contact with coke or any other substance, 
except the glass walls of the tubes. 

Series K.—Six test-pieces were placed in glass tubes in 
running sea-water for 60 days at atmospheric temperature, 
in contact with pebbles of the same size as the pieces of 
coke used in contact with the pieces of condenser-tube in 
the experiments in series G. 

Series M.—Six test-pieces of condenser-tube were sus- 
pended in running sea-water for 60 days in a vertical 
position by means of cotton threads. 

The glass tubes in which the corrosion experiments in 
the three series, G, H, and K, were made consisted of 
what are known as ‘‘ boiling tubes,” namely, a large form 
of test-tube. These tubes are about 14 in. in diameter 
and 7 in. long. At the bottom of each tube a circular 
hole of about 4 in. diameter was made by means of a 
blow-pipe. A sketch of one of theee tubes is shown in 
Fig. 1, page 344. 

In series H the brass test-pieces rested at their lower 
ends upon the bottoms of the tubes, and the tubes con- 
tained nothing but the test-pieces and sea-water. 

In series G the lower ends of the test-pieces were 
packed round with pieces of coke of about the size of a 

it pea. The coke surrounded the test-pieces up to 
about their oy sy The coke was prepared by 
breaking up the ordinary material, and retaining only 
that portion which would pass through a sieve of }-in. 
mesh, but which would not pass through a sieve of 4-in. 
Before use the sieved coke was well washed in 
Portsmouth tap-water and then in sea- water. 

In series K the test-pieces were packed in the glass 
tubes precisely as in series G, but instead of using broken 
coke, the test-pieses were surrounded with pebbles which 
were of the same size as the coke fragments, and were 
packed round the test-pieces ap to their middle points in 
precisely the same manner. 

All the test-pieces in the four series G, H, K, and 
M were placed in the same corrosion tank, Figs. 2 
and 3. is tank was made of teak, and contained 
11.45 cub. ft. of sea-water, and was fed with fresh sea- 
water at the rate of about 8.9 cub. ft. per hour, so that 
the water was completely changed about eighteen times 
== hours. = —- flowed into the tank in 
eq streams through ten pipes arranged at eq 
intervals along the top of one alae of the tank. Each jet 
of water fell through the air for a distance of about 1 in. 
The water left — tank _* eleven oot yy through 
rs) arranged at equal intervals along the opposite 
» ny rg tank at the bottom. The positions et the 
openings by which the water entered and left the tank 
were staggered with to one another. By this 
arrangement a well-distributed current of aerated sea- 
water passed through the tank without the possibility of 
any dead spaces of stagnant water being formed. The 
equality of the ten streams of water flowing into the tank 
was adjusted by means of ano on rubber tubes 
fitted to the nozzles of the tubes A, Figs. 2and3. The 

uality of the eleven outflowing streams of water was 

justed by bending the Jead overflow pipes O, Fig. 2, 
— or lower, as necessary. 

he glass tubes, which contained the eighteen tesb- 
pieces forming the three series G, H, and K, were 
su in teak racks fitted along that side of the 
tank into which the sea-water was — The racks 
were similar to large test-tube racks, but the lower ends 
of the glass tubes rested on the edges of circular holes in 
a teak board. A portion of the rack, with a tube in 
position, is shown in Fig. 1. These holes, although too 
small to permit the tube to pass th h, allowed sea- 


water to flow freely either into or out of the holes in the 
bottoms of the glass tubes. The bottom openings of the 
tubes were about 2 in. from the bottom of tank, whilst 


the upper ends or mouths of the tubes were 3 in. below 
the surface of the sea-water in the tank. 

The test-pieces in series M were suspended vertically 
on cotton is, which were tied round their middle 
line. They were hung from a suitable glass-rod support 
at a distance of about 6 in. below the surface of the 
water. 

The sea-water which flowed through the corrosion-tank 
flowed by gravity into the tank from the salt-water tank 
over the fire-engine house in Portsmouth Dockyard. 
This tank has a capacity of 174,720 gallons, and is fed by 
a pump from the tidal basin at the rate of approximately 
448,000 gallons per diem. The water is therefore Ports- 
mouth Harbour water. Nostreams flow into Portemouth 
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Harbour, and the water is actually of the same com- 
position as the sea-water at Spithead. 

The results of the chemical analysis of the sea-water 
used are as follow :— 


Dosen to —, a ~ ee a 7} 
ific gravity at 17. . Cent. ... . 

<a ' iP Parts per 100,000. 
SiO. we be Pe 0.5 
Al,O; and Fe,0, = 0.5 

CaO ae = 194.0 
MgO 86 47 
Clg... 2044.0 
SO... a 225.0 
‘Total CO, .. 9.8 


For comparison it may be noted that the sea-water 
used by Messrs. Bengough and Jones, as calculated from 
the results of analysis given on page 68 of the second 
report to the Corrosion mittee, contained 1942.9 parts 
of chlorine per 100,000, and & specific gravity 
at 17.6 deg. Cent. of 1.0225. This sea-water, obtained 
at Formby at a point well outside the mouth of the River 
Mersey, was therefore about 5 per cent. weaker than that 
used at Portsmouth. 

The test-pieces in all the four series of tests were 
weighed ‘ore test and the area of their surfaces 
measured. At the completion of the tests they were 
removed from the sea-water, at once rinsed under the 
tap, and five of the six in each series were then vigorously 
scrubbed with a hard nail-brush. This treatment removes 
all but a very thin and tightly-adbering layer of cuprous 
oxide. The test-pieces were then y dried and 
weighed. 

The numerical results obtained in those four series of 
tests are given on Table II., and a summary of the mean 
results is shown on Table III. 


Tasix I1.—Corrosion Tests in Running Sea-Water at 
Atmospheric Temperature: Composition of Test-Pieces 
—Admiralty Condenser - Tube: Ci 70, Tin 1, Zine 
29 ; Duration of Corrosion, Sixty Days ; Area of Test- 
Pieces, 6.32 Sq. In. 





























i | 
1 2| 3 | ee 6 | 7 
. ae ex laca las lea laa 
2% | sé S |82 33 
es Pe oe 
| gf | e828 BS BE 
; g| &s ares 3° oe 
Dr scr'ption of Method) < r 4 sss 5 2 ae ae 
ct Dont, 3 2/623 53 \GF Eds 
~ sis osdics [SoS 
¢| ts [bce Mage Ree 
S' 8 | €&y = ssesss 
¢ Se | Sse a 58 tsk 
3 st |ge2 gec\s ae Ssh 
Series G. 
Test - pieces con-\ G 1 15.8386 | 15.2558 | 0.5828) 3.679 341.4 
tain in glass] |G 2 16.3236 | 15.5197 0.8039 4.924 471.0 
tubes. The lower] G 4 15.4888. 14.7228 |0.7610 4.914 445.9 
halves of the test- >) G 5 15.8300 | 15.0606 0.7784 4.914 456.0 
pieces being packed | G 6 16,7296 | 15.0760 0.6536) 4.155 382.9 
round with pieces] | Mean loss of weight 
of coke on G test-pieces .. 0.7159 4.517 419.4 
Series K. 
Test - pieces con- | ; 
tained in glass} K 1 | 17.6386 | 17.6110 0.0276 0.156) 16.17 
tubes. The lower] K 2 | 16.7622 | 16.7346 0.0276 0.164 16.17 
halves of the test-| K 3 16.9020 | 16.8736 0.0284 0.169 16.60 
onehees packed | K 4 | 16.2765 | 16.2450 0.0305) 0.187, 17.86 
round wi pieces | K 6 | 16.5895 | 16.5590 0.0305 0.183 17.86 
of stone of the same 
size as pieces of] Mean loss of weight | 
coke used in experi- on K test-pieces .. 0.0289 0.172, 16.93 
mente in Series G. 
Series H. 
Test - pieces con-\ H 1) 16.1393 | 16,0906 0.0487|0. 3017) 28.53 
tained inglasstubes | H 2 16.3603 16.3166 0. 0437 0.2671 25.61 
similar to those] H 4/ 16.6420 16,5918 0.0502 0.3016 29.41 
H 5| 18.8225 18.2705 0. 0620 0. 2838 30.47 


H 6} 16.1782 | 16.1235 0. 0547 0. 3381 


Mean loss of weight | 

on H test-pieces .. 0.0498'0, 2984 29.21 

Series M. 
{M 1 16,6182 | 15.5790 )0.0382 | 0.244 | 22.39 
M 8, 16.3060 | 16.2682 |0.0878 | 0.232 | 22.15 
M 4 15.3610 | 16.3254 |0.0856 0.232 | 20.85 
M 5 15.8862 | 15.8484 (0.0878 0.237 | 22.15 
M 6 16.5520 | 16.5180 |0.0840 0.205 | 20.33 
Mean loss of weight 

on M test-pieces ../0.0867 | 0.230 

' | 


K, but containing 32.05 
no coke or stones or 


used in Series G and 
other material. | 





jeces sus- 
pended vertical by 
means of cotton 
thread tied round 
longer axis of test- 
ptece. 


Test - 


| 21.69 


Table IV. gives all the results of quantitative sixty- 
day corrosion tests made by Messrs. Bengough and Jones 
with Admiralty-composition condenser-tube, which they 
have recorded in the Second Report. These results are 
necessarily taken from the curves given in the report, 
and in each case the number of the figure and the corres- 
ponding page in the report are quoted. These results 
are of interest for comparison with the similarly calcu- 
lated percentage sixty-day corrosion losses given in 
column 6 of Table II. in this paper. —— on the 
whole, closely similar, but are slightly hig than the 
results obtained in the tests made in series H, which vary 
from about 0.27 per cent. to about 0.34 per cent. 

It will be noticed that although six tests were made in 
each of the series of tests G, H, K, and M, only five 
results from each series appear in the Tables IT. III. 
This is on account of the fact that, as stated above, in 
each series one of the test-pieces was not after 
corrosion, but was merely rinsed in a stream of tap-water 
and then dried. The four test-pieces thus treated, one 





from each of the four series G, H, K, and M, have been 
a ip in stoppered glass bottles, and are exhibited 
uring the reading of this ae gel in order to afford an 
demonstration of what is partly shown in the 
photographs in “4 4 and 5, and partly in the numerical 
results in Tables IT. and III. 
_ The corroded test-pieces in series H and G are shown 
in the photographs, 345. The scale of the test- 
jieces and also the ess of their focussing is in- 
icated by the pos stamps shown in each photo- 
graph. Fig. 4 is a photograph of the six teet-pieces 
in series H, the six used in series G, photo- 
graphed ee after corrosion for sixty days, and 
after they had merely been rinsed in a stream of tap- 
water and dried on blotting-paper. The lower six test- 
pieces in the line marked are test-pieces from the 
series G, which have been corroded in contact with 
coke, and the heavy scale of corrosion products is seen 
adhering to the underlying metal in a thick incrustation. 
The upper line of test-pieces marked A are the six test- 
pieces from series H, which were corroded out of contact 
with coke or — other material except the glass wall« 
of the tube. All these twelve test-pieces were photo- 
graphed immediately after they were withdrawn from the 
corrosion tank after a sixty days’ corrosion. Both the G 
and H series of test-pieces were not only corroded under 


precisely the same conditions as to time and method of | 


support, but, except as limited by their method of sup- 
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Fie. 1.—Sketch of a portion of wooden rack in corrosion tank, 
showing glass tube for containing samples under corrosion. 
Scale about one-twelfth full size. 
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of test (in the line marked B), corroded in con i 
coke, is aloo clearly shown. em 

© reason that photographs of only five samples 
both Series G and H are shown i Fig. 5 is — 
one of each of these series was not cleaned after corrosion, 
but was retained for direct inspection in its condition 
precisely as removed from the corrosion-tank. All the 
samples (five in each Series G, H, K, and M), after 
corrosion and , have also preserved in 
stoppered bottles for direct inspection. 

careful inspection of the photographs in Figs. 4 























Fic. 3.—Transverse section of sea-water corrosion tank at 
Pay nouth Dockyard. The lettering is the same as in 
ig- 2. 











Fig.2. 





Fie, 2.—General view ef sea-water corrosion tank at Portsmouth Dockyard. Scale about one-twentieth full size. 


8. Salt-water supply-pipe. 

L. Lid of tank. 

H. Holes in wooden rack for holding glass tubes containing 
samples under corrosion. 


Tasie III.—Summary of Means of Results of Corrosion 
Tests at Atmospheric Temperature in Running Sea- 
Water on 70 : 1 : 29 Condenser-Tubes Made in Series G, 
K, H, and M, as given on Table II. 
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= al 4 | as > 
Soe | gS | gS. 2/38 
G5cé is8 | i82e82 $3 
5] = s° | =e fe 
G in glass tubes in) | 
contact withcoke ..| 0.7159 4.517 419.4 24.7 
K in glass tubes in | 
contact with stones) 0.0289 0.172 16.93 1.0 
H in glass tubes with 
no other material ..| 0.0498 0.2984 29.21 1.7 
M suspended by cotton | 
thread pe -.| 0.0867 0.230 21.57 1.3 





port, they were also under precisely the same conditions 
as to velocity of flow and aeration of sea-water and also 
ap ee for they were all put into the corrosion tank 
on same day and were all removed on the same day. 
Fig. 5 shows a photograph of five of each of the same 
F and G series of —— as are shown in Fig. 4, but 
after having been scrubbed with a hard nail-brush in water. 
The surfaces here shown are the metal surfaces, or are, 
at any rate, the metal surfaces coated with a thin and 
ightly-adherent film of copper oxide. Theentire absence 
pitting of the metal in the H series of tests (in the line 
marked A), corroded out of contact with coke for sixty 
days, is easily seen ; whilst the heavy pitting which has 
occurred in same time in the sam in the G series 





O. Overflow pipes for carrying off waste sea-water. 
D. Trough for carrying off overflow water. 
A. Entry-pipes for sea-water controlled by screw-clips, 


TaBLE 1V.—Results of all the Corrosion Tests Carried 
Out on Admiralty-Composition Condenser-Tubes in Sea- 
Water at megs ey Temperature for Sixty Days, as 
Obtained from Figures Published by Messrs. Ben- 
gough and Jones in the Second Report to the Corrosion 

Committee of the Institute of Metals. 
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e:  —_g Ew Second Report 
as e =) 8 8 2 toOorrosion 
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Sc Position of e8 oS e fromwi 
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= &® 82 32 SF vigure. | Pages 
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below surface 
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and 5, and of the actual samples themselves which are 
now exhibited, ther with a consideration of the 
numerical results of corrosion losses given in Table II., 
must, it is considered, give convincing proof that the 
contact of coke with Admiralty-composition condenser- 
tube in running sea-water at ordinary temperatures may 
be the cause of extraordinary violent acceleration of 
corrosive action. The summary of the numerical corro- 
sion results given in Table III. shows that the mean 
corrosion ty in contact with coke, as shown by 





these results, is 24.7 times as great as the mean corro- 
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sion velocity of precisely similar test-pieces of con- 
denser-tubes in Series K, which were packed in precisely 
similar tubes, the only difference being that, instead 
of the coke fragments used in Series G, small pebbles 
of the same size as the pieces of coke were used for 
—_ round the lower ends of the test-pieces. These 
our series of experiments, in fact, demonstrate that when 
the condenser-tube material is corroded out of contact 
with coke in various ways, its mean corrosion velocit 


varies from 1 to 1.7, according to the freedom with which | 
the sea-water can circulate round the test-pieces ; but' 


when corroded in contact with coke, the corrosion velocity 


; 
a a i 


Fie. 4.—S les of a 








With regard to the appearance of dezincification areas, 
it must be noted that when this occurs in thin layers it 
may be doubted whether the difference between a thin 
my td of copper and a thin layer of cuprous oxide, or of 
a layer of a mixture of the two substances, can be clearly 
discriminated. As far as the present writer is able to 
decide, a thin Jayer of copper is always formed within 
forty-eight bours when coke is in contact with Admiralty 
condenser-tube in sea-water at ordinary temperatures. 
Probably a real decision as to the difference between a 
thin layer of metallic copper, or a mixture of copper and 
cuprous oxide, and a thin layer of cuprous oxide, can 
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tube A from series H after corrosion in sea-water for thirty days, out of contact with coke, 


and. B from series G corroded under similar conditions, but in contact with coke. These samples were merely 
rinsed in tap-water after corrosion, and were then dried and photographed. 





Fic. 5.—The same samples of condenser-tube as are shown in Fig, 4, but after removal of corrosion incrustation by 
scrubbing with a stiff brush. 


at once rises to nearly 25. But further than this, many 
dozens of qualitative experiments have also been made 


only be definitely fixed by optical reflection methods of 
test. However, as to whether dezincification takes place 


with fragments of coke tied with cotton on to Admiralty- | or not is aside issue in the present case, and does not 
composition condenser-tube test-pieces, which have then | affect the important main conclusion, which cannot be 
been immersed in ordinary sea-water, both stagnant and | doubted—namely, that the contact of coke with Admi- 
running, and both at atmospheric temperature and at|ralty condenser-tube material in sea-water accelerates 


temperatures up to 50 deg. Cent., and in every case aecele- 
rated corrosion has been caused, and what appears to be 
dezincification has been observable within two daye, even 
in tests carried out with sea-water at the ordinary tem- 
perature ; but the action, as might be expected, is aecele- 
rated at higher temperatures. 


corrosion at all oy pony and not only accelerates it, 
but accelerates it far more markedly than any of the 
other causes of acceleration which have been pointed out 
in the Second Report to the Corrosion Committee. 

This conclusion as to the accelerating effect of coke on 
corrosion is nothing new; it has been within the know- 





ledge of all engineers dealing with corrosion, and espe- 
cially with the corrosion of condenser-tubes, for very many 
years, and, in fact, long ago attained the status of an 
ancient and respected truism. But what can explain the 
quite contradictory results obtained by Messrs. Bengough 
and Jones? The temperatures are the same, the com- 
position of the water and of the condenser-tube metal is 
practically the same, as far as analysis can show. In the 
present writer’s opinion, the reason for the discrepincy 
must be sought in the fact that the result of only a single 
quantitative experiment has been used upon which to 
base the authors’ conclusions. This single quantitative 
result may possibly be invalidated by some clerical error, 
or it may itself be correct, and the singularity of this 
negative result may be of interest as pointing to some 
unrecorded, but important, factor coming into action in 
this one instance. If this is so, it may prove an im- 
portant matter for investigation. But in any case, what- 
ever reason there may be for the unusual character of the 
single quantitative observation made by Messrs. Ben- 
gough and Jones, it is negative in its character, and it 
cannot in any way upset a single well confirmed positive 
demonstration that the contact of coke with Admiralty con- 
denser-tube metal in sea-water does accelerate corrosion. 

In conclusion, the author would again emphasise the 
importance of the following points :— 

1. The acceleration of corrosion in sea-water by contact 
with coke is a very real and important cause of trouble in 
condenser-tu 

2. Experiments made to decide any point concerning 
corrosion should be made in large numbers. There is 
probably no field for investigation in which a cautious 
statistical method of attack is more desirable. 

The observations obtained from engineers actually 
using the apparatus in which corrosion is a cause of 
trouble are, in general, of much importance, and should 
be most carefully considered. Nor should they be hastily 
discarded as incorrect, except after, at least, being sub- 
jected to a reasonably detailed experimental examination. 

tis, in fact, of much importance to enlist the interest 
and assistance of engineers in the elucidation of corrosion 
problems. 

The author has much pleasure in recording his in- 
debtedness to Mr. Wycliffe Killner for carrying out the 
quantitative experimental work recorded in this paper. 





CommErciaAL Yerar-Boox, BirmincHam. — We have 
received from the Birmingham Chamber of Commerce a 
copy of the fifth issue, 1914, of their year-book. I» gives 
information on the numerous industrial resources of the 
city of Birmingham and the neighbouring districts. It 
is issued to all parts of the world—the war arca omitted 
—and should prove invaluable for recovering trade. It 
contains a large amount of statistical data on our imports 
and exports, shipping, ey * industry, agriculture, 
&c., a guide for patentees, a directory of Birmingham 
manufacturers and traders, and a quantity of carefully- 
illustrated advertisements. 





Tue Monicipat Txounicar Institutre, Betrast.—The 
om gery for 1914-15 of this Institute has reached us. 

ost of the evening classes will open on Monday, the 
14th, as will also the ‘‘ Day Engineer Apprentice Course.” 
Other courses commence on September 28, 29, and 30, 
and October 5. The general course extends over three 
years, becoming more and more specialised. Apprentices 
can arrange to take part of a course on Mondays, and 
many employers grant leave to attend the Institute on 
that day. The course includes mechanical cneneerins. 
physics and electrical engineering, building and furnish- 
ing trades, textile industries, pure and applied chemistry, 
commerce, printing trades, and various trades. 





CANADIAN RariLway WorkinG.—At the close of June 
this year the Canadian Pacific Railway Company owned 
2248 locomotives, 2174 first and second-class passenger 
cars, cars, and colonist sleeping cars, 502 first- 
class sleeping, dining, and café cars, 96 parlour, official, and 
paymaster cars, 88,090 freight and cattle cars, 1427 con- 
ductors’ vans, and 5850 boarding, tool, and auxiliary cars, 
and steam shovels. The te distance run by trains 
in the year ended June 30, 1914, was 47,574,236 miles, as 
compared with 51,832,790 miles in 1912-13. Passenger 
trains ran 21,523,630 miles, as eompared with 22,333,592 
miles ; freight trains, 24,164,242 miles, as compared with 
27,611,103 miles; and mixed trains, 1,890,364 miles, as 
compared with 1,888,095 miles. The contraction observ- 
able in the train movement in 1913-14 was due to a falling 
off in traffic, and a consequent necessity of reducing ex- 
penses. The ratio of the working expenses to the traffic 
receipts in 1913-14 was 67.32 cent., as compared with 
66.82 per cent. in 1912-13. In the course of last year, 259,371 
acres of the company’s agricultural land were sold for 
4,618,420 dols., showing an average of 17.80 dols. per 
acre. In view of the very considerable expenditure 
made for rolling-stoock in the four years ended 1912-13 
the directors considered that it was advisable to spread 
the payments for the corresponding deliveries in 1913-14 
(representing about 14,000,000 dols.) over a period of 
fifteen years under an ordinary equipment trust agree- 
ment. A contract was made accordingly with the 
Victoria Rolling-Stock and Realty Company to provide 
the equipment and receive payment in fifteen annual 
instalments with interest at the rate of 44 per cent. per 
annum. The expenditure made on capital account for 
additions and = in 1913-14 amounted to 
25,891,278 dols. n this aggregate Eastern lines figured 
for 5,881,334 dols., and Western lines for 16,409,648 dols. ; 
the ce was principally represented by a double-track 
bridge over the St. wrence and additions to office 
buildings and hotels. The earnings on revenue 
account in 1913.14 were 129,814,824 dols., while the 
working expenses of the year were 87,588,896 dols. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may p obtained at the Patent Office, Sales 





ranch, 25, gs, Chancery-lane, W.C., at 
the nee of 8d. 
The date of the advertisement of the 


poreatones of a Complete 

Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
yrive notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


GUNS AND EXPLOSIVES. 

12,646/13. Sir A. T. Dawson and G. T. B 
London. Sighting of Ordnance. (3 Figs.) May 30, 1¥13. 
—This invention relates to the sighting of ordnance in which 
the sight is set by an independent observer, and has particular 
reference to those guns that are adapted to fire at high angles of 
elevation. In poo +p guns it has been found difficult for the gun- 
layer to follow the course of the projectile, or to observe the point 
of impact, and at the same time to keep the sight on the object 
aimed at. According to this invention, the setting of the sight 
by the inde ent observer, who may be stationed in a con- 
venient position, such that he can observe the effect of the gun- 
fire, is effected by means of a portable instrument having a handle 
or hand-wheel, which is connected to the setting m of 
the sight by a flexible shaft or the like. The instrument com- 
prises a casing A carrying a handle or hand-wheel A!, which is con- 
nected, preferably through peed yor a, al, to the flexible shaft 
A’, which, in turn, is connec either to the deflection-settin 
mechanism of the sight or to the range-setting mechanism. 
desired, the instrument may be provided with two handles or hand- 
wheels, one of which controls the deftection-setting mechanism, 
and the other the range-setting mechanism of the sight, so that 


Fig. 
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one observer can perform the deflecting and elevating operations. 
If desired, however, two separate instruments may be employed, 
for the use of two observers, one observer deflecting and the 
other elevating the sight as required ; the flexible shaft A? may 
be so arranged that it can be readily disconnected either from the 
instrument or from the sight-setting mechanism, or from both 
these parts. It is to be understood that, although the observer 
has full control of the setting of the sight, the gun-layer can, if 

'y, operate the defi and range-setting mechanism as 
heretofore by means of the hand-wheels B, C respectively (Fig. 3). 
The amount of adjustment given to the sight may be deter- 
mined by the number of turns of the hand-wheel, one turn repre- 
senting a known definite correction. If the instrument is wh at 
some little distance from the sight—e.g., on an observation-post 
or wagon—graduations may be provided on the instruments 
correspending to those on the range or deflection-scales of the 
sight. In the construction shown in Fig. 1, the instrument is 
attached by means of aclamp 4° to the gun-carriage wheel, and 
in the construction shown by Fig. 2 it is attached to the observer’s 
waist by means of a belt A‘, thus leaving one of his hands free to 
hold his field-glasses. (Sealed August 13, 1914.) 


17,564/13. J. F. Henderson and Albion Motor-Car 
Company, Limi Glasgow. Motor-Road Vehicles. 
{t Fig.) July 31, 1918.—This invention relates to rear axles and 
driving-gear particularly intended for use in heavy motor vehicles 
where a t reduction in speed is required between the engine and 
the driving-wheels, and is of the type in which motion is trans- 
mitted to the driving-wheels from driving-shafts through the 
medium of toothed gearing within the driving-wheels, the inven- 
tion having for its object to provide an improved combination 
avd arrangement of such rear axles and driving gearing. The 
type of axle to which the invention relates specifically is that in 
which there is a “live” axle of the usual type having tubular 
fixed parts, on the opposite ends of which the two rear or driving- 
wheels are mounted, and through which two driving-shafts 
extend. These driving-shafts are connected at their inner ends 
to the differential gear, and at their outer ends they each carry a 
pinion allin known manner. This pinion gears with a series of 
——— pinions turning on spindles carried by a disc or spider 

xed to the tubular axle part. The disc pinions gear in turn with 
an internally-toothed wheel on an annular flange extending out 
laterally from the spokes of the driving-wheel. According to the 
invention, the spider referred to is fixed at the extreme outer end 
of the tubular axle part beyond the road-wheel hub. The road- 
wheel may be mounted to rotate directly u the tubular axle 
part, or u a sleeve extending inwards from the spider, and 
which itself is directly upborne by the tubular —the load of 
the wheel being thus in either case transmit: directly to the 
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tubular fixed axle end, and not borne either in whole or in part 
by the inner driving-shafte. Within the usual tubular fixed part 
A of a live axle is a differential or driving-shaft B having at its 
outer end a pinion C. This pinion gears with a series of planetary 
pinions D mounted on axis-pins on a spider E The spider E has 
on it a sleeve F, by which it is mounted on the extended end of 
the part A, it being held in position by a nut G on the latter, and 
prevented from rotation by a feather H engaging grooves in it 
and the latter. 


Upon this sleeve F, and thus virtually upon the 
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extended axle, is mounted the bushed hub J of the road-wheel K. 
The road-wheel carries an internally-toothed ring L engaged by 
the planetary pinions D. Thus a non-epicyclic reduction is given 
between the shaft B and the road-wheel K in the ratio of the 
diameter of the pinion C to that of the ring L. For the exclusion 
of dust and to retain lubricant, a cover M is fitted to the ring L, 
while the usual brake-drum N, closed at its inner end by a fix 

disc P, which serves to carry the brake, coacts with a central 
filling-web in the wheel to totally exclude dust sre the 
leakage of oil from the inner end of the hub. (Sealed August 13, 


1914.) P 





5042/14. Aktiengeselischaft yay Boveri et 
Ci Baden, Switzerland. Turbo - Com 
{1 Fig.] June 30, 1913.—This invention relates to the operation 
of turbo-elastic fluid-compressors or liquid pumps, hereinafter 
referred to as turbo Such p 8, working 
with a low pressure, and delivering a large quantity of fluid, are, 
as a rule, double-ended—that is to say, they are provided with 
two suction branches and one common delivery branch. In many 
cases, and ap ad in connection with the working of blast- 
furnaces, if the charge “hangs,” or does not feed properly, it is 
necessary temporarily to increase the pressure to a considerable 
amount beyond the normal pressure. On such an increase in the 
pressure, however, without correspondingly increasing the volume 
delivered, turbulence occurs. For this reason one is frequently 
compelled alse to increase the volume of air delivered as well as the 
ure. This necessitates a great increase in the output, and it 
therefore — to design the driving-engine for such an 
increased output. e object of the present invention is to pro- 
vide a method whereby a high pressure may be obtained tem- 
porarily without involving an increased output, so that it is un- 

















necessary to design the driving-engine with abnormal dimen- 
sions. e invention consists in increasing the pressure in 
double-ended turbo-compressors by wholly or in part shutting 
off one half of the compressor, so that it gives practically no 
delivery when a temporary increase of pressure to be 
obtained. In the diagrammatic drawing, which illustrates one 
manner of carrying the invention into effect, a compressor is 
—— with a suction branch @ at each end and a common 

elivery b in the middle. A damper c is arranged in the suc- 
tion conduit @ of one-half of the compressor. In operation, 
when a high pressure is to be attained, the damper c 1s closed. 
In that case only the other side will rema‘n in operation. The 
delivery output will be reduced to one half or even to less, and 
as regards the shut-off end only the no-load losses occur therein. 
It is a well-known fact that the ure of a working turbo- 
compressor is considerably higher than the pressure produced by 
the same when running idle—that is, under no-load. For this 
reason a ag above atmospheric pressure, originating from 
the work ne half or end of the compressor, will obtain in the 
closed suction branch. By opening a branch conduit d, so that a 
communication is establi between the closed suction branch 
and the atmosphere, it is ble to set up acurrent or circula- 
tion in the closed end or half of the blower in the te direc- 
tion, thus removing the heat generated by running (Sealed 
Auguat 13, 1914.) 


RAILWAYS AND TRAMWAYS. 


3857/13. E. M. Munroe and the R.E.T. Construc- 
tion Com , Limited, London. Railless Trac- 
tion. (9 Figs.) February 14, 1913.—This invention relates to 
trolleys for electric-traction systems, and has particular refer- 
ence to “ over-running " trolleys, that is, those which rest upon 
and travel on top of aerial conductors, the connection between 
the trolley and the vehicle being usually in the form of a flexible 
cable coil d upon a spring pay g out drum on the vehicle. Ano 
over-running trolley, according to this invention, comprises a 
frame having pilot-wheels which normally remain substantially 
vi , and one or more other wheels or runners so mounted in 
the frame that they may be turned according to the position of 
the vehicle relatively to the line of the conductors. The over- 
head conductors A are su on insulators from brackets in 
the usual manner. The trolley carriage is su on the con- 
ductors by pilot-wheels B and by runners, e: comprising two 
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gripping-rollers O. The di ition of the gripping-rollers - 
tively to the conductor is shown in Fig. 3, where it will — 
seen that the a upon which the rollers are mounted are 
screwed intoa block O!, which is capable of movement in circular 
— made for it in what msy be termed running-frames C2. 

hese trunnion-frames C* form part of the frame of the trolley. 
It will be seen that the block C! upon which the roller spindles 
are mounted is furnished at each end with a pin or stud, which 
projects through a slot in the trunnion piate or frame, and forms 
the means of attachment for operating mechanism. The plan of 
the trolley-frame or carriage forming Fig. 2 of the drawings illus- 
trates the fact that the frame comprises two triangles, each sup- 
ported on the conductors at three points. One triangular portion 
com) the two left hand pilot-wheels B, with their supporting 
brac ets B! and B?, and one pair of gripping-rollers C, with their 
trunnion-frames C% and the arms or brackets C5 supporting the 
trunnion-frames. The other triangle is precisely similar, and is 
constituted by the corresponding bers shown on the 
right-hand portion of Fig. 2. Each triangu 
necessarily to be in two parts, electrically insulated, though 
joined mechanically, and it will be seen that the bracket B! is 
connected through insulators D to a dead plate D1, which, again, 
is joined through insulators D2 to the bracket ©. The two 
dead plates D! are joined by a towing-spring E, which thus serves 
to connect mechanically the two triangular jons of the 
trolley-frame. Stops F and auxiliary springs are provided, 
serving normally to keep the two pilot-wheels on each side and 
the runner between them in alignment. This construction 
enables the frame to open out against the tension of the springs 
Eand F!, and thus to facilitate the trolley-frame turning curves 
in the line of conductors. Asa further means to the same end, 
and to allow for some variation in the gauge—that is, the distance 
separating the two conductors A—some amount of lateral play 
on their axes is allowed to the pilot-wheels B. Secured to the 
brackets O5, or to some adjacent part of the frame, are lugs G 
forming a support for a sleeve. Upon this sleeve, but insulated 
from it by another sleeve and washers, is yet another sleeve. 
Sliding on the lastly.mentioned sleeve is a spherical bearing to 
which the end of a semi-circular frame or bridle J is attached. 

















The bearing is normally kept centrally in relation to the 
sleeve by means of volute springs H°. will be under- 
stood that this arrangement for the spring support for the 
end of the bridle is provided at each end of that mem- 
ber, which can thus swing practically through a hemisphere 
below the line of the conductors, and is also capable of limited 
transverse motion relatively to the conductors against the 
action of the volute springs H®. The members J forming the 
bridle are grooved on each side to accommodate friction-rollers, 
which are mount‘ on a shackle or carri In addition to 
the friction-rollers, the shackle is provided with a spindle carrying 
two pinions, the teeth of which engage wi'h the teeth of racks ; 
one of the racks is secured to one of the members J of the bridle, 
and the other rack is held in guides attached to the other member 
J, 80 that it can move relatively to the bridle, although it is 
constrained to move in a certain path. The pinion which engages 
with the fixed rack has more teeth than the — which engages 
with the movable rack. Thus, if the shackle or carriage K! be 
moved along the bridle J, the movable rack will be caused to move 
relatively to its seating one way or the other, according to the 
direction of motion of the carriage. This movement of the rack 
is caused to move the runners C in the trunnion-frames C? by 
means of mechanism diagrammatically shown in Fig. 4. On the 
first-mentioned sleeve is mounted a bracket L carrying at its free 
end a forked bell-crank lever L!. One end of this lever engages 
by means of a pin with a slotted crosshead attached to the end 
ob the movable rack K6, The other forked end of the bell-crank 
lever L! is indirectly connected to rods L!°, which are connected 
to the ends of the blocks C!. All the parts are mounted upon the 
first-mentioned sleeve carried by the bracket G, and are held 
rigidly ther by means of a bolt and nuts. The position in 
full lines repreeents the relative positions of the parts when the 
shackle is central with regard to the bridle—that is, the position 
which it would occupy if the vehicle were running directly 
beneath the line of conductors. The dotted position shows the 
shackle drawn round nearly to the top of the right-hand side of 
the bridle, and the consequent movement in the opposite direc- 
tion of the rack K®. This movement of the rack turns the forked 
bell-crank lever L1, and a pull is transmitted through the con- 
necting-rods L10 to the block C!, which moves round in the 
trunnion-frame C2, so that the rollers C take up their new 
position. Naturally, as one end of the movable rack rises the 
other d ds, quently the rollers C on the other ride 
of the trolley are rotated through a similar angle. (Sealed July 








20, 1914.) 
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THE DISTRIBUTION OF STRESS AND 
STRAIN IN A REINFORCED -CON- 
CRETE BEAM SUBJECT TO BENDING. 


By F. C. Lea, D.Sc. (Professor of Civil Engi- 
neering in the University of Birmingham), and 
O. H. Crowruer, M.Sc. 

THERE have been a very large number of experi- 

ments carried out to determine the breaking load of 

reinforced-concrete beams, slabs, and columns, and 

a considerable amount of data has been accumulated. 
In making calculations relative to beams or 

columns, nearly all equations involve the relation- 

ship between the modulus of elasticity of the 
concrete and that of the steel.in the compound 
structure, and the degree of confidence that can be 
placed in the calculations is pve. to a certain 
extent, upon the accuracy of the assumed ratio. 
The recent regulations of the London County 

Council give the modular ratio for steel and con- 

crete as follows :— 





Proportion by Volume, 
Modular Ratio, m. 


Cement. | Sand. Coarse Material. 
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This is presumably for a concrete ninety days old. 
Furthermore, it is generally assumed, in making 
the calculations, that the concrete in a beam is 
capable of resisting compressive stresses, and that 
these stresses vary uniformly from the neutral axis, 


§ 





Load in Tons on Area of 60 Sg. ins. 
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but the power of concrete to resist tensile stresses 
in a beam is generally assumed to be so small that 
it can be neglected. 

The published results on the elasticity of con- 
crete show that it varies considerably with the rich- 
ness of the mixture, the amount of water used in 
mixing the concrete, and also with the stress per 
square inch ; that is, the modulus of elasticity does 
not remain constant for concrete as it does for a 
Plece of steel. 

Fig. | shows the stress-strain curve for a plain 
1:2: 5 concrete column, 4 ft. long and sectional 
area of 60.sq in., when subjected to compression 
after an interval of four months from gauging. For 
pr ry loads the stress-strain curve is OA B, 
and for decreasing loads BC O. The modulus of 


elasticity at any point is oy = tan 0; as will be 
a 


seen from the figure, this varies with the stress. 
For calculations it is more convenient to take the 
deformations caused by finite changes in load. On 
this basis it is equal to the change of stress per 
unit area divided by the change in the deformation 
unit length produced by the change of stress. 

or this column the modulus of elasticity at a 








stress of 750 Ib. per sq. in. based on the total 
deformation has a value of 3,290,000 lb. per sq. in. 

As the modulus of elasticity varies with the stress, 
the assumption of a constant value as generally used 
in reinforced beams, and the assumption that the 
stress varies uniformly, might be considerably in 
error. Unfortunately, the experiments which have 
been carried out have been too few to settle the 
matter with any degree of assurance, and the experi- 
ments now to be described were undertaken in the 
hope that some light might be thrown on this 
difficult subject. The results of the experiments, 
which have proved interesting, are given completely, 
and the conclusions that may be deduced from 





the stress along any horizontal plane of the beam 


should therefore be constant. 


A special simple extensometer was devised for de- 
termiuing the actual changes in length between any 
two pins 1—1, 2—2, 3—3, &c., when the beam was 
loaded. The extensometer, though of such simple 
construction, proved a iaevangiy reliable instru- 
ment, and the authors are convinced that if there 
are any errors in the experiments, they are not due 
to the simple nature of the extensometer used. 
These have, no doubt, registered with a consider- 
able degree of accuracy the change in the distance 
apart of the pins embedded in the concrete, and if 
any criticism is to be offered to the results, it must 


them are discussed. They show the desirability of _be rather that these changes do not measure the 
the work being continued, and arrangements are true strains in the concrete than that the instru- 


being made for this to be done. Further, the 
experiments that have been made on these beams 
will be repeated when the latter are six months and 





ments were in error. These simple extensometers 
have been used during the last winter, in the 
laboratory of the authors, for a variety of purposes, 
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twelve months old respectively and the results will 
be made known. 

The aim of the experiments was to determine 
the strain, or change in length of the hori- 
zontal layers, in a concrete beam when subjected 
to bending. Reinforced-concrete beams of mix- 
tures shown in Table I. and sections shown in 
Fig. 2 were made on the dates shown. At the 
same time, concrete-compression specimens about 
6 in. in diameter were made, the strengths of 
which, after an interval of ninety days, are given 
in the last column of Table I. 

At the points 1, 2, 3, &., Fig. 2, were inserted 
thin steel transverse rods at a horizontal distance 
apart of 40.1 in., which projected a short distance 
on each side of the beam. 

On the dates shown in Table I. these beams were 
loaded in a vertical testing-machine, as shown in 
Figs. 3and 4. The beams were supported at A and 
B, 12 ft. apart, and loaded at the points C and D, 
5 ft. apart, which were symmetrically placed with 

t to A and B and the centre of the beam. 
The portion C D of the beam was therefore sub- 
jected to no shear and a uniform bending moment ; 





VerticaLt Testinc-MacHine. 














Tasie I. 
| | - 
Date | Interval) Mixture. Compressive St 
Made.| Before of Concrete 
g ; Testing:|Oement Sand.| Gravel. | 9 Days. 
ww days. By weight lb, per eq. in, 
f Nev. | if 1 2 | \ 
A 26, O44) By volume. Pi 3000 
\) 1918 | 0.98 | 1.90 |J 
By weight. 
1.5 | 3 
By volume. | 2150 


1 
1 

{ Dee. |) 1 
ga | a, 1 
1 

1 


| 1.47 | 284 | 
By weight. | 
Dec. 128 4.4 
oO ll, } 90 { By volume. 1700 
1913 | 1.96 | 3.80 


' 





and have proved effective and very useful. It is 
rising how they can withstand illtreatment 
without any ill-effects resulting. They have been 
ut in series with a Ewing extensometer on steel 
oom, and have proved practically as effective as the 
Ewing instrument for determining the coefficient of 
elasticity of the bar. é 
Description«f Kxtensometers.—The moving portion 
of each extensometer consisted of a small rocker, as 
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shown in Fig. 5. Into a small slab of brass were 
inserted three small hard-steel points, a, b, and c, 
while a long pointer P, made of aluminium tube, 
was attached to the slab, and the whole carefully 
balanced by the balance-piece B. To the end (1), 
say, of the transverse rods projecting from the 
beam was fixed a piece of }-in. square steel, as in 
Fig. 6. To this was fixed a thin piece of spring 
steel, which was rigidly attached to bar H. To the 
corresponding transverse rod (1) a second piece of 
}-in. square steel K was attached, on which could 
rest two points of the three-point rocker, while the 
bar H was allowed to rest on the third point. 
Small centre dots were made in the bar H, and the 
piece K, in which the’ points of the rocker rested. 
The thin spring gives the bar H a degree of freedom 
in a vertical plane, allowing it always to rest on the 
point of the rocker. Any relative motion of two 
points 1. 1 causes a rotation of the rocker, and the 
pointer P moves over the scale. It will be seen on 
reference to Fig. 7 that the horizontal movement 
of the point (a) about the centre (b) is proportional 
to the horizontal movement of point P, thus allow- 
ing a straight scale to be used. To calibrate the 
instrument the bar H was made to move a definite 
amount by a micrometer screw, and the reading of 
the pointer taken. 


Fig? 














that the concrete is non-homogeneous. The ex-| 
periments indicate that in calculations an allow- 
ance of at least } of the mean for this discrepancy 
should be made. In Figs. 12, 13, and 14 are! 
shown the strains for different loads, as deduced 
from the curves in Figs. 9, 10, and 11 at various 
distances from the compression surface of the beam. 
For example, taking the line EGH on Fig. 10, 
the ordinates of the respective curves show the 
strains for given loads on the beam B. In Fig. 13, 
the line EG H is plotted as a strain curve for an| 
increment of 3000 lb.—i.e , from 10001b to 40001b. | 
In all cases the points plotted in Figs. 12, 13, and 
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beam in such a way as to eliminate twisting. | the following equations are deduced and the modular 
The only explanation that can be offered is/| ratio calculated :— 


Let 


A = ares of tensile reinforcement. 
d = depth of the beam from the upper surface of the 
concrete to the centre of the reinforcement. 
« = distance of the neutral axis from the compressed 
surface of the concrete. 
a= arm of resistance mc t—i.¢., the distance 
from the centre of reinforcement to the centre 
of gravity of the concrete stress triangle = 


2 = =. 


3 
b = breadth of the beam. 
fc = maximum stress per square inch in the conorete. 
1s = stress per square inch in the steel reinforcement. 


lpg Fig6 ‘ 





WA 




















ak 
_ 
(4046 @ 
Fis. 8. 
TABLE IL. 
A. B. 0. 
Bram. Concrete :—1:1:2. By Weight. Concrete :—1:14:3. By Weight. Concrete :—1:2:4. By Weight. 
Compressive Strength after Ninety Days = Compressive Strength after Ninety Days = Compressive Strength after Ninety Days = 
3000 Ib. per Sq. In. 2150 Lb. per Sq. In. 1700 Lb. per Sq. In. 
1 tnerement of load .. -- Ib 1000 2000 | 3000 | 4000 | 5000 6000 1000 2000 3000 4000 | 5000 6000 1000 2000 3000 | “4000 | 6000 6000 
2 |Depth of neutralaxisz .. in 4.56 4.42 4.30 4.20 4.22 4.28 3.80 3.74 3.72 3.72 3.80 3.81 3.94 3.85 3.85 3.85 | 3.90 3.90 
3 Maximum compressive stress | | 
due to load increment | | 
Ib. per sq. in. 132 264 415 | 565 | 705 835 15% 310 467 622 757 917 147 300 448 598 745 898 


4 |Maximum strain on 40.1 in. in. 0.00196 0.00391 | 0.00561 | 0.00745 | 0.00900 0.01035 | 0.00175 0.00335 | 0.00480 0.00630 | 0.00770 | 0.00890 | 0.00195 | 0.00405 | 0.00590 0.00775 | 0.00935 0.01100 


5 Total stress due to total load 
Ib. per sq. in.) 432 567 718 | 
6 Modulus of ome concrete 
Ee .. .. Tb. per sq. in. |2,680,000 2,720,000, 296,000 
7 |Modular ratio Ex/Ec = m } 


ratio 11.2 11.0 10.1 | 
8 3tress in steel 


Loading of Beam and Readings Taken.—Two 
extensometers were used and readings taken simul- 
taneously on both sides of the beam and at similar 
distances from the compression surface. Fig. 8 
shows one of the extensometersin position. Read- 
ings were taken with both increasing and decreasing 
loads. When the beam was first loaded and the 
load removed, there was some permanent set; 
but on again increasing and removing the load, 
although the extensometers did not at first return 
to zero, they did so completely after a time. 
It will be seen on reference to Figs. 9, 10, and 11, 
that the extensions for increasing and decreasing 
loads were different, forming a distinct hysteresis 
loop in each case, and, moreover, the strains on the 
two sides of the beams were in some cases very 
different. Taking, for example, the curves num- 
bered 1 and la in Fig. 9, the vertical ordinates 
show respectively the strains on the two sides of 
the beam as the load is increased and then 
diminished. The extensions are greater for a given 
load as the load falls than for rising loads. all 
three figures it will be noticed that there is one 
curve which has practically no loop. The unequal 
strains on the two sides of the beam, amounting in 
the worst case to 164 per cent. of the mean, are not 
easy to explain, as the loading was put on the 


868 | 1008 


| 


1138 506 663 820 975 1110 


ib. per eq. in.| 6530 | 11,400 | 16,900 | 22,200 | 27,100 31,400 | 7800 | 15,900 | 23,000 29,200 34,600 | 88,200 


14 are the means of four points on the vertical 
| lines in Figs. 9, 10, and 11. 

To show the difference between the strains for 
rising and falling loads, curves pr and k m, falling 
on either side of the mean curve K M, are plotted 
in Fig. 12, while the curves gv and wn show the 
difference between the strains on the two sides of 
the beam for a given loading; these curves are 
displaced for clearness. All the curves in Figs. 
10, 11, and 12 show that on the compression 
side of the neutral axis the assumption of linear 
distribution of stress is approximately correct. 
The position of the neutral axis for each of the 
beams varies slightly with the load on the beam, 
and is at a different distance from the compression 
surface for each beam. 

On the tension side of the neutral axis the 
strains are considerable, and, as already remarked, 
the extensometers returned to zero after loading 
was removed, showing that the steel reinforcements 
pulled the concrete back into its original unstrained 
position. 

Theory of Concrete Beams: The Modular Ratio.— 
Taking the ordinary assumptions :— 

(a) That the stress varies uniformly from the neutral axis, 

(b) That the concrete offers no resistance to tensile 








1270 484 | 637 735 | 935 1082 1235 


| 
3,050,000/| 3,140,000 3,240,000 3,520,000 3,720,000 3,900,000 3,960,000 3,960,000 4,130,000 3,020,000! 2,970,000,3,050,000 3,000,000) 3,200,000 3,360,000 
98 | 9.6 9.15 8.5 8.0 7.7 7.6 7.6 7.3 9.9 9 9.7 9.4 9.0 


7.3 10.1 9. 


6500 | 14,200 | 22,600 | 29,000 | 35,000 | 38,900 


E. = modulus of elasticity for steel. 
E. = modulus of elasticity for concrete. 


7 


m = modular ratio = )~ 
M= external bending moment in inch-pounds. 
Taking assumption (a) 


fe E-x 
i = (ea 3) en 
Since the total compressive force on the section 
must equal the total tensile force :— 
bfebu=f A 4 ids ae 
The internal moment, neglecting tension in the 
concrete, 


Wt 


f. baR at fe A (d-2z) 
Se ba (d-} x) 
= ti Fees Ss... 
Equating the internal and external moments, 
M=;4faba. ° ° p - (4) 


From the method of loading it can at once be 
seen 
M = 4 W 42in lbs, 
where W is the total load on the beam, 
therefore 


and 


42W =f-abz. 
The position of the neutral axis in each case is 
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obtained from Figs. 12, 13, and 14, and thus ab 
and « are known, and f. can be calculated for each 
load on the beam. 

The modulus of elasticity for any stress f. is 
given by the formula, 

fe=Eeamin . sw le @ 
The strains were determined by experiments and 
are given in Table II. 

Asan example, Fig. 13 shows the strains on dif- 
ferent horizontal layers in beam B for various con- 
ditions of loading. The loads are indicated at the 
top of the figure. The curve EG H shows the 
increase in the strains for an increment of load of 
3000 Ib., EF is the strain at the compression sur- 
face of the beam ; E F = 0.0048 in. 

The strain it length = ° 0048 
per unit leng a 

The increase in the bending moment for the load 
of 3000 Ib. is 3000 x 21 in.-lb. The point G is 
5.71 in. from F, and a = 8.96 in. 

Then from equation (4) — 


por 4 f 3.72, 8.96, 8.1 = 3000 x 21, 


F. = 467 lb. per sq. in. 
From equation (6)— 


ER, = = x 40.1 — 3 900,000 Ib. 


Proceeding in this way, Table II. has been pre- 
pared. The values —_ in horizontal lines (2) 


STRAINS 








and (4) are obtained from the curves in Figs. 12, 


Fig. 
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13, and 14. The figures in horizontal line 3 are 
calculated from equation (4), and those in (8) from 
the equation fs « (strain at centre of reinforce- 
ment). These strains are taken from Figs. 12, 13, 
and 14, and E; is taken as 3,000,000 lb. per sq. in. 
The experiments show that the modular ratio 
diminishes as the stress increases, and is slightly 
higher for the richest mixture than for the poorer 
mixtures. The evidence so far is thus opposed to 
the London County Council Regulations. 

It is evidently desirable, as previously suggested, 
that the experiments should be continued. 





BRIDGES OF LARGE SPAN. 

In bridge-building, as in other departments of 
engineering, the path of progress is ordinarily 
achieved step by step, and it is but seldom that 
the engineer is called upon to prepare designs for 
the construction of bridges of spans much trans- 
cending his ordinary experience. The constant 
march of improvement in workshop methods and 
in the materials available is continuously increas- 
ing the economical length of span, but this 
advance has been so gradual that it has involved 
no excessive strain on the calculating and design- 
ing departments of the larger bridge-building firms, 
which are quite capable of dealing, on their own 
responsibility, with spans of — considerable 
magnitude. When, however, it is desired to pass 
from structures of the ordinary class to spans of 
1700 ft. to 1800 ft., the advance involved is too great 


to be adequately compassed by ordinary drawing- 
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office routine, a wider and more comprehensive 
analysis of the problem being needed than is gene- 
rally feasible in a contractor's office, where the 
chief cannot generally give his exclusive attention 
to a single structure. 

An excellent discussion of the varied factors 
which have then to be taken into consideration 
will be found in a most valuable and highly inte- 
age Dag read before the Franklin Institute by 
Mr. Ralph Modjeski in May, 1913, and published in 
the December issue of the Journal of that Society.* 

The construction of a large bridge involves no 
small amount of mathematical work, but this, 
though laborious, presents little intrinsic difficulty. 
Other questions require very much more considera- 
tion, and the answer to these is in no way facili- 
tated by the fact that alternative solutions are 
often practicable, since this circumstance generally 
involves a nice balancing of mutually conflicting 
drawbacks and advantages. 

Mr. Modjeski points out that even the location 
of a bridge cannot always be fixed purely by engi- 
neering considerations. He mentions, for ommaaie, 
the case of the Celilo Bridge across the Columbia 
River. A bridge at Dalles, twelve miles further 
down, would have been cheaper to construct, but 
would have involved another twenty-four miles of 
haul for east-bound traffic, and thus the more 
expensive site was selected. Mathematical investi- 
gations have shown that, in general, the total 

* “Design of Bri with Special Reference 
to the Quebec Bridges” by Haiph Modjesta, D. Rog. 
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cost of a bridge will be a minimum when the cost 
of the substructure is equal to that of the super- 
structure ; but here again, as Mr. Modjeski points 
out, it is not often feasible to fix span dimensions 
on this basis solely. The necessity of not unduly 
interfering with the navigability of a waterway 
often makes it imperative to use longer spans than 
would be advisable were purely engineering con- 
siderations alone involved. In other cases, as at 
the Forth and at Quebec, the natural features fix 
the span length almost automatically. Once the 
site has been chosen, Mr. Modjeski emphasises the 
absolute necessity of thoroughly investigating the 
character of the strata on which the piers must rest. | 
This advice is too frequently neglected, but a trust, 
in providence is but a poor substitute for a sound 
foundation ; and if, as is sometimes done, the 
responsibility is left to the contractor, the latter 
must insure his risk by adding substantially to the 
amount of his tender. 

Natural features, again, greatly influence the 
character of the superstructure. Long - span 
arches, for example, are advisable only where 
natural abutments already exist. Such arches may | 
have either two hinges or three, or may be rigid | 











THE QUEBEC BRIDGE (NEW DESIGN) 


system will generally prove to provide a cheaper 

structure. Large simple spans must either be 

erected on false-work or floated into position. They 

are, moreover, more stressed by the wind than 

cantilever structures, presenting their greatest area | 
at mid-span. Ina number of large simple spans | 
patton by Mr. Modjeski the ratio of len to 

depth ranges from 5.24 up to 5.82, the theoretical 

best value being, he says, about 54. Mr. Modjeski | 
points out that the ordinary rule, that the weight | 
of similar spans varies, as the square of the span is | 
only true within a limited range, which for simple | 
truss spans lies between 100 ft. and 300 ft. Beyond | 
this limit the weight increases much faster than as | 
the square of the span. Some saving in the total | 
weight of truss spans could, Mr. Modjeski states, 

be effected by making the panel length longer near 
mid-span than at the ends; but too little is thus 
porn to offset the advantages of the uniformity in 
floor beams and stringers resulting from a constant 
length of panel. 

In discussing still larger spans, Mr. Modjeski dis- 
misses the continuous girder somewhat slightingly. 
Apart from possible difficulties in providing for 
temperature changes, it has, however, the advan- 





else never is equal, and that the statically 
indeterminate structure, if properly designed, 
always results ina more mechanical structure. This 
is certainly the case so far as moderate spans are 


concerned. 

In this connection reference may, perhaps, be 
made to the Beaver Bridge across the Bhio River, 
of which a full ew was given in our columns 
during the earlier half of last year. The design of 
this structure gave proof of a very high order of 
engineering ability, but it may, perhaps, be doubted 
whether the care taken to sub-divide up the longi- 
tudinal girders of the floor system into short inde- 

ndent lengths was not somewhat misplaced. M. 

but has proved experimentally that a continuous 
floor may greatly augment the carrying capacity of 
a bridge. The floor, in fact, often acts as so much 
additional metal in one or the other flange, and 
the remarkable endurance under modern loads of 
bridges built in the ’sixties, or even earlier, is, he 


| has shown, often mainly attributable to this fact. 
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Fig.3. QUEBEC BRIDGE, PHQGENIX BRIDGE COMPANY DESIGN. 
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throughout. The second alternative is that which 
— commends itself to the mere computer, 
ut most practical bridge engineers are now in- 
clined to favour the two-hinged arch as giving a 
more rigid structure. Here again, however, the 
computer has frequently been perturbed by the 
question of making the central connection so as to 
get an agreement between the actual stresses and 
those on which he has figured. Mr. Modjeski’s 
solution of the problem is to treat the dead 
load as if the arch were three-hinged, and to 
make the central connections with all dead load 
in place, and when the temperature is about 
60 deg. Fahr. For all future time there will 
thus no bending moment at the central 
hinge when the temperature is normal and the 
structure is carrying its dead load only. For the 
live load, and for temperature stresses, the struc- 
ture acts as if it were a two-hinged structure. 
This solution of the problem is simple and 
scientific, and avoids the use of hydraulic jacks 
or their equivalents for putting on initial strains 
when making the centre joints, as would be neces- 
sary were the dead load taken as in a two-hinge 
structure. 

The simple truss span can be used up to about 
700 ft., so far as commercial considerations are con- 
cerned, and Mr. Modjeski states that one of 720 ft. 
span has been designed for a crossing of the Ohio 
River. The theoretical limit of such spans is, how- 
ever, about 2000 ft., if ordinary carbon steel be 
adopted, and 2700 ft. if nickel steel be used. If, 
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tage of being stiffer than the cantilever, and on 
that head should be preferred ; but, undoubtedly, 
there would be difficulty in providing for the free 
expansion, with temperature changes, of a very 
long continuous girder. Quite possibly the import- 
ance of temperature stresses is overestimated, as 
expansion gear has been removed from spans of 
fair size without any adverse effects. The belief is 
not uncommon that if a long bar is prevented 
from contracting when the temperature falls, the 
ensuing stress will be ter than in the case 
of a short bar; but this is, of course, a wholly 
erroneous view, the stress arising from the sup- 
pression of the contraction being independent of 
the length of the bar. Hence, if a large bridge, 
piers and foundations included, were an exact 
replica, on a larger scale, of a smaller structure, 
temperature strains should be no more serious in 
the large than in the small bridge. 

Mr. Modjeski, though not an advocate of the 
continuous girder, does not re-echo the complaint 
— it frequently made by American engineers. 

nable to deny that many centinuous girders have 
given excellent service in practice, they complain 
that the stresses are indeterminate, as if this were 
sufficient to condemn the system. As Mr. Modjeski 
truly points out, the stresses can always be deter- 
mined with sufficient accuracy to ensure the safety 
of the work. ‘‘It is,” he says, ‘‘ only when every- 
— else is equal that determinate stresses should 





however, the span exceeds 700 ft., the cantilever 
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Fig.4. QUEBEC BRIDGE. ST. LAWRENCE BRIDGE COMPANY DESIGN. 
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few years ago to increase the span of the Rue 
Legendre Bridge at Paris from 40 m. to 48 m., 
M. Rabut found that the ‘flange effect’ of 
the floor was so great that the actual stresses in 
the girders proper were very much less than had 
been calculated on. It therefore became practic- 
able to make the increase in the span by simply 
lengthening the existing girders to the extent re- 
quired, no strengthening by additional plates being 
requisite. There seems, therefore, no adequate 
reason for not allowing the floor to help the girders, 
thus adding, it may be, an unknown, but at any 
rate a very substantial, increase to the resistance 
of the structure. 

Mr. Modjeski has been one of the engineers 
responsible for the new Quebec Bridge now in 
course of construction, and of this he gave a 
number of highly interesting details in his lecture. 
The main span is to be 1800 ft. between centres of 

ings, the anchor arms being 515 ft. long, whilst 
the central suspended span will measure 640 ft. 
This was considered to be about the limit that 
could be successfully floated into position, although 
a somewhat greater length would have reduced the 
total weight of steel. The bridge is to take on 
each track two Cooper's Class E-60 —— fol- 
lowed or preceded by a train-load of 5 lb. per 
lineal foot of track. In addition to the actual 
dead weight of the structure, a load of 500 Ib. per 
foot run was provided for on the suspended span, 
and of 800 lb. per foot run on the remainder of 
the bridge, as an allowance for the winter snows. 

The wind loads provided for are 30 Ib. per sq. ft. 





ith this conclusion it is impossible to quarrel, 
but the opinion may be expressed that everything 
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on the exposed surface of the two trusses, and on 

one and a half times the elevation of the floor, to | 
which was added a wind load of 300 Ib. per lineal 

foot on the moving load. In the direction of the | 
axis of the bridge, the wind load assumed was 30 Ib. 

per sq. ft. on one-half the area assumed for the 

transverse wind loading. 

The main towers are to be 310 ft. in height. 
This is stated to be 20ft. more than the most 
economical height with the K_ bracing which is to be 
used. It has, however, the advantage of reducing 
somewhat the enormous size of the chord members. 
As shown in Fig. 1, page 350, which we reproduce 
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from’the Journal of the Franklin Institute, both the | 
upper and the lower cantilever chords are straight — 

a plan which has the advantage of transferring 
wind stresses to the pier as directly as possible. 

\ The width of the bridge is to be 88 ft., as shown 
in Fig. 2, which represents a section over a pier. 
The question of splaying out the trusses at the 
pier level, as at the Forth, was considered, as also 
that of making the bridge generally wider at the 
piers than elsewhere. A certain economy of mate- 
rial could have been effected in this way, but it was 
considered, on the whole, that the gain possible 
was insufficient to offset the very considerable 
practical advantages pertaining to a constant width 
throughout the whole length of the bridge. 

The K system of bracing was adopted as 
requiring @ minimum of secondary members, and 
few, if any, temporary members during erection. 
It has the further advantage of subdividing the web 
Stresses, thus making each member of a more man- 
ageable size, and comparative calculations showed 
that it was lighter than the alternative systems 
examined. Mr. Modjeski draws attention to the 
fact that the deformation of the truss with this 
system of bracing is very regular in character, and 
he gives Figs. 3 and 4, showing, in the first 
case, the character of the distortion under its 
load of the original Phoenix Bridge design, and, 
in the other diagram, that of the design finally 
adopted. The deformations were calculated by the 
Williott method, and are plotted to 60 times 
the scale of the truss. The distortions in 





the old design arise in part from the higher unit 
Stresses adopted, but are also affected by the fact | 
that the chords were curved, and by the relatively 
large number of secondary members. 

It was originally intended to construct the canti- | 


lever arms of the new bridge as riveted trusses | he expresses 


throughout, nickel steel being used for the river, 
arms, and carbon steel for the anchor arms. It has, 
however, finally been decided to use carbon-steel 
eye-bars for the tension chords. Mr. Modjeski claims 
that a better design is thus secured, and, taking | 
a comprehensive view of all the considerations in- 
volved, this is probably true. From a purely struc- | 
tural standpoint, a well-designed bridge riveted 
throughout is probably superior to any equivalent | 
eye-bar structure, but other considerations are in- 
volved. The ease of erection characteristic of the 
eye-bar system is a most important factor in the 





present case, where the severity of the climate’ 
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founded opinion, that there is a tendency to over- 
rate their importance. Maintenance engineers, 
rather than designers, are those best qualified to 
express an opinion on this point, and certainly 
their experience, based, no doubt, mainly on spans 


|of moderate length, goes to show that bridges 


having large secondary stresses are more satisfac- 
tory under traffic than more loosely - assembled 
structures ; and it is, in our view, rash to discard 
experience of this kind on purely theoretical epecu- 
lations. It is, moreover, of no little interest to 
note that the type of eye-har head usual in 
America involves the existence of very large secon- 
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precludes work in the open throughout many 
months in the year. Nickel steel will be used for 
the trusses of the suspended span, but the floor 
stem and most laterals will be of carbon steel 
ughout. 

The new bridge will weigh 8.7 tons per foot near 
the centre, and 38 tons per foot near the piers. 
The co nding figures for the Forth Bridge are 
2 tons and 13} tons. The distribution of the 
weight in the two cases is illustrated in Figs. 5 
and 6. Part of the increase in the case of the 
new bridge is due to its greater span, since for 
bridges of such dimensions the weight increases 
rather faster than as the cube of the span. 

The design of the bottom chord at its heaviest is 
represented in Fig. 8, and may be compared with 
that of the Forth, Fig. 7, and of the old Quebec 
Bridge in Fig. 9. Of course, from the standpoint 
of theoretical mechanics, the Forth design is 
superior to either, but it is of a type very difficult 
and costly to build, and a rectangular section has 
therefore quite legitimately been adopted. Such a 
form was, in fact, practically unavoidable, in view 
of the conditious under which the erection will 
have to be carried out. This chord will have pin- 
joints only at the junction with the towers, where 
the antipathy of the American bridge engineer to 
possible secondary stresses has been allowed to 
prevail. The bracing of these large compression 
members is not fully shown in Fig. 8, but in view 
of the previous failure very full consideration has, 
of course, been given to the securing of a thoroughly 
stiff and efficient system. 

In concluding his paper, Mr. Modjeski entered 


8 
ti 


| into a short discussion of the vexed question of 


secondary stresses 


ti These, he states, were all 
calculated and 


provided for in the new er but 


what we believe is a thoroughly well- 
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dary stresses. From the experiments of Professor 
Coker, which are in accord with the results of other 
workers, it appears that with a head of this type 
the maximum stress in the immediate neighbour- 
hood of the eye may greatly exceed the mean. 








CALCIUM CARBIDE AND NITROGEN 
PRODUCTS. 
(Continued from page 296.) 
Catcruom Carsiwe Works at Oppa. 

As already indicated, the carbide factory at Odda, 
of the Alby United Carbide Factories, Limited, 
began the manufacture of calcium carbide in 1908, 
and since then has produced on an average 32,000 
tons per annum, of which 10,000 tons was delivered 
to the cyanamide factory adjoining, and now belong- 
ing to Nitrogen Products and Carbide, Limited. 
The original factory was described in vol. lxxxvii. 
of Enorneerinc. At the time of installation the 
current utilised was approximately 20,000 horse- 

wer, and the output of calcium carbide 32,000 tons. 

n 1912 it was decided to extend the factory, and 
six new kilns for the calcining of the limestone, 
and ten new electric furnaces for the fusion of 
limestone and carbon, have been built, while a 
new system of cooling the calcium carbide and other 
modifications ms have been made in the manufactur- 
ing plant. Since then, too, an addition has 
been made to the import and export quays 
in order to unload more expeditiously the lime- 
stone and anthracite coal, as well as the ordinary 
bituminous coal used in the gas-producers for 
running the kilns. The result is that the works 
now consume 50,000 horse-power of electric current, 
and the output of calcium carbide is 85,000 tons, 
of which 57,000 tons are delivered to the cyanamide 





factory, the remainder being despatched for use in 
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geaoerating acetylene gas either for illumination or 
oxy-acetylene welding. 
e general arrangement of the factory is shown 

on the diagram reproduced in Fig. 35, Plate XXIV., 
and in Fig. 36, the latter showing in perspective the 
whole establishment from a point corresponding to 
the top right-hand corner of the diagrammatic plan. 
The silos for the storage of material are seen in the 
foreground, with the lime-kilns behind them and the 
electric furnace-houses to the right of them again, 
while beyond these is the cyanamide works, with 
the Sorfjord in the distance. The export quay will 
be seen to the left of the river mouth, while the 
import quay is partially obscured by the fir-clad 
slope to the extreme right of the view. 

> describing the works in detail we shall deal 

rticularly with the new plant, because in its 

esign there have been embodied the lessons of 
experience, so that still higher economy and uni- 
formity in the contents of the calcium carbide are 
ensured. The raw materials, of which there is 
used each year 50,000 tons of anthracite and 
150,000 tons of limestone, are imported. The 
former comes from Wales, and is selected in order 
to ensure low content of phosphorus and to give 
as small percentage as possible in ash, in order 
that the carbide shall give a high output of pure 
acetylene. This is particularly essential in carbide 
u for lighting purposes. The limestone is 
obtained from the company’s own quarries on the 
west coast of Norway. The principal quarries now 
worked are at Skaftun, near Bergen, and at 
Oestborg, in the Trondhjem Fjord. In both 
quarries mechanical appliances have been exten- 
sively adopted, in order to achieve the highest 
efficiency in labour. ‘There is also a quarry in 
the Hardanger Fjord, which gives about 20,000 
tons of limestone per annum. The third important 
material is gas-coal or coke, which is got from 
the east coast of England, to the extent of 
about 15,000 tons per annum, but, as shall pre- 
sently be explained, the new electric furnaces 
for the production of calcium carbide are 
arranged so that the waste gases can be utilised 
for the calcining of lime in the new kilns, and the 
two gas-producers specially erected for providing 
the gas for these new kilns are now utilised only 
as stand-bys. In our previous article we dealt very 
completely with the system of transport in the 
works, so that we need not enter largely into this 
part of the manufacturing arrangements. Origin- 
ally the import quay had two jib cranes, with a 
lifting capacity of about 2 tons, of somewhat 
interesting design, fully illustrated in our previous 
article. This quay, which has been lengthened and 
a third crane added, is now entirely utilised for 
the importation of limestone. e combined 
capacity of the three cranes is over 100 metric 
tons per hour. The limestone is delivered into 
high - level hoppers, and through a bottom door 
in these, buckets or wagons are filled and tra- 
versed along the quay by hand, automatically 
to grip upon a cableway, 2000 yards long, and 
with a.carrying capacity of about 30 tons of lime- 
stone or about 80 tons of anthracite per hour, the 
motive power being electricity. By this cableway 
the wagons travel to the silos. A new quay has 
been constructed for the importation of the anthra- 
cite and gas-coal or coke, having one crane capable 
of discharging 50 tons of coal per hour. This new 
quay is cut out of the rock on the shores of the 
fjord, whereas the other quay is built of timber. 
The crane is utilised for the discharge of steamers 
by means of grab-buckets. Here also the contents 
are deposited in hoppers. The new quay is con- 
nected to the old quay by a circular electric cable- 
way 170 yards long, so that the coal-wagons are 
transferred to the existing cableway to the silos. 
This latter cableway is continuous, the route 
traversing the top of the anthracite, the limestone, 
and the gas-coal silos, and back to the quays 
(Fig. 35). These silos, which were fully illustrated 
in our former article, are divided into com 
ments, but have since been extended, that for 
limestone having a capacity now for 4000 tons, 
the two for anthracite holding together 5000 tons, 
and the one for gas-coal or coke taking 3000 tons. 
The three first-named silos lie in one range, and 
the main cableway runs direct around them all. 
The silos are divided into a series of large 
hoppers ; over the top of each there is trip-gear, 
which, when set, causes the cableway wagon 
automatically to tip, its contents being discharged 
into any desired hopper; the bucket, emptied, con- 
tinues on its circular way back to the quay. There 








is also a large open-air reserve store for limestone, 
and similar arrangements are made for the lime- 
stone to be deposited here from the wagons travel- 
ling on the cableway, which is here in the form of 
a loop as shown in the diagram, and having, at each 
end, junction with the main cableway. 

The floors of the hoppers of the silos slope 
towards the outer boundary at an angle of 45 deg., 
so that the material falls by gravity te side doors 
near the ground level, where it is passed through 
shoots, with doors, into wagons travelling on an 
electric telpher railway. The electric telpher rail- 
way system is conceived most admirably, in order 
to economise the amount of labour involved. This 
is a matter of great importance in a factory having 
such a large quantity of material to transport from 
point to point. The means specially used for 
mechanical transport have been supplied by Messrs. 
Bleichert and Co., of Leipzig-Gohlis, and the 
details of the system were illustrated and described 
in a previous article ; but in view of the extensions 
since made, it will be well to indicate broadly the 
_ eee, although the details have not 

mn materially modified. There are now (Fig. 35) 
seven separate telpher railways in the works, with 
a total length of 14 miles. Each is continuous, 
and passes round one or other of the silos, 
conveying therefrom material to its prescribed 
destination, without any further manual control. 
Thus the anthracite railway encircles the anthracite 
silos, conveying the material to be tipped into the 
hopper for serving the coal-crushers adjacent to 
the electric furnace house. The limestone railway 
encom the limestone silos, and travels over the 
tops of the old or new kilns, returning thence to the 
limestone silos. The gas-coal or coke telpher railway, 
on the other hand, goes round the silo containing 
the gas-fuel, and thence to the hopper for serving 
the conveyors and elevators used for charging the 
gas-producer. Another railway takes the crushed 
anthracite, and deposits it into the electric fur- 
naces, and so with the other circuits. In all 
cases the emptying of the telpher railway wagon 
is automatic, gear being placed over the lime- 
kiln, the anthracite hoppers, or other discharge 
stations. Unless the tipping-gear is set, the wagon 
moves on, so that there is no interruption to the 
wer from and to the silo. In the case of the 
imekilns, however, the tipping-gear is so arranged 
that it only comes into action when the wagon 
having the counterpart of such gear comes along. 
Thus each wagon is only discharged at that parti- 
cular station, or into the particular kiln, for which 
its contents are meatal ty and thus the “correct 
sequence in the process of continuous charging of 
all the kilns proceeds, although there are eleven 
kilns, without any attention being required for the 
distribution of the limestone to the respective kilns. 
Each of the telpher railways uses direct current of 
220 volts, and each wagon has two motors of 
} horse-power. They take the current through a 
conductor overhead by means of a trolley, while 
the return circuit is through the suspended rail. 
The current-carrying conductor is divided up into 
sections, in order to make it possible to stop a 
wagon at the silo shoot where it is to be filled. 
Between each section and the next there is block 
mechanism, so arranged that each wagon cuts off 
current from the section immediately behind it, so 
that there is at least a complete unoccupied section 
between successive wagons. Thus there is no 
possibility of collision, though the wagons are 
automatically and continuously running around 
the complete circuit applicable to one or other of 
the materials. For the charging of the kilns the 
fuel- wagons require to ascend a pretty steep 
gradient in order to reach the charging-level. It 
was considered that the gradient was too steep to 
be overcome by a }-horse-power motor, and there- 
fore at this point the wagons are automatically 
coupled on to a short cable line, which takes them 
up to the level of the charging-platform of the kilns. 
The coupling-gripper takes hold of the cable at one 
end, and releases its hold at the other end auto- 
matically, while simultaneously the current is cut 
off the motors. The details of the change-over from 
electric to cable or from cable to electric were illus- 
trated in our previous article, and have worked most 
satisfactorily. Fig. 37, Plate XX V., is a view from 
the top charging-platform of one of the kilns. On 
the left will be seen in part the five kilns first built. 
The cableway for the ascending wagons is to be 
seen in the distance, while that to the left is the 


cableway for the descending wagons. In the centre 
there is observable the silos, 





There are noweleven kilns at the Odda Works, each 
capable of producing 25 tons of burnt lime per day. 
The fiv» kilns originally built were illustrated in 
detail ‘1 our previous article. There were two 
- ex rators placed under each kiln. In the 

uildin, of the new kilns it was decided to con- 
struct the producers se arately, and to this extent 
the new installation differs from the old. The two 
producers are built between the old and the 
new limekilns, as shown in the view, Fig. 38, 
Plate XXV., the new installation being seen to 
the left, and the old to the right. This view 
incidentally shows the telpher railway passing 
over the charging-platform of the limekilns, the 
uptake to the kiln being arranged on each side of 
the archway for the passage of the wagons. One 
of the advantages of having separate producers is 
that the gas-fumes are more easily carried away, 
and do not affect the workers engaged at the burnt- 
lime discharging-platform of the kilns. Moreover, 
separate producers were required, because, as has 
already been indicated, the six new kilns are to 
be fired with the waste gases from the new electric 
furnaces, and the producers will therefore only be 
utilised as stand-bys. The two new producers 
gasify 20 tons of gas-coal per day, and will be used 
mostly for starting up the factory or as reserves. 
The gas given off from the carbide electric furnaces, 
it may be said, is very rich in carbon monoxide and 
hydrogen, and sufficient is being taken off from the 
new furnaces to run the whole of the six new kilns. 
Fig. 39 shows the calcined lime discharge-platform 
of the new kilns, and the wagons on the telpher 
railway are here seen encircling the kilns. In this 
case the railway line is circular and traverses round 
the whole of the six new kilns, so that the con- 
tents of any kiln through any of its doors may be 
discharged into a wagon. The contents are finally 
tipped into a hopper either at the new or the old 
furnace house, where the lime is fed into crushers 
over the mixing-machine for use, pulverised in elec- 
tric furnaces. It will be noted from the general 
diagram of the arrangement of the works that 
while separate telpher railways are arranged for 
the old kilns and old furnace-houses, and for the 
new kilns and the new furnace-houses, the two 
systems are connected by a loop-line, so that the 
supply of calcined lime may be passed from either 
set of kilns to either set of electric furnaces. 

As the arrangement of crushing plant for the 
anthracite burnt lime is the same as formerly 
described, we may now to a consideration of 
the electric furnaces. ere were originally twelve 
furnaces of 1400 k.v.a. capacity, each producing 
7 to 8 tons of calcium carbide in 24 hours. The 
new installation is of ten furnaces, with electrodes 
of 3000 k.v.a. capacity, the production from each 
furnace being 16 to 18 tons per day. The tempera- 
ture in the case of all furnaces is about 5722 deg. 
Fahr. It is not alone in size and capacity that the 
new furnaces differ from the old ; the great experi- 
ence attained in the working of the old furnaces 
has led to very important changes, not only in the 
design of the furnace itself and in the manipulation 
of the immense electrodes, which weigh 4 tons each 
in the case of the new furnaces, but also in the 
system of charging the furnace. In the old fur- 
nace-house the material was charged by hand, the 
workers being protected by gauze screens ; the work 
was arduous. Moreover, in the old furnaces the 
whole of the cables in connection with the elec- 
trodes had to be moved when a new electrode was 
being fitted. The furnace top too was open, and 
smoke and other impurities filled the upper part 
of the furnace-house. All this has been changed. 
The new furnaces are charged with lime and anthra- 
cite, fed through hoppers by means of hydraulic 
rams, which have the further advantage that they 
pack the material close up to the electrodes, and 
ensure therefore the absorption of the maximum of 
heat. Naturally the space to allow the electrode 
to pass into the furnace is open, and through this 
there comes only a slight vapour. Again, the elec- 
trode is so arranged that it can be taken out and re- 

laced by a new one in five to ten minutes without 

ismantling any of the wiring connections. The hot 
gases are carried off, and, as we have already said, 
are utilised in the new lime-kilne. The new elec- 
tric furnace-house is illustrated iu Fig. 40, Plate 
XXV. When this view was taken the whole of the 
new furnaces were in use, and it will be seen that 
@ great success has been achieved so far as the state 
of the atmosphere in the shop is concerned. There 
is some exhalation from the top of the furnaces, but it 
is partly due to heat radiation, The telpher railway 
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THE CALCIUM CARBIDE FACTORY AT ODDA, NORWAY. 


(For Description, see Page 351.) 
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shown above is utilised for the transport of lime 
and coal to the furnaces. The upper platform is 
arranged for work in connection with the elec- 
trodes and the electric connections. The hydraulic 
rams for charging the furnace are immediately 
below the platforms on each side of the furnace, 
and are manipulated from this upper platform. 
One can stand looking into the furnace without 
experiencing heat to an uncomfortable degree. 
Another important c e which has recently 
been made, and one which will be greatly appre- 
ciated by tourists, is that the carrying over of the 
waste heat from the furnaces greatly reduces the 
dust and smoke liberated to the atmosphere. In 
other respects, too, where dust and smoke arise, 
the company have put in suction-fans to draw such 
impurities into a filtering apparatus by Messrs. 
Beth, of Lubeck. 

The current is supplied to each one of the ten 
furnaces from a single-phase core-type trans- 
former, which is air-cooled. In order to regulate 
the secondary tension and current in the propor- 
tion of 1 : 1.5, the primary voltage being con- 
stant, an arrangement is provided to change the 
transformation ratio according to the patents of 
the manufacturer, the Allminna Svenska Electric 
Company, Vesteraas, Sweden. As the method 
used to accomplish this gives an unusually good 
solution of the intricate problem of regulating 
the voltage of an alternating-current system, espe- 
cially when many steps are desired, and the ten- 
sion has to be controlled within very wide limits, 
the principles may be briefly outlined. With 
reference to the diagram of connections for the 
transforming apparatus for a furnace, Fig. 41, it 
will be seen that the regulating device consists of 
four auto-transformers I[., II., III., and IV., the 
connections of which can be changed by means of 
the double-throw single-pole oil-switches 1, 2, 3, 
and 4, which, when not operated, are always in a 
closed position. Any position of these four switches 
will give a fixed transformation ratio of the large 
transformer ; and as 16 itions are possible, 
16 different secondary wihaene also can be ob- 
tained, with about equal intervals for each step. 
In order to indicate the great possibilities of the 
system, it may be said that with a number of 5 
switches and 4 transformers 24 steps can be ob- 
tained ; with 5 switches and 5 transformers, 32 steps ; 
with 6 switches and 5 transformers, 48 steps ; with 
4 switches and 3 transformers, 12 steps, and so on. 
All the double-throw switches 1 to 4 are built up 
to one unit, operated by means of a special gear, a 
shaft, and a hand-wheel which is located at the top 
of the furnace, where it easily can be reached by 
the workman in attendance (Fig. 42, Plate XX VI.) 


Fig4. DIAGRAM OF CONNECTIONS 
FOR TRANSFORMER & REGULATING APPARATUS 
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The gear is so designed as to allow the switches to 

operate only in correct order, step by step, and 

makes therefore an interlocking device of the 
switches unnecessary. The whole arrangement, 
being very simple and strong, does not involve much 

— work, and is not very liable to get out of 

order. The four auto-transformers are built up to 

one regulating transformer, which is air-cooled and 
of the shell type (Fig. 43). The transforming and 
regulating apparatus are all located in the cellar 
of the furnace-hcuse below the furnaces, which 
arrangement gives a very short length and low 
reactance of the low-tension leads. There are also 

a double-pole, double-throw oil-switch, marked o 

in Fig. 41, and four disconnecting switches a, 

b, ¢, and d, in order to make it possible, when 





the regulator is in a certain position, to take the 
regulating apparatus out of service without breaking 
the current of the main transformer for a moment. 
This switch is used, for instance, in case of inspec- 
tion of the oil switches 1-4, which are operated very 
frequently. An examination of the conditions 
under which the switches 1-4 have to operate will 
show that they have to switch off and on only a 
small part of the total energy. The switch 4, for 
instance, has to break only ,\, of the whole current, 
and No. 1, while breaking one-half of the current, 
has to deal only with a small part of the full 
voltage. In addition to the advantages of the 
system already mentioned—namely, the great facili- 
ties for arranging many steps in a very convenient 
and comparatively cheap way, the small number 
and easy maintenance of the switches, the sim- 
plicity and reliability of the operating mechanism — 
there is the fact that all difficulties met with in 
hitherto known systems in distributing the regu- 
lating coils of the main transformer systematically, 
and in bringing out its many different taps in a 
convenient way, are here easily overcome, as the 
number of extra outlets amount only totwo. The 
main transformer is shown in Figs. 44 and 45, Plate 
XXVI. The electrical equipment of the new fur- 
maces was furnished by the Allminna Svenska 
Electric Company, Vesteraas, Sweden. 

The carbide is tapped from the electric furnaces 
into iron crucibles standing on small wagons. These 
are moved into the cooling-house lying between 
the two furnace-houses. The chile Blocks are 
taken out of the crucibles by overhead electric 
cranes, and are placed on iron plates on the floor. 
When cooled, the carbide is conveyed on these 
plates by another set of cranes running above 
the former, and is discharged into hoppers at the 
end of the cooling-house, from which the carbide 
is delivered to the cyanamide factory, or conveyed 
by the telpher railway to the crushing and packing- 
house, where, after being crushed and sorted into 
sizes convenient for the trade, as-fully described 
and illustrated in our previous article, it is packed 
in drums containing 100 kg. and 50 kg. for export. 
These drums are made in a special department of 
the factory, as are also the wooden casks enclosing 
them. From the packing-house the drums are 
conveyed to the export quay. This quay has 
now a total length of about 300 yards, having 
recently been considerably enlarged. Rails for the 
electrical locomotive and wagons are laid down to 
and over the whole of the quay. The total length 
of these rails over the factory grounds is about 
14 miles. The railway is also used for the trans- 
port of electrodes and other materials used in the 
factory. For works of the size of this factory it is 
necessary to have large workshops for repairing 
pu ; a mechanical workshop and a large 
foundry has, therefore, been built. 

We may now refer to the electrical arrange- 
ments in the factory. The switch-house is designed 
for a capacity of 50,000 horse-power. From the 
power-station at Tysse the electrical power is con- 
ducted as three-phase current, 12,500 volts, and 
twenty-five periods, on twelve aluminium cables of 
450 sq. mm. (6.975 sq. in.) section. These cables 
are —— on two separate lines of iron poles. 
The six aluminium cables on each line are so de- 
signed that they may take the whole of the 
50,000 horse-power when the others have to be 
repaired. On the way from Tysse to Odda, about 
3 miles, there are placed five switch-towers, 
with parallel connections between the two ranges, 
and with cut-outs, in order to disconnect one range 
between two towers for repair. 

The switch-house at the Odda Carbide Works 
has two floors. On the upper one the mage 
lines are connected with four large switches, eac 
able to break the 50,000 horse-power in case of 
short-circuit. Here the choking-coils are placed, 
further lightning-arrester, the volt and ammeter 
transformers, and the first bus-bars. On the first 
floor are the measuring instruments, all the switches 
for the transformers, and distributing bus-bars 
which form two ring systems connected with each 
other. Between the bus-bars on the first floor and 
the second floor are four connections, two of which 
are strong enough to take the whole of the 50,000 
horse-power. 

The carbide factory has about 90 different 
motors, with a total capacity of 2000 horse-power 
for 400 volts three-phase current. It is therefore 
n to have three 500-k.v.a. three-phase 
transformers with 4000 volts recording tension. 
These are placed in a special department on the 





first floor. In this are also placed four motor- 
enerators—two for direct-current, 220 volts— for 
ighting purposes, tramways, and telpher railways. 
The other two transform the 400 volts 25 periods 
to 2000 volts 50 periods for lighting purposes in 
the dwelling-houses of workers, pom pe for the 
town of Odda. 

The furnace transformers, already described, are 

laced in special transformer-channels under the 
urnace-house. One transformer is placed directly 
under each furnace. There are for the old furnace- 
house twelve single-phase 1400-k.v.a. transformers, 
and for the new ten single-phase 3000-k.v.a. trans- 
formers. All are cooled With large air-fans. From 
the switch-house to the transformer-chamber under- 
ground runs a cable tunnel, also used as an inlet 
channel for conveying a part of the cooling air. 
The old transformers have a secondary tension of 
60 volts. By the new transformer, as already ex- 
plained, the secondary tension can be changed from 
60 to 90 volts in sixteen steps, without interrupting 
the current, arranged by the interposition of an 
ingenious regulating system. The controller of 
the regulator is so arranged that the workmen at 
the top of the furnace can regulate the tension as 
desleed for the best working of the furnace. 

It may be added that the extension of the 
calcium carbide factory has been carried out under 
the direction of Dr. Petersson, the managing 
director, assisted by Mr. Rosengrin. 


(To be continued.) 





MILLS AND EVAPORATORS FOR THE 
MANUFACTURE OF CANE SUGAR. 

WE illustrate on Plate XXVII., and on es 354 
and 355, examples of the latest types of mills and 
evaporators for cane-sugar manufacture. These were 
constructed by Messrs. Duncan Stewart and Co., 
Limited, Glasgow, a firm long identified with this 
branch of engineering. The ive view, Fig. 4, 
page 354, shows a powerful set of mills—the third 
made by the firm—for a factory with a capacity of 
6000 tons of cane per day ; while on Plate XX VII. are 
reproductions of drawings of another set of mills, 
which have a working capacity of 1400 tons per day of 
twenty-four hours. Excepting in size, there is little 
difference between the two mills. That shown in 
Fig. 4 consists of a crusher, with rolls 32 in. by 
84 in., and four mills with rolls 36 in. by 84 in., 
all driven through compound gearing by a hori- 
zontal reversing steam-engine, with a cylinder 50 in. 
in diameter by 60 in. stroke. The first-motion wheels, 
with 110 teeth, 4}-in. pitch, 17-in. face, and pinions 
with 23 teeth, 44-in. pitch, 17-in. face, have machine- 
cut teeth. Figs. 1 to 3 illustrate a fourteen-roller 
milling plant consisting of a Krajewski crasher, with 
rolls Es in. in diameter by 72 in. long, and four mills 
with rolls 34 in. in diameter by 72 in. long, all driven 
through a set of compound gearing by a horizontal 
reversing steam-engine, having a cylinder 42 in. in 
diameter, with a stroke of 60 in. 
gear is shown in ag 1 and 3. 

As we have said, both mills are generally of the 
same design, and the detailed drawings serve to 
illustrate the features of both. The canes are trans- 
ferred from the cane-pit or to the shoot above 
the crusher by an elevator, which is 72 in. wide and 
built entirely of steel. It is seen in the distance in 
Fig. 4, and to the left in Figs. 1 and2. The hooks 
and slate are attached to bush-roller chains at a 12}-in. 
pitch, and are driven at a speed of 50 ft. per minute 
through suitable gearing by a two-cylinder —- 
fixed to the columns supporting the crusher. e 
crusher in front of the mi b is of the usual Krajewski 
type—i.e., the surface of each roller is composed of a 
series of helically-formed teeth arran so that the 
two rollers gear properly one into the other. In 
passing between these rollers the canes are broken up 
and prepared for the mills. The bottom roller is 
driven from the main engine through the gearing 
tail-bar and couplings, oa 4 = of cast-steel crown 
wheels transmit the power to the top roller. The roll- 
casings are of cast steel, the cheeks, beams, and 
columns of cast iron, and the bearings of hard best- 
quality bronze, the top bush being arranged fur water- 
cooling. The pressure on the top roller of the 
crushers is usually regulated by means of springs, but 
in this case Stewart’s patent hydraulic attachments 
are fitted in the covers. These will be described 
later. The cané-shoots to and from the crusher are 
constructed of steel plates and designed to prevent 
the escape of juice at any point except towards the 
mille. 

The mills are mounted on two separate cast-iron 
bedplates running from end to on each side, 
leaving between them for a canal, into which 
all the extracted juice falls, and from which there are 
two outlets—one for the juice from the crusher and 
first mill, and the other for the juice from the other 


he transmission- 








_354 


ENGINEERING. 


[Sepr. 18, 1914. 











MILLS FOR THE MANUFACTURE OF CANE-SUGAR. 


CONSTRUCTED BY 


MESSRS. DUNCAN STEWART 


AND ©CO., LIMITED, ENGINEERS, GLASGOW. 





mills. The mills are designed for a maximum load of 
600 tons on the top roller, and each unit is connected 
by tail-bar and couplings to the main gearing and 
engine, the power being transmitted from the top to 
the side rollers by means of cast-steel crown wheels. 
The roller-casings are made from special hard coarse- 
grained cast iron, and the gudgeons are of nickel steel. 
The cast-steel cheeks and covers are of massive pro- 
portions, and the through bolts that secure the covers 
are amply strong to take up the principal strains that 
come on the cheeks in working. The roller bearings 
carried in the cheeks are made from best-quality 
bronze, the top bushes completely surrounding their 
journals and the side bushes surrounding about half the 
surface of each journal, while they are all arranged for 
water cooling, and lubricated from a large central oil- 
box on each top cover. 

The Stewart patent hydraulic attachments fitted to 
the top covers of the crusher and mills already re- 
ferred to is illustrated by Figs. 7 to 9, on 355. 
They a a simple means of putting a constant 
and adjustable pressure on the top roller, irrespec- 
tive of the thickness of the feed, and thereby ensure 
&@ maximum percentage of excraction, while at the 
same time acting as a safeguard against breakages 
in the event of hard substances finding their way 
between the rollers during the process of grinding. 
In the older types of mills much time was lost in 
the replacement of burst packing-leathers, but the 
essential feature of the Stewart patent attachment is 
that maximum efficiency in working is obtained with 
a minimum amount of inspection and attention. The 
hydraulic cylinder, containing the ram and packing- 
ring, is separate from the cover, and is held in position 
by the counterparts of a bayonet joint. Only one 
packing-ring is used, thereby decreasing by — 
should 


the chances of trouble from burst ow bh 





Fie. 4. 


replacement become necessary, the entire cylinder can 
be lifted out and the spare one inserted in a few 
minutes. Two hydraulic accumulators—one for the 
crusher and one for the mills—and a steam-driven 
hydraulic pump are provided, as shown in Fig. 2, and 
the working pressure throughout the system is about 
2 tons per sq. in., giving a total pressure in the case of 
the smaller plant of 200 tons at the crusher, 315 tons 
at the first mill, and 420 tons at the second, third, and 
fourth mills. 

The canes are guided to the second pair of rollers in 
any mill unit by means of the trash turner, which is 
fixed directly below the top roller. Very different 
settings are required to suit the varying conditions of 
working and quality of canes, and both horizontal and 
vertical adjustment are provided for. The rocker 
type of turner is employed, and this consists of a 
strong steel body casting pivoted on trunnions, and a 
tough cast-iron knife secured to the body in such 
& way that the top working face is left perfectly 
smooth. After passing between the second pair of 
rollers, the cane, or bagasse as it is now called, falls 
on to an inclined intermediate carrier, which conveys 
it to the next mill. There are, therefore, three of 
these carriers in the plant. The slats are of a double 
curved section, so as to overlap one another, and pre- 
vent loss of b . They are attached to Ewart-type 
chains, which are driven through suitable sprocket- 
wheels, shafting, and driving-chain from one of the 
rollers of the succeeding mill (Fig. 4). The mills are 
also equipped with maceration piping and pump, top- 
roller scrapers, and guard-rings, which prevent juice 
running into the bearings. Reports from the factory 
state that the bagasse leaving the last mill contains 
= 46 per cent. moisture. 

he juice from the mills carries with it small 
particles of bagacse or bagacillo. These are removed 








in the mechanical strainer and elevator (Fig. 2), an 
apparatus which consists of a suitable arrangement of 
gutters covered with perforated brass sheets, through 
which the juice flows to the juice-pump. A light 
elevator is supplied, and is driven from one of the 
mill gudgeons, and provided with scrapers which are 
drawn over the strainer. The bagacillo is thus sepa- 
rated from the juic», and is discharged through 4 
conveyor on to one of the intermediate carriers. 

The peripheral speeds of the rollers are as follows :— 
Crusher, 26 ft. per minute; first mill, 18 ft. per 
minute ; second mi!l, 20} ft. per minute ; third mill, 
23 ft. per minute ; and fourth mill, 25 ft. per minute. 
The gearing is compound, giving a ratio between 
engine and mills of about 20 to 1, and the arrange- 
ment can be readily seen by reference to Fig. 4. The 
wheels and pinions are all of cast steel, the former 
being made in halves securely bolted together, and 
the fatter shrouded to the points of the teeth. The 
shafts are supported in heavy pillow blocks which are 
fitted with bronz: bushes and sight-feed lubricators, 
except that the bearings for the extension of the engine 
crank-shaft are specially provided for lubrication by 
chain, and arranged for water cooling (Fig. 2). : 

The steam-engine is of the horizontal single-cylin- 
der non-condensing type, with link reversing motion 
and balanced piston-valve. Its main features are 
strength and rigidity and ample bearing surfsces 
throughout, while the general finish is above the 
average for this class of work. Lubrication has been 
carefully attended to, and the tank and chain system 
employed fr the crank-shaft bearings has given 
extremely good results in prastice. he engine is 
controlled by a Steinle-type governor, and can develop 
about 700 horse-power at 50 revolutions per minute. 

The quadruple-effect evaporating apparatus is shown 
in Figs. 5 and 6, on page 355. The first vessel receives 
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CONSTRUCTED BY MESSRS. DUNCAN STEWART AND CO, LIMITED, ENGINEERS, GLASGOW. 


Fig.5. 













na 
Y wo 






ZN 













\ a \ \ 
nadia 





























_— TW 
ENN 
OOH 
| 8s 
sonpeninins _£ BM 
. | WN 
\N 
| \N 
NS | MS NS \ 
\\ \ | \ ANS 
NS UGS 











+ 



































f. 
the thin juice, and is supplied with exhaust steam at 
about atmospheric pressure. The vapour given off 
from this juice is used in the second vessel further to 
evaporate the slightly thickened juice coming over 
from the first vessel, so on it flows successively 
through the third to the fourth vessel, which works 
under a vacuum of about 274 in., produced by the 
condensation of the vapours from the last vessel. The 
solid content of the juice entering the first vessel is 
from 16 to 20 per cent., and of the syrup discharged 
from the last vessel from 50 to 60 per cent., about 
75 per cent. of the water originally contained in the 
juice having been evaporated. 





The four vessels in the apparatus are each 11 ft. in 
diameter, and are built entirely of cast-iron plates. 
In each vessel the calandria drum has a greater dia- 
meter than the calandria itself, so as to give space all 
round for the uniform distribution of vapour. The 
tube-plates are of bronze, and the tubes of copper, 
2 in. in diameter by 5 ft. long, giving « total heating 
surface of 12,000 sq. ft., with an evaporation of over 
7 lb. of water ge sq. ft. per hour. Large save-alls, 
made from stee plates, are provided on each vessel, 
and the vapour-pipes are of ample diameter to ensure 
an easy flow. The fittings are clearly shown in Figs. 5 
and 6, and do not require enumeration ; but it mey be 
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said that they form a complete equipment for the 
satisfactory working of the ——— The vessels 
are covered with planished-steel sheets. 





AUSTRALIAN PORTS IN RELATION TO 
MODERN SHIPS AND SHIPPING.* 


By W. E. Apams, A.M. Inst. C E., Principal Assistant 
Engineer, Sydney Harbour Trust. 

THE enormous increase in the size of ships antag to 
Australia during the last fifteen years has set a problem 
to the port authorities of Australia that calls for careful 
consideration. It has become very desirable to review 
the position not only from the standpoint of the harbour 
authorities, but also from that of the local commercial in- 
terests involved. That the marine engineer can always rise 
to the occasion and provide for anything the shipbuilder 
can produce is evidenced by such works as the Suez 
Panama Canals. But as engineering, practically con- 
ceived, cannot be divorced from economics, especially in 
& young and growing country like Australia, where much 
money is required for numerous lines of development, the 
engineer must a rigid economist. On this account it 
is advisable carefully to examine the situation that is 
arising in its most general aspect. 

Privately-owned wharfage in the chief commercial sea- 
ports of Australia his almost disappeared. Public 
ownership of the foreshores has been rendered necessary 
in order that ——- may be planned in conjunction 
with other great public utilities, such as railways, tram- 
ways, roads of access, and to admit of the segregation of 
berthage into mail and passenger, general cargo, frozen 
meat, grain, coal, and other specialities. 

Clearly it is necessary to separate the shipment of 
frozen meat and grain from coal and other dirty or noxious 
cargoes, while passenger and mail services should berth 
as close to the heart of the city as possible. Where these 
essentials are laid out in advance, contingent munici- 
pslities are enabled to co-operate to advantage, and 
private industries immediately connected with shipping 
can be established in the most suitable conditions. 

Thus it has come about that all the Australiwn capital 
seaports except Brisbane have been placed under public 
trusts of various constitutions, but all aiming at the one 
object—namely, to vide for the shipping on a com- 
prehensive scale and on a self-supporting basis. In the 
endeavour to keep pace with shipping developments the 
cost of the modern seaport has become, and promises to 
become in the future, a still more important commercial 
factor. Port dues already amount in many cases to 10 per 
cent. of the freight charges. 

To ocean transport three separate interests are involved. 
Firstly, there is the private shipowner, who invests for 
personal profit; secondly, the Port Authorities, who 
bnild usually to meet ex of maiftenance, interest, 
and sinking fund (though sometimes more is required) ; 
and, thirdly, the merchant or shipper, who ships goods. 

To Australia, which is a — exporter and importer, 
and, moreover, a country greatly in need of sapaiion 
it is obviously important that over-sea freights, fares, and 
other charges should be as low as possible, on account of 
the immense distance from the centre of civilisation. The 
point of supreme interest to Australia in this connection 
lies in the question as to whether modern shipping de- 
velopments tend to increase or to decrease the total cost 
of ocean transport. 

Tt is unquestionable that cargo and can be 
carried more cheaply in large than in small steamers 
—that is, the cost per ton-mile, reckoning working 
expenses, including coal, wages, and upkeep, are less per 
ton carried in lai than in small steamers. By way of 
illustration, Sir W. White, in 1903, quoted the case of 
the P. and O. Company’s Moldavia, 10,000 tons, stating 
that an increase in draught of 3 ft. would increase her 
freight-earning capacity by 66 per cent., while no appre- 
ciable loss of 5: would ensue. This is, of course, very 
important to the ship-owner, but the economies of 
ocean transport are not affected thereby unless some at 
least of this saving is on by ship-owner to shipper, 
and ultimately to the ucer. Naturally some reason- 
able advantage must permitted to the ship-owner, 
otherwise he would not build large ships; but, to place 
the matter on a true economic basis, it has yet to be 
shown that the shipper and the producer share in the 
saving. If not, then the big ship must rely upon other 
grounds of justification, and, as we shall see, t may 


not 

The next point for consideration is the effect of big 
ships upon the cost of and harbour works to accom- 
modate them. Oonditions vary so much between the 
== of Australia that the total increased outlay per 

h, inqluding the necessary ¢ i , could oaly be 
for each port in detail. us, at Sydney and 
Hobart, the matter would be practically narrowed down 
= yo g bp =~: gt the new coe the be - 
o th, i ing ti 4 igi 
quantity, whilst at Mel’ Sod Ieciems thoden a 
and dredging will be heavy items. The natural poled 
difficulties of these two ports must therefore exercise a 
limiting influence on the size of ships trading to Australia 
for some tims to come. Brisbane being the only ible 
outlet for*s vass and productive hinterland, will surely 
develop rapidly into a very large and important shipping 
centre, y in time rivalling the southern ports. 

To meet the increase in the size of ships the port 
authorities of Australia find themselves called upon to 
ee very large sums of money 

harves and jetties that sufficed twelve or fifteen years 
ago are now all obsolete. Upon the cost of replacement, 





* Abstract of paper read befure Section G of the 
British Association in Australia, August, 1914. 
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planned on a vastly larger scale, maintenance, interest, 
and sinking funds have to be provided for out of the port 
dues. It seems inevitable that the port dues must tend to 
increase. Itis not overlooked that modern appliances and 
large vessels will allow more cargo to be handled at a berth 
than formerly ; but, on the other hand, when a small 
number of very large ships replace a large number of 
small ones, berths are apt to have longer periods of 
i and would, therefore, not be made the fullest 
use of. 

The situation will be better understood by a compari- 
son of the berths of fifteen years ago at the port of 
Sydney with those of to-day. Upto the year, say, 1900 
the largest over-sea vessels trading to this port averaged 
some 6000 tons, and the interstate vessels 3000 tons. 
The lengths of the former ran from 430 ft. to 470 ft. 
by 50 ft. to 53 ft. beam, and the latter from 300 ft. to 
350 ft. by 40 ft. to 46 ft. beam. For vessels of this 


and| Class there were a number of berths consisting of 


frontage wharves and jetties from 300 ft. to 450 ft. in 
length. The jetties were usually from 30 fp. to 40 ft. 
wide, and the depths of water required ranged up to 28 ft. 
Several of the berths, having been built 4 private owners, 
were without shed accommodation. The average cost 
berth with cargo-sheds, inclusive of value of ——_ 
nd, was 21,300/ ; but the same jetties built to-day at the 
higher prices would have cost 25,500/. per berth. The 
waterway between jetties varied from 90 ft. to 110 ft., 
but in several cases was as little as 80 fb. 

The vessels now coming to Sydney have already touched 
the 18,400-ton mark; the ys measuring 555 ft. by 
69 ft., with a loaded draught of 32 ft. Clearly it is 
necessary to provide for much larger vessels in the future, 
and it would be inadvisable to look forward to anythin 
less than a possible 1000 ft. in length, with a load 
draught of 40 ft., though these dimensions may not be 
reached for many years to come. 

The jetties necessary to berth the over-sea vessels at 
pone trading to Sydney are from 500 ft. to 650 ft. in 
ength — provisions for extension) by 130 ft. to 250 ft. 
in width, and the waterway between them, to allow for 
handling, coaling, and transhipping, ranges from 220 ft. 
to 360 ft. Double-decked cargo-sheds are required to 
accommodate the large quantities of freight rapidly put 
ashore, and electric cranes, gantries, and other lifting 
gear are being provided. The cost of these, adding the 
value of frontage land, ranges from 67,000/. to 77,000/. per 
berth, irrespective of dredging, which, particularly in 
Sydney, is a small item, but in several other ports wi 
excessively heavy. The uirements for interstate 
shipping are scarcely less. me of the vessels now 

in this traffic measure as much as 9000 and 
10,000 tons, and no doubt larger ships will be built. 

It seems evident, even after making allowance for the 
superior earning capacity of these modern berths, that 
increased harbour rates will have to be charged to render 
such investment sound and self-supporting. This is a 
— that requires special investigation. Judged 

rom & purely economical point of view, there is room 
for considerable doubt as to whether the advent of the 
large vessel has operated towards lowering the cost of 
sea-borne a. including, of course, incidental c! 
such - ae — dues, a. The question 
is greatly complica’ y the upward tendency o 
and materials, which not only ame the cost of om 
construction, but also puts up the cost of working ex- 
pes and ——em | which are naturally on 
y the ship-owner. ere are, however, other very 
important considerations which must be taken into 
account. Pressing as the economic question is, there are 
distinct advantages in the employment of big ships. 
Higher speed can be obtained, which at this distance 
from Europe, is desirable for mails, passengers, and 
cargo. The time element is certainly of urgent import- 
ance to Australia. Greater safety, seaworthiness, steadi- 
ness, and comfort are also secured. 

The class of wharf construction that will come into use 
in the future, though a wy we is very uncertain at the 
present time. Timber has been used almost entirely in 
Australia. Reinforced concrete has been dealt with very 
charily, but it is safe to say that if the local timbers had 
not proved so satisfactory from every point of view, rein- 
forced concrete would have been largely used during the 
last fifteen years. 

Where space is available, longshore wharves, served by 
low-level road and belt railway, offer the greatest facili- 
ties for handling cargo. But as this is not always pos- 
sible, jetties will continue to be used to a large extent. 
To provide shed accommodation and low-level road access 
to facilitate the removal of goods, without traffic conges- 
tion, necessitates very great width of jetty. In Sydney 
two plans are being tried to meet such cases. In one 
instance the jetty is 210 ft. wide, with a sunken road 
down the middle, which brings the cart body to the level 
of the shed floor. 

my apm case, where py available wages Soeuteme 
leng is restricted, a type of jetty is being built with a 
high and a low side, so that when a cart is on the low side 
the body is at the floor level of the higher side of the 
jetty. The high side, which extends over about three- 
quarters ¢ by width of the  jevey, will Jaton bag — 
cargo, which requires as much space as possible for 
ing and stacking. The low side will be used for traffic 
and outward cargo, which aboard the ship as it 
arrives, and seldom eusumintes on the wharf t» the 
= pa _ than 400 > = tons at es — These 
jetties ve an upper approac' a —~ 

rom a high-level roadway. The u deck will 
with high and low levels, similar to the 
lower deck, but disposed on the opposite sides. Thus 
each side of the jetty will have a sepai I 
—— On this account it will be possible to 
carry on two operations together, without confusion of 


be | to dis 





outward aod inward cargo, and the cust of construction 
will be relatively low. The I yy = of the other Aus- 

ian ports will be reviewed in the same way, for the 
pu of considering how far the t authorities are 
justified in accepting the challenge of the ship-owner. 





THE TENSILE PROPERTIES OF COPPER 
AT HIGH TEMPERATURES.* 


By Guy D. Bencovucu, M.A., D.Se. (Lecturer in Met- 
tallurgy, University of Liverpool), and D. Hanson, 
M.Sc., of the National Physical Laboratory. 

THE experimental work described in the t paper 
wae designed originally as a continuation of the research 

out by one of the authors in 1911, an account of 
which was published at the annual general meeting of 
this Institute in 1912.+ The discussion of that paper 
brought out certain criticisms and suggestions, with which 
the present authors now propose to deal. 

In the first place, criticism was levelled at the special 
type of testing-machine used, on the ground that the 
friction of the ram would vary from time to time, and 
in particular with widely varying loads. 

he reply to this is given in Table IL., in which is 
recorded a series of comparative tests carried out in an 

TaBLE I.—Tests at 18 Deg. Cent. 














Buckton Testing- 
Machine. & Special Machine. 
Name a a — 
or Alloy. | Elongation El i 
Maximum ge Maximum) ~!ongation 
r Cent. on r Cent. on 
Stress, |P° 2 In. Stress, |P° 2 In. 
Zinc (rolled) 6.4 8.9 6.2 9.1 
Brass (cast) oe 12.1 39.0 12.4 37.0 
Copper (rolled). . 16.5 31.5 16.3 32.5 
Muntz metal ..| 27.1 32.2 27.7 | 365 
Ditto ée 28.9 31.0 28.1 34.6 
Nickel-copper .. 29.8 28.2 29.2 28.0 
Complex brass ../ 40.3 21.0 400 22.0 


ordinary tensile-testing machine, and in the machine 
described in the paper mentioned above. Bearing in 
mind the differences which are ordinarily found between 
duplicate tests of non-ferrous metals, the agreement 
afforded appears to the authors to be satisfactory, and 
of the criticism mentioned. It will be noticed 
that the metals and alloys have been selected to cover a 
wide range of properties. The tests were carried out pre- 
cisely as descri in the former paper. 

For the work now to be descri certain chan 
were carried out in the design of the heating furnace with 
a view to enabling tests to be carried out in any desired 
atmosphere; the new form of apparatus is shown in 
a 1, opposite. The test-bar A, which is 4in. in diameter 

turned down parallel to } in. for a length of 24 in., 
is held centrally in a nichrome wound resistance furnace 
by means of extension pieces which are provided with 
ball-seatings as shown. The nichrome wire is wound on 
asbestos sheep wrapped round an iron tube which is 
closed at the lower end by a water-seal B. At the top 
end it is closed by a well-fitting steel plug D provided 
with a bayonet catch, and drilled for the entrance of gas 
and thermocouple. The thermocouple holes were lined 
with fibre. The top joint was water-cooled, as shown at 
C, and this enabled the plug to be kept gas-tight by a 
coating of ‘‘ hot-neck” 

In view of the remarkable elongation curve recorded 
for B.S. copper in the earlier paper, and reproduced in 
Fig. 9, page 358, it seemed desirable to ascertain whether 
the high elongations observed between 780 deg. and 
920 deg. Cent. were characteristic of all types of copper, 
or were dependent in any degree upon such matters as 
the nature of the atmosphere in which the test was 
carried out, the past history of the specimen, thermal and 
physical, and the presence of small quantitiesof impurities. 

As a starting-point for the present research, it was 
decided to out a series of tests on well-annealed 
rolled electrolytic copper. The analysis of this material, 
as well as the analyses of other materials used in the 
research, is given in Table II. The copper was obtained 
in the form of 4-in. round rolled rods, and was turned 
down to } in. diameter before testing. 


Tasie IIl.—Analyses of Materials Used. 





Electro- Arsenical 
— C r.* | B.S. Copper.t Copper. 

per cent. per cent. per cent. 
Oxygen 0.08 0.08 0.13 
Arsenic 0.003 0.05 0.13 
Iron .. trace trace en 
Lead “- * eel —_ = se 
Sulphur on A _ 0.005 _ 
: - oe oe _ = 0.08 

' 





* Analysed after annealing for two hours at 750deg. Oent. in CO». 


+ Analysed before testing. 

The procedure in testing was the same as formerly, 
except that the rate of loading has been kept constant, as 
suggested by Dr. in in the discussion of the 
former paper. The rate selected as most convenient with 


% Paper taken as read at the statutory meeting of the 
Institute of Metals, held on September 10, and sub- 
— for discussion by correspondence up to September 

, 1914 


+ G. D. Bengough, **A Study of the Properties of 
and | Alloys at . ‘em tures,” Journal of the Institute 
of Metals, 0. 1, 1912, vol. vii., pages 123 et seg. ENcI- 
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the apparatus used was 0.5 ton per sq. in. per minute. | as was the case with B.S. copper. Part of the difference | his views with t skill u a basis of actual experi- 
Strictly speaking, a definite rate of straining should have | may perhaps be due to the rather slower rate of loading | ment. For the comer of present paper Roseahain'’s 


been adopted, as has been pointed out by Rosenhain and 
Humfrey,* but this could net be carried out with the 
apparatus used, stmce only the total final strain could be 
measured. The adoption of a definite rate of loadin 
leads, however, to useful results, since the mechanical 
treatment of the material is precisely defined and repro- 
ducible, though it is possible that the shapes of the stress- 
temperature and strain-temperature curves obtained by 
this method of testing are 
that would be obtained by adopting a definite rate of 
straining. t ‘ 

Previous to testing at the various temperatures, the 
electro-copper was annealed for two hours at 750 deg. 
Cent. in an atmosphere of CO.._ The results of the ten- 
sile tests are given in Table III., and are plotted in 
Figs. 2and 3. It will be noticed at once that the curves 

resent considerable differences from those described for 

.S. copper in the earlier paper. The latter have been 
reproduced for comparison in 8 and 9, page 358. It 
will be noticed that the two maximum-stress curves are 
approximately of the same form, but that the critical 
portion of thecurve occurs at a higher temperature in the 
case of the annealed electrolytic copper, and is not so 
sharply defined. _ 

The two elongation curves present much greater differ- 
ences, especially in the upper parts. The high elonga- 
tions recorded in the case of B.S. copper between 750 deg. 
and 950 deg. were not observed in the case of the annealed 
electrolytic copper. Moreover, in the case of the latter 
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metal, the maximum stress and elongation curves were 
of the same general shape, showing critical rangee at 
about 750 deg. Evidently a high elongation at high 
temperatures is not characteristic of all types of copper 
under all circumstances. 


TaBLe III.—Hlectro-Copper, Annealed Two Hours at 
750 deg. Cent. in CO.. 














Elongation 
No. of Bar. | Temperature. Maximum r Oent. on 
pe Stress. = 2 In. 
deg. Cent. tons per sq. in. 
D. 6 ” 22 etry 40.6 
D. 11 233 12.7 41.4 
D. 24 350) 12.8 42.2 
D. 10 434 12.2 42.2 
D. 6 522 1L4 41.4 
D. 23 605 11.2 87.5 
D. 18 650 10.5 35.9 
D. 16 692 9.2 26.5 
D.19 719 7.4 19.5 
D. 17 730 8.8 25.5 
D. 15 740 6.3 14.8 
D. 25 804 6.5 - 16.6 
D. 22 863 4.9 10.8 
D.20 | 918 3.4 7.9 
D. 21 975 2.0 4.25 


It seemed desirable next to ascertain whether the high 
elongation shown in the case of B.S. copper at high tem- 
peratures was due to the nature of the a (in 
this case, air)in which the bars were tested. Unfortu- 
nately, none of the original B.S. copper was available for 
a direct test. But two bars of the annealed electro- 
the ee bee ban in air at —— — deg.—#.¢., in 

16 Dig longation range oO ie B.S. copper. 
results are given in Table IV., and it will be eeen that 
the elongation in air is three or four times that of 
the same metal in CO, though it is not nearly as high 
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ightly different from those | tensile 


types of copper. The interesting point about these results 

is the demonstration of the great effect of the atmosphere 

upon the ductility of commercially pure copper bars. It 
ox 


is a somewhat surprising fact that an oxidising atmosphere 
should confer greater ductility than a eeuteal ebmanpheres 
ms ible explanation will be discussed later. 

t has now become clear that in any discussion of the 
— Ss pe war, ob Ria Sengeentuses Seem 
poin view 0! constitution, it is necessary 
te deal first with er 
since reducing gases such as hydrogen are known to influ- 
ence the properties of copper at high temperatures at 
least as seriously as oxygen. 

As far as the authors are aware, a complete series of 
tests in a neutral atmosphere ranging from i 
temperatures to approximately the melting-point of a 
pure thoroughly-annealed metal has never before been 
published, so that it is not possible to say whether 
the curves now presented are of typical form. The ex- 
periments of Rosenhain and Humfrey on steel are not 
available for direct comparison, since the shapes of the 
curves obtained for that material were much modified by 
the occurrence of allotropic changes, and probably by the 


in the older tests, and part to the differences in the two | theor 


tests carried out ina neutral atmosphere, | F' 


y may be briefly stated as follows :— 

Metals in general consist of crystalline aggregates 
surrounded by elastic envelopes of primary cement 
formed during solidification. At low temperatures the 
cement accommodates itself to stresses in virtue of its 
elasticity, but the crystals do so by plastic deformation. 
At low temperatures cement is stronger than the 
crystals, and fracture under stress through the 
crystals. As the temperature rises, the cement weakens 
more rapidly than the crystals, and its elasticity fails off. 

inally, the cement is as weak as. or even weaker than, 
the crystals, and its elasticity has disappeared. Fracture 
will then be intercrystalline, and permanent elongation 
will result under the action of very small stresses owing 
to the deformation of the cement, which will allow the 

to slide over one another. : : 
final elongation observed in a tensile test will 
depend on the rate of straining, and rapid straining will 
give low elongation. 

The results obtained in the tests on annealed 
will now be reviewed in the light of this theory. Turn- 
ing first to the tensile curve given in Fig. 2, it will be 
observed that the maximum stress corres} to the 





presence of carbon. Nevertheless, in view of the theories 
that have recently been put forward in a series of papers 


Fig.2. _COPPER. ANNEALED 





supposed , 
The - yee by Beilby, but formed during the process 
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by Rosenhain and his associates, it may be interesting to 
discuss the curves now published in the light of those 
views. 

In the former paper by one of the authors the view was 
put forward that the mechanical properties of metals and 











Tasie IV.—Electro-Copper (as Rolled). Tested in CO, 
Maxim 
Xo, ot Bar. | Temperature. | Maximum | Hlongation pr 
| deg. Cent. tons per sq. in 
D.29 CO 21 19.8 18.7 
D. 39 100 18.9 17.0 
D. 30 245 18.3 | 10.9 
D. 28 320 17.6 10.9 
D 2 396 17.4 10.2 
D. 31 555 15.8 9.8 
D. 32 660) 15.9 7.8 
D. 33 710 14.5 9.8 
D. 3% | 760 12.5 9.8 
D. 35 | 800 so 7.8 
D. 36 896 7.9 4.7 
D. 37 927 4.9 8.5 
D. 38 954 | 3.6 2.5 
Tested in Air. 
D. 42 800 2.6 27.3 
D. 43 850 2.4 | 30.6 





alloys at high temperatures might be accounted for 
by supposing “that the individual crystals in a pure 
metal are normally bound to one another by some sub- 
stance stronger than the crystals themselves,” and that 
this substance was ‘‘ in a thin continuous 
layer round the crystals.” This substance was then 

to be an amorphous material similar to that 


crystallisation. It was supposed, further, that 
it could be crystallised by long annealing at high 
temperatures. In the discussion on that paper, 


rate of loading adopted falls off slowly, but regularly, up 
to a temperature of about 700 deg. Oent. Between 
700 deg. and 800 deg. Cent. the strength falls off more 
rapidly. In this region it is difficult to get closely cun- 
cordant results, and the curve has been shown dotted. 
Above 800 deg. Cent. the rate of fall of strength with 
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temperature becomes less, and the curve approximates to 
a straight line. 

On Rosenhain’s theory, this curve may be interpreted 
as follows :—Abt all temperatures below about 700 deg. 
Cent. the strength of the cement is greater than that of 

crystals, and fracture will take place through the 
body of the crystals. Between 700 — 800 
ue. Bo seme of the cement and crystals 
be approxima oy oweal. and fracture may pass through 
either, tendency at the higher temperatures 
will be for it to pass | the cement, and at the lower 

the crystals. In “> ¥ 

is a certain degree of instability of structure throughout 
the metal ls hence the difficulty of obtaining closely agree- 
ing resul 

At Sgngenntanes above 800 deg. Cent. fracture should 
pass wholly through the cement, which has become 


in. pper-plating was not satisfactory, 
» B it exhibited preferential etching. Finally a thin 
coating of nickel was used, which was afterwards covered 
with a thick deposit of copper. The method adopted 
was a6 follows :— ‘ 

The fracture was cleaned in potassium cyanide to 
remove tarnish, und covered by a coating of nickel by 
electrolysing a saturated solution of nickel-ammonium 
sulphate. The specimen was rotated during ition 
and a current ot 0.2 ampere used. The deposition of 
nickel occupied two to three hours, and the specimen was 
then transferred to an “‘ acid sulphate” copper hath until 
a thick coating of been deposited. The speci- 








Rosenhain outlined a modification of this that was 
| a distinct improvement in the number of particulars on | 
| that suggested in the paper, and he has since developed 


had 
men was then cut and polished in the usual way. 
Etching was a matter of considerable difficulty, but 
even’ y satisfactory results were obtained with a 10 
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per cent. svlution of ammonium yy containing 
excess of ammonia. Figs. 10 to 19, on the opposite page, 
illustrate some of the structures observ Figs. 10 
and 11 show the origina] structure of the metal before 
testing, both before and after annealing. Figs. 12 
and 13 show examples of the low-temperature type of 
fracture, which passes through the crystals. The crystals 
are greatly elongated in the direction of fracture, though 
the engravings do not show this quite as clearly as cou 
be wished. These severely strained structures were exceed- 
ingly difficult to etch, though neighbouring parts further 
away — the fracture, but less severely strained, etched 
up readily. 

Figs. 16 and 17 show the fractures of bars broken at 
896 deg. and 719 deg. Cent. The fractures are clearly 
intercrystalline. For all temperatures between 720 deg. 
and the melting-point the metal shows great intercrys- 
talline weakness, and cracks can be found passing between 
the crystals for distances as much as an inch from the 
actual point of fracture. Such intercrystalline cracks are 
clearly shown in Figs. 14,15,and 17. It is icularly to 
be noticed that there is no distortion of the crystals in 
this type of fracture. 

These results are remarkable. Previously this type of 
fracture has only been observed at temperatures within 
a few degrees of the melting-points of metals,* whereas 
it has now been found to occur at a temperature as much 

fg.6. ARSENICAL COPPER, ROLLED. 
(BROKEN IN AIR) 
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as 350 deg. Cent. below the melting-point, and first be- 
comes observable where the stress-tem ture curve 
begins to flatten. It should be sta that bar 19, 
which was broken at 719 deg. Cent., showed signs, in a 
few places, of fracture passing through the crystals, 
though characteristically it passes between them, as 
shown in the micropho ph. Thus it seems clear that 
the strength of cement and crystals are nearly equal at 719 
deg. Cent., with the crystals slightly the stronger even at 
this temperature. Abt 710 deg. Cent. the crystals were 
decidedly weaker than the cement, and showed plastic 
deformation by slip (see Fig. 12). With the exception of 
bars tested at about 719 deg. Cent., all the bars were 

rfect examples of either one type of fracture or the other. 
ft is interesting to notice that the intercrystalline type 
of fracture never takes place along a twin boundary (see 
Fig. 15), thus proving the prediction that a cementing 
material exists at a twin boundary. 

Fig. 19 shows the low-temperature type of deformation 
which was found at some distance away from the centre— 
i.e.. the hottest part—of a highly heated bar (D. 36). 

Turning now to the elongation curve obtained from 
the same series of tests, it is interesting to note that the 
ductility begins to fall off ata lower temperature than 
the maximum stress. From the atmospheric temperature 
up to 600 deg. Cent. the bars show a considerable el 
tion, which takes place wy plastic deformation—.e., by 
slipping in the crystals. Thereafter the ductility falls off 
—— though the most noticeable reduction in strength 
only takes place at a temperature higher by 50 deg. Cent. 
The ex tion of this phenomenon is not easy to see. 

At higher tem tures the reduction in the elongation 
must be poodhcwns yom be due to the loss of strength of the 
cement through which the fracture passes before any great 
extension has taken place by the yielding of the cement. 
The ram (Figs. 14 and 16) show that no plastic 
deformation of the crystals occurs in this region of tem- 
re though at temperatures below about 720 deg. 

Yent. a certain amount of plastic deformation can take 
place. At tem tures above about 800 deg. Cent. an: 
ductility that the bars may possess must be due to the slid- 
ing of the crystals bodily over one another. 

king at the results as a whole it would appear that 
the Rosenhain theory of the physical constitution of 
metals will fit the experimental facts observed for a pure 
annealed metal a ite satisfactori’ y éxcept in the one par- 
ticular mentioned. In the last connection it is interesting 
to note that Longbottom and Campiont have observed a 
loss of ductility at a lower temperature than strength in 
the case of Admiralty bronze alloys of the composition : 


copper, 87.96 ; tin, 9.77 ; zinc, 1.94; so the menon 
probably has an important significance. put for- 
ward the view that the cement loses its ductility before 
its strength as an explanation. This hardly seems satis- 


factory to the authors, since at the comparatively low 
temperatures under consideration the c istic pro- 


* Rosenhain and Ewen, Journal of the Institute of 
Metals, No 2, 1913, vol. x., s 11% to 149. ENcIngER- 
ING, vol. xovi., pages 314 and 370. 

+ Journal of the Institute of Engineers and Ship- 
builders in Scotland, July, 1914. 
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ty of the cement is elasticity rather than true ductility. 

at the cement does not lose its elasticity is shown by 
the fact that fracture still passes through the crystals in 
this region of temperature ; consequently the cement can 
accommodate itself to stresses. 

Effect of Mechanical Work.—It will now be interesting 
to consider the results obtained from the same sample of 
copper used in the last experiments, but tested in the 
unannealed 
two sets of results might throw some light on the question 
of the identity or resemblance between the ‘‘ primary 
cement ” formed during the crystallisation of a metal from 
the molten state and what may be termed the “‘ secondary 
cement” of Beilby which is formed by ‘‘ work.” The 
results of the tests are given in Table IV. and plotted 
in Figs. 4 and 5, 357. In the first place, it should be 
noticed that the heat treatment in the furnace while the 
tensile test was being carried out was too short to pro- 


duce a complete, or nearly complete, annealing effect | d 


at any temperature below 1000 deg. Cent. ; in other words, 
the tensile curve for rolled copper lies wholly above the 
same curve for annealed copper. This would seem to 
indicate that the secondary cement has considerable 
powers of persistence at high temperatures, though it 
cannot survive two hours’ annealing at 750 deg. Cent. 
The general forms of the curves are similar, though the 
range of temperature in which the most rapid diminu- 


Fig.7. 
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tion of strength occurs is apparently slightly higher in 
the case of the rolled copper. 

The most interesting and important differences are seen 
when the two elongation - temperature curves are 
examined. In the case of the rolled metal there is a 
rapid diminution in ductility at quite low tem tures, 
which is not observable in the case of the annealed metal. 
Previous workers, including Le Chatelier, Huntington, 
and one of the authors, have observed a loss of ductility 
in copper at low temperatures. Except in the case of 
Huntington’s experiments,* the drop has only been ob- 
served in u ed or worked metal. Huntington 
observed it in annealed electrolytic copper. The tempera- 
ture at which it occurs seems to vary considerably, but 
minimum ductility is usually observed between the limits 
300 deg. to 450 deg. Cent. Looking at the results asa 
whole, the ex tion that naturally suggests itself is 
that low ductility is observed in the temperature range 
over which the amorphous material formed by “‘ work ” 
is recrystallising most actively. There are two objections 
to this view. The first is that a region of low ductility 
was found by Huntington in the case of annealed electro- 
co} . Since, however, at the date of his experiments 
(1906) there was no reason to suppose that drastic anneal- 
ing was specially important, it may be suggested that 
the heat treatment was incomplete, at any rate pending 
an authoritative statement to the contrary by Professor 
Huntington. The second objection is that there is very 


* Journal of the Institute of Metals, No. 2, 1912, 
vol. viii., pages 126 to 144. ENGINEERING, vol. xciv., 
437. 








rolled condition. It was thought that the| i 








little sign of any corresponding fall in the maximum 
stress curve, which would certainly be expected if the 
view suggested were correct. All that can be said at 
present is that the fall of ductility at low temperatures, 
such as deg. to 450 deg. Cent., is possibly con- 
nected with the general properties of the ‘‘secondary ” or 
amorphous cement of Beilby. If this prediction should 
be verified by future work, it will suggest that there are 
sgertent differences in properties between the primary 
and secondary cement—a view which commends itself to 
the authors, though Longbottom and Campion have re- 
cently adopted the view that they are identical. Special 
experiments are necessary for the further elucidation of 
oefeet of Chemical C The results of 

ect oO; 7 ‘lomposition.—The results of tests 
described above have been obtained on material which 
may be considered as commercially pure metal. The 
effect of the introduction of an impurity may now be 
iscussed, and in this connection oxygen introduced into 
the bar by testing it in air may be regarded as an im- 
purity. , 

The great increase in ductility due to the presence of 
an oxidising atmosphere has already noticed. Com- 
poe the rolled B.S. copper with the rolled electro- 
ytic, it is also noticeable that the latter has the higher 
tensile strength, and it preserves this characteristic even 
at temperatures as high as 900 deg. Cent. The B.S. 
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copper was tested in oxygen. Thus oxygen as an im- 
purity seems to confer heh ductility and low tensile 
strength, especially at high temperatures. A quantita- 
tive expression for this result cannot be given, since the 
estimation of the real amount of oxygen, which pene- 
trated into the bar during a test, could not be carried out 
accurately owing to the small section of the bars, the 
thick external scale of oxide formed, and the irregular 
distribution of the oxide in the bar itself. Microscopic 
examination showed that the amount was considerable. 


TaBLE V.—Arsenical Copper (as Rolled). Tested in Air. 








Elongation 














Temperature. Maximum Stress. per Cent. on 2 In. 
deg. Cent. tons per sq. in. 

18 17.5 21.0 

18 17.9 23.0 
110 16.7 10.5 
138 15.9 10.0 
216 | 15.7 7.8 
226 15.7 8.0 
270 14.9 9.0 
280 14.8 8.5 
316 13.3 9.0 
340 13.2 6.0 
378 11.4 4.0 
408 10.7 4.0 
410 9.75 4.0 
420 11.5 4.8 
455 9.2 9.0 
505 6.5 7.0 
626 4.0 12.6 
562 3.2 14.0 
#22 | 3.1 16.0 
665 2.67 11.1 

Tapie VI.—Arsenical Copper (us Rilled). Tested in 
Hydrogen. 

18 | 17.9 23.0 
220 | 15.3 10.0 
385 11.2 4.5 
490 4.85 11.3 
595 2.95 8.0 
625 2.75 8.0 
690 2.56 11.0 
7 1.47 | 9.4 
900 1.00 | 12.5 
950 0.84 12.0 

Test in Carbon Dioxide, 
650 3.00 | a. 
735 2.20 10.0 
740 2.15 17.0 
820 1.75 14.0 
880 1.60 | 135 








Turning now to the effect of arsenic on the mechanical 
properties of copper, the results of two sets of tests on 
arsenical copper (of the composition given in Table II.) 
are shown in Tables V. and VI. and plotted in Figs. 6 
and 7. Three sets of tests were carried out, one in air, 
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another in hydrogen, and a third set in carbon dioxide. | 
These last tests are plotted on the curves for the other 
two sets, but are distinguished by being shown as crosses. 
The tensile curve for tests in air somewhat resembles | 
that for B.S. copper in air, though the change in the 
direction of the curve takes place at a slightly lower tem- 





Fic. 10.—Electrolytic copper (as rolled). 
Magnified 200 diameters. 





carbon dioxide, which lie on an extension of the hydrogen| In the case of arsenical copper this range of low 
curve above 720 deg. Cent. a ductility is much more extensive, and extends to 500 deg. 

Looking at the set of curves for bars tested in air asa | Cent., above which a range of considerable ductility 
whole, from the point of view of Rosenhain’s theory, the | occurs, and the arsenical show greater elongation 
— that naturally occurs is that the presence of | than the rolled electro-copper bars broken in CO,. Thus 
either arsenic or oxygen in copper causes a softening | the view that both oxygen and arsenic cause a softening 
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Fic. 11.—Electrolytic copper, annealed for two Fia.{12.— Rolled electro-copper bar(D.33)broken Fie. 13.—Annealed electro-copper bar (D. 24) 
hours at 750 deg.C. Magnified;200 diameters. 


at 710 deg. C. Shows elongation of crystals broken at 350 deg. C. Shows elongation of 
at fracture. Magnified 400 diameters. crystals at fracture. Magnified 400 diameters. 





Fie. 14.—Electro-copper bar (as rolled) (D. 36) Fic. 15.—Annealed electro-copper bar] (D. 19) Fig. 16.—Annealed electro-copper bar (D. 19) (Fie. 17.—Rolled electro-copper bar (D. 36) 


broken at 896 deg. C. Shows intercrystalline broken at 719 deg. C. Shows intercrystalline broken at 719 deg. C. Shows intercrystalline 
cracks near fracture. Magnified 600 diameters. 


cracks. Magnified 600 diameters. 





Fis. 18.—Annealed electro-copper bar (D. 20) broken at 918 deg. C. Shows 
intercrystalline- cracks and fissures. The white lining to fissures is 


deposited nickel. Magnified 600 diameters. 


broken at 8962deg."C. (Shows intercrystalline 
fracture. Maynified 600 diameters fracture, Magnified 600 diameters. 





Fie. 19.—Rolled electro-copper bar (D. 36) broken at 896 deg. C. Not near 
fracture. Shows slip-bands, i.e., low temperature type of deformation, 
owing to fall of temperature along the bar. Magnified 1000 diameters. 


7 ry . : om ar . 
Aut Srecmmens Ercuep wirn a 10 Per Cent. Sonution or AmMMontUM PersuLpHate, TO WHICH AN Excess or AMMONIA HAD BEEN AbveED. 


perature. The curve for the tests in hydrogen resembles 
the two mentioned, though there are si that at tem- 
seratures of 600 deg. Cent. and above the bars tested in 
hydrogen were weaker by about half a ton per square 
inch. This is probably connected with the well-known 
cracking of copper in hydrogen, which becomes evident 
at about 700 deg. Cent., but may somewhat impair its 
properties at somewhat lower temperatures. In this con- 
nection it is interesting to compare the results of tests in 


t, and that the effect of the presence of both | of the primary cement affords a satisfactory explanation 
paths aay aed appreciably greater a either o—_- of the whole series of curves, with the exception of a zone 
The softening of the cement results in a low tensile | of low ducvility which occurs in the case of all the un- 
| strength. It would also be expected to lead to a high | annealed “impure” bars. Further tests are necessary 
| Guotitiey. and this prediction * — = the — - to determine the meaning of the results obtained in this 

8. r, which has a hi uctility over the | on. : 

Do cesmeaeiies range of the” tests, aes in the | e main conclusions that have been reached asa result 
| marrow zone in the neighbourhood of 300 deg. Cent., | of this research may be briefly stated as follow :— 
| which has already been discussed. | 1. The nature of the atmogphere in which the tests 
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were carried out has a most important effect upon the 
results obtained. An oxidising atmosphere at high tem- 
peratures gives high duotility. ao ool ? 

2. Pure wi led rolled copper maintains its superior 
strength over annealed co at all temperatures from 
atmospheric to 1000 deg. t. ed copper pre- 
serves its superior ductility to approximately the same 
temperatures. These results were obtained in a neutral 
atmosphere. 

3. In the case of pure annealed copper, fracture passes 
through the crystals at all temperatures below about 
700 deg. Cent. At all tem res above about 750 deg. 
Cent. it passes between the crystals. At intermediate 
temperatures it may take either course, though preferen- 
tially it is intercrystalline. ‘ 

4. The existence of a range of low ductilit 
tures in the neighbourhood of 250 deg. to 
is confirmed. 

5. The effect of introducing either oxygen or arsenic in 
small quantities into copper is to lower the tensi —— 
at high temperatures. An increase in ductility is 
observed. 

6. The results of the tensile tests, as a whole, can be 
satisfactorily explained on the basis of Rosenhain’s theory 
of the existence of a cement surrounding the crystals, 
which cement is stronger than the crys' at low tem- 
peratures, but weaker at high temperatures. Two 
points of interest must, however, bs excepted from this 
statement at present. 

7. Bars tested in hydrogen at temperatures above about 
720 deg. Cent. are weaker than bars tested in an oxidising 
or neutral atmosphere by about half a ton per square inch. 
This is due probably to reduction of es od oxide, which 
may result in weakening and finally cracking the bars. 

‘The authors desire to express their indebtedness to the 
Director of the National Physical Laboratory for granting 
facilities for the carrying out of the microscopic work in 
the laboratory under his c ; to Dr. Rosenhain for 
numerous suggestions ; and to Mr. T. G. Bamford, M.Sc., 
for carrying out some of the tests on arsenical copper. 


at tempera- 
deg. Cent. 





AUTOMOBILE ASSOCIATION MEMBERS 
AND WAR SERVICES. 

We have been requested by the Automobile Associa- 
tion and Motor Union to publish the following report :— 

The magnificent response by the members of the Auto- 
mobile Association to the recent ap; for cars and 
motor-cycles has enabled the Automobile Association to 
play a very important part in the work of assisting the 
authorities. 

The numerous military duties undertaken have been 
of a varied description, from tsking generals to the dif- 
ferent military centres to carrying inspectors on observa- 
tion in connection with bridges and sentry-posta, also 
the appointment of members with their cars for per- 
manent duty at the various commands. Various re- 
cruiting dépdts around London have been — with 
cars. Recruiting tours comprising batches of cars are at 
work in different parts of thecountry. In London and other 
centres members’ cars are being used for collecting recruits 
and bringing them to the stations. Oars have pro- 
vided for officers superintending the shipment of aero- 
planes, &c. Other useful work includes assisting refu 
the Navy League, the National Service League, and 
Cross work. On occasions fleets of fifty cars have been 
in attendance at given stations in connection with Red 
Oross work. Other organisations which have received 
assistance are the Local Government Board, Central 
Committee Women’s Employment, big | Men’s Chris- 
tian Assoviation, the Prince of Wales’ Fund, &. Mo- 
torists who are —— convert their cars into ambulance 
vehicles at a reasonable cost are earnestly requested to 
communicate with the - mote, Automobile Association 
= Pasa Union, Fanum House, Whitcomb-street, 

ondon, W. 





PersonaL. —We have been informed that the Mordey- 
Fricker Electricity Meter neers. Limited, havi sold 
its patents and business to the British Insula and 
Helsby Cables, Limited, have gone into voluntary 
liquidation simply to wind up the business. The adver- 
tised meeting of creditors was called only to comply with 
a legal formality, there being no creditors. 





GerMany’s Exports or Swine anp KwIrtrtinc- 
ge ay Board of Trade bulletin, 7 issued, 
shows that rmany exports sewing an itting- 
machines, and parts thereof, to a value of about 
2,810,250/. per annum, while our exports are valued at 
2,367,8001. The distribution is peculiar. We have the 
best of the Indian market, in which our sales amount to 
128,550/., com: with Germany’s 44,5002. To the 
Netherlands, nm sales are valued at 78,300/., com- 
pared with ours at 26,100/. In Sweden our respective sales 
are almost exactly reversed. In ium, Germany dis- 
poses of 117,200/. worth of these machines and parts ; we 
sell there only 42,950/. worth. However, the tables are 
almost exactly turned in our favour in Spain, which buys 
from us to the value of 108,700/., and from Germany to 
amount of 50,000/. Then, agam, in Russia we have a 
greater trade with sales amounting to 831,700/., com- 
pared with Germany’s 399,300/. ; but in Italy, Brazil and 
the Argentine our business is much smaller than Ger- 
many’s, as it is also in France, —-- in the latter 
country our sales amount to the considerable figure of 
218, Germany sends us machines and parts to the 
value of 136,2002. German machines find a ready sale in 
many countries, such as the United States, Mexico, 
Morocco, Bulgaria, Ecuador, &c., which markets seem to 
be scarcely touched by our manufacturers. 











AN ENGINEERING SOCIETIES’ BATTALION. 


A crrcuLaR to the following effect has been issued 
separately by the Institutions of Civil, of Mechanical, 
and of Electrical Engineers, and signed by the respec- 
tive Presidents. The one reproduced was issued by the 
Institution of Mechanical Engineers :— 


Deak Sin,—Many members, graduates, and students 
of the Institutions of Civil, Mechanical, and Electrical 
Engineers having expressed a desire to serve in the army 
now being raised, formation of an Engineering 
——— ttalion — recently contemplated aoe 

ollowing opportunity for engineers to serve t her, 
under ction in which their professional qualifications 
will be of advantage, has now occurred. 

The three Institutions have been invited by the Lords 
Commissioners of the Admiralty to assist in obtaini 
picked men for the divisional engineer units and s 
com of the Royal Naval Division recently formed 
by the : First Lord of the Admiralty, and referred to in 
the daily Press of 7th inst. 

It is understood that these units will be raised on the 
lines of the undermentioned units of the military forces :— 

One divisional headquarters, R.E. 

Two field companies, R. E. 

One signal company, R.E. , ' 

The division is being raised under the Admiralty with 
& view to its employment in the field. 4 

@ engineer units, for which recruits are now being 
asked, will be employed on duties similar to those on 
which Royal Engineer units are employed. : . 

camp is under preparation near Martin Mill 
Station, Kent, and is now ready to take a first batch of 
160 recruits, with provision for rapid increase to the 
authorised strength, totalling some 500 men, with 18 
officers, in addition to the commanding Royal Engineer 
and a medical officer. 

It is expected that a considerable number of the officers 
will be ted from among the recruits. 

The terms of enlistment will be for the duration of the 
war, but not in any case exceeding three years. 

Pay is under consideration, but will not be less than 
the army rates, and the conditions of service will be 
similar to those in the army. (Information as to army 
pay and conditions of service may be obtained at any 
recruiting office. ) 

——— are invited from members of all classes of 
the Institution between the ages of 19 and 35. Applica- 
tion may be made in person on or after Wednesday, the 
16th inst. (between 10 a.m. and 2 p.m.), at the special 
recruiting office, 2, Savoy-hill, Victoria Embankment, 
London, W.C.; the enclosed form may be filled in and re- 
turned by post to the Secretary of the Institution, after 
which the applicant must present himself for interview 
and medical examination. 

As President of the Institution of Mechanical i- 
neers, I venture to express the hope that those of the 
een members and graduates of the Institution who 

ve not otherwise placed their services at their coun- 
try’s dis will promptly avail themselves of this 
favourable aes of doing so. 

am, dear Sir, ~ very truly, 
H. F. Dona.pson, President. 





* BRITISH PATENTS AND FOREIGN 
PATENTEES.” 
To THe Eprrog or ENGINEERING. 

Sir,—With reference to your footnote to my letter 
published in last week’s issue of ENGINEERING, the sus- 
— of the patentee’s right to prevent every one else 

m making, using, exercising or vending the patented 
invention is, of course, different from the — of a 
licence to one or more applicants to do these things, 
for, in the first case, the monopoly is na game e- 
stroyed, whilst, in the second, only a limited number of 
persons—namely, the licensees—are protected from any 
infringement proceedings which the patentee might take. 

Such a general s ion would be almost valueless, 
since it would allow of the patented invention being 
adopted by all and ——- and would not confer any 
distinctive advantage on those persons who applied for, 


and secured, suspension at their own expense. Avoid- | 4), 


ance is open to the same objection. 

There seems to be an alternative procedure, however— 
namely, that the patentee’s rights should only be sus- 
pen t the successful applicants for suspension ; 
they would then still hold against all others, and 
the suspension would have practically the same effect as 
a licence. 

As a matter of fact, there is no special form of applica- 
tion to obtain a licence under the visions of two 
Acts; the only form provided tes to avoidance or 
suspension, as I remarked last week, I was advised 
that the — and licence — ss go 

her, one being merely the counterpart of the other. 
he position, however, is very obscure, for with the 
exception of an exclusive licensee, there is no one capable 
of instituting infringement proceedings whilst the war 
; the patentee cannot, because he is an enemy ; the 
ordinary licensee cannot without the participation of the 
patentee. How this position will be remedied remains 

to be seen. 
Yours “yi 4 
H. Foruercini anp Co., A. L. ANNISON, 
Chartered Patent Agents. 


3, Central-buildings, Westminster, September 16, 1914. 





“ Static TorQquE EXPERIMENTS ON A PELTON WHEEL :” 
Exratum.—In the article bearing this title in our last 
issue, line 15 from the end (on page 337), for *‘ =10.4ft.-Ib.” 
read ‘‘ — 10.4 ft.-Ib.” 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a weak tone, and sellers 
of Cleveland warrants quoted 51s. 24d. cash, 51s. 6d. one 
month, and 52s. 1d. three months. ‘here were no trans- 
actions. Inthe afternoon Cleveland warrants were again 
easier, and 3500 tons were dealt in at 51s. 1d. and 51s. cash 
and from 51s. 11d. to 51s. 10d. three months. Attheclose 
ers named 5ls. 1d. cash, 51s. 44d. one month, and 
51s. 104d. threemonths. On Friday morning the market 
was quite idle, and Cleveland warrants were quoted 
without at 5ls. ld. cash and 5le. . one 
month sellers. In the afternoon business was quiet, 
and consi of 500 tons of Cleveland warrants at 
5ls. cash, with sellers over at 51s. 1d. cash and 
5ls. 44d. one month. The three months pan was 
again neglected. Monday morning, although quota- 
tions were the turn firmer, no dealings of any kind were 
recorded. Sellers of Cleveland warrants quoted 5ls. 3d. 
cash, 51s. 64d. one month, and 52s. three months. 
The afternoon session was also quite idle, and quota- 
tions were & ie easier, with sellers of Cleveland 
warrants quoting 51s. 24d. cash, 51s. 6d. one month, 
and 52s. three months. Tuesday was another blank as 
regards business, and in the morning sellers made no 
change in their quotations for Cleveland warrants. 
Buyers were easier, however, and named 50s. 104d. cash, 
5ls. 2d. one month, and 51s. 7d. three months. In the 
afternoon sellers’ prices were again unchanged, but buyers 
of Cleveland warrants increased their rates to 51s. 04d. 
, 5ls. 4d. one month, and 51s. 10d. three months. 
When the market opened to-day (Wednesday) the tone 
was dull, and only one lot of Cleveland warrants was put 
through at 51s. 11d. three months, with sellers over at 
51s. 14d. cash, 51s. 5d. one month, and 52s. three months. 
The afternoon session was quiet, and 2000 tons of Cleve- 
land warrants were done at 51s. cash, and 51s. 104d. three 
months. At the close sellers quoted 51s. 14d. cash, 

51s. 5d. one month, and 51s. 114d. three months. 


‘of Ammonia.—The demand for sulphate of 
ammonia has lately been very poor, and the current price 
for prompt lotsis round 10/. 11s. 3d. per ton—Glasgow or 
Leith. inquiry for shipment during the first month 
= two of next year is very poor and is only of a half- 

nature. 


Scotch Steel Trade.—The position of things in the 
Scotch steel trade has not materially altered of late, and 
business is in fact still somewhat quiet. Any improve- 
ment is bound to be slow in coming, but it is sure to 
come, nevertheless, and the present outlook is certainly 
very promising indeed. A y tone prevails in the 
local and general home markets, and a moderate amount 
of dealing is being done, but, although many new schemes 
have been curtailed and held back temporarily, there are 
eed ge ts of these being gone on with in the near 

uture. demand for eg oer is very moderate, 
and the same may also be said about sections, while for 
ral structural material there has been a decided 
ecline in the demand. Makers of heavy-gauge sheets 
are fairly busy, but there is little doing in the thinner 
sizes, and galvanisers are very quiet. Export trade is 
confined within narrow limits at present, and nearly all 
buyers are restricting their engagements. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade has improved considerably, and quite a number 
of the works are getting a full week’s employment. The 
orders on d are fairly satisfactory, but raw mate- 
rial Ls dear, and thus fresh business is none too easily 
secured. 


Scotch Pig-Iron Trade.—The past week has nod wit- 
nessed any notable change in the demand for Scotch pig- 
iron, although certain brands are in fairly good request. 
The war has most assuredly put a damper on business, 
not only at home, but also in many other parts of the 
world, with the result that it will probably be some little 
time before thi outagain. The ordinary quali- 
ties of Scotch -iron are sure to be in demand at no 

distant date, as they, and the English and American 

es, will be required to make up the deficiency caused 

by the stoppage of the supplies from the Continent. In 
© meantime the inquiries from abr are not very 
heavy, but with the prospects of improved shipping 
facilities an early expansion in business is anticipated. 
Hematite iron is in rather better request by the 
local steel-makers, and quite a respectable amount of 
i is going th . The following are the 
market quotations for makers’ (No. 1) iron :—Olyde, 


69s. 6d.; Calder, errie, Summerlee, 70s.; and Lang- 
loan, 72s. (all shi at Glasgow); Glengarnock (at 
Ardrossan), 71s.; Shotts (at Leith), 70s. 6d.; and Carron 
(at Grangemouth), 70s. 6d. 





Germany's Exports OF PHOTOGRAPHIC MATERIALS.— 
The value of the e ts of photographic materials from 
Germany amonun' in 1912 to 1,843,600/. The most 
aes ae ean ae with were lenses, films, 

chemicals. Sensitised paper and dry-plates were 
also exported in considerable, but lesser, quantities. Of 
otographic chemicals Germany exported to the United 
tates 72,9002. worth ; to Russia, 79,950. ; and to England, 
45,6507. Her largest exports of films were to France, 
which bought to the value of 110,550/., England taking 
40,3507. worth. Next to Russia, we are Germany's 
customer for sensitised papers, taking nearly 
40, worth. The most important market for German 
a oe and lenses has been England, which took 
goods of this class to the value of 104,900. Altogether, 
Germany sends us about 232,000/. worth of photegraphic 
goods in the year. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The demand for house 
coal is on a larger scale. Both at the dépdts and at the 
collieries a better inqu has been experienced, and 
prices have hardened. steams are firm. The 
tendency of values is upward. After a brief check, due 
to floating-mine disasters, the shipping trade continues its 
recent expansion. — h the gross tonnage ron 
South Yorkshire is less at this time last year, it is 
considerably larger than at any period since the out of 
war. In view of the early —_ -A,: Baltic ports, a 
big inquiry vails for best for shipment to 
Archangel. Sweden and Denmark are alec making sub- 
stantial demands upon the district output, and merchants 
anticipate a fair business with the north French ports. 
The demand for local industrial consumption is main- 
tained at a satisfactory level. Now that the Board of 
Agriculture and Fisheries, in co-operation with the 
English Forestry Association, are taking steps to stimu- 
late the marketing of home-grown timber, less anxiety is 
felt respecti the continued scarcity of pit ps. 
A fair tonnage of gee fuels is being sent od and 
to the ports, Slacks move irregularly. Special lots 
are available at cheap rates. There is a strong demand 
for blast-furnace coke at previous rates. Quotations :— 
Best branch hand-picked, 15s. 6d. to 16s. ; Barnsley best 
Silkstone, 12s. to 13s.; Derbyshire best brights, 11s. 6d. 
to 12s. 6d.; Derbyshire house, 10s. 6d. to 11s. 6d.; best 
large nuts, 10s. to lls. 3d.; small nuts, 9s. to 10s.; 
Yorkshire hards, 10s. to 11s. ; ae hards, 10s. to 
Ss Sees to 8s. ; secon 

2s. to 


Tron and Steel.—Conditions in the local raw material 
market vary considerably. Afterarecord run on common 
irons, the demand has tapered off, the inflated character 
of values having acted as a brake on forward business. 
The chief decline is in foundry iron, but Lincolnshire 
makers are still asking 60s. 8d., and Derbyshire makers 
59s. 3d. for present delivery. The greater activity at local 
forges has upheld the inquiry for the class of common 
iron which they a and sales are freely made 
at the listed rates of 59s. 8d. for Lincolnshire sorts and 
56s. for Derbyshire sorts, though numerous cases of 
underquoting are reported. A brisk tone is maintained 
in the hematite iron trade. The outlook is better in 
every respect. A greatly increased 
Coast brands has producers to \ 
output, the whole of which is going into immediate con- 
sumption. Present and future delivery rates stand 
respectively at 82s. and 83s. Activity in East Coast 
brands is less pronounced, though makers have ad- 
vanced their quotations for future delivery by 6d. 
to 79s. Spot buying centres round the listed figure 
of 77s. 3d. A slump in ordinary business at the bar 
mills has em the benefit derived indirectly 
from War Office orders, but there is evidence of 
a slight improvement in the export demand. A more 
hepa outlook obtains in the general steel trades. This 
has been primarily brought about by a small but decided 
improvement in business with foreign and neutral markets 
as a result of more regular overseas communication 
between buyers and exporters. The results of the cam- 
paign against German and Austrian commerce are being 
more widely felt, and substantial orders from customers 
abroad which have been held up since the beginning of 
August are now rs! worked upon. New orders have 
also been booked for big tonnages of steel for shi t) 
to Freemantle, the United States, and South Africa. 
These include supplementary orders for special shoes and 
dies for use in the South African gold-mining industry. 
- armament a are Me nd be | engaged, and in 
order to preserve the magnitude of their present output, 
Lord Kitchener has addressed a note to employees eligible 
for enlistment, assuring them that they are rendering 
equally valuable service to the —— 2 continui 
their present occupation. Makers of ic billets 
basic steel have as many orders on hand as they can 
promptly deal with. 





TRADE WiTH ALGIERS.—His Majesty’s Consul at Algiers 
reports that articles hitherto imported from Germany and 
Austria, and for which the British substitute would pro- 
bably now find a good opening, include tools and metal 
goods and scientific instruments and apparatus. 





NokTHAMPTON Po.yTecuNio InstiTUTE. — We have 
received from this Institute, the address of which is 
St. John-street, Clerkenwell, E.C., a copy of their 
recently-issued educational and social announcements 
for the ensuing session. Full particulars are given of 
day and evening courses in civil, mechanical, and elec- 
trical ng, technical optics, horology, and artistic 
crafts. The engineering courses include subsections in 
automobile work, seronautics, and radio-telegraphy, 
and there are also evening courses in electro-che 
and metallurgy. The classes of the day courses begin 
on the 28th inst., while the evening courses will commence 
on > Se ty > for of gan ye 
on Monday last. equipment in various 
ments of the Institute has been extended in many 
ne during the past = For ae, 4 _— 
8 air-compressor, _— esigned for experimen 
work, has been ad to the mechanical engineering 


laboratory. In the evening classes in i , the 
courses 0! isotares by epecialists in their various subjects 
are to be developed. There will be two series of advanced 
lectures on transformer desi i 























ness in West | j 
prompted producers to increase their | T, 


mistry | at Seville, Oporto, and Lisbon 


sanitary fittings, ri 
cu 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is very little new 
to report concerning the northern iron trade. Extreme 
quietness characterises the Cleveland market, buyers 
and sellers alike hesitating to commit themselves to any 
extent, and what business is passing in pig-iron is 
almost entirely confined to transactions in very small 


dots for early delivery. Negotiations with firms abroad 


are very limited, financial difficulties still crippli 
foreign trade, demand for cash in this country before 
shipment: yo Aye At the same time the 
tion is somewhat better than it has been. Fairly 
Coe tiations with firms in Scandinavia are re- 
reed. No. yey Cleveland pig is 51s. 3d. f.o.b.; 
0. 1 is 53s. 9d.; No. 4 foundry, 5ls.; No. 4 forge, 
50s. 9d.; mottled, 50s. 6d.; and white, 50s. 3d. East 
Coast hemative big is much weaker. Both makers and 
merchants offer Nos. 1, 2, and 3 at 67s. The latter 
are keen sellers at the figure, and doubtless some 
of them would make contracts at an even lower 
price. Buyers, most of whom have satisfied their re- 


quirements, consider the market quotation still too high. 
Makers are believed to have rather stocks of hema- 
tite, and the uction may shortly reduced by the 


blowing-out of furnaces. Values of foreign ore are fall- 
ing, but quotations are still above what consumers think 
they should be. Sellers are a good deal in evidence, and 
are ready enough to make concessions to meet the views 
of buyers. So far as is ascertainable, however, there is 
no business pasties. Sellers quote on the basis of 18s. 9d. 
ex-ship Tees for Rubio of 50 per cent. quality, but would 
doub entertain offers on lower terms. Freights, 


Bilbao-Middlesbrough, are round about 4s.74d. Imports | ™®2 


of foreign ore are not large, but under present circum- 
stances they must be considered satisfactory. To date 
this month imports to the Tees are returned at 76,345 
tons. is rather more coke offering, and local 
demand shows some falling off. Prices, though hardly 
— lowered, are easier. Durham beehive blast- 

rnace coke of average quality is put at 18s. delivered 
at Tees-side works. 


Stocks and Shipments.—The stock of Cleveland ow 
in the public warrant stores now stands at 97,724 tons. 
Since Segieaies of the month the stock has been 
1 tons. Shipments of pig-iron from the 
‘ees show a considerable improvement, as compared with 
those of last gy | they fall short of normal Sept- 
ember clearances. To date this month = average 
re dy working day, the total despa’ being re- 
tu ab 31,157 tons, 27,857 tons of which have gone 
from Middlesbrough and 3300 tons from Skinningrove. 


To the same date last month the loadings were given | full 


at 9954 tons, or a daily average of 711 tons, and for the 
See fs ee the clear- 
ances reach 125 tons, or an average of tons per 
working day. 

Manufactured Iron and Steel.—Nearly all departments 
of the manufactured iron and steel industries are well 
employed, and a few new orders keep coming in. Pro- 
ducers of shipbuilding material are turning out a good 
deal of work. Joist-makers and rail manufacturers are 
Prices all round are very firm. Principal 
market quotations stand :—Common iron bars, 8/.; best 
bars, 8/. 7s. 6d.; best best bars, 8/. 15s. ; packing iron, 
61. 10s.; iron ship-plates, 7/. 5s.; iron ship-angles, 8/.; iron 
ship-rivets, 9/.; iron girder-plates, 71. 5s.; steel bars 


ship-plates, 7/. 5s.; steel ee 4 7. ; steel boiler- 
81. 5s.; steel joists, 7/. 2s. 6d. to 7. 5s.; steel strip, 
. 10s.; steel hoops, 6/. 15s.—all less the customary 24 per 
cent. discount ; light iron rails, 7/. 15s.; heavy steel rails, 
61. 15s. ; steel railway sleepers, 7/. 15s.—all net at works. 
Jarrow Iron and Steel Works.—A scheme is on foot to 
modernise the a ae works of the Palmer Com- 
pany. A circular has been issued to the debenture holders 
ing the suggested improvements, intimating 
that the cost thereof will amount .to 250,000/., which it is 
proposed to spread over two years. The circular states 
that the company’s bankers have expressed willingness to 
extend the loan account for the amount required, taking 
as first charge all the assets of the company ranking in 
priority to the first debenture stock. lay me 
at ‘ur- 


naces, and the complete electrification of the shipyard 
and general works. 

Ironstone Mines Closing.—The Grinkle ironstone mines 
in Cleveland are closing for a short period for alterations 
and repairs to the surface machinery. 








MANUFACTURES FOR SPAIN AND PorTuGAL.—The Com- 
mercial Intelligence Branch of the Board of Trade has 
issued a statement to the effect that His Majesty’s Consuls 
seed apaiag'te tinsls onl Paani tor tah eae 

opening in Spain an or Bri 
of a class 2 by Germany. From Seville 
it is reported that articles y imported from Germany 
include machi , rails, pipes, steel cables, cutlery, 
ware, electrical fittings, cement, bicycles, lubricating oils, 
tin-plates, &c. From it is stated that the usual 
German trade compri ware, ~_ iron, cutlery, 
cycles, sewing-mac motor-cars, motives, elec- 
trical machines, ke. The Lisbon report states that 
Germany usually aor electric fans, sewing-machines, 
es, &c., aluminium ware, telephones, 
thes, and other machine-tools, agricultural 


implements, electrical plant and fittings, &c. In some 
of these cases there are, ioweres, taceo 


stocks on 


NOTES FROM THE SOUTH-WEST. 

aeatigcay ebminn al tattered dele 
not showing any eagerness ing in pe 
of easier conditions later on. One consideration which 
they urge is that British naval coal requirements are 
falling off. Im consequence of the unsettled state of 
foreign affairs, coal-owners have been showing an in- 
creased disposition to insist upon payments. The 
shrinkage which has been observable in uction is 
still serious, but the quietness of the demand has 
prevented the falling-off having much effect at poet. 
House coa! has shown little change. The best Admiralty 
largesteam coal has been quoted at 21s. 6d. to 22s. 6d.; 
best secondary oualities at 19s. 6d. to 20s. 6d.; other 
secondary descriptions at 19s. to 19s. 6d.; best bunker 
smalls, 7s. 3d. to 7s. 6d.; and cargo smalls at 5s. to 7s. 
household coal has brought 19s. to 20s. ; 


hag realised 13s. to 13s. 9d.; and No. 2 smalls 
have brought 6s. 6d. to 7s. 6d. per ton. Special foundry 
coke has made 27s. 6d. to 30s.; good foundry coke, 21s. to 
25s.; and furnace coke, 18s. to 20s. per ton. As regards 
iron ore, Rubio has been quoted at 18s. 6d. to 19s. per 
oe eee © ae © 5 pw ent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 
Powell-Duffryn Coal.—The Powell-Duffryn Colliery 
has had a remarkable career. In 1864 its output was 
400,000 tons, and in 1880 an aggregate of 500,000 tons per 
annum was reached. Ten years later the production was 
carried to 1,305,000 tons; in 1900 it had reached 
1,942,000 tons ; and, in 1910, 3,319,000 tons. Last year 
it stood at 3,874,000 tons, and it is expected that this 
year it will exceed 4,000,000 tons. The company had 
early vicissitudes and struggles. and in 1894 the 
dividend did not exceed 5 per cent. In 1895-6 it went 
still lower—viz., to 14 per cent. Between 1899 and 1906 
a steady 7 per cent. per annum was distributed ; since 
1907 the dividends have ranged between 15 and 20 per 
cent. per annum. 


Welsh Coal for Egypt.—The administration of the 
Egyptian State Railways have invited tenders for 360,000 
tons of Sou ales screened coal, announcement 
has been received with interest, as it is the first notice of 
the kind relating to any substantial delivery of coal over 
next year. The required is ordinary y Admi- 
ralty and best Monmouthshire. Deliveries are to be 

ie between December 1, 1914, and July 31, 1915—for 
the first two months at the rate of 30,000 tons per month, 
and for the subsequent six months at the rate of 50,000 
tons per month. 


The Swansea Vi .—The outlook for the steel trade 
is rather more satisfactory, there being two furnaces in 


operation at the Duffryn works three at the 
Forest works. Stocks of steel ingots are heavy. 





Trapg Opxnines In ITaty.—We are informed by the 
Commercial Intelligence Branch of the Board of Trade 
that His Majesty’s Consul at Milan telegraphs that local 
firms there are making inquiries with a view to the pur- 
chase, among others, of the following goods of British 


manufacture: — Glass tubes, need gauges, wood pul 
pens, machinery, dynamos, bicycles, iron and sel, 
motors, carburettors, motor-cycles, cutlery, and kitchen 
u 





Tue Mercuant Venturers’ TECHNICAL COLLEGE AND 
BELGIAN AND FRENcH Srupents.—The Merchant Ven- 
turers have decided to offer to engineering students of 
Belgian universities, or of the university of Lille, free 
anew in the faculty of engineering of the University of 

ristol, which is provided and maintained in their college. 
Of course, many of these students are at — serving 
with the respective armies; but it is hoped that any 
students who were unable to serve, and who are at present 
in England, will avail themselves of this offer. 





Tue InstirvTiIon or AvuTomMoBILE ENGIngERs.—The 
uestion of the course of action to be pursued by 
e Institution of Automobile Engineers during the 
forthcoming session, in view of the situation brought 
about by war, has been v carefully considered 
the Oouncil, and as a result, they have decided 
+, in spite of the absence of a number of officers 
other members in the service of His Ma and 
of the difficulties with which a number of firms are 
faced, S = =» =_ —_ interests of the indus’ 
generally, e tibuti to proceed wi 
the normal work of the session, to hold the usual 


monthly meeti They that, f 
rs 0 be reed ehall deal with the special 


sible, the special 
difficulties a 89 have been imposed upon the automobile 
engineer by the war, such, fori as those connected 


with labour, — = —— * the demand for 

jeasure cars, impossibility of obtaining parte 
— abroad. Papers have nme A been promised on 
these lines. It is hoped that by means of the papers and 
the valuable information may be 


ss g d . . 
brass | elicited as to how these difficulties may be overcome or 


reduced, so that the Institution may be able to perform 
its prime uty of being of real aesistance to the automobile 
Council theref 


Press to support them as they have always so readily 
done in the past. By this ~~ it is hoped that the 
interests of the automobile industry may be promoted to 
the utmost, and that the Institution may be enabled to 
continue its work thi out what must, without doubt, 





be a period of great difficulty. 
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INSTRUMENTS FOR TESTING GAS. 
CONSTRUCTED BY MESSRS. ALEX WRIGHT AND 00., LIMITED, ENGINEERS, WESTMINSTER. 


Fig. 1. 











(4/24. 


At the Munich Gas Exhibition, Messrs. Alex. 
Wright and Co., 1, Westminster Palace Gardens, 
London, 8.W., showed instruments for testing gas, 
two of which—the caligraph and the gravitometer—we 
illustrate on this page. The caligraph, which attracted 
much attention, is an instrument by means of which 
the calorific value of a gas is automatically recorded. 

The principle on which it operates ma, described 
as follows :—A constant volume of gas is burnt. The 
heat from this combustion is caused to warm a certain 
quantity of air which then passes over one diaphragm 
of a differential thermometer, the other diaphragm 
being affected only by the room temperature. The indi- 
cation of the differential thermometer, which is thus a 
measure of the heat given off from the gas on combus- 
tion, is marked by means of a pen, actuated by suitable 
link-work, on a chart passing over a clock-drum. 

Referring to Figs 1 and 2, the constant consumption 
of gas is obtained by means of a governor consisting of 
two bells C and D, which are connected together and 
swing on needle-points. The gas passes through a 
dry governor (to take up any sudden variation in 
pressure) into the en bell D by means of a 
valve. The extent of opening of this valve is deter- 
mined by the position of the bells. The gas passes 
out of the bell D through a gold nipple of standard 
size to the burner F, where it is consumed. At the 
same time the can also pass from the dry governor 
into the left-hand bell C by means of a by-pass cock. 
This gas passes out of the bell C through a tube B, at 
the top of which it is consumed by a small flame. 
This is prevented, by means of a special burner, from 
heating the gas in the tube. Any variation in specific 
gravity of the gas will obviously cause a difference in 
weight of the column of gas in the tube B, and will 
thus alter the pressure in the left-hand bell C. This 
alteration in pressure will cause the bells to move and 
actuate the gas-admission valve. In this way a con- 
stant supply of gas to the burner F is assured, no 
matter what the ge of the gas may be. 

The differential thermometer consists of two metal 
diaphragm boxes A and A! filled with air, one at each 

of aglass rod R. Any movement of this rod is re- 
corded, by means of a actuated by link-work, on 
a chart wrapped ro a revolving m, which is 
driven by clock-work. As the temperatures of the 
diaphragms vary, the air in them will expand or con- 
tract, thus causing a movement of the glass rod, and 
as the right-hand diaphragm is affected by the room 
temperature only, while the left-hand one is affected 
by the heat from the flame as well as by that from the 
room temperature, the movement of the rod, being 

















































































































the difference of the two effects, is proportional to the 
heat obtained from the combustion of the gas at F. 
It will be observed that any alteration in temperature 
and in atmospheric pressure will affect the air being 
heated in the same way as the gas burnt, thus auto- 
matically compensating for any change in the number 
of the tables of constants which are used in connection 
with the instrument. 

The essential principle of the gravitometer is 
illustrated in Figs. 3 and 4. The instrument is 
essentially a gas-balance, in which the s 
of the under test is compared with that of the 
surrounding air. This is accomplished differentially, 
the weight of a column of gas and the weight of an 
equal column of air being arranged to act on opposite 
sides of what is virtually a e-pan, and the iffer- 
ence in weight registered. 

The bell of the gravitometer may be considered as a 
scale-pan on which the pressure below is due to the 
pressure of the atmosphere on the lower surface, and 
the pressure above to the pressure of a column of gas 
added to the pressure of the atmosphere at the top of 
that column, the aggregate being less, in the case of 
coal-gas, than that of the atmospheric pressure below 
the bell. Gas is always passing up the tube to supply 
the burner at the top, and under these conditions is 
under absolutely the same conditions of temperature 
and pressure as that of the surrounding air. It will 
thus be seen that the pointer of the gravitometer 
indicates the weight of that column of gas of a height 
equal to that of the tube. For example, with a bell of 
6 in. diameter and a height of tube of 30 in., the weight 
of gee of, say, 0.9 specific ee is 15.9 mes. 

pressure or weight on the top of the bell is 
in direct proportion to the specific gravity of the gas 
in the tube, and is, in addition, proportional to the 
height of the tube. Thus, if the tube were 60 in. in 
height instead of 30 in., the pee on the bell, due 
to the weight of the gas, would be 30.38 grammes, and 
the movement of the pointer across the scale would 
be twice that in the case of the 30-in. tube. Mecha- 
nical considerations constitute the only reason for not 
using a longer scale ; indeed, by employing tubes of 
sufficient height, it is possible to measure specific 
gravity to any required degree of accuracy. 

Referring to Fig. 3, which shows diagrammatically 
the action of the gravitometer, A represents a light 
aluminium bell, sealed in oil contained in the annu 
tank B. The bell is covered by a shell C, which is 
not in contact with it. The top of the shell carries a 
tube D. The bell is free to move up and down, and 
is carried by a vertical support conneoted to the end 


ific gravity 
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of the balance-beam G by a hanging chain. The other 


end of the beam carries a hanging weight H. The 
chains connected to both H and A pass over circular 
ares. A pointer K and a gravity-control weight L 
complete the essentials of the instrument. On a 
stream of gas passing slowly over the bell A and up 
the tube 5: the pressure on the top of the bell is 
diminished and the pointer K swings into a new 
position of equilibrium. The scale over which the 
pointer moves is graduated to read or to record specific 
gravity directly. 





Tests or 3000-Kitowatr Ogriikon TuRso-GENE- 
RATORS.—Two 3000-kilowatt turbo-generators supplying 
three-phase current, and running at 3000 revolutions per 
minute, were recently installed at the Richmond-street 
Station of the Marylebone Electricity Supply Company 
ty the Maschinenfabrik Ocrlikon, for whom Mr. G. 

tithrich, of Oswaldestre House, Norfolk-street, Strand, 
is the British representative. These machines have 
now been thoroughly tested, and have yielded results 
much better than the guarantees. The generators have, 
moreover, run so cool that the makers have 
to a substantial increase in the overload sapacity, and 
have also permitted an increase of 100 deg. Fahr. in the 
superheat for which the turbines were originally <n 
bere pene ware gl three-phase current at a periodicity 
of 50 and at volts. normal designed load is 
3000 kw., with a temperature rise of not more than 54 deg. 
Fabr. after a six hours’ run. The designed overload 
capacity is 4200 kw., with a temperature rise not exceed- 
ing 81 deg. Fahr. after a six hours’ run. The turbines 
were designed to work with steam at 190 lb. per sq. in. 
and at a temperature of 485 deg. Fahr., and with a 
vacuum of 95 per cent. The test figures reduced to 
these conditions are tabulated below, whilst the third 
column shows the steam consumption guaranteed. 

Steam Consumption in Pounds per Kilowatt-Hour. 


are | 











On Test. | 
— . _..__—| Guarantee. 
rbine No. 1.'Turbine No. >| 
Full load... os 12.88 } 12.92 | 18.27 
Three-quarter load 13.04 | 13.21 13.73 
Half-load_ .. ee 14.00 14.05 14.70 





We may add that in 
ensure the neutrality 


ite of the mobilisation made to 

oe Switzerland, bs —— | 
are managing to in operation wi ie men an 

half the staff on — time. Yana he Gasied making 

and new orders are , since 

ilities oe export still exist. 
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LESSONS FROM LOCOMOTIVE. 
TESTING PLANTS. 


Tue regret has often been voiced that we have, 
in this country, no testing plant for locomotives on 
which ope research work can be carried out. 
The only plant of the type over here is, as is well 
howe," t at the Swindon works of the Great 
Western Railway ey All the published data 
derived from plants of this character come to us 
from the United States, where, in a most com- 
mendable public spirit, much valuable information 
has been made freely available. Apologists for our 
deficiencies have not infrequently contended that 
little or nothing is to be learnt from these testing 
plants for locomotives. They speak of them 
with contempt, asserting that the complexities of 
service can have no relation to the uniformity of 
test conditions, and no indications of value in the 
former'can be obtained from the latter. We have 
even heard a bolder line taken, to wit, that it is not 
really an economical locomotive that is wanted, but 
one capable of moving the traffic. The movement 
of traffic is, of course, the main pu of a 
railway, but no engineer worth his salt would rest 
satisfied with performing that duty inefficiently. 
It is the privilege of the engineer, not only in 
railway, but in other work, to face complicated 

roblems and to resolve them on economical lines. 
hat is his excuse for existence. ¢ 

In the case of locomotives, the testing plant 
does not pretend to provide the equivalent of road 
tests or service performance, but it, nevertheless, 
occupies a very important field. It is an accepted 
principle in research work that as few variables 
as possible should be altered at one time when an 
investigation is being carried on over a certain 
range. It is only by restricting changes in this way 
that effects can be traced to their proper causes. 
In railway service the variables are numerous, 
and in special road tests are nearly equally so. 
They embrace all sorts of questions relating to the 
proportioning of the machines, and the effect on this 
of bongo operating factors, such as loads, speeds, 

es, &c. The weather also often renders value- 
ess for comparative ee the best laid plans 
for tests of this kind. A testing plant prope” 
run cuts out at once many of the influences, which 
in road-work, mask points on which information is 
sought. By removing these outside influences 
the performance may be reduced to steady speeds 
and loads, a series of tests showing results 
over- any desired range. This form of treatment 
clearly lends itself much better to analysis, and if 
the work be conducted on an ample scale, the effect 
of modifications in design can be traced and valu- 
In locomotive 
operation, steam consumption and —_ output, 
cut-off, draught, back pressure, superheat, steam 


364 production and rate of firing, &c., are all interde- 


pendent. It might be thought that here were 
certainly variables enough to study, without the 
additional complication in any single test of changes 
in load and speed. tests give merely a flat 
average, from which the effect of possible modifica- 
tion in design can only be inferred with difficulty 
and then with scant accuracy ; but on a testin 


369] plant any particular conditions can be sionelated 


and a range of results is obtainable showing how 
loads, &c., affect performance, from which 
deduced what influence some change in 
design is likely to have. 
We have so often referred to them that we need 
hardly remind our readers of the investigations 
carried out over a long series of years at Purdue, 


whose locomotive laboratory has been made famous 





in the ee world through the able work of Dr. 
W. F.M. Goss, now of the University of Ilinois. 
This ak covered an immense amount of virgin 
ground. Some of it was conducted with the co-opera- 
tion of the American Railway Master Mechanics’ 
Association, and the reports to that body, with the 
subsequent discussions at ite senvutient have done 
much to disseminate knowledge on the matters 
worked up. The investigations on front ends, on 
cylinder performance, boiler efficiency, the. effect 
of high pressures, of superheated steam, &c., are 
all of intense interest, and furnished the first "data 
we had of this class, much of it having been con- 
firmed 7 later work elsewhere. The plant belongs 
toa pets mg ic institution, as does also, sana that 
last year at Urbana (Ill.). The work of 
is institutions is naturally SS to the joint 
honour of the college and its staff. There is less 
reason, but still greater credit, for freel ely placing at 
the disposal of all the results obtained on private 
plants. Such a broad-minded policy on the = 
of the Pennsylvania Railroad Company has 
the effect of placing in the hands of engineers an 
enormous mass of valuable information on modern 
high-powered locomotives. 

Gaes will doubtless remember the notable 
exhibit of the Pennsylvania Railroad at the 
Louisiana Purchase Exposition of 1904. This 
exhibit included the most complete locomotive- 
testing plant till then erected, which was worked 
under an advisory committee of engineers, geet 
senting the company, the American Societ; 
Mechanical Engineers, the American Rai sn 
Master Mechanics’ Association, &c. The data of 
the tests so conducted were embodied in a volume 
which has become one of the classics of the loco- 
motive engineering library. At the close of the 
exhibition, the plant was re-erected at Altoona, and 
has continued to prove a fruitful source of informa- 
tion, a great deal of which has been given to the 
engineering world at large. Many of the recent 
investigations carried out by Mr. ©. D. Young, 
Engineer of Tests, under the superintendence of 
Mr. J. T. Wallis, General Superintendent of 
Motive Power, have been of a very complete 
character. The particulars of several have n 
published in a series of bulletins, and have added 
greatly to our fund of data on man wpe Natu- 
rally, as in other classes of researc morse | commercial 
concerns, conclusions are not reached in some of the 
many directions in which these reports arouse 
interest. They are noteworthy, however, as havin 
been convincing enough to influence design, an 
this, too, on a system like the Pennsylvania, which 
has always been one of the foremost railways in 
America in the matter of standardisation. The 
strong desire to retain existing standards would 
not have been foregone unless these changes were 
thoroughly justified. Their adoption is testimony 
of the vale of the testing plant. 

For many years this company has been developing 
the 4-4-2 type of locomotive, for which the system 
furnishes a large amount of suitable express ee 
senger traffic. Sehsoqacnt to the re-erection of the 
testing plant at Altoona, one of the earlier designs 
of this class was put through its paces. The data 
were published in a bulletin, in which ite perform- 
ance was compared with that of a four-cylinder 
balanced compound of the New York Central and 
Hudson River Railroad, the tests of which had 
been previously conducted at St. Louis and pub- 
lished in the report above referred to. A fine 
development of this type appeared in the form of a 
saturated-steam locomotive in 1910. A further 
advance was made in 1912 by adding a superheater 
to the 1910 type. In their 1912 form the engines had 
cylinders 22 in. by 26 in., and a load of 141,000 lb. 
on the coupled wheels, which were 80 in. in diameter, 
the boiler being fitted, as stated, with a super- 
heater and with a brick arch. These engines were 
notable in American practice for the shortness of 
their tubes, which had a length of only 13 ft. 9 in. 
A combustion chamber ‘snabeuted wr the fire-box 


some distance down the barrel. of an 
engine of this class have been Whe referred 
to in our columns. From a study of. cylinder 


performance it was clear that the locomotive was 
most economical when working at about 20 per 
cent. cut off, but that maximum power was only 
developed with a later cut off. Teng ines of this 
class handle heavy trains on fast timing! so that they 
are called upon to work near maximum capacity 
for a large proportion of their time. It was there- 
fore argued that the cylinders should be enlarged 
from the 22 in. by 26 in. used on the original 
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saturated-steam engine of this pattern to a size 
suitable for working the superheater engine at an 
economical cut off. — a modification was, we 

ointed out in an article appearing on page 493 
of vol. xevii. of Ener pelt perfectly rational, 
and we note the latest model, of which there is 
already a large number in service, has cylinders 
234 in. in diameter, compared with the original 
2 in., the 80-in driving-wheels being retained. A 
corresponding recommendation was made with 
regard to a class of 4-6-2 engines. In this case it 
was found that the utilisation of the full capa- 
city of the engine required a cut-off of about 
50 per cent. An enlargement of the cylinders was 


recommended in order to bring the cut-off down to | has 


something like 30 per cent. at maximum output. 

Another point on which serviceable information 
has been deduced has reference to boiler perform- 
ance. The short-tube boiler with the combustion- 
chamber, of the 4-4-2 design above referred to, 
proved a very free steamer. The combustion- 
chamber adds virtually to the fire-box heating 
surface and volume, a neighbourhood in which the 
heat transmission to the water is most active, and 
where such an addition is proportionately valuable. 
The boiler-tubes in this case were found to be so 
short that the smoke-box temperatures were high, 
and as a result of the tests it was suggested that 
they should be lengthened from a ratio of length 
to diameter of 94 to 103, giving an increase in 
heating surface of about 8 per cent. The pro- 
posed length of 15 ft. would standardise with other 
classes and could be secured by redesign at either 
the back or front-tube sheet. In the latest model 
this alteration is made in accordance with the 
report. 
matter of fact, at the expense of the combustion- 
chamber, by pushing the tube-plate back towards 
the fire-box in spite of the manifest advantage of 
surface of this character. 

In all locomotive boilers the length of the tubes 
must be a compromise between great activity of 
combustion and evaporation, and efficiency. It 
is sometimes held that if smoke-box temperatures 
vary considerably on the road, the boiler is de- 
ficient in tube length, and that all boilers should 
have such a length of tube as to provide a margin 
of surface to take care of the additional heat 
towards the tube ends when the boiler is forced. 
In long-tube boilers the smoke-box temperatures 
are fairly uniform over a wide range, and the effi- 
ciency is good, and better maintained than in a 
short-tube boiler. The long-tube type, however, 
has two disadvantages—viz., excess of weight, and 
the need of much higher draught, which is pre- 
judicial to the free working of the cylinders. 
Since the latter is of vital importance in ex 
work, conditions are probably best met by a moderate 
tube length. If the waste-gas feed-heater should 
in time meet with more general approval, its addi- 
tion to the short-tube boiler would greatly improve 
the efficiency, while, weight for weight, such a com- 
bination would have a greater capacity than the 
long-tube boiler, owing to the effectiveness of series 
heating, compared with the low efliciency of the 
smoke-box end of long boiler-tubes. 

In contrast with the 4-4-2 class of engine with 
tubes about 13 ft. 9in. long, the Pennsylvania 
Railroad has a class of the 4-6-2 type, with tubes 
21 ft. long, but of 2} in. diameter, com with 
the 2in. of the shorter tube. The efficiency of 
this 9 yy npn — found, on -~ — 

lant, to be very , but, comparatively s - 
fag, the evaporation was sluggish. With 5-in. 
draught at the front tube-plate the evaporation per 
square foot of heating surface was 9.8 | r hour, 


the efficiency being 70 cent. Under like condi- 
tions the short-tube boiler evaporated 13 lb. of 
water per square foot per hour, but the efficiency 


was only 61.5 percent. The rapidity of evaporation 
and greater activity of the short-tube boiler was 
noticeable over the whole range. 

The much higher draught required for equal rates 
of evaporation suggested that the greater total out- 
put of the long boiler was being too dearly pur- 
chased. Better results and even greater output 
appeared probable with some reduction in tube 
length, and this was recommended. The new 
standard design has a tube length of 19 ft., or 114 
diameters, the fire-box tube sheet having been 
pushed some distance up the barrel by the inter- 
position between it and the fire-box of a | of 
valuable combustion-chamber. The new boiler 
should be distinctly freer as regards steaming, and 
should respond more readily to varying demands. 


The extra length has been secured, as a| Ra 





It is to be noted that these investigations confirm 
the conclusions drawn from the early work, on a 
much smaller scale, of M. Henri, of the Paris, Lyons 
and Mediterranean Railway. The new boiler, with 
19-ft. tubes, is now adopted as standard for 4-6-2 
and for 2-8 2-type engines. 

An investigation of the action of the blast has 
led to the adoption of a rectangular blast-pipe top, 
instead of a circular one. The niceties of screw- 
reversing gear, Jong appreciated over here, have 
been more clearly recognised, it seems, on the test- 
ing plant. The design of piston-valves has been con- 
sidered in the light of data so obtained, and, instead 
of a variety of sizes, a standard 12-in. piston-valve 
been introduced on many classes, and found 
satisfactory. At the recent Master Mechanics’ 
Convention the Pennsylvania Railroad had three 
of its latest types of locomotives on view. Each 
one was the direct product, so far as design went, 
in these and many other points, of the work on 
the testing plant and in the laboratory. Finally 
we may refer to an investigation on the form and 
size of superheating elements, referred to in these 
columns on page 17 ante. 

The public-spirited action of the Pennsylvania 
Railroad in placing all these data so freely before 
the profession cannot be too strongly commended. 
We have several times discussed, and sometimes 
criticised, points made in the report. We have 
never done so by way of depreciation, but always 
in the hope that the comments might contribute 
to the general advance of knowledge. We can only 
regret that in this country we have not the 
means of studying English locomotive practice 
in the systematic way in which the Pennsylvania 
ilroad has set to work. A company of its 
commanding position can, of course, incur much 
better the expense of running such a plant than 
could individual systems of this country; but, as we 
have before pointed out, combined effort might easily 
result in the provision here of a plant on the 
lines of those at Urbana or Purdue. Naval archi- 
tects have now a public plant in the William 
Froude Tank at the National Physical Laboratory, 
which, Mr. Baker assures us, has several times led 
to savings in working expenses. In locomotive 
work the saving on individual machines might 
be small, but in the aggregate would probably be 
considerable, while other lessons bearing on design, 
standardisation, &c., would all prove valuable, and, 
in many cases, more easily come by than by tedious 
trial and error on the road, where effects and their 
causes are easily confused. 








THE IRON AND STEEL TRADES 
AND THE WAR. 

No great manufacturing industry will be so 
profoundly affected by this terrible war as the steel 
trade. hile the world’s demand for nearly all 
classes of iron, steel, and engineering products 
will be increased rather than decreased by the war, 
the second largest producer and chief exporter, 
Germany, ceases for some indefinite period to be a 
serious competitor in the world’s markets. The 
Belgian, French, Austrian and Russian steel indus- 
tries are also dislocated. Thus an enormous amount 
of new business stands to be shared between 
Britain and America. Out of the world’s total iron 
and steel export trade of about 20,000,000 tons a 

ear, 10,000,000 tons has been supplied lately by 
uropean Continental countries involved in the 
war—6,000,000 tons a year by Germany alone. 
Even if the war were ended to-morrow, the credit 
and bounty systems under which Germany has 
fostered her export trade would remain crippled 
for years. In these circumstances the question 
arises : Can the United Kingdom or the United 
States produce and ship stee the cheaper, 
and so secure the er share of the business ? 

In the matters o phical situation and 
shipping accommodation Britain is in the better 
position for the conduct of export trade. We are 
nearer to the majority of the world’s markets 
than our United States rivals, we have about ten 
times as many ships, and all our works are within 
short distances of our shipping ports. In these 
respects we hold unique mate, Rn over all our 
forei competitors. We have coal and iron 
supplies, blast-furnaces and steel mills, shipyards 
and docks, all practically side by side in this com- 
pact little country. Taking our country through, 
the average haul for iron-making materials from 
mines to furnaces, and for finished goods from 
mills to ports, is less than 30 miles. On the 








Continent of Europe it is 150 miles, and in 
America 500 miles. 

In spite of our natural favours, we have fallen 
behind in the race. In the last 25 years, or there- 
abouts, the world’s consumption of iron, steel, and 
machinery, per head of the population, has increased 
by 150 per cent. While that has been so, the 
United Kingdom, with its slowly-growing popula- 
tion, has failed to increase its per capita production 
of iron by even 1 per cent. We have merely marked 
time while others have gone rapidly ahead. The 
Germans, with a large growth of population, have 
increased their output of iron from 4,631,000 metric 
tons in 1891 to 17,617,000 tons in 1912. The 
Americans (U.S.) have increased theirs from 
8,280,000 tons in 1891 to 29,727,000 tons in 1912. 
We have been rapidly relegated from first to 
third position in production, and to second place 
even in exportation. America has lately been 
producing between 25,000,000 and 30,000,000 
tons a year, and Germany has been making from 
16,000,000 to 18,000,000 tons a year, against our 
9,000,000 or 10,000,000 tons. Of course, those 
countries have bigger populations than we have ; 
but when it comes to the question of exportation, 
population is not the chief consideration. Weought 
to be first in exports, as we always were until these 
late years. Asa matter of fact, we ought to export 
more iron and steel than any other two or three 
countries put together, because we have the best 
shipping facilities, we have the most Colonies 
requiring manufactures, we have the most money 
invested in foreign railways and similar under- 
takings needing steel, and we should export an 
abnormal quantity of manufactures, such as-those 
of steel, to balance our abnormal food imports. 
But we have actually allowed ourselves to be over- 
taken in this line. In the first six months of this 
year Germany exported nearly 1,000,000 tons more 
iron and steel than we did. Asan outcome of this 
war we have to regain and retain the lead. 

Now the probability is that America, instead of 
Germany, will be our greatest competitor. Here 
we find ourselves at one serious disadvantage. Our 
iron and steel works capacity is not large enough. 
With the certainty that a vastly increased volume 
of business will soon be available, we are without 
either mills or men enough to enable us to take 
that great lead in exports to which we are entitled by 
virtue of our natural resources, geographical situa- 
tion, shipping facilities, manufacturing skill, and 
our economic dependence upon an immense trade 
in manufactured exports to balance our enormous 
importations of agricultural produce. On the 
other hand, America is exceptionally well situated in 
the matter of works capacity. In the United States 
they have increased their productive capacity far 
beyond consumptive requirements these last few 
years. Roughly, our American rivals have a capa- 
city equal to 30,000,000 tons of steel ingots a year, 
whereas their home demand scarcely exceeds 
20,000,000 tons a year, and their exports of iron 
and steel have seldom accounted for more than 
2,000,000 tons, against Britain and Germany’s 
4,000,000 to 6,000,000 tons a year. 

Here, then, we have America with more than 
enough works to take practically all the iron and 
steel export trade hitherto done by Germany, but 
labouring under phical disadvantages. On 
the other hand, Britain, with all the resources 
and favours that can be desired in convenient sup- 
plies of raw materials, conveniently situated manu- 
facturing plants and shipping ports, has done very 
little to increase her works — for nearly a 
generation, and if she taxes all her furnaces and 
mills to the uttermost she cannot produce on 4 
sufficiently scale to take half the trade that 
Germany stands to lose. The fact is that far too 
much capital that should have been employed to 
build new works at home has gone into investments 
abroad. But that by the way. We are in a posi- 
tion to take a very considerable portion of the 
trade that Germany is losing, and we must see to 
it forthwith that our capacity is increased. 

There remains now the question of competition 
between ourselves and the Americans. Which 
country can sell steel the cheaper — Britain or 
America? The problem of trade is primarily 
the problem of cheap production. We have often 
been told by the highest authorities that the 
United States can produce the cheapest steel. 
That may have been true at one time ; it is not 
true to-day. Fifteen years ago the investigations 
of the United States Industrial Commissioners, 
coupled with those of eminent English authorities, 
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showed that pig-iron was being produced nearly 
20s. per ton cheaper in America than in Britain, 
and steel rails about 29s. cheaper. It wasadmitted 
that the general cost of production in the American 
steel trade was at a level that defied competition, 
and it was thought that our rivals had only to 
increase their capacity sufficiently in order to beat 
us in the export trade. But it is a remarkable 
circumstance that while the American steel-makers 
have been adding to the number and capacity of 
their plants, their costs of production have gone up. 
The recent calculations of the Ways and Means 
Committee charged with the revision of the 
American tariff, and the estimates of the Inland 
Taxation authorities, prove that since 1899 the net 
cost of producing steel-making pig-iron has in- 
creased by 24s. per ton, and of steel rails by 27s. 
per ton in the United States. Since the late nineties 
mining royalties have risen enormously, and the 
costs of mining, on account of the increasing depths, 
have advanced, while the iron yield of the ore has 
diminished ; costs of coal and coke have gone up ; 
more ore and fuel are now needed to produce a ton 
of pig-iron ; transit charges have increased ; there- 
fore it is not possible to make iron or steel any- 
thing like so cheaply now as it was some dozen 
or fifteen years ago. On the other hand, there 
has been no corresponding rise in our costs of 
production. We have not experienced any serious 
deterioration in the quality of our ore, and the 
advances that have been made in the prices of 
our coal, &c., have been pretty nearly offset by 
improved processes of manufacture. The net 
result is that it has paid our American rivals better 
to let many of their plants stand idle these last 
few years rather than undersell us and the Germans 
in neutral markets. Now, with German competi- 
tion suspended, and with prices rising to a height 
that will be unusually profitable, the best and the 
most of the export business will have to be divided 
between Britain and America. Recently, with the 
competition of Germany, backed by extremely 
generous credits and lavish export bounties, real 
cost of production has not been the vital point in 
the problem of trade rivalry. Now cost will be 
the all-important matter, and it is on this point 
that it is necessary to observe that America is in a 
much weaker competitive position than is generally 
assumed, 

The great handicap on the United States exporta- 
tion of steel is that the coal-mines are mostly a 
thousand miles from the iron-ore deposits, and 
that the smelting - furnaces and rolling- mills are 
generally between four and five hundred miles 
from a port of shipment, besides which America, 
as a country, is at least a few thousand miles 
from most of the world’s neutral markets. 





BRITISH RAILWAY ACCIDENTS. 

At the present moment the mind is in most cases 
occupied with the great struggle in which our nation 
is engaged, and in view of the long lists of casualties 
which we are prepared to expect in the course of 
the next few months, it seems almost —— to 
embark upon a discussion of the loss of life which 
occurs on our railways. Its real proportion is 
well illustrated by the fact that the recently-issued 
annual Board of Trade report on railway accidents 
was either ignored by the daily Press, or given 
at the most an inconspicuous paragraph. 

We have all felt some degree of pride in the fact 
that our forces have been mobilised and sent to 
the front without loss through any railway accident. 
In reality we had almost a right to expect as much 
from a railway organisation such as this country 
boasts of. What the actual movement of troops 
has been none but the ae. know, but our usual 
average loss of life among railway passengers is so 
low that the chance of acemdent was probably small, 
although the rapidity with which the movement 
was carried out added risks of an extraordinary 
kind. Earlier in the year* we recorded the prin- 
cipal figures relating to British railway accidents in 
1913. In that year life was lost in passenger 
trains in only eight accidents, which figure, when 
compared with the total number of passenger- 
train movements in a year, will be recognised as 
extremely small. The fatalities, which amounted 
to thirty-two in 1913, were more numerous than 
usual and compared with an average of nineteen 
for the previous ten years. The actual loss of life 
in such circumstances is more or less fortuitous. 


* See ENGINEERING, vol. xcvii., page 746. 





No one regrets more than we do that casualties of 
this kind occur, but we believe that through the 
persistent habit of a section of the daily Press they 
are generally viewed in altogether e erated 

pective. At the time of the loss of the Empress 
of Ireland the Morning Post had a calm and digni- 
fied leading article in which it was pointed out that 
‘*newspapers abuse their functions when they 
encourage or facilitate a heated controversy on 
questions with regard to which ordinary people 
cannot have full and accurate knowledge, and on 
which they cannot hope to form a sound and final 
judgment. . . Instead of urging the need of a sus- 
pension of judgment until all the facts have been 
collected and examined by an unbiassed and expert 
tribunal, it (the Press) too often fosters wild specu- 
lation and rash criticism by publishing ex parte 
statements, and by circulating any wild theories or 
rumours that may have been floated.” We might 
add to the extract, but we doubt if we could improve 
upon the comments thus made. Written in con- 
nection with a serious disaster at sea, the words 
might equally well be applied to the dispropor- 
tionate treatment accorded to what are, compara- 
tively speaking, small accidents on our railways. 
Ostensibly the case always is, of course, that the 
public must be protected ; but if the matter were 
followed up at all consistently, people would find 
lenty of evidence that the railways are very far 
rom being callous of human life. Confirmation 
of this has been forthcoming recently. 

The series of accidents in 1912 and 1913 led the 
inspecting officers of the Board of Trade to formu- 
late certain recommendations with the object of 
urging upon the railway companies action along 
certain lines. Track-circuiting, for instance, was 
recommended where it would afford protection 
in connection with dense or frequent express 
traffic. By the end of 1913 track - circuiting 
had been installed in 1500 places, and was 
about to be adopted in 700 more. The com- 
panies were also urged to experiment with cab 
signalling and automatic stops. At the Paris 
meeting of the Institution of Mechanical Hngineers, 
held last July, Mr. J. A. F. Aspinall remarked 
that such experiments were being conducted. In 
this country we are apt to lay considerable stress on 
the effect of the introduction of a more or less im- 
perfect mechanical check on the morale of the men 
on the foot-plate. We take more trouble in training 
these men than is done in many other countries. 
They are brought up to a sense of their responsi- 
bilities, and, on the whole, prove themselves 
thoroughly reliable as a class. A point worthy of 
notice was brought out by Mr. Aspinall. In the 
case of cab si ling and automatic stops, the 
safety ensured by these long years of responsible 
training is replaced by the none too satisfactory 
substitute of the skill of an electrician whose 
ordinary work is not calculated to develop this 
sense of responsibility to nearly the same degree. 

During recent agitations we have heard com- 
plaints that the railways do not adequately protect 
their employees. Statistics certainly show an in- 
crease of accidents in some cases, but in proportion 
to the number employed there seems to have been 
little change. A departmental committee was ap- 

inted in May last to inquire into this matter. 
evidence given before it by Colonel von Donop was 
very favourable to the railway companies. He stated 
that 80 per cent. of the recommendations made to 
the companies under the Act of 1900 were adopted, 
and where they were not adopted the companies 
showed them to be unsuitable and had attained 
the desired end in some other way. He went on 
to say that often the matter was more one for the 
men to attend to than for the companies. This is 
in accordance with the views frequently expressed 
by us and shown by statistics to be sound. If 
the men would exercise a reasonable amount of 
care, the casualties to railway employees would 
rapidly shrink in number. To add point to 
this we may again refer to remarks made 
Mr. Aspinall at the Paris meeting. Speaking of 
the loss of life among permanent-way men, he said 
that when they provided look-outs for these men 
their sense of responsibility went. The number 
of accidents had increased since look-outs had been 
adopted. Previously all the men of a gang had 
had an eye for their safety. A fatal accident which 
occurred on the North-Eastern Railway last May 
shows how difficult it is, even after most serious 
warning, to ensure the exercise of a reasonable 
amount of care by men of the class from which some 
of the railway employees are recruited. On a per- 





fectly clear morning, with signals clearly in view in 
both directions, three permanent-way men were at 
work near Harrogate. Two were dressing ballast 
in the 4-ft. and 6-ft. way when a train approached 
from one direction. Without looking the men 
crossed over and stood in the other 4-ft. way, where 
they were caught by another train. Both men 
were experienced, with records of long service, 
but what was more extraordinary was that one of 
them had actually been knocked down by a 
passenger-train under similar circumstances about 
six months previously. It might have been 
thought that one such accident would have made a 
man cautious for the rest of his life. 

With carelessness of this kind in the ranks how 
can the railway systems be expected to show a 
clean sheet. The companies are no more respon- 
sible for many of the accidents which happen to 
their servants than they are for the loss of Tite sus- 
tained by trespassers and by the suicides who 
choose railway premises for their misdeeds. The 
habit of listing all casualties on railway premises 
together as railway accidents has led to the misuse 
of the figures. t year there were 458 tres- 
passers and suicides killed and 132 injured on our 
railways. For these no blame can possibly attach 
to the railway companies, and they should be sepa- 
rately listed. Indeed, it is quite legitimate to ask 
if suicides can be termed accidents at all. They 
are usually deliberate acts. It would be well if the 
classification could be improved. The returns are 
issued for the information of the public. What 
the public really wants is some idea of the extent of 
the accidents for which the railways ought to be 
held responsible, so that, if possible, the situation 
may be improved. Both for this reason and in 
— to the railways the classification might well 

changed. 


THE LATE MR. EDWARD RILEY. 


WE regret to have to announce the death, which 
occurred on Saturday last, the 12th inst., at his 
residence, Marlow, Bucks, of Mr. Edward Riley, 
F.C.8., F.I.C. Mr. Riley was eighty-three years 
of age. 

As our readers will remember, and as we recorded 
at the time (see ENGINEERING, vol. xcvii., e 642), 
Mr. Riley was awarded the Bessemer Medal at the 
last spring meeting of the Iron and Steel Institute. 
On making the presentation, Dr. Greiner, the 
President, stated that Mr. Riley was ‘‘ an old and 
honoured member of the Institute—he was elected 
a member of that Institute as early as 1873.” Dr. 
Greiner said also that Mr. Riley’s name was asso- 
ciated with the two most important advances in 
modern times in the manufacture of steel. In 1853 
the deceased joined the staff of the Dowlais Iron 
Works as their chemist, and at those works, in 
1857, he carried out the first experiments with 
the Bessemer process. The first blow was made 
in a converter built like a chimney, two tuyeres 
formed of a 1-in. pipe being used on each side, and 
about 2 cwt. to 3 ewt. of foundry pig being blown 
with the cupola blast. The first piece of Bessemer 
steel ever forged was made in that installation, 
and that piece of steel is now in the potrsession of 
the Iron and Steel Institute. The experiments 
above referred to led to the making of further 
trials, using different classes of forge pig; but 
owing to the high percentage of phosphorus and 
sulphur in the pig the results were not satisfactory. 
Notwithstanding the poor results obtained, how- 
ever, these early experiments proved most valuable, 
in that they led to the determination of the essential 
conditions for the success of the Bessemer process. 

Two years later, in 1859, Mr. Riley resigned his 
position at the Dowlais Works, and started in 
private practice as a consulting and analytical 
chemist in London, when Sir Henry Bessemer (then 
Mr. Bessemer), who had recognised his ability, 
entrusted to him the greater part of the analytical 





by| work required in connection with the practical 


development of his . 

For a short time afterwards Mr. Riley resided 
at Leeds, where he carried out experiments with 
titaniferous iron ores, but after a period of two or 
three years he abandoned these experiments, and 
in 1869 he returned to London, where his firm, 
under the style of Edward Riley and Harbord, 

uired a t practice as consul metallurgists 
pee peer oy chemists. bis 

The development of the Bessemer process made 
it necessary to obtain spiegeleisen and ferro- 
manganese ; Mr. Riley, in conjunction with Mr, 
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Henderson, gave his attention to the production 
of these metals, and his efforts in this connection 
led him to carry out a large amount of analytical 
work, which brought him in contact with both 
the importers and the users of manganese ores. 
Owing to his reputation for thoroughness and 
accuracy he was soon regarded as acknow- 
ledged authority with reference to the analysing 
of these and other ores used in metallurgy. 

Mr. Riley made a study of both the Bessemer 
and the basic converter processes, and in 1881 he 
was associated with Messrs. Thomas and Gilchrist 
in their patents covering basic converter linings ; 
he was able to introduce a number of important 
improvements in the composition and manufacture 
of such linings. He also took part in the forma- 
tion of the North-Kastern Steel Company, Ltd., 
and of Messrs. Alfred Hickman, Ltd., of which 
companies he became a director. 

But to revert to his earlier activities, we may 
state that in the earlier fifties of last century, 
when Mr. Riley was commencing his practice as a 
metallurgical chemist, the accurate methods of 
analysis now used for determining the constituents 
of raw materials and of finished-iron and steel pro- 
ducts were almost unknown. In this connection 
Mr. Riley carried out pioneer work, and established 
new methods of analysis; some of these methods 
originated by him have been modified, following 
upon the experience gained in research, but others 
are still accepted as standard methods. He read at 
different times various rs before the Chemical 
Society and the Iron oar Btecl Institute. Durin 
his connection with this latter Institute he r 
the following papers :—‘‘ Chromium Pig-Iron Made 
by the Tasmanian Iron Company,” *‘ The Estima- 
tion of Manganese in Spiegeleisen and of Man- 
ganese and Iron in Manganiferous Iron Ores,” ‘* A 
Ready Means of Moulding Lime and Making Lime 
or Basic Bricks and Linings for Furnaces, Con- 
verters, &c.,” and ‘‘ Iron-Making Resources of Our 
Colonies.” References under his name in the 
volumes of Proceedings of the Institute and deal- 
ing with his life’s work in pong! are very 
numerous, and the iron and steel industry owe 
him a great debt of gratitude for his untiring and 
painstaking efforts in furthering that industry in 
all its phases. 

When Dr. Greiner handed him, as recorded 
above, the Bessemer Medal, the highest award in 
the gift of the Iron and Steel Institute, he concluded 
his remarks by stating that ‘‘ though he had re- 
tired from the active prosecution of his scientific 
work, the members would note that Mr. Riley's 
connection with metallurgy had been one of fully 
sixty years’ duration, fifty years of which had been 
spent in energetic and industrious labour in the 
science of metallurgical chemistry.” 

These words of ‘the sympathetic President of the 
Institute give a vivid réswmé of the services ren- 
dered by the deceased. It only remains for us to 
state that Mr. Riley was educated at King’s College 
School, London, and atthe Putney Civil Engineer- 
ing College, a college which has long ceased to exist. 
Later he became a student under Dr. Lyon Play- 
fair (afterwards Lord Playfair) at the laboratory of 
the Board of Health. He then became Dr. Play- 
fair’s assistant at the Jermyn-street Laboratory, 
where he remained until the early fifties, when, 
on the recommendation of Sir Henry de la Beche, 
President of the Geological Survey of England, he 
was appointed chemist to the Dowlais Works, as 
above stated. 

Mr. Riley down to the time of his death was in 
the enjoyment of all his faculties, and, with memory 
unimpaired, he still followed technical matters 
with the keenest attention. He had resided at 
Marlow for the last twenty-six years, and always 
took great interest in all matters connected with 
the welfare of the town. 


=—_—_ 


THE LATE MR. WALTER HUNTER. 

Iris with much regret we report the death, which 
occurred on the 9th inst., of Mr. Walter Hunter, 
the well-known civil engineer, and senior partner 
in the firm of Messrs. Hunter, Duff and Middleton, 
of 17, Victoria-street, Westminster. 

Mr. Walter Hunter was the eldest son of the late 
Mr. James Hunter, and was born in 1840, at 
Bow, Middlesex. He served a pupilage of five 
years, from 1856 to 1861, under his father, at the 
works of Messrs. Hunter and English, engineers 
and millwrights, Bow, London, E., and after com- 
pleting his period of apprenticeship, he was 





engaged for thirty-six years in designing and con- 
structing engines and machinery of various kinds, 
embracing dredging and excavating machinery, 
rice-dressing and flour-mill machinery, sluices, 
lock-gates, hydraulic cranes, lifts for gas works, 
distillery and brewery plant, &c., to the value of over 
1,000,000/., for the Admiralty, the Crown Agents 
for the Colonies, the India Office, Trinity House, 
and several of the water, gas and dock companies 
of London. For a long period he was the senior 
partner of the above-named firm, and during later 
years became the managing director of the business. 

Early in life Mr. Hunter took a strong interest 
in public work, and while living at the East End of 
London he served on the vestries of St. Mary’s, 
Stratford ; Bow; and Bromley St. Leonards, as well 
as on the Poplar Board of Works. In 1889 he was 
elected as the representative of the Bow and 
Bromley division on the London County Council, 
and for three years he held the position of vice- 
chairman of the Bridges Committee of that Council. 
He also acted as the representative of the Council 
on the Lee Conservancy Committee. As vice- 
chairman of the Bridges Committee, Mr. Hunter 
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exercised an important influence in securing the 
sanction of the Council to the carrying out of the 
Blackwall Tunnel scheme, and he was further 
largely responsible for the reconstruction, on 
much improved lines, of the bridge by which the 
Barking-road is carried over Bow Creek. 

On leaving Bow, Mr. Hunter became engineer, 
and, later, engineer-director of the Grand Junction 
Water Company, London, a position which he held 
until the formation of the Metropolitan Water 
Board in 1903. During this period he designed 
and built pumping-engines, filter beds, and water 
mains at a total cost of about 250,000I., his efforts 
having for effect to reduce the water consumption 
in the company’s district from 49 to 35 gallons per 
head per in. 

Whilst engineer-director to the Grand Junction 
Water Company, Mr. Hunter originated the 
Staines reservoirs scheme of water storage, which, 
through his untiring energy and perseverance, 
became fully eg oe and was ultimately adopted 
by three of the Metropolitan water companies. 

r. Hunter was joint engineer with Mr. R. E. 
Middleton for the first instalment of those works, 
which cost about 1,250,000/. The scheme has since 
been taken up for the whole of the water supply of 
London. 

From 1903 down to the time of his death Mr. 
Hunter practised as consulting engineer in mer- 


‘Ship with Mr. R. E. Middleton and Mr. M. B. Duff, 





and the firm have jointly carried out many water- 
works and sewage schemes. In 1903 Mr. Hunter 
was appointed by the Crown Agents for the 
Colonies, acting for the Colonial Government, to 
visit South Africa and inquire into the means of 

roviding an adequate water supply to Johannes- 
ven and the Rand mines, the report made by him 
being subsequently adopted by the Rand Water 
Board. Later on Mr. Hunter also visited the 
West Coast of Africa, and, acting upon the instruc- 
tions of the Colonial Office, reported upon the 

uestion of water supplies for various parts of the 

old Coast Colony. As a result his firm have since 
designed works for the supply of the towns of Accra 
and Seccondee, and these works are being carried 
out at a cost of upwards of 500,0001. 

More recently Mr. Hunter was instructed by the 
Rand Water Board to give evidence at Johannes- 
burg in the arbitration between that body and the 
Johannesburg Water Works Company, involving a 
claim of 4,500,000/., and resulting in an award of 
1,281,5001. He also appeared before Committees 
of Parliament in support of, and in opposition to, 
a large number of water and other Bills, and 
further was called in at different times to advise 
various British provincial water companies on their 
water supplies. He also acted as arbitrator in a 


‘| number of cases. 


Mr. Hunter was elected an associate member of 
the Institution of Civil Engineers in 1865, and a 
full member in 1878, while since 1906 he has been 
a Member of the Council, and at the last annual 
general meeting he was elected a Vice-President. He 
was also a member of the Institution of Mechanical 
Engineers (elected in 1877) and of the Institution 
of Water Engineers. He was alsoa J.P. for London 
and Middlesex, and chairman and director of several 


companies. 

a was a most energetic and con- 
scientious worker, and all matters which he took 
in hand, whether of a professional or public 
character, were dealt with in a most thorough way. 
For the past year he had been in failing health, 
and during the present summer his condition had 
given cause for grave anxiety, but he continued to 
devote himself to his work, and his last fatal attack 
took place at his office last Monday week. His 
state was then so serious that he could only be 
moved to the Westminster Hospital close by, where 
he died, as we have said, on Wednesday, the 9th 
inst. His loss will be deeply regretted by a wide 
circle of friends, whose regard and respect he had 
earned, and who will sympathise most heartily with 
his family under their bereavement. 





NOTES. 
Trave in Russia, 

Tue Minister for Foreign Affairs in the Russian 
Government, M. Sazonoff, has authorised the pub- 
lication of a statement which should be a good 
incentive to British manufacturers in their en- 
deavour to increase trade with the great Russian 
Empire. In this communication, which is pub- 
lished through the medium of The Times, he truly 
states that there is presented at the present 
moment an opportunity for trade and commerce with 
Russia which, to England and America, may mean 
more in decades to come than it is easy to realise. 
There is an enormous and lucrative market for 
machinery, chemicals, and all sorts of manufactured 
goods. The avenues of supply across the frontier 
have been cut, and it is the business of the British 
and American nations to pave new ways for the 
importation into the Czar’s dominions of the corre- 
sponding products. The importations from Ger- 
many are said to have amounted to 60 million 
pounds sterling per annum, and M. Sazonoff 
quotes one of the sayings of Pascal to the effect 
that to govern is to foresee, applying this to trade 
relations as well as to politics and to affairs of 
government. It is our business to ‘‘ foresee” the 
situation commercially in Russia, if we are to obtain 
the fullest advantage from the present state of affairs, 
and we are glad to realise that already there are 
being cultivated direct trade relations between the 
houses of business in Pet d and our manu- 
facturers. M. Sazonoff pleads for the sending of 
experts to Russia, even while the war is in pro- 
gress, in order to ascertain the requirements of the 
country, and to study the means whereby these 
can be fully and a met. Instead of calmly 
resting on t achievements, and trusting to 
collective or Government aid in the propagandist 
movement, which promises to yield such and 
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immediate results, the manufacturers ought to 
arouse themselves immediately, deal firmly with 
the financial and other retarding forces, and adopt 
direct and personal effort towards the establish- 
ment of close relationship with potential markets, 
so that they may acquire fuil knowledge of the 
needs, and establish means of meeting such needs. 
Fortune helps those who help themselves, and it 
would be a mistake for our manufacturers to rely 
solely on Government or other collective effort ; 
these are welcome, but only as supplementary to 
individual enterprise. 


CoMPETITION WITH GERMANY IN STEEL PLarTes, 
Rats, &c. 

Pursuing its policy of furnishing information 
regarding markets in which British products should 
now find a ready sale, the Commercial Intelli- 
gence Branch of the Board of Trade has recently 
issued, among others referred to elsewhere, three 
bulletins dealing respectively with German and 
Austrian exports of steel plates and sheets, rail- 
way material, and nails, bolts, &c. All are well 
aware that in recent years Germany has cap- 
tured many contracts for the supply of these 
materials, to the disappointment of this country. 
Not only has this been the case in markets in 
which we usually have a good chance, but it has 
even happened at home, by reason either of ques- 
tions of cost or time of delivery. In 1912 Germany 
exported steel and iron plates and sheets (other 
than tinned or galvanised) to the value of 
3.523,0001.; Austria’s exports are of the value of 
about 183,6501. ; our own in 1913 were valued at 
2,813,000). We purchased from Germany to the 
extent of 527,3001., the bulk of this being sheets 
of over 5 mm. in thickness. Germany’s most 
important market is the Netherlands, which took 
sheets to the value of 852,8001.in 1912. To no less 
than eleven countries her exports are valued at over 
100,0001., while we only send to four countries 
goods of such a value. In Australia the United 
Kingdom’s share of this business tends to decline. 
In India, in 1913, Germany’s share was nearly equal 
to our own. In Japan, while our trade about 
doubled between 1910 and 1912, Germany’s was 
nearly trebled. In Egypt the principal competitor 
of Great Britain is Belgium, though Germany’s 
trade increases. In the matter of rails, steel 
sleepers, fish-plates, springs, &c., Germany’s ex- 
ports are very important, totalling an annual value 
of about 4,531,2001. Austria’s, on the other han:!, 
are comparatively small—viz., 37,4701. Our own 
are valued at about 5,189,600/. The export of such 
materials from Germany to the United Kingdom 
amounted in 1912 to a value of about 179,4001., of 
which the bulk was made up by rails for railways 
or tramways. Germany sends exports of rails to a 
value of over 100,0001. to twelve countries, her 
largest purchasers in 1912 being the Dutch East 
Indies, Sweden, Argentina, the Netherlands, 
Turkey, Brazil, &. The exports to these coun- 
tries range from 155,3001. to Brazil, to 289,4001. to 
the Dutch East Indies. To no country does Ger- 
many export to the extent that we do to Argentina, 
Australia, India, &c. In 1913 Australia purchased 
rails from us to the amount of 897,2001., and India 
to the value of 810,6001., chairs and sleepers to 
the latter country being responsible for another 
540,1001. From South Africa recent orders for 
railway material have gone to Germany on the 
matter of price. While our exports to Japan have 
risen from 54001. worth in 1910 to 56,6131. in 
1913, Germany’s have increased from 79,8001. to 
122,105]. in the same period. To many of Ger- 
many’s best Continental customers we do not 
export material of this class at all. The exports 
of screws, nails and bolts from Germany are of an 
annual value of 1,241,1501. Austria exports also 
these goods to a value of about 86,2001. We 
export goods of this type to the value of 1,201,4001. 
As in railway materials, while we export heavily to 
a few markets abroad and in cual quantinhes to 
others, Germany’s trade is much more evenly dis- 
tributed. For instance, Australia and India buy 
from us each to the value of about 240,000/. 
Germany's principal customer, the Netherlands, 
buys to the value of only 98,2001. She sends, how- 
ever, exports valued at over 10,0001. to no less than 
twenty-three countries, compared with our fifteen, 
from which it will be clear that there are many 
markets where we might do more business. The 
principal Austrian markets are her neighbours— 
viz., Italy, Bulgaria, Roumania, Turkey, &. In 
many of these south-easterly Kuropean countries 





our trade is small. In Japan Germany has a 
strong footing in the market for nails, disposing of 
goods to about the value of ten times the amount 
we do. In South Africa German trade has been 
assisted by agents who buy samples of goods 
enjoying a satisfactory sale, for the purpose of 
sending them home to be copied, the market being 
supplied a few n onths subsequently with a similar 
but cheaper German article. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. III 
By Freverick Wii11am Lancuester, M. Inst. C.E. 
THE AEROPLANE AS AN AUXILIARY TO TACTICAL 
OPERATIONS. 

THE aeroplane in its employment in connection 
with tactical operations finds itself under condi- 
tions entirely different from those discussed in the 
preceding section ; its duties are of a more varied 
character, and involve flying at lower altitudes 
than are compatible with security. It is likely to 
be almost continuously under fire, and, according 
tosome of the experiences of the present war, it 
has almost as much to fear in this respect from its 
friends as its foes. Whereas the strategic recon- 
naissance machine is able to perform all its most 
useful work at high altitude, and will avoid as far 
as possible the attention of, or actual contact with, 
the enemy, and evade pursuit by flight. The tactical 
machine acting under the divisional command, 
whether engaged in local reconnaissance or in 
locating or directing gun-fire, or in other duties, 
must be prepared at once to tackle the enemy, and, 
in brief, to interfere as much as possible with the 
hostile aeroplane service. Under certain circum- 
stances the instructions will undoubtedly be to 
make the aircraft of the enemy the first objective. 

It is more than probable that it is in connection 
with the varied duties that in the future must fall 
to the Fourth Arm in its tactical usage, that 
differentiation of type and specialisation will even- 
tually become the most marked. At present prac- 
tically no attempt in the direction of specialisation 
has taken place. It is true the different machines 
in service vary considerably, and those responsible 
for the construction and specification of Service 
aeroplanes have already begun to talk of ‘‘ recon- 
naissance machines” and ‘fighting machines ;” 
but the distinction is one that has scarcely yet 
memo to the field of operations. When all has 

mn said, differentiation of type must, from the 
Service standpoint, be looked upon as an evil, 
only to be justified when, and to the extent that, 
service conditions prove it to be necessary. So 
far even the broad distinction between machines 
for strategic reconnaissance and for tactical opera- 
tions has scarcely been drawn or received recogni- 
tion. The military aeroplane of to-day is something 
like the frontiersman’s knife—made for nothing in 
particular, used for everything in general. 

For the pur of directing artillery fire the 
experience of the present war has shown the aero- 
plane to be effective almost beyond the most 
sanguine expectation. For this pur it appears 
to have established its utility beyond question. Its 
duties in this respect may be regarded as a special 
branch of local reconnaissance, its function being to 
locate the objective and signal its whereabouts to 
the gun batteries to which it is attached ; further 
to report and correct inaccuracies of fire. The exact 
mode or modes of signalling adopted do not so far 
appear to have been definitely disclosed. Some 
reports give the aeroplane as turning sharply when 
over theenemy’s position ; according to otheraccounts 
asmoke bomb oat kind is let fall to indicate the 
position to be attacked ; other reports, again, men- 
tion lights as being used. It appears that lamps of 
sufficient power to be visible in daylight are actually 
being employed by the German aircraft. Pos- 
sibly all these methods are in use experimentally, 
or different kinds of signals may be used for dif- 
ferent purposes, to indicate initially the position, 
and ph ome serene Me to give corrections, either as to 
direction or range. Whatever the methods em- 
ployed may be (and the details do not much con- 
cern us at the moment), they seem to be quite 
effective, and, it may be presumed, very con- 
siderably increase the fighting value of the guns. 
More than this, the value of aeroplane work will 
be relatively greater the longer the range ; in fact, it 
may in future be found possible to employ heavy 
artillery of long range under conditions in which, 
without the help of the aeroplane, it would 
be comparatively useless, As an illustration, 


there is nothing to-day to prevent a long-range 
battery, well served by its aeroplanes, from effect- 
ively shelling an enemy without knowing in the 
least the character of its objective—i e., whether 
an infantry force or position, a body of cavalry, or 
the enemy’s guns. In the present war the aero- 
plane appears to have been utilised by the German 
army, as a matter of regular routine, as an auxiliary 
to the artillery in the manner indicated. It has 
been reported again and again that the appearance 
of an aeroplane overhead has been the immediate 
prelude to the bursting of shrapnel, frequently the 
very first shell being so courately placed as to 
indicate that the method of signalling, and, in 
fact, the whole performance, must have been well 
thought out and equally well rehearsed. 

It is well understood that the determination of 
the distance of an aeroplane of known size with 
approximate accuracy is a matter of perfect sim- 
Pp icity. Thus, if the aeroplane be flying fairly over- 

ead, or directly towards or away from the observer, 
and the span be a known dimension, then by 
measuring the optical angle presented by the span, 
the distance or range is _— by simple propor- 
tion. For example, holding a fout-sele square in 
front of one at arm’s length—approximately 20 in. 
from the eye—the span, known to be, say, 36 ft., 
subtends an angle represented by, say, $ in. on 


the scale; the distance is 22 * 36 _ 440 ft. 


Using such rough-and-ready *‘ apparatus,” the 
degree of accuracy to be expected is not great ; 
however, the writer has found it quite sufficient to 
determine the altitude of a machine to within 5 or 
6 per cent. of the truth. If for the observer's arm 
and foot-rule we substitute a low-powered tele- 
scope or binocular of, say, 2 or 3 diameters magni- 
fication, with micrometer cross-wires, with which 
to follow up the apparent reduction in span of a 
receding aeroplane, until some prearranged signal 
is given, the range could undoubtedly be determined 
easily to within 2 or 3 per cent. At 1 mile distance 
this means a degree of accuracy represented by a 
maximum error of about 40 yards, or sufficient to 
enable shrapnel to be dropped right on the mark. 
Parenthetically, it may be pointed out that the 
same method will enable the range of a hostile 
——— to be determined, provided the type be 
identified, and its leading dimensions are known ; 
it also suggests the importance of not flying exactly 
towards or away from, or exactly broadside to, any 
ition of the enemy guarded by aeroplane (or 
lloon) artillery ; flying end-on to the enemy is 
also to be deprecated on the ground of fixity of 
direction. 
Arrack By Gun-F ire. 


An aeroplane operating in a hostile country is 
liable to attack by rifle and machine-gun fire, also 
by shell-fire from special poems artillery. It 
has comparatively little to fear from field artillery 
owing to the want of handiness of the ordinary 
field-gun. The ‘‘ laying ” of a field-piece is far too 
clumsy a business to permit of its effective use on 
so small and rapidly moving a target as presented 
by anaeroplane in flight, though it may be effective 
when against a dirigible. With regard to 
rifle or machine-gun (small bore) fire, calculation 
shows that aircraft is absolutely safe at an altitude 
of somewhat over 7000 ft.; it is in that region that 
the top of the trajectory lies for vertical shooting. 

The duties of a strategic scout on long-distance 
work would, without doubt, permit of flying at such 
a high altitude, and it may be added that, although 
absolute immunity is not reached at less than 
about 7000 ft., a solitary aeroplane can only present 
a very unprofitable target at far lower altitudes. 
In fact, it may be taken that at, say, 5000 ft. 
or 6000 ft., the amount of small-arm ammuni- 
tion that would be wasted in bringing down an 
aeroplane would be enormous. Not only would 
the velocity become so reduced as to render a 
‘“*hit” capable of but little mischief, but the 
time of flight of the bullet, rising vertically to 
this altitude, would be about 8 or 9 seconds, and 
the distance moved by the aeroplane 1000 ft., more 
or less. Therefore it would be n to fire 
into quite a different part of the heavens from 
that. in which the aeroplane was seen, some- 
thing akin to sighting into the Great Bear to hit the 
Pole Star. Beyond this the gyroscopic drift of a 
bullet fired vertically is nil, against some 30 ft. or 
40 ft. under normal conditions ;* also the error due to 





* The normal sighting of a rifle is arranged partially to 
correct for the gyrassepee drift, eileen 
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the earth’s rotation is a matter of about 30 ft. west- 
ward, and cannot be allowed for without taking 
reference to the compass bearing. Taking all these 
things into account, it is evident that for the 
infantryman or gunner not specially trained, the 
task of bringing down an aeroplane flying at high 
altitude is no light one, especially when we recall the 
fact that for every inclination and bearing of the line 
of sight the conditions differ. In designing the 
mounting of aeroplane-stopping artillery or ma- 
chine-guns, it would be possible to render the 
sighting corrections for such items as pic 
drift and earth’s rotation automatic; this could 
be done without difficulty, and would mean the 
elimination of errors whose combined value may 
amount to something like 60 ft. at 6000 ft. altitude 
—i.e., an angular magnitude represented roughly 
by the apparent diameter of the sun or moon. 

The height to which aircraft artillery will carry 
is by no means subject to the same limitation as 
that of the small-bore machine-gun or rifle, the 
resistance of the air being many times greater than 
that due to gravity. Thus the ordinary rifle bullet, 
at 2000 foot-seconds muzzle velocity, would carry 
to a height of over 60,000 ft. in vacuo, instead of 
approximately 7000 ft. actual. If we take the case 
of a 1-pounder having the same velocity, its effec- 
tive vertical range is well over 12,000 ft., and 
from that calibre upwards the range will, in prac- 
tice, be more a question of the shell being properly 
directed than whether it will attain the height. At 
the best, firing from the ground at an aeroplane 
at high altitude will require skilful gunnery, and 
when. near the limit of the trajectory nothing but 
sheer good luck will render a hit effective. The 
angle of ‘‘ lead” it is necessary to give to allow 
for the velocity of flight, as already stated, is one 
of the difficulties of high-altitude shooting. This 
angle is only constant so long as the woe of 
the projectile is constant, assuming (as fairly repre- 
sents the conditions) the flight speed not to vary ; 
at extreme heights the velocity of the projectile 
has fallen so low that a very slight error in 
range-finding will be fatal to accuracy. The 
solution of this difficulty may be found in the 
employment of guns of about 3-in. bore (as already 
in use for airship defence)—i.e., a 12-pounder 
or 15-pounder, with the concurrent advantage of a 
full shrapnel charge, and, in shot-gun terminology, 
a larger Lilling circle. The obvious disadvantages, 
however, of artillery, in place of a machine or other 
light automatic gun, lie in its want of portability 
and its unhandiness, difficulties that doubtless may, 
be overcome, to some extent, in course of time. 

All things considered, it would appear probable 
that attack on aeroplanes at high altitude from the 
ground may be found impracticable, or at least 
uncommercial. Not only have we to reckon with 
the various considerations above discussed, but also 
with the fact that, in our climate at least, not more 
than one day in four is sufficiently clear to render 
high-altitude shooting possible, and though it is 
true that an aeroplane, to make observation, 
cannot remain above or in the clouds, it presents 
but a poor mark under bad weather conditions. 

An aeroplane operating at high altitude will 
probably need to be hunted and driven off or de- 
stroyed ty armed machines of its own kind. 


Derence FRoM Gun-F ire. 


It is manifestly not possible for an aeroplane to 
perform all the duties required of it, in connection 
with tactical operations at high altitude,* and 
whenever it descends below 5000ft., or there- 
abouts, it is liable to attack from beneath ; in 
fact, at such moderate altitudes it must be con- 
sidered as being under fire—mainly from machine- 
gun and rifle—the whole time it is over or 
within range of the enemy’s lines. Protection 
from the rifle bullet may obtained in either 
of two ways: the most vital portions of the ma- 
chine, including the motor, tue pilot, and gunner, 
can only be effectively p by armour-plate ; 
the remainder of the machine, including the wing 
members, the tail members, and portions of the 
fusilage not protected by armour, also the controls, 
struts, and the propeller, can be so constructed as 
to be transparent to rifle fire—that is to say, all 
these parts should be so designed that bullets 
will pass through without doing more than local 
injury and without serious effect on the strength 





* For military purposes we may take the term “‘ hi zh 
altitude” as defined by the effective vertical sangp of 
denoting an altitude of 


small-arm fire—in other words, as 
5000 ft. or 6000 ft. or more. 





or flying power of the machine as a whole; in 
certain cases components will require to be dupli- 
cated in order to realise this intention. It is 
important to understand clearly that any inter- 
mediate course is fatal. 
definitely resisted and stopped, or it must be let 
through with the least possible resistance ; it is for 
the designer to decide in respect of each com- 
ponent which policy he will adopt. The thickness 
of the armour required will depend very much 
upon the minimum altitude at which, in the 
presence of the enemy, it is desired to fly ; also 
upon the particular type of rifle and ammunition 
brought to bear. There ir a great deal of differ- 
ence in penetrative power, for example, between 
the round-nosed and pointed bullets used in an 
otherwise identical cartridge. 

If it were not for the consideration of the weight 
of armour, there is no doubt that an altitude of 
about 1000 ft. would be found very well suited for 
most of the ordinary tactical duties of the aeroplane. 
At such an altitude, however, the thickness of steel 
plate necessary becomes too serious an item for the 
present-day machine, even allowing for the very 
excellent and highly efficient bullet-proof treated 
steel that is now available ; at the altitude in ques- 
tion the minimum thickness that will stop a 0.303 
Mark VI. round-nose bullet is 3 mm. (} in.), but, if 
attacked by the modern pointed-nose Mauser, 
nothing short of 5 mm. or 6 mm. is of avail. If we 
compromise somewhat in the matter of altitude and 

ibe 2000 ft. as the minimum height for which 
protection is to be given, the become 2 mm. 
about 14 S.W. gauge) for the 0.303 round-nosed 
bullet, and for the pointed Mauser 3 mm. or slightly 
over ; at present it is not expected that it will pay 
to armour a machine for the duties in question more 
heavily ; thus we may take 2000 ft. as representing 
the lower altitude limit of ordinary military flying. 
Anything less than this will be referred to in the 
present series of articles as low-altitude flying. On 
this question of armour it cannot be ‘too strongly 
insisted upon that anything less than the necessary 
thickness definitely to stop the a is worse 
than useless; a ‘‘mushroomed” bullet, possibl 
accompanied by a few detached fragments of i 
is infinitely more disagreeable and dangerous than 
a bullet that has not been upset. 

An aeroplane armoured in all its vitals with 
3-mm. steel, and otherwise designed on the lines 
indicated, flying at not less than 2000 ft. altitude, 
will be extremely difficult to bring down ; so much 
so, that unless its ex structural members be 
literally riddled and shattered by rifle and machine- 





, or unless a gun of larger calibre be brought to 
aed it will be virtually impossible to effect its 
capture by gun-fire alone. 





INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics 
states that the effect of the war on employment in 
August was obscured by the fact that certain indus- 
tries—notably, cotton—were already affected by the 
more or less general decline in employment, owing to 
purely trade causes, which had been noticed for some 
months past. The holiday season, especially in the 
North, also considerably curtails employment in 
August, every year. The general effect of all causes 
was to increase the percentage unemployed in trade 
unions making returns from 2.8 at the end of July to 
7.1 at the end of ae ye Sone which has fre- 
quently been exceeded in periods of bad trade, and 
which is much lower than that recorded during the 
national coal strike of 1912, when the percentage rose 
to 11.3. It should be stated, however, that many 
employers endeavoured to avoid discharging a portion 
of their workpeople by putting the wosko staff on 
iesmagent with Dita @ decl 

com with July there was a general ine 

in all eae canays te shipbuilding, which bene- 

fited by increased activity on Government work. The 

contraction in employment was ay noticeable 
e, 


at tinplate works, and in the textile, furnishing, and 
wood-working and wy | trades. 
As compared with a year there was a 


general 
decline, in addition to that which might have been 
expected as the result of the downward trend in em- 
—- already referred to. 

e changes in rates of wages taking effect in A 
affected 55,000 workpeople, of whom 19,000 received 
ee a and nena ey om oe 8, the — 
ts) e changes being a decrease of near! . per 
week. None of the ange were due to the effects of 
the war, all the decreases being the result of a fall in 
the selling prices of iron and steel before the outbreak 
of hostilities. The principal increases affected 9000 





labourers, &c., in engineering works, and 1800 spring- 


Either the bullet must be | @28*™y™ 


knife-grinders, &c., at Sheffield, and considerable 
bodies of building-trade operatives at Liverpool, 
Nottingham, Exeter, and Bristol. Amongst those 
whose wages have been reduced were 2500 ironstone 
en and blastfurnacemen in Lincolnshire, 3130 
steel-melters, &c., in various parts of Great Britain, 
20,000 ironworkers in the Midlands, and 5850 steel 
—— in Nae ly res - 

number of disputes beginning in August was 
15, and the total number of amore. Far S invibved in 
all disputes in progress was 49,804, as com with 
98,112 in the previous month and 80,626 in August, 
1913. The estimated total aggregate duration of all 
disputes during the month was 526,900 working days, 
as compared with 1,327,800 in July, 1914, and 
801,600 in August, 1913. 

At the end of August the number of disputes in 

progress was only 20, and the total number of work- 
le involved was 9000. 
dealt with during the month under the Con- 
ciliation Act include steel- workers, Cambuslang ; 
printers (women), Glas, ; packing-case makers, 
East London; masons, Montacute (Somerset); and 
joiners, Helensburgh. Matters have been dealt with 
y independent chairmen under the Railway Con- 
ciliation Scheme. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ended 
August 14, 1914, was 26,874, as compared with 26,043 
in the previous five weeks, and with 22,314 in the four 
weeks ended August 15, 1913. The average ‘weekly 
numbers of vacancies filled for the same periods were 
21,162, 19,488, and 17,070 respectively. 





The Right Hon. Austen Chamberlain has received 
from Mr. Walter Runciman, the President of the 
Board of Trade, and has transmitted to the Birming- 
ham Chamber of Commerce for publication, the follow- 
ing letter, which — 4 will be ~*~ brass 

CO) exports from this country. e letter is 
dated the 7th inst. — ~ 

‘*The present position as the prohibition of 
the export of brass and copper is that fully manuv- 
factured articles of brass and copper may be exported 
without any restriction whatever, but that absolutely 
unwrought copper and brass in ingots are altogether 

rohibited from exportation. Certain semi-manu- 
actured articles are assimilated to unwrought copper 
and brass, in so far as they are technically prohibited. 
The Admiralty, however, on the 4th inst. that, 
so long as applications for license were made in each 
case, these applications would in eral be favour- 
ably considered if the destination of the consignment 
was satisfactory—i.c., if there were no risk of it getting 
tothe enemy. The object of wee ng license (apart 
from the question of destination) is to keep touch with 
the amount exported, and in certain cases to restrain 
any very large consignments. 

** The goods which may go under license are: plates, 
sheets and discs, rods and solid-drawn tubes. This 
requirement does. not extend to brazed tubes, nor to 
cased tubes. The latter (which are iron tubes cased 
in brass) are those mainly used in the manufacture of 
‘brass ’ bedsteads. 


** Step by atep the limitation of export is bein 
relaxed. It will be seen that it has been foun: 
ible to grade the manufactures into c s, and I 


ope that the arrangements made with regard to 
—— will prevent any substantial hardship to the 
hed 


We read in the Sheffield Daily Telegraph that in the 
Sheffield district the Government requirements are 
providing the bulk of the work, and while many firms 
are unable to meet the demand, others, whose trade is 

eral, are finding it difficult to keep going. The 
ome demand for steel and steel products is extremely 
poor, as users are keeping down their orders to the 
narrowest limits. The export trade is mending, but 
steel leaves much to be desired, and recent oe onal 
ings in the North Sea have had the effect of checking 
shipments of goods in that direction. More orders 
for material previously supplied from the Continent 
have been booked, but much of this possible trade 
is still in the inquiry stage. Many of the buyers 
want to obtain their material at German prices, and 
this, of course, is out of the question. en the 
last-named fact is fully realised, bly orders will 
come in more freely. Makers basic billets and 
basic steel in various forms are working at full pres- 
sure. There is also a better inquiry for wire, although 
more could be done in best qualities. A constant 
expanding demand for cold-rolled strip is re > 
The rolling-mills are only moderately employed, 
— as regards material for the cutlery trade, 
which cannot be delivered quickly enough. Some 
works are feeling the effects of the recent boom in 
recruiting, and are now short-handed. The supply of 
Swedish iron and steel appears to suffice to meet the 
demand, which is much below what it was before the 








war, and stocks have been replenished. The current 
rates for freight are, however, forcing up prices. 
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According to the same journal further very large 
orders for shoes and dies for mining work have been 

laced in Sheffield, this time from South Africa. 

uch work of this kind goes to Sheffield regularly 
from that quarter, but it is understood that, as in the 
case of recent orders from Fremantle, some of the 
present orders represent trade diverted from Germany. 
One firm has booked a good hardware order for 
Penang, and another is to make a large quantity of 
saws for Calcutta. Steel contracts have come in ve 
well, important tonnages now being in hand for Genoa, 
Victoria (B.C.), Auckland, Chicago, New York, 
Montreal, Quebec, and the United States. An inquiry 
from Fremantle for anvil-blocks has resulted in a 
big order being booked in Sheffield. In two cases, at 
least, considerable contracts for high-class razors, 
which formerly went to German makers, have been 
secured. The War Office is about to place an emer- 
gency contract for 400 dozen hand-saws of varicus 
kinds for delivery to Woolwich Arsenal. The Depart- 
ment has for some time past been buying up all avail- 
able supplies of heavy hammers, axes, engineers’ tools, 
spades, shovels, and picks. Large quantities of 
entrenching tools are required, and the demand fur 
such goods is likely to continue for the duration of 
the war. 

The demand for military cutlery increases by leaps 
and bounds, whereas the | sources of production 
remain practically stationary, with the result that 
Sheffield is utterly unable to supply the goods by the 
time they are needed. The requirements of the War 
Office are on an unprecedentedly large scale ; but, in 
addition, orders are pouring in from every newly- 
formed corps throughout the country. Never before 
have so many razors been wanted. The regulation 
pattern is being ignored for the time being, and all 
stocks of thecheaper goods have been completely cleared 
out. Although every shop, big and little, which is laid 
out for the particular kinds of cutlery required for the 
Army, is working night and day on table knives and 
forks, pocket-knives, razors, and spoons, the output 
is quite inadequate. The ordinary run of the cutlery 
trade is, on the contrary, in an extremely dep 
state, more especially in London and the proviuces. 
Australian, American, and Indian buying is almost 
normal, and instructions are being received to forward 
many of the suspended Canadian orders. When the 
stocks of German cutlery are exhausted, Canada will 
have to buy heavily in this country ; but financial 
stringency is holding business back just now. Outlery 


makers in the United States are hoping to sell more of j d 


their goods in the Dominion markets ; but it is prob- 
able that their resources will be fully taxed in meetiag 
the home demand, in view of the withdrawal of German 
cutlery. Orders are coming into Sheffield from buyers 
of German ordinary and safety razors, and a substantial 
growth of this trade is regarded as a certainty. As 
regards the cheap safety razors, Germany had the 
bulk of the trade. 





A Central News telegram from Petro says the 
Russian Minister of Commerce and Industry has 
despatched a commission of engineers to the town of 
Stryi, in Galicia, which has been recently occupied by 
Russia, with the view of studying the resources of 
petroleum in Austria, to meet any shortage of naphtha 
in Russia. 





On Sunday last, the 13th inst., the coal-trimmers 
and teemers at Blyth reached an important decision 
with regard to working hours at week-ends. Owing 
to an abnormal demand for coal at Russian ports, the 
North of England Shipowners’ Association, local 
chambers of commerce, and the North-Eastern Rail- 
way Company had been pressing the men at north-east 
coast ports to extend their working hours on Satur- 
days. On the 13th inst. the men agreed to work until 
eight o’clock on Saturday nights, with a view to deal 
with coal for Russia only. The decision is likely to 
extend to all north-east coast porte. 


Information reaches us from Glasgow to the effect 
that Scotch manufacturers of jute- &c., have 
just booked very large orders on behalf of the army, 
and that firms who thus specialise are full up. Other 
firms with Government contracts are also large buyers, 
some individual orders being worth from 10,000/. to 
50.000/. It is stated further that contracts for a 
second million yards of khaki for the British Army 
have been given out. The Lord Muyor of Bradford 
has received a telegram from the War Office placing 
with him an order for 100,000 blankets. No particular 
quality being specified, the Lord Mayor (Alderman 
Arnold) has asked for further instructions, pending 
the receipt of which no action will be taken in the 
matter. Dewsbury and other manufacturers in the 
heavy woollen district have been busy for some time 
with orders for army blankets. 





As an example of the schemes which are being put 
forward throughout the country for the relief of un- 
tmployment we may mention the reclamation of the 
waste lands of South Staffordshire. This scheme 





was advocated by Mr. John R. Cooper, ex-Town 
Clerk of Walsall, in the course of an address which 
he delivered on Friday last, the 11th inst., at the 
Friends’ Library, Birmingham. 

In the course of his address Mr. Cooper said it was 
the duty of all patriotic men and women to do what 
they could for the country. It was important that 
some schemes should be carried out in order to give 
employment to those thrown out of work owing to the 


ry} war, and it was also important that such schemes 


should be of lasting benefit to the community. He 
suggested that a scheme should be carried out for the 
reclamation of the waste lands in South Staffordshire, 
of which there were about 14,000 acres. The waste 
lands in question consisted largely of pit mounds and 
mining areas. That such a scheme was practicable 
had been demonstrated by the action of many local 
authorities in South Staffordshire and by the Midland 
Reafforestation Association. The main difficulty was 
in rd to means, but possibly such a difficulty 
would be removed by financial assistance from the 
Development Commissioners and the acquisition of 
the waste lands by the State. The land could be 
leased to local authorities, who would utilise it for 
small holdings, allotments, or o spaces. Men out 
of employment would thus be enabled to engage in 
remunerative work. Many local authorities had 
carried out works of a similar nature. 

On the motion of the Rev. H. C. Colville, seconded 
by the Rev. M. M. Connor, a resolution was passed 
urging upon the Association of Midland Local Autho- 
rities the desirability of making representation to the 
Development Commissioners in favour of action being 
taken by them by grants of money to local authorities 
or by the uisition of suitable waste lands, thus 
providing employment for persons thrown out of work 
owing to the war, and increasing the national food 
supply by bringing such waste lands into a condition 
fit for cultivation. 

Satisfactory news is to hand from Hull, where, 
it is stated, a large number of dock workers are 
now finding employment. There are forty vessels 
in the Alexandra Dock, of which nine are loading coal 
and a dozen are ur loading cargoes of grain and timber. 
At the Victoria Dock vessels are unloading timber ; 
other docks are busier than they have been for the 
last fortnight. A good number of seamen are signin 
on. Prospects at the fish dock are brighter ; coal 
y aa seer of fish are arriving, and there is a better 
emand. 





In their last report, dated the 8th inst., the Steam- 
Engine Makers’ Suciety make the following remarks :— 

**Too long have the working classes of this country 
been chloroformed and deluded by a false, fallacious, 
and sloppy sentiment as to the love and brotherhood 
of the German nation. Have we not heard of it after 
the all too numerous junketings that at least some of 
our ‘ leaders’ have been in the habit of taking from 
time to time in the vicinity of Berlin? We now find 
we have been housing hundreds, if not thousands, of 
spies in our very midst, and we now know only too 
well the value of the so-called German culture, also 
what has been the preaching and teaching of its pro- 
fessors and philosophers. We see this culture in 
practice and with objects that would have disgraced 
the barbarians of old. It would have been good indeed 
for us, as trade unionists, ina body, to have looked 
patent and obvious facts in the face long since, so 
vividly and concisely as they have been put before us 
in season and out of season, and this for many a day. 
... Upon the result of the struggle in which we are 
unfortunately engaged depends our very existence as 
a world-wide Empire, whose foundations are built 
upon justice, freedom, and right, as opposed to a 
military autocracy and despotism which young and old, 
according to their measure of ability and capacity, 
have to smash once and for all or perish in the 
attempt. There can only be one result, however long 
it may be to attain it—a fight to a finish, and no 
looking back until victory is achieved .. .” 





The same report contains the statement of income 
and expenditure for the half year to May, 1914. The 
number of members is given as 17,059, the total 
funds at the half-year being 133,336/. 


The report for the present month of the United 
Society of Boiler-Makers and Iron and Steel Ship- 
builders places the total membership, including appren- 
tices, at 68,032. The accounts showed a re Ne on 
July 4 last of 304,778/., and on January 10 last of 
281,182/., giving a net increase for the half-year of 
23,5961. 








The executive council of the Amalgamated Society 
of Engineers issued a few days ago the following 
voting returns :— 

In favour of a 6d. levy for the as fund :— 
For, 9343 ; inst, 190—majority for, 9153. 

In favour of a 3d. levy for the legal defence fund :— 
For, 8754: against, 361—majority for, 8393. 





In favour of accepting provision for avoiding dis- 
hae 19,497 ; against, 8056—majority for, 
In favour of authorising the executive council to 
negotiate with the Engineering Employers’ Federation 
with the view to arriving at an agreement in substi- 
tution of the agreement of 1907 and the premium 
bonus agreement, subject to the ratification of the 
— For, 20,051 ; against, 7677—majority for, 
The membership of the Society is now 171,656. 





As is now generally known, there is a demand 
in this country for all classes of timber used at 
collieries. The sorts most affected by the temporary 
stoppage from the Baltic are pit-props in the round 
(3 in. in diameter and upwards), small pit-sleepers, 
and “crown” trees. Crown trees vary in length, and 
are sawn into sections about 5 in. by 24 in. They can 
best be procured, and are most economically cut, from 
comparatively small trees (for example, from those 
having > of about 5 in to 8 in. at breast 
height). They can also be sawn from the smaller and 
top cuts of large trees, the butts of which can be used 
for other pu » Such as pit-baulks of 8-in. by 5-in. 
section, or railway sleepers. 

In this connection there are good business prospects 
for owners of woodlands, and good chances of work 
for a part of the British unemployed. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 2. 

INTEREST in iron and steel centres around export 

robabilities. Domestic demand is ominously quiet. 

he chief reason assigned is that the banks are pursu- 
ing a policy of restriction of accommodations to un- 
avuidable necessities. How long they may feel obliged 
to pursue this course it is impossible to say. For the 
present, numerous steel-consuming projects are held 
up, and current demand is unimportant. Present 
requirements employ mills to about 65 per cent. of 
maximum capacity. Inquiries for steel from abroad 
are rather alarming in their magnitude. One recent 
inquiry is for 50, tons of billets, sheet bars, and 
other material for Sheffield, England. Billets are 
21 dols., Pittsburg, and 2420 dols., New York. 
Sheet bars, 22 dole, and 25.50 dols. respectively. Glas- 
gow wants 10,000 tons of billets, and another concern 
the same amount. Total inquiries from abroad now 
amount to 150,000 tons ; f this amount has been 
booked, but every day brings fresh news. is 
urging delivery of sheets, Australia wants rails to fill 
wants placed in Europe ; South America is also urgent 
for steel. The railroads are not buying. Efforts are 
being renewed to obtain permission to get better rates. 
The roads are anxious to buy, but they want time, as 
the barks have refused to ex’ end help until a reorgani- 
sation is effected under the new reserve banking law. 
Not for years have so many opposing influences con- 
verged at one time in the steel situation. With an 
enormous trans-ocean demand in sight, to all present 
es local demand is , and prices advance 
= acumen Consumption continues at its high 
eve 





AUSTRIAN AND GERMAN Forgicn Trapg in Lusai- 
CATING OILS AND Garases.—The Commercial Intelli- 
gence Branch of the Board of Trade, 73, Basinghall- 
street, E.C., has compiled a bulletin giving iculars of 
the foreign trade of Austria-Hungary and of Germany in 
lubricating oils and greases. This trade, in the case of 
the former, amounts to 860,380/. per annum, and for the 
latter country to 487,350/. Anstr'a’s chief exports are to 
Sweden (75,100/.), Belgium (67,400/.), the United King- 
dom (46,700/.), Switzerland (45,700/.), Denmark (43, 2000", 
These are of mineral oils, Austria’s exports of grease 
being smal]. On the other hand, Germany exports fats 
and grease to the value of 110,600/., but the classification 
adopted in the two countries appears to differ somewhat. 
We purchase from Germany grease to the value of 
15,250/. per annum, and mineral oils to the value of 
43,550/. Germany’s 7 however, of oils is 
India, which takes 83, 300/. . Italy is another good 
purchaser, her requirements being valued at 21,750/. 





Tue Spectra, Fire-Service Forcr.—The ial fire- 
service force organised Ly the British Fire-Prevention 
Committee has been duly inaugurated with a nucleus of 
300 fire surveyors, fire-brigade officers, patrol ins 
and firemen. Fire-survey parties can be despa‘ for 
fire survey, pulling-down and structure work, 
at short call; a number of fire patrols, comprising 
skilled patrol men, can be put on either night work or 
permanent watches, and several complete fire-service 
sections, comprising fire-brigade officers and firemen 
with equipment complete, can be immediately mobilised 
to take up regular duty wherever requisiti by public 
departments or other authorities requiring assistance in 
the national interest. Besides organising the special fire- 
service force, the British Fire-Prevention Committee has 
been acting as a clearing-house for all manner of queries 
from public authorities, &c., in the matter of special safe- 
guards arising out of state of war. All ications 
to render personal service and all inquiries should be 
addressed in writing to the Registrar, British Fire- 
Prevention Committee, 8, Waterloo-place, London, 8.W. 
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CATALOGUES. 

Bolt-Screwing Machines.— We have received from Messrs. 
Joshua Heap and Co., Limited, Ashton-under-Lyne, a 
catalogue section relating to their patent automatic bolt- 
screwing machines. The illustrations show single-head 
machines for bolts ranging from } in. to 4 in. in diameter, 
and double-head machines for bolts up to 2 in. in diameter ; 
a complete general description of the machines is also 
included. Ib will be remembered that the firm specialise 
in bolt and pipe-threading machines; the latter are, 
however, dealt with in a separate catalogue. 


Locomotives.—Record No. 78 from the Baldwin Loco- 
motive Works, of Philadelphia, Pa., U.S.A., gives de- 
scriptions and illustrations of twenty-six locomotives of 
the tank and tender types, desi and constructed for 
contractors’ work or for industrial service. The examples 
selected represent seven different wheel arrangements 
and cover a wide ——- gauges and hauling capacities ; 
the latter vary from to 4445 tons (of Ib.) on the 
level. The of work for which each type of engine 
is best suited is explained in an introductory chapter, 
which adds considerably to the utility of the publication. 


Machine-Tools.—The Selson Engineering Company, 
Limited, 83 to 85, Queen Victoria-street, E.C., have sent 


us a copy of a small catalogue they have issued showing & 
selection of machine-tools regularly stocked at their 
London address. These include shapi bh milling- 





machines, gear-cutting machines, rounding-machines for 
gear-wheel teeth, key-seaters, broaching-machines, shap- 
ing-machines, slotting-machines, lathes, boring and turn- 
ing-mills, horizontal boring-machines, automatic screw- 
making machines, radial and other drills, and grinding- 
machines in many different types. The tools listed are 
all either made by the firm'at their Coventry or Halifax 
works, or else by manufacturers for whom they are the 
sole agents in this country. 

Oxy-Acetylene Welding and Cutti Outfits. —From 
Messrs. Charles Churchill and Co., “Limited, of St. 
Simon-street, Salford, Manchester, we have received a 
very attractive catalogue of apparatus for welding and 
cutting metals by means of the oxy-acetylene blow-pipe. 
Automatic acetylene generators are first dealt with, 
particulars being given of several different sizes capable 
of taking charges of carbide varying from 6 lb, to 6 cwb. 
Blow-pipes for cutting and welding work are listed, and 
particulars are also given of a tube-cutting machine, a 
rail-piercing machine, and of various accessories and 
supplies for cutting and welding work ; ——— flare- 
lamps for contractors’ work are also included in the 
catalogue. 








Repairing Broken Castings.—A pamphlet illustrating | th 


examples of —- and iron and steel machine parts 
repaired by the “‘Castolin” welding has reached 
us from the Castolin Company of Great Britain, Clock 
House, Arundel-street, Strand, W.C. It is claimed that 
castings repaired by this process are stronger than the 
origmal metal, and test results quoted in support of this 
statement show that the joints will withstand a tensile 
stress of over 10 tons per sq. in. in the case of cast iron. 
With steel the breaking stress of a ‘‘Castolin” welded 
joint was 26.77 tons per sq.,in. in one of the tests. The 
examples illustrated range from type-writer parts to 
castings weighing several tons, and include such articles 
as twist-drills, axles, machine-frames, pulleys, motor-car 
engine cylinders, electric motor casings, A number 
of testimonials from users are also printed. 


Driving-Chains.—We have received from the Link Belt 
Company, of Chicago, Illinois, U.S.A., a book of data 
relating to their silent driving-chains for power trans- 
mission. The book, which contains 112 pages bound in 
limp red covers, gives full particulars, with prices, of the 
various sizes made, which range from @ in. to 


2 a Yee 
and also states prices for cut cast-iron whee ‘ables | col: 


showing the power transmitted at different speeds, and 
the | of chain required, are given, so that the user 
can find the total cost of any particular drive with the 
minimum of trouble. Much other information relati 
to the construction and use of the chains is given, an 
numerous examples of. drives are illustrated by r uc- 
tions from photographs. The book is well printed and 
clearly illustrated, and its general arrangement is excel- 
lent, so that we have no doubt that it will be highly 
appreciated by engineers. 

Drilling - Machines.—Messrs. J. Archdale and Co., 
Limited, of Ledsam-street, Birmingham, have sent us a 
copy of an attractive sectional catalogue of their high- 
speed. drilling-machines. This catalogue gives full par- 
ticulars of high-speed radial drills, which are made in 
several different sizes, ranging from 2 ft. 6 in. to 7 ft. in 
radius ; the radius can, however, be extended 6 in. in all 
sizes except the largest, which can be extended to 8 ft. 
This tool is capable of drilling holes up to 4 in. in dia- 
meter in cast iron, and of tapping vp to 2} in. Whitworth ; 
it admits work up to 13 ft 3 in. in diameter when ex- 
tended to 8 ft. radius. Full particulars are also given of 
combined sensitive and radial drilis, high-speed vertical 
drills, a pipe-flange drilling and facing-machine, and of 
various accessories for drilling-machines. We notice that 
all the machines are now gear-driven, cone pulleys being 
entirely dispensed with. 

Water-Filters.—We have received from Messrs. Bell 
Brothers, of Calder Iron Works, Ravensthorpe, York- 
shire, a catalogue of their mechanical filters and other 
plant for the purification of water. The firm’s filters are 
too well known to need Ss here, but their 
construction is illustrated and fully described in the 


catalogue. They are used for the general purification of 
water, as well as for removing bacteria, peaty and other 
discolorations, plumbo solvency, and iron, in connection 





with the water supply of towns, villages, and large indus- 
trial concerns. ry large number of important installa- 
tions are illustrated, and the chemical and bacteriological 
results obtained are given in nearly every case. The cata- 
logue also deals with water-softening plant, apparatus for 
pense and reheating water for swimming-baths, plant 


or extracting grease from boiler feed-water, and small 
filters for - dm and large country-houses. 


Fire - Extinguishers. — From the Valor Company, 
Limited, of Aston Cross, Birmingham, we have receiv 
some particulars of their ‘‘New Era” chemical fire- 
extinguisher, which is specially suitable for use in engi- 
neering and other works. extinguisher consists of a 
cylindrical tank, with a capacity of 30 ons, mounted 
on two wheels, and provided with 50 ft. of hose, from 
which a jet can be thrown a distance of 60 ft. vertically. 
and 80 ft. horizontally. The chemical nature of the fluid 
used is such that it effectively extinguishes fires of petrol, 
oil, paint, rubber, naphtha, and other highly inflammable 
materials, on which water has little or no effect. This 
appliance has been designed to supply the need for some 
more powerful means of dealing with an outbreak than is 
afforded by the ordinary hand extinguisher, and the 
makers claim that to instal them, in conjunction with the 
latter, is practically equivalent to having a fire-brigade 
on the premises. 


Foundry Plant and Requisites.—Messrs. J. W. Jack- 
man and Oo., Limited, of Caxton House, Westminster, 
S.W., have sent us a copy of their new general catalogue 
of foundry plant and requisites. This is certainly the 
most comprehensive catalogue of its kind that we have 
seen, and to mention all the appliances included in it 
would occupy more space than we can spare. We may, 
however, indicate the nature of its contents by saying 
that in turning over its pages we noticed cupolas, pig- 
breakers, fans and blowers, ladles, sand-preparing plant, 
moulding-machines, core-making machines, core-ovens, 
-blasting machines, crucible furnaces, git-cutters, 
tumbling-barrels, magnetic separators, air-compressors, 
hydraulic pumps and accumulators, hardness-testing 
machines, metallographic microscopes, and sundries of 
all descriptions. Many of the appliances dealt with have 
been illustrated and described in our columns in the 
recently-concluded series of articles on foundry plant. 


Gas-Valves, &c.—A copy of their latest catalogue of 
valves and other appliances for use in gas works has come 
to from the Bryan Donkin Company, Limited, of 
Chesterfield. It will be remembered that the Donkin 
gas-valve is of the internal rack-and-pinion type, and 
that the door of the valve has a sharp edge which clears 
tar and other matter from the faces as it slides over 
em. When the door is nearly closed, wedges placed 
round its circumference come into contact with similar 
wedges on the body of the valve, thus pressing the two 
faces together with great force. These valves are made 
with bores ranging from 2 in. to 72 in. in diameter, and 
full particulars, with prices, are given of the smaller 
sizes. Particulars are also given of valves of the internal 
rack and worm type, as well as of high-pressure gas- 
valves, plug-cocks, valve columns, hydraulic-main valves, 
screw-down disc valves, and many other types of valves 
for special purposes. Some examples of gas-exhausting 
plant, pressure-regulators, &c., are also illustrated. 


Ice-Making and Refrigerating Machinery. — Messrs. 
William Douglas and Sons, Limited, Douglas Wharf, 
Putney, S.W., have sent us a copy of their latest cata- 
logue of Douglas-Conroy and Douglas refrigerating- 
machines. These machines, it will be remembered, use 
sulphur dioxide as the refrigerating agent, and the cata- 
logue first points out the advantages of this agent over 
ammonia and carbon dioxide. Particulars are then given 
of compressors and condensers capable of making from 
44 owt. to 15 tons of ice in twenty-four hours, or of cooling 
d stores with capacities up to 140,000 cub. ft. The 
application of the plants to ice-making and cold storage is 
next dealt with, and afterwards a number of cold-storage 
installations suitable for butchers and provision merchants 


sulting from the re; ent of rope-driving from a mill- 
engine by electric driving with chain transmission in a 
Yorkshire woollen factory, and illustrates by means of 
tachograph di the ag pn A uniform turning 
obtained on the latter system. The other pamphlet refers 
to the driving of ers and scribblers by means of 
chains. It shows how the power consumption, in one 
agra case, was reduced from 29 horse-power with 

ts to 17 horse-power with chains, the production being 
at the same time in by 5 percent., and the average 
number of broken ends in a period of five hours being 
reduced from 15 to 2. The quality of the work was also 
greatly improved, so that the output of the mules was 
in y 10 per cent. It is stated that the chief 
reason for the great improvement effected in this case is 
that chains are not affected by “fly,” which causes much 
trouble with belts. 


Electric Mine Winding-Gear.—We have received from 
Messrs. Crompton and Co., Limited, of Chelmsford. a 
pamphlet relating to electric winding machinery for 
mines. The firm’s ‘‘C.M.B.” system of control is briefly 
described dnd several installations on this system are 
illustrated, It ‘is impossible to describe the system fully 
in the small space at our disposal, but an idea of its 
method of working will be gathered if we say that it 
employs a motor generator, or rotary converter, to supply 
current to the main motor, and the equipment is accele- 
rated and decelerated by varying the fields of the 
machines. Voltage and current curves show that the 
usual peak load at starting is absent, the arrangements 
being such that the eurrent reaches its maximum value as 
soon as switched on, and remains steady during the whole 
of the wind. The voltege, however, gradually rises, 
reaching its maximum when the cage is running at full 
speed. The demand on the supply system, heing the 
product of the current and vol thus gradually rises 
as the speed increases. Braking is effected by regenera- 
tion, which not only returns energy to the system, but 
effects considerable saving in wear and tear of brake- 
blocks, since the mechanical brakes are only necessary 
to hold the load during the changing period. Among 
many other advantages claimed for the system, it 
is mentioned’ that the motor may be run at crawling 
speed for Jong periods for shaft inspection, since there 
are no series resistances to heat up; also it is im- 
possible to overload the plant by operating the con- 
troller too rapidly. Another point mentioned is that 
if the no full load on the cage is exceeded, the 
effect is simply to increase the time required for a wind, 
and not to increase the power taken from the supply 
system. Several other special features are referred to in 

pamphlet, which should prove interesting and useful 
to colliery managers contemplating the installation of 
electric winding plant. 





Tue New Soan—Up to September 11, 118 men from 
the works and offices of the Westinghouse Brake Com- 
pany, Limited, had joined the Colours, representing 
upwards of 28 per cent. of the normal establishment. 
The Westinghouse Brake Company, Limited, is paying 
these men half-rate wages, and has agreed that all who 
return to them on the expiration of such service will find 
their places open for them.—Of the employees of Messrs. 
D. Napier and Son, Limited, both at the Works, Acton, 
London, W., and at 14, New Burlington-street, up to 
September 10 no less than 205 members had joined the 
New Army, end recruiting was still going ty! on, so 
that the number will be largely augmented in the near 
future. The firm are paying 103. per week to the wife of 
each of the married men who have joined the Colours, and 
in every case the men’s positions will be kept open for 
them.—The emplovees of Siemens Brothers Dynamo 
Works have responded with great enthusiasm to the call 
toarms. A large number of men from their works and 
offices at Stafford, amounting in all to about 400, have 
already joined the Forces, and, together with the reser- 
vists and volunteers from their head office, branch offices, 
and other departments, the total amounts to over 520. 


are illustrated. The next part of the catalogue relates to | The fi 


milk-cooling plant and other applications of refrigerating 
mact in dairy-work, while the remainder deals with 
refrigeration in abattoirs and bacon factories, marine and 
experimental plants, and miscellaneous applications. The 


catalogue is fully illustrated, and is an interesting and | 165 


useful publication. 


Forging - Hammers, Drop - Stamps, &c.— From the 
Alldays and Onions Pneumatic Engineering Company, 
Limited, of Great Western Works, Birmingham, a cata- 
—_ of pneumatic power hammers, drop-stamps, and 
other forging machinery has come to hand. Pneumatic 
forging-hammers are first dealt with, full pan. with 
prices, being given for hammers in which the weight 
of the moving parts varies from 4 cwt. to 10 cwt. These 
hammers are now fitted with a form of valve-gear which 
enables —- dead blows to be struck from the top of the 
stroke without first lowering the tup on to the work. 
This feature, it is pointed out, effects a very considerable 
—S time, and greatly extends their sphere of 
usefu Planishing - hammers, riveting - hammers, 
olivers, spring-power hammers, and friction-drop stamps 
are also listed. The latter are made with stamps varying 
from 3 cwt. to 20 cwt. in weight, and examples of the 
class of work done by each size are illustrated in order to 
assist clients to select the one best suited to their require- 
ments. Particulars of power presses for trimming 
stampings are also included in the catalogue. 


Chain-Drives in Textile-Mills.—Messrs. Hans Renold, 
Limited, of Brook-street, Manchester, have sent us 
copies of two pamphets relating to the use of their 
driving-chains for power transmission in textile-mille. 
One of these pam ts deals with the advantages re- 








© firm is arranging to keep the posts of all these men 
open, and ample provision is being made for all the 
dependants of those who have gone to serve.—From the 
firm of Messrs. W. and T. Avery, Limited, Weighing, 
Testing, and Computing-Machine Makers, Soho Foundry, 
men from both works and offices have joined the 
Colours. From the same company’s 133 branches through- 
out the British Isles 69 men are now on active service. 
It is satisfactory to know that all these men’s situations 
are being kept open for them, and that the company 
is making up their military pay and allowances to 
their full average earnings before the war.—A special 
committee of the Engineers’ Club, Manchester, are 
at present busily enrolling names of men who will 
form a special battalion to be attached to the infantry 
battalions at present being formed at Manchester, and 
known as ‘‘ Pals” battalions. All the men enrolled will 

connected with engineering, either in the shop or the 
offices, and it is felt that a greater sense of comradeshi 
will be secured than in the case of a battalion in whic 
the men have wide and varying working interests. 
Already, even though the engineering works of Man- 
chester and district have contributed large bodies of men 
to the forces, over 300 names have been enrolled, and 
there is no doubt that the full battalion of 1300 men will 
be secured. An analysis of the occupations of the men 
coming forward is interesting. There area great number 
of turners and fitters who are out of work, although 
their former employers are busily engaged. Compara- 
tively few men have come forward from the textile 
machinists, although this industry is probably hit harder 
than any other cashire. A number of moulders 





are out of employment, and a consequent proportionate 
number of pattern-makers, 
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IRRIGATION WORKS IN ITALY.* 


By Professor Luic1 Luiee1, D.Sc., M. Inst. O0.E., Presi- 
dent of the Italian Society of C:vil Engineers. 


1. GENERALITIES. 


THE average tourist who visits Italy and admires the 
spleadid orange groves round Sicily and Calabria, the 
industrial flower cultivations of the Ligurian Riviera, the 
luxurious vegetable gardens and orchards of Tuscany and 
Campania, or the extensive meadows of exuberant tre- 
foil and lucerne, gresn all the year round, of Lombardy 
and Lower Piedmont. If he has — 4 tinge of poetry 
in his veins, be will be apt to raise a hymn of praise to 
Providence for bestowing upon Italy sueh great bless- 
ings, and will grumble against its inhabitants, wrongly 
accused of the sins of dolce far niente. ets, 

And really Providence has been very good in giving 
Ttaly a mild climate, with plenty of sunshine—on the 
average 2900 hours in the year—and even too much in 
some parts. But apart from this, Providence has not done 
rouch more for Italy than for any other nation of Soutbern 
Europe, except that it has given her a very hardy race 
of people, fall of resources, very thrifty, content with 
little, and ready to till the land cheerfully from dawn 
to dusk in the hope of getting good crops, notwith- 
standing the numerous drawbacks of a rather poor soil 
and of a very irregular rainfail—in excess during the 
winter months, when it causes inundations, and —_ 
absent for five to seven months in summer, during whic 
a fierce sun scorches the land and would dry up all vege- 
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tation if the industry of the Italian agriculturist did not 
overcome these natural drawbacks by a rational system 
of irrigation. . 

Importance of Irrigation.—In fact, the prosperity 
of agriculture in the . 
the most prosperous taly, is due exclusively to the 
incessant work of men who, far from enjoying much dolce 
far niente, have applied, and are extending continually, 
the art of irrigation, which in Italy dates back from the 
time of the Etruscans and the Romans, and has reached 
indeed a great perfection in our days. 

Without irrigation, the marvellous orange-groves, the 
beautiful orchards and vegetable gardens, which give 
such valuable J man ayy we for exportation in Central Europe 
and even in North America, would produce but a scanty 
revenue to their owners; the luxurious and extensive 
meadows of the valley of the Po—intensely green all the 
year round, and which give even seven or eight 
of fodder per year—could not exist. Barely one, or at 
most two, cuttings of grass during wet years could 
raised, because the land during the five to seven months 
of the hot season remains generally without any rain to 
speak of, and the vegetation is ex to a pitiless sun 
that scorches up everything ; whilst during the winter 
months the rain would flood many regions of Italy if the 
water was not impounded in artificial lakes, or restrained 
between training dykes. 

It is the art of the hydraulic engineer, and the in- 
telligence and perseverance of the agriculturist, by 
regulating the natural water-courses, impounding the 
‘loods into reservoirs formed by high dams, or raising 
the water from the subsoil or from the natural streams, 
and then distributing this water intelligently over the 
land, at the proper time and in the necessary proportion 
for the different crops—that is, by scientific irrigation— 
that the waste sandy plains of Piedmont and Lombardy 
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were transformed into the most prosperous meadows and 
rice fields, and the orange groves around the Thyrrenean 
coasts are so abundant and beautiful as to induce Goethe 
to give to Italy the name of *‘ The land where the orange 
blooms.” 

How the Italian Experience can be Useful to Australia. 
—From this it can be seen that the climatic conditions of 
Italy are very similar to those of Australia ; so it may be 
of interest—and, it is hoped, of use also—to the citizens 
of the Commonwealth to know how Italians manage to 

the best of the natural conditions of their native 

and, which, having practically no mines or other natural 
resources to speak of, but depending entirely on the 
products of the soil as its principal source of revenue, 
brought agriculture, combined with irrigation, to a very 
advanced state of 

of Italian Irrigation.—The whole surface 


Im 
of Italy can be divided thus :— 
Sq.Km. Per Cent. 


Mountains ye . 4 
ery agriculture 
Hills ... 123,174 43 
Middling 
Plains... 859 21 
Fairly good 
Total surface 285,682 102 
Of the plains, or flat lands along the valleys, about 
14,000 sq. — are irrigated, and of these 12,000 sq. km. 
are in valley of 


e River Po, in Northern taly, 
between the Alps and Apennines, which feed abundantly 
the irrigating canals ; and the other 2000 sq. km. are in 
Southern Italy, where water is very scarce, and is de- 
rived mainly from underground or from reservoirs. _ 

In this way agriculture, with the — of irrigation, 
even if applied to a poor soil, leaves a fair margin of 
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profit, sufficient to be invested in further improvements 
of the land or of the towns, or in other works of comfort 
or of beauty; and this process, repeated almost con- 
tinuously for twenty-five centuries—that is, from the 

ime of the Etruscan and the Romans up to our days— 
has made Italy what she is now, the land of arts, of music, 
of monuments, notwithstanding all the wars and vicissi- 
tudes she has gone through. 3 : 

, 88 irrigation is the principal factor in the success 
of Italian agriculture and in the present progress of the 
nation, let us see how the water is provided, how it is dis- 
tributed over the land. and the results, technical and 
economical, that irrigation gives. 

II. How Tae Warer ror IRRIGATION 18 PROVIDED. 


a) Underground Water Raised from Wells.—When 
an small quantities of water are required—as for im@us- 


crops | trial flower-gardens, or for orange-groves, or similar culti- 


vations whose products are of high commercial value— 
generally derived from wells dug in the 
sandy subsoil at the foot of the hills and round the coasts, 


and is raised either by primitive means, such as 
water-buckets (cicogne, ena), — to the 
ptian shadouf, moved by men, t can lift the 


water 2 to 4 metres high ; or with norias or rosary pumps 
moved by animals, raising the water up to 5 or 6 metres, 
and sometimes up to 10 to 12 metres, and these are very 
common in South Italy ; or by small, but very modern, 
centrifugal pumps moved by oil or electric motors, 
Soya: he! about 2 to 5 horse-power, lifting the water 
metres, and in rare cases up to 40 metres, and 
can be seen often along the Ligurian Riviera and 
in many parts of the valley of the Po, where hydro- 
electric plants are very common. 4 
cost of the water raised by manual labour varies 
from 0.10 to 0.15 franc per cub. m. for lifts between 2 and 
4 metres; if raised by norias moved by animals, the cost 
varies from 0.04 to 0.10 franc cub. m., ing to 
the lift from 6 to 12 metres ; and by oil-motors the average 


: 


is 0.04 franc, and by electric motors 0.02 franc per cub. m.; 
this is for lifts up to 10 to 12 metres, or 0.10 to 0.15 franc 
up to 40 metres. (One cub. m. = 220 gals.) 
_ Although the cost of the water is so great—and 
it is noo rare to pay also from 0.25 to 0.30 franc 
per cub. m., and sometimes even 0.40 franc per cub. m. 
—still the irrigation is done with such great care and 
economy that only from 2000 cub. m. to 3000 cub. m. 
are wore per on oat martes, and the ucts 
grown in this way, such as flowers, oranges, early vege- 
tables, special p thes of prime fruit, &c., realise such 
high prices that this expenditure is fully justified, and 
leaves a very fair profit to the growers of all these deli- 
cacies, which find a ready market in Central and Northern 
Europe, espe-ially during the winter months. The yearly 
revenue of a goud orange-grove of Sicily varies from 
1500 to 2000 francs, and sometimes up to 3000 francs per 
hectare (30/. to 54/. per acre) per year, whilst the same 
land not irrigated and cultivated with vines, olives, &c., 
can only pay rent ranging from about 160 to 250 francs per 
hectare; and all the good plots of land from Taggia to 
San Remo, in the Ligurian Riviera, cultiva with 
violets, roses, and ly garofani (carnations), givesa 
net yearly revenue of from 5000 to 1 francs per 
— ne But these os specially ow — of land, 
ere there is perpetual spring, an ground produces 
all the year round, and the eners are most skilful and 
untiring in their works. (One hectare = 2.47 acres.) 

(b) Water Derived from Infiltration T'wnnels.—There 
are some regions, especially in Sicily and Calabria, with 
large valleys filled with deep deposits of alluvium, that 
during the rainy season saturated with water, 
forming almost an und reservoir, and this water 
afterwards escapes slowly in the form of drainage. In 
such cases it is usual to drive a small oblique tunnel* in 
such a way as to intercept this underflow, and collect the 
water which, taking advantage of the altimetric con- 
ditions and of a fall generally of 3 in 1000, flows naturally 
~ oo can be ower on the fields ata 
ower level withoutany need of pumping. \ 
filtrantst are often several hundred yaids long fie » i) 
have a net internal section of 1.80 metres by 0.60 metre, 
sufficient for a man to pass through, and are lined with 
porous masonry, but with an im ble bottom of 
concrete. Their cost varies from 75 to 100 francs (3/. to 
4l.) per lineal metre. The total cost of such tunnels varies 
from about 20,000 to 40,000 francs each, and one can give 
from 1000 to 2500 cubic metres of water per day ; thus the 
cubic metre of water costs only a fraction of that raised 
by electric power or manual labour. 

One of these infiltration tunnels at Mazzarat gives 100 
litres (22 gallons) per second, and serves to irrigate some 
220 hectares (about 500 acres) of orange-groves and vege- 

ens; and another, the largest in Sicily, at 
Zappulla, ven nearly double this quantity. As its total 
cost was 150,000 francs (6000/.), so the actual cost of the 
water is very small indeed ; that is to say, it is only the 
interest on the capital and expenses of maintenance of 
the tunnel, which, even reckoned at 10 per cent. a year, 
the cost of the water comes out at about 0.005 franc per 
cubic metre a per 1000 gals. ). 

In some cases of narrow gorge # sort of underground 
dam of puddled clay is built across the bed of the torrent 
ae teen tg ee thus the water rises to the 
surface, can be utilised for irrigation with less cost 
than fora tunnel. A good example of these subterranean 
dams (dighe subalvee) is at Trabia,§ in Sicily. 


Also in some parts of Lombardy, and in the province 
of Modena, there are ye ee of water flowing 
d ind from the of the mountains to the 


River Po; and the altimetric conditions of the ground 
are that the water can easily be tapped by ordinary 
wells some 20 ft. or 30 ft. diameter, and conveyed to 
the surface of the fields at lower jevel, thus formi 

a sort of artificial spring, almost, but not, an artesian well, 
called a fontanile.|| Some of these fontaniid give water 
enough to irrigate several hundred acres of meadow land, 
c marcite, which are considered the most valuable 
in Italy. As these underground waters have a tem- 
perature of about 56 deg. to 60 deg. Fahr. in winter 
time, when the sometimes is covered with snow, 
the meadows, or marcite, irrigated with this water are 
intensely green, forming a striking contrast in the land- 


sca: 

‘Thus these special meadows can give regularly seven 
and even eight cuttings of grass per year—that is, from 
80 to 100 tons of lucerne grass per year per of 


marcite. 
c) Storage of Rain-Water in Small Reservoirs (Bacini 
Ri... irrigations above mentioned are pos- 
sible only in especially favoured localities, but, except 
in a few cases, the amount of water is ly v 
small. So when larger quantities of water are required, 
it is better to store up the rain-water, which during the 
winter months falls, on the ot from 36 in. in the 
north of Italy to 20 in. in the south. These impounding 
reservoirs may vary from the modest cistern of some 
few hundred cubic metres capacity, built of solid 
to small called serbatoi a corona, of some 20, 
to 100, cubic metres, up to large reservoirs or arti- 
ficial lakes of many million cubic metres capacity. One of 





* See Bionda, ‘‘ Le Gallerie F,ltranti della Provincia 

di Messina,” Rome, 1908. 
+ Torricelli, ‘Gallerie Filtranti jconitndinah,” Rome, 

1888 ; Luiggi, “‘I Pozzi Allacciati dell’Isola di Cipro,” 

Giornale Genito Civile, 1880. 

3 ty Mayer, ‘‘ L’acqua per Irrigazione,” Naples, 1914, 


See Capito. “‘Dighe Subalvee,” Giornale Geni 
Crvile, Rome, 1883. Di of 
|| See Ottavi, “I Fontanili della Lombardia,” Casal 





Monferrato, 1909. 
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them, for instance, now in construction on the River 
Tirso, with a dam 55 m. (185 ft.), will contain 350 million 
cubic metres of water, and will for the time being be the 
largest in Europe ; but will be surpassed by three similar 
reservoirs soon to be commenced on the Bradano (dam 
60 m., or 200 ft. high), and Fortore (dam 75 m., or 250 ft. 
high), in Apulia, and on the Simeto (dam 50 m., or 170ft. 
high), in Sicily, which will be able to store up respec 
tively 410 million, 390 million, and 360 million cubic 
metres of rain-water. The dams will prevent the winter 
floods of those regions, and extend the irrigations on the 
plains traversed by these rivers, which are now almost a 
curse, but which when regulated will be a blessing to the 
farmers. 

The small artificial ponds, or serbatot a corona,” are 
especially popular in the province of Piacenza. They 
are formed by utilising natural depressions of very bad 
clayey land, and surrounding them, by means of earth 
dykes (Fig. 2) 12 ft. to 16 ft. nigh, 1 or even 2 miles long, 





4 VIEW OF ROCK-FILL DAM ON DEVERO (DOMODOSSOLA) 
tines, ~ Ee 


enterprises by granting a subsidy that in some cases is 
3 per cent. per year during the first ten years, 2 per cent. 
and 1 per cent. year during the following decades. This, 
at the rate of 5 per cent. interest, makes an initial grant 
of 35 per cent. on the capital invested. This subsidy is 
given on condition that the water for irrigation is not 
charged more than 0.01 franc per cubic metre. How- 
ever, generally it is sold at much less, otherwise the 
farmers could not afford the expense. 

Just now a law is before Parliament in order to increase 
this subsidy to 3000 francs per annum per fifty years for 
each million of cubic metres of water capacity of the 
lake. At the end of sixty years the reservoir and distri- 
buting canals become the property of the State. : 

The other type of dam which is coming into favour in 
ae use of its low cost and resistance even to 
earthquakes-—not infrequent in Southern Italy—is the 
rockfilldam.* There are already three examples of these 
rockfill dams, built recently, at Lago d’Alpone (Mont 
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provided with an outlet of masonry closed by a sluice- 
gate. Usually they cover an area from 4 to 5 hectares 
(about 9 to 11 acres) with water 2.50 m. to 350 m. (8 ft. to 
12 ft.) deep, sufficient to irrigate about 8 to 9 hectares 
(17 to 20 acres) of meadows, at the rate of about 7000 
cub. m. of water per hectare, which gives a height of 
water of about 0.7 m. (28 in.), distributed over the land 
during the five to seven months of dry season. This 
water is applied in “‘ rotations” about ey Me to 14 days, 
and the cost of irrigation is from about 90 to 100 francs 
per hectare per year (1/. 15s. to 1/. 18s. per acre), or at 
the rate of 0.012 franc per cubic metre, which is notably 
less than that of the water raised from underground or 
derived from infiltration tunnels. 

Some of these artificial ponds are even larger ; that of 
Temavasio, for example, is 20 hectares in surface, and 
stores water, 5m. deep, sufficient to irrigate, verysparingly, 
during six to seven months, about 50 hectares of meadows. 
_ The cost of these per cubic metre of water stored 
is about 0.20 to 0.25 franc, including all expenses, and the 
cost of the water distributed over the land comes to be 
from about 0.012 to 0.015 franc per cubic metre, This price 
is, however, still too high for irrigation on a very 
scale, and, besides, the quantity of water thus stored is 
still very small, and during the hottest months the grass 
suffers somewhat from the drought. 

(d) Water from La Artificial Lakes.—Thus r 
reservoirs, or real artificial lakes, of many million cubic 
metres capacity have been formed in several valleys of 
the Alps or of the Appennines by high dams, built either 
of - . rockfill, or masonry, the latter being generally 


In fact, except for the small reservoirs, called serbotoi a 
corona, just described, earth dams are not popular in 
Italy, and are rarely built higher than 30 ft. to 40 ft. 
The only high earth dam is at Lagastrello, in the Province 
of Parma (Fig. 3). It is 21 metres high, 170 metres long 
in crest, and forms a reservoir of three millions cubic 
metres capacity. In reality, it can be filled about four 
times a year by the exceptional rains of the region, so 
really it acts as if its volume was nine to twelve millions 
cubic metres capacity, so the unit cost of the impounding 
capacity of the reservoir is much smaller. Its total cost 
was 620,000 francs, so the cost of a cubic metre of water 
impounded is about 0.20 franc. The water is drawn at 
the rate of 1 cub. m. per second, and utilised first for an 
hydro-electric installation of about 10,000 horse-power, 
and then used for irrigation. 

Tt may be well here to add that all the water from the 
large reservoirs of Italy serves first for hydro-electric 
power, and subsidiary for irrigation, otherwise it would 
not be possible to pay the interest on the capital in- 
vested ; and even then the State has to encourage these 


© Raineri, “I Serbatoi » Corona, Federasione Agri- 
cola Italiana,” Piacenza, 1907. 








with accessories, and the volume of the reservoir being 
5,600,000 cub. m., the cost is 0.14 franc per cub. m. 
capacity of the reservoir. : 

Another dam, very daring in design, with a cross- 
section very similar to the Australian dams built 4 3 Mr. 
Wade, is that of Corfino, in the province of Lucca 
(Fig. 7). It is really an arch dam, 35 metres high, with a 
radius of 23 metres, and central angle of 140 deg. Its 
thickness on crest is only 1.50 m. (5 fo.) and at the base 
is 7 m. (23 ft.). It was built in sixty-five days, by pour- 
ing Portland cement concrete, 1:2: 4, rather wet, into 
the wooden moulds; it gave very good results, both 
technically and financially. As its cost was 150,000 francs, 
the water one of reservoir 800,000 cub. m., so the 
unit cost is 0.20 franc per cub. m. f 

Another important group of five dams, just finished, on 
the River Gorzente, near Genova, includes the Badana 
dam, 56 metres high, at present the highest in Italy 
(Fig. 8). It is 215 metreslong on the crest, has a volume 


Fug.6. CROSS SECTION OF BRASIMONE DAM, BOLOGNA. 
BUILT OF CEMENT MORTAR MASONRY. 
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Cenis), at Biaschina (Tessin), and at Devero (Domo- 
dossola), Figs. 4 and 5. The latter, which is the most 
important, is 31 metres high, 115 metres long on crest, and 
is formed by a mass of rubble stones, roughly packed and 
revetted on the water slope by a layer of very accurate 
cement masonry, made still more impermeable by a double 
layer of asphalt sheeting, protected by a granite pitching 
set in mortar. The volume of the reservoir is 13,000,000 
cub. m., and its cost was 868,000 francs, or 0.07 franc per 
cubic metre ye 

The Brasimone dam (Fig. 7). in the province of Bo- 
logna, is one of the best type of Italian masonry dams, and 
the Tirso, Bradano, and Fortomadams are planned on the 
same lines, Fig. 5. Iv is 34 metres high, 158 metres Jong 


CROSS SECTION OFTHE BADANA DAM (GENOA) 
BUILT WITH LIME AND POZZUOLANA MORTAR, 
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of masonry of 100,000 cub. m., and its cost was 2,352,000 
francs. It formsa lake of 4,500,000 cub. m. capacity ; thus 
the unit cost of the water impounded is 0.49 franc per 
cub. m. A speciality of the dams of this group is that 
the storm outlet is not formed by the usual spillway or 
overflow, but by a battery of six automatic siphons, for 
the Badana dam, with a flow of 90 cub. m. per second 
(Figs. 9 and 10) ; and of ten for the Layolunga dam, with 
a discharge of 150 cub. m. of water per second.* 
However, the most important reservoir, as already 
said, is now in construction on the River Tirso, Sardinia, 
with the triple object of regulating the floods of this 
torrential river, which has a maximum discharge of nearly 
1300 cub. m. of water per second : of using the impounded 














on crest, and has a volume of 40,000 cub. m. of masonry. | water for a 12,000-horse-power electric installation ; and 
It is calculated as a gravity dam, but for greater safety it | of using its 20 cub. m. flow per second during summer, 
is very arched in plan, following a radius of 75 metres, | for the irrigation of about 30,000 hectares of the plains 
with an angle at centre of 126 deg. Its section is | round”Oristano. . ory 

i quite modern, combining the maximum of The dam is 55 metres high, and will impound 350 
safety with proper economy ; its cost was 800,000 francs, million cub. m. of water at a cost, including electric 








* See Luiggi, ‘‘Le Dighe di Scogliera (rockfill deme 





* See Luiggi, ‘“‘ Dighe recentemente costrutte in 





par le Regioni Simische,” Rome, 1914, | Italia,” Rome, Giornale Genio Civile, 1914. 
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plant and irrigating canals, of 25 million francs (one 
million sterling). The State contributes a lump sum of 
3 million francs and also 150,000 francs per year during 
fifty years, on condition that the price of the irrigation 
water will not be more than 0.005 franc per cub. m. At 
the lapse of sixty years all the works become the pro- 
perty of the State. 

As already said, the water from all these artificial lakes 
is always used first for motive power in some of the hydro- 
electric installations, which in Northern Italy are very 
numerous. This helps much in lowering the price of the 
irrigation water, which thus afterwards can be distributed 
by means of canals to the different farms at prices varying 
from about 0.005 to 0.01 franc per cub. m. (from }d. to 
4d. per 1000 gallons), or at the ‘‘lump sum” or “annual 
rate” of from 80 to 120 francs per hectare of land (1/. 10s. 
to 2/. 10s. per —_s annum). ' 

(c) Water Derived from Rivers.—These prices, although 
quite convenient in semi-arid regions like Apulia, Cala- 
bria, Sicily, Sardinia, where two or three irrigations, 
during the period from March 15 to May 15 can save the 
crops from total failure, and fully repay the expenditure 
for the water, and may later give another crop of maize, 
are, however, still too high for ordinary irrigations, espe- 
cially of meadows, which form the most important feature 
of the plains of Lombardy and Piedmont. Besides, for 
very large extensions of land, the quantity of water that 
can be impounded in an artificial lake is always compara- 
tively rather small, from a few cubic metres per second 
to 20 cub. m. per second in the Tirso district, and to 
44 cub. m. in the Fortore valley, which are exceptional 


cases. 

When large quantities are required at very low price, 
it is necessary to obtain the water from rivers, fed, 
if ible, by some natural Jake, like the Rivers Ticino, 
‘Adda, Oglio, Mincio, which have waters comparatively 
warm, or by glaciers which, eB! in the summer 
season, act practically like lakes of frezen water. In 
this condition are the Rivers Tanaro, Po, down to Turin, 
Dora, Sesia, Orco, Adige, and many others, whose 
waters, being rather cold, are not so efficient as the 
waters from reservoirs or lakes. 

The engineering works at the intake of these canals, 
called deriva zioni, consist, in general, of a submerged 
dam of a very substantial masonry built across the river 
and capable of raising the level of the water above that 
of the — to be irrigated ; of controlling sluices at 
the canal-head (edificio di presa), that may be as many 
as twenty ; of another group of sluices adjacent (disare- 
natore), arranged in such a way as to cause a strong 
current across the entrance of the canal, and thus scour 
away the solid matter that has a tendency to deposit in 
front of the main sluices, and then invade the canal, with 
the danger of silting it up. Then follows the main canal, 
with a fall from 0.15 to 0.50 metre in 1000 metres, 
according to the size of the canal, in order to keep the 
velocity of the water between at least 0.50 metre per 


Fig 11. SUBMERCIBLE-DAM ACROSS RIVER CERNO. 
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second, so as to prevent silting, and not exceed 0.80 metre 
= second in ordinary cuttings, so as not to erode the 

uks, otherwise they must be heavily revetted. In 
aqueducts, inverted siphons, and such constructions of 
masonry, the velocity varies from 1.5 to 2 metres per 
second, and in exceptional cases even 3 to 4 metres; but 
then the masonry is laid with cement mortar instead of 
the usual hydraulic lime mortar. 

The main canal is provided with controlling works, 
such as overflows, outlets, and ulating weirs at the 
entrance of the secondary canals. ese latter have a fall 
of from 1 to 2 metres per 1000 metres, and feed the private, 
or distributing, ditches, which are provided at their 
intake with some means for measuring the water to be 
delivered. Generally a submerged orifice, or a Cipolletti 
weir, or some such over-fall ‘‘notch” is used, provided 
10 gives an accuracy of 98 per cent. of the total water to be 
measured. No mechanical meters are adopted, except in 
very rare cases and for very small deliveries. 

. Many of these irrigation csnals date back from the 
Middle Ages, and are used alo for inland navigation 
fact, this is a feature of the Italian canals, called navigli, 


to serve both for irrigation and navigati poses. 
he oldest is the N Gof Mila 


the 12th century ; it is about 50 miles long, and has a 


capacity of 65 cub. m. (2275 cub. ft.) per second. In order 
of date comes 


then the Navig’ 











: in| 


avligio Grand, of Milan, built in | second. 


all from five to six centuries old, and several hundreds 
of smaller canals, ranging from 20 to 5 cub. m. per 
second down to thousands with a fraction of 1 cub. m. 
per second. 


Fig.9. 
SECTION OF BATTERY OF AUTOMATIC 
SYPHONS FOR STORM WATER AT 
BADANA DAM, SECTION A.B. 
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Another large canal is about to be started soon, called 
the Emiliano, from Piacenza to Bologna and Rimini, 
300 km. long, with 200 cub. m. second capacity, at a 
cost of about 250 million francs Ro millions sterling). 

And a still larger canal is now in course of construction 
near Grosseto, in Central Italy, of 600 cub. m. per second 
(21,000 cub. ft. per second), which will be in working 
order in 1915.* It will utilise the muddy waters of the 
River Ombrone, which, in flood, carry as much as 10 per 
cent. of solid matter, in order to silt up some large 
marshes and transform them into excellent arable land. 
as has been done on a large scale, and with very good 
results both from a sanitary and icultural point of 
view, round Ravenna, Grosseto, "Caserta, and other 
provinces. When the level of the land has been raised 
some 2 ft. or 3 ft. above the natural water-plane of the 
district—or when the colmata, as it is called, is complete 
—then the head works of the canal will be slightly trans- 
formed, in order to prevent too much silt coming in, and 
will then be used during the irrigation season, when the 
water is much clearer, both for irrigation and navigation. 

This is } mere one of the largest canals in the world, 
as those derived from the G and Euphrates carry 
only about one-third and three-fifths of the water of the 
Om Canal, and this is su only by the 
Tbrahimieh Canal from the Nile, with a capacity of about 
900 cub. m. per second. 

The water from the State canals is sold generally at 
25 francs (1/.) per 1 litre-second per year, which corre- 
sponds to about 30,000 cub. m. per annum, discount- 
ing the time when the canals are dry for ordinary 
repairs. Thus the cost of the water comes to be about 
0.83 franc per 1000 cub. m. This one litre-second is 
what co mds in Northern Italy for the irrigation of 
my ‘tan tevigntion | ly d th 

, however, the irrigation is only duri e 
five to seven months of dry season, so po fs 15,000 cub, m. 
to 20,000 cub. m. of water are really used ; the rest is 
lost. Thus the cost of the water is actually from 1.66 
to 1.02 francs per 1000 cub. m.—that is, on the average, 
one-fifth of what it would be if taken from the Tirso 
Reservoir, which is the cheapest reservoir water in Italy, 
or from one-tenth to one-twentieth of that of the water 
taken from ordinary artificial lakes or underground 
supplies ( fontanili), not to speak of the cost of water 
when it has to be raised artificially. 

While water can be had at such low rates as from the 
State canals, or even at nearly double this price, as from 
the Villoresi, Marzano, and other great canals belonging 
to private corporations, irrigation repays amply all its 


cost, even for comparatively poor crops, like and 
pays better still for richer crops, like rice, indian corn, 
tomatoes, &c. Then farming mes very table, 


which explains the com tive wealth of the farmers of 
Northern Italy, when they apply irrigation to their fields, 





72. 
SUBMERGIBLE DAM ACROSS 
THE RIVER OMBRONE. 


and why yp hy ny always for more water. 
It would too long and tedious to describe, even 











The canals of modern times—that is, built during the 
last fifty years, since Italy was united in one State—are 
the most interesting. The largest and longest of all is 
the Cavour, with a discharge of 110 cub. m. per second 
(3850 cub. ft.), a development of about 90 miles of main 
canals and about 950 miles of second dis- 
tributing ditches—that is, a total of about 1040 miles. It 
was built in 1855-66, by a private company that failed, 
and was bought over and finished by the State, at a cost 
of about 100 million francs (4,000,000/.). This canal, 
still the most important in Europe, was the means of 
transforming an almost barren region of Piedmont, of 
250,000 acres of sand and gravel, useful only for growi 
stunted timber and bushes, that gave a gross revenue o' 


20 to 25 francs per hectare per year, into the most fertile | mason 
sand meadow-land of Italy, that give net revenues | 110 cu 


rice-field 
of from 200 to 300 francs per hectare, and where the best 
butter, parmesan, and gorgonzola cheeses are produced. 
en, in di of importance, and also from the point 
of view of their engineering features, follow the Villoresi 
canal, with 44 cub. m. per second; the 0, with 
30 cub. m. per second ; the Veronese, with 50 cub. m. per 
second; and the Tagliamento, with 17.5 cub. m. per 
They are all excellent models of their kind, 
both for the important hydraulic works along their 
courses and the perfection of their administration, so 


the Mozza, from Adda, with 60 cub. m.;'much so that hydraulic engineers and agriculturists 
lio of Cremona, from Oglio, with 30 cub. m., | from all parts of the world come to visit and study them. 











rapidly, the very interesting and important engineerin 
features of these canals, especially of the Villoresi an 
Marzano, which, being the latest, are the most perfect. 
It would certainly be most interesting for engineers to 
examine their majestic head-works, the inverted siphons 
and aqueducts that convey the water under or over the 
different streams and roads crossed by the canal, and all 
the smaller, but ingenious artifices for the delivery and 
the best use of the water. 

It will be sufficient to refer to the plans of some of 
the most typical works—that is, the head-works of the 





Farini Canal—a feeder of the Cavour—of 70 cub. m. per 
second capacity. The submerged dams of Cerno and 


|Ombrone (Figs. 11 and 12); the inverted siphon of 





under the River Sesia, with a —~4- of 
m. per second; the inverted siphon of ferro- 
concrete under the Ombrone of cub. m. (20,500 
cub. ft.) per second; the aqueduct of the Cavour over 
the dock and the Marzano Canal over the Oglio, of 
30 cub. m., &c.; the cross-sections of main Cavour 
Canal (Figs. 13 and 14)), and those of the Ombrone 
ei n earth sides (Fig. 15) and with masonry walls 

ig. 16). 

All these works, except Ombrone, can be easily inaponted 
during a journey of a week between Turin, Milan, 


* Luiggi, ‘‘ La derivazione dell’ Ombrone di 600 cub. m. 
per second,” Giornale Genio Civile, Rome, 1914. 
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Cremona, Mantova, and Venice, which will amply repay 
anyone interested in irrigation. : f 

hus be will be able to see not only the engineering 
features of the canal, but also their cial effects. 
The land in those provinces was transformed—almost 
created—from barren sandy and gravel plains into the 
most fertile vegetable land by the silt deposited by the 
irrigation water ; and where, about fifty years ago, there 
was a very poor agriculture and a miserable population, 
now farming is carried on with great success, and the 
country people enjoy comparative welfare, and are con- 
tented, at least as far as farmers can be so They 
only grumble now when it rains out of season ; hecause, 
contrary to ordinary conditions of agriculture, when 
irrigation is adopted the best crops are produced when 
there is constant sunshine. sie 

Thus Australia, like Italy, offers ideal conditions for 
successful irrigation. : 

Preparation of the Land to be Irrigated.—However, to 
apply irrigation with success and get from the water and 
the soil the maximum benefit. it is necessary to prepare 
the surface of the land—that is, it must be properly 
levelled, or, better still, laid with a slight inclination 
from the irrigation ditches towards the drainage one, in 
order to prevent water-logging ; then all the ditches have 
to be prepared and the intercepting sluices put in place. 

All this, in the best cases, costs 200 to 300 francs per 
hectare; but where the natural ground is rather irregular, 
even 800 to 1000 francs may be required. 

In sme cases, where the surface falls towards the north, 
it is even convenient to tilt it towards the south, with an 
inclination from 3 deg. to 5 deg. in order to get the full 
benefit of the sunshine. For this purpose the top layer 
of vegetable soil is stripped off and laid by, the subsoil 
arranged with the proper gradients, and then the top 


Fig.t3. CAVOUR CANAL. SECTION IN EARTH. 
tudinal Gradient 0:25"™ tr 1000 Metres, 











hectare, at a cost of 25 to 50 francs (1/. to 2/.) per hectare. 
The water is applied in ‘‘ rotations” every fifteen to 
twenty days, at the rate of 800 to 1000 cubic metres 
each tare, co ing to a stratum of water 8 cm. 
to 10 cm. high (3 in. to 4 in.) for each rotation. 

The marcita can uce seven to eight cuttings of 
lucerne or trefoil per year, at the rate of at least 500 to 600 
quintals per hectare—and in the best marcita even 800 to 
10 0 quintals—sufficient to feed two cows, which produce 
26 to 80 quintals of milk. This is sold at 13 to 16 francs 
a quintal for dairy purposes and gives a revenue of 
about 350 to 400 francs (14/. to 16/.) per hectare, against 
an expenditure of 100 to 129 francs per hectare (2/. to 
21. 103. per acre), leaving a very a. 

In the usual irrigated meadows where water is applied 
only at the rate of 12,000 to 15,000 cubic metres per 
hectare during the five to seven warm months, the benefit 
is smaller, as the cuttings are only five tosix, with a total 
weight)of grass of from 400 to 500 quintals. A good non- 
irrigated meadow is let at 150 to 200 francs per hectare 
(2.5/. to 3.21. per acre), but when irrigated it can be let at 
250 to 300 francs (4/. to 5/. an acre), thus nearly doubling 
the income. (One quintal = 220 lb.) 

In the Roman Campania, where the land is less per- 
meable than in Lombardy, the water necessary during the 
dry season for irrigated meadows varies from 7000 to 9000 
cubic metres per hectare, applied at the rate of 500 
to 600 cubic metres every ten to twelve days. The rent 

aid by the farmer to the landlord when the land is not far 

rom Rome varies from 100 to 150 francs per hectare ; but 
when irrigated the rent is 200 to 300 francs (3 27. to 5/. per 
acre). This is because Rome consumes a large amount of 
milk, sold by the farmer at 22 to 24 francs a quintal, and 
so meadow land produces a very good rent, and irriga- 
tion is being applied rapidly to that district. 


Fig.14, CAVOUR CANAL .AQUEOUCT OVER 


RIVER DORA. 
ongitudinal Gradient 0-40™ in 1000") 
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layer is re-deposited on the surface. And when a marcita, 
or & supee gna, meadow is to be p:vpared, then all 
the field is arranged in plots (Fig. 17), about 6 m. (20 ft.) 
wide, 60 m. to 70 m. long (200 ft. to 250 ft.), with a lateral 
fall of 0.15 metre (6 in.), and sloping alternately, like 
flat ropfs laid all alongside each other. On the top 
ridge of two adjacent plots runs the irrigating ditch ; the 
water overflowing from this ditch runs slowly down the 
two slopes of each plot, and the surplus is collected by 
the draining-ditch. This being slightly higher than the 
next plot, a er — can flow nyt to the — 
irrigating ditch, and overflow on two more sloping plots, 
pee (= this way all the water is fully utilised. 

All this requires labour and capital. In Northern 
Italy, where irrigation has been practised since time imme- 
morial, the capital is easily obtained and paid off in some 
30 to 50 years ; but in the south, where irrigation is rather 
modern, and, besides, capital is very scarce, the State 
comes to the aid of the farmer, lending the money at 2 to 
24 cent., to be repaid in 40 to 50 years. farmer, 
with the advice of some Government official appointed 
with this object, and presents a plan of what he 
intends to do; this plan has to be approved, then the 
State lends out the capital in instalments, in proportion 
to the advance of the work, and at the same time a mort- 
gage is put on the land. 

This arrangement works pretty well, especially in the 
Roman Campania, which is being rapidly transformed 
from an almost waste land, very thinly lated by poor 
nomadic peasants, into good cornfields and meadows, 
with proper farm buildings and a settled population. 
Now some parts of it can vie with the best districts of 
Lombardy, thanks also to a more fertile soil of volcanic 
origin and a larger amount of sunshine. 

Thus irrigation begins to have a beneficial social influ- 
ence round in a region of about 450,000 acres, that 
was considered almost beyond redemption, and where 
malaria fever reigned supreme. Thanks to irrigation 
and cultivation on a proper malaria is abating 
rapidly, and soon Rome will be again surrounded by 
beautiful fields, as it was in olden times, when sixty-four 
large villages, some with most luxurious villas, were 
flourishing in that region, and of these villas we find the 
remains when the plough cuts again the long-abandoned 


fields. 

itw of Water and Economical Results Irri- 
galt Wiese the land can be super-irrigated, ae in the 
marcita, snd the water coming from u ind bas an 
almost a constant temperature of 56 deg. to 60 deg. Fahr., 
irrigation can bs ised also during the winter months : 


gome 15,000 to 20,000 cubic metres are required per 








In the southern provinces, especially in Apulia, where 
owing to the scarcity of rain, cereals are cultivated 
on a large scale in preference to 3, the usual product 
in ordinary years is 8 to 10 quintals of wheat per hectare. 
In excellent years, when rain falls to a depth of 
180 mm. to 200 mm., and during the period in which 
the plants are in full growth—that is, between March 15 
and May 15—the product is from 16 to 18 quintals of 
wheat; but in dry years only 4 to 5 quintals, and in poor 
soil the crops may be lost completely. 

With irrigation, even at the very low proportion of 
2000 to cubic metres of water per hectare, but 
applied in four rotations ae the two months men- 
tioned, when the wheat is in full development, a product 
of 16 to 18 quintals of wheat ~ hectare is assured, 
instead of the usual average of 8 to 10 quintals in land 
not irrigated. Thus, even paying for water at the very 
high price of 0.03 to 0.04 franc per cub. m.—as it costs in 
Apulia where water is scarce—that is, with an expendi- 
ture of 80 to 100 francs per hectare (1/. 6s. to 1/. 12s. per 
acre)—a larger crop, valued at about 140 to 180 francs, is 
assured, leaving an average benefit of 70 francs (about 3/.), 
so that irrigation not only pays amply for the water, and 
guarantees always a good crop, but also Jeaves a fair 
surplus benefit. 

After the cereals have been gathered, some other plants 
of rapid growth, like tomatoes, water-melons, cab 
&c., are laid down. and well irrigated, and thus, thanks 
to irrigation and abundance of sunshine, two crops can 
be gathered in one year. 

This explains why the farmers of Apulia, Sicily and 
Sardinia clamour for irrigation ; they know by 
experience that water applied at the proper moment de- 
fends the crops from the greatest calamity they dread— 
that is, lack of rain. By assuring the proper degree of 
moisture in the soil and in the necessary quantity for the 
different crops, at the very moment when it can give the 
best results, it makes certain a good harvest. 

Instead of suffering the fluctuations of one or two 
years, four or five middling, and one or two bad, 
harvest is every year, and occasionally it 

can be very , when the season has been especially 
favourable. 


For the cultivation of Indian corn, potatoes, tomatoes, 
and kitchen vegetables, the water required varies from 
7000 to 8000 cub. m. per applied in ‘‘ rotations” 
to 500 cub. m. each 
the cost of the water is still more 


hectare, 
of ten to twelve days at the rate of 
in all cases 
and the benefit higher. Bir 
have a direct application to 
tions, are sufficient to give an 


time, and =. 
“"Thoes examples, that ma, 
Australian agricultural condi 


idea of the quantity of water required for the staple 
cultivation cereals, and ordinary vegetables—and 
of the financial results, besides proving the fact that 
irrigation gives agriculture an almost certain revenue, 
saving it from great fluctuations and avoiding com- 
| pletely the losses of bad years. Thus, from the point 
| of view of the farmer, irrigation is decidedly a success. 
Financial Aspect of Canal Construction. — Unfortu- 
nately the same cannot be said for the Canal Administra- 
tion. Except for small irrigation plants, an irrigation 
canal pays only working expenses and leaves a very 
little margin (1 to 2 per cent.) for the capital invested, 
unless hydro-electric power can be combined with irriga- 
tion. The reason is that it is not sufficient to build a canal 
| carrying a large volume of water, it is also necessary to sell 
| this water—that is, find the farmers ready to use it. As 
| mentioned before, in order to use the water, it is neces- 
sary to pre’ the distributing ditches and to level pro- 
perly the fields; then the farmers must learn how to 
apply the water to the land, at the moment and in the 
proportion most convenient, and decide which crops are 
the most profitable. Besides, where the land is not 
very permeable, it is also necessary to prepare drainage 
ditches in order to get rid of the surplus water that 
otherwise might damage the vegetation or produce an 
— of parasitic plants or cause water-logging of the 
and. 
All this requires experience, time, and capital, and 
thus the Canal Administration is not in a position to sell 
all its water for very many years. In the best cases 
it takes from 20 to 30 years, and sometimes even more, 
to dispose of all the water of a large canal. 
_ The Marzano crosses the province of Cremona, where 
irrigation has been adopted since the Middle Ages; 





the distributing ditches were y in service 
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when the main canal was built; in fact, its function is 
only that of increasing the flow of the older irrigat on 
canalk. Ittook fully thirty years before all the 30 cub. m. 
per second of water were disposed of, and yet the condi- 
tions were most favourable. The Villoresi, also in a 
region where irrigation has been very well developed since 
the 12th century, has not yet disposed of all its water, after 
forty years of existence, and the financial conditions of its 
administration are far from being prosperous. 

Necessity of National Aid for Irrigation Canals.—This 
is the reason why the State considers it is its duty to help 
all these undertakings. Irrigation puts under cultivation 

tracts of land of very little value or almost sterile, 
and part of the population that now emigrates can 
thus find profitable employment in the cultivation of 
this land, otherwise nearly useless, and this increases 
the national wealth. 

Italy has an increase of population of almost one 
million inhabitants per year, and about 500,000 are 
pony ry to emigrate : some 300,000 go to North America, 
100, to Central Europe, while some 80,000 go to 
Argentina, and 20,000 to other countries or round the 
Mediterranean. ‘ 

To moderate this exodus, which is not beneficial to 
the country, the State encourages irrigation by granting 
a substantial subsidy, already mentioned, of 3 per cent. 

year for a period of ten years, on the capital spent 
in the construction of the main canal and its prin- 
cipal branches, 2 per cent. for the following ten years, 
and 1 per cent. for another period of ten years; then the 
subsidy ceases, But if the canal is arranged in such a 
way as to. help to control the flood-water of rivers, as 
when an impounding reservoir is also built, then another 
subsidy is granted for this purpose in the proportion of 
15 to 39 per cent. of the capital expenditure. For instance, 
for the Tirso reservoir and canal, estimated at about 20 
million francs (800,000/.), the State, besides the usual 
annual grants, pays three million francs for the benefit 
accruing to the régime of the river. After sixty years all 
the works become the property of the State. On these 
lines the Canal Administration can obtain a proper 
return from their enterprise. . 

Conclusion.—The conclusion, based on Italian — 
ence, is that irrigation avoids the risk most dreaded by 
the farmer—that is, 2 complete loss of the crops in years 
of drought. By irrigation a crop sufficient to pay all 
expenses, and leave even a small profit, is sure in all 
cases, also in years of drought. o 

But then in normal years it affords a very substantial 
benefit to the farmer, who cultivates meadow lands, 





when he can get the water at the rate of 25 to 30 francs 
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per hectare per year (s. to 9.5s. per acre); but where he can 
cultivate cereals, even with water at 70 to 100 francs per 
hectare (24s. to 32s. per acre), there is still a good profit, 
besides other advantages. On the other hand, irrigation 
is not profitable to the Administration of the canal, during 
at least the first twenty to thirty years; so these undertak- 
ings require great help from the State during this trying 
period. Inthe meantime the State, in the form of taxation 
and in the increased welfare of its citizens, reaps from these 
works many benefits, financial and social, which amply 
repay all the sacrifices made for this purpose. 
ithout irrigation Italy would not be able to feed a 
large proportion of its present population ; as it is, with 
its extensive network of irrigating canals, it has become 
the ‘‘Garden of Europe.” oie 
Now the State is busy preparing to extend irrigation 
to the southern provinces in order to be able, in thirty or 
forty years, to feed a population of from 50 to 60 million 
inhabitants. sot ee a = 
These are the miracles accomplished by scientific irri- 
gation, and this explains also the reason why the Italian 
State encourages and helps with all possible means, 
including financially, all such under’ 





HEAT INSULATION FOR REFRIGERATING 
ROOMS.* 


By Professor W. M. THornton, Armstrong College, 
ewcastle-on-Tyne. 


1. Tue value of a material as a heat insulator is 
inversely proportional to its thermal conductivity. The 
latter is defined as the number of heat units which pass 
steadily in unit time through a material when the 

adient of temperature in it is unity. If the flow of 
eat is not steady, the temperature at any point in the 
thickness varies later with it. In order, therefore, that 
the material should be everywhere under the same 
thermal conditions, it is necessary that the ient— 
the number of degrees rise or fall in unit thickness— 
should be the same at every point. This is the more 
important in the testing of materials whose conductivity 
may change with temperature. ere are no direct 
observations recorded in any of the standard tables of 
reference upon the variation of thermal conductivity of 
bad conductors of the kind considered here, and the 
purpose of the present Pe r is to call attention to the 
practical importance of this variation in the choice of 
insulating material for refrigerating rooms. 

Measurements have no doubt been made frequently by 
manufacturers and engineers for their own use, but they 
are not readily available. The classical work of Leest 
was mostly carried out—so far as it touches the present 
question—at relatively high temperatures, and the mea: 
surements of Lamb and Wilson} were made by heating 
the interior of an insulated chamber by electric lamps. 

In America the ice-box method has been used, and in 
certain other cases conductivity has been estimated 
from the ae curves of insulated boxes containing hot 
water, a method which is complicated by the question of 
specific heats. In many of these cases the comparisons 
of conductivity were made at temperatures very different 
from those at which the insulators were to be used, and 
in the case of the method by cooling, the temperature 
gradient was constantly changing. The effect of these 
differences will be evident from the following measure- 
ments, made on a large scale—under industrial conditions 
as far as possible—upon samples of common insulating 
materials. 

2. The first trials were by a slab method—that is, the 
flow of heat was arranged to be as nearly as ible the 
same in intensity everywhere through large flat slabs of 
the material under test. For this pu . thin galva- 
nised-iron boxes were made, 6 in. wide, BS in. , and 
36 in. deep. In the centre of these were suspended fiat 
electric heaters, consisting of fine ‘‘ Eureka ” wire wound 
on a thin electrically-insulating sheet. The heat-insu- 
lating material was packed between the heater and the 
sides of the box. cork used was in solid slabs, built 
up of irregular pieces of waste cork about half an i 
cube, heated under pressure, and at _a temperature such 
that the material changes colour. When this occurs, the 
pieces become slightly cemented together by the gummy 
matter given off by the breaking down of the bp 
and the mass adhered in a solid block of fair mechanical 
strength. Such a material is a better insulator than un- 
treated cork, and the further the process is continued, 
short of carbonisation, the lower its conductivity becomes. 
Microscopic examination shows that the cell-walls are 
collapsed and have lost their stiffness, so that the material 
transmits heat badly, in the same way that a layer of 
slack-air cushions would fail to transmit sound, for nearly 
three-quarters of cork is air, and heat through it 
largely by the movement of air in the a. 

The slabs were made to fit tightly into the box, and 
there was similar insulation at the top and bottom. The 
other materials—slag wool, granulated cork, and charcoal 
—were packed in tightly to the extent usual in cold- 
storage work. The boxes were then immersed in a large 
cast-iron tank up to the rim, and the temperatures 
observed by thermometers next to the heater and on the 
outside of the box in the water. The duration of the 
tests was at least three ors each case, for it was found 
that the temperatures did not reach a final steady state 
in less time. In the case of cork the tests were continued 
longer, but three to four days is found to be sufficient to 
Ive a steady flow, even in 6 in. of cork. The thickness 


of insulation here was 3 in. (7.6 cm.), and the effective 
area of the insulation on both sides together 976 sq. in. 
(6300 sq. cm.). The results were as follow ; the tempera- 











tures are in degrees Centigrade :— 
Taste I. 
| Temperatures. ls | £. | Oonductivity \g¢ 
Material. is #| 34 |\§——_/#e 
| Sela | 
Inside. Outside. 5 =| == loas. | B.T.U. ae 
—} ee —— 
S'agwool : ih 
1st quality..| 98.0 16.7 31.8| 27.4 | .000098| .0767 | 52 
2ndquality | 94.5 16.7 77.8) 27.5 |.00010 | .07s5 | 52 
8rd quality | 79.0 | 10.4 686) 29.4 |.000124| .097 | 42 
Baked cork | | | 
slab : | 
Dark .-| 71.0 11.0 60.0) 28.2 | .000186 | .1065 | 110 
Light .-| 71.0 11.0 /60.0| 29.17 | 000141 | .1105 | 110 
Granulated | | 
cork.. ..| 82.2 13.2 (69.0! 28.7 |.€00121| .0945 | 48 
Charcoal in | | 
small lumps) 35.0 10.4 |24.6) 17.75 010200 | 


.1635 47 


These may be comp.red with the following ©.G.S. 
values, taken from Kaye and Laby’s tables :— 


Cotton-wool vi a 0.00004 
Felt... “ sai 0.00009 
Flannel 0.00023 
Cork 0.00013 
Sant ie a 
lagwool ... 0. 
Air at 0 deg. 0.000052 
Fig.l. (CE MELTED PER DAY IN FIRST 


COOLING OF COLD BOXES. 





£ 
8 
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Days 


Fig.2. THERMAL CONDUCTIVITY 


ox" OF HEAT INSULATORS. 


2 —o 





wee) Mean Temperature 


The C.G.S. conductivity is the number of grammes of 
water heated 1 deg. Cent. a second per square centimetre 
of surface ver degree per centimetre thickness gradient. 
The B.T.U. conductivity 1s the number of pounds of 
water heated 1 deg. Fahr. an hour per square foot of 
surface per degree Fahrenheit per foot thickness of 
insulation. 

3. Although the conditions of these measurements 
were in every way satisfactory, the relatively high con- 
ductivity of cork was not in acco with previous 
work. The new values for cork agree way well with 
those quoted in the tables, but the slagwool has a lower 
conductivity, and ap felt in its insulating quali- 
ties. In order to examine this difference further, a second 
set of tests was made at the melting-point of ice. Three 
insulating boxes were made 40 in. cube outside. Two of 
them were lined with }-in. deal, and were surrounded 
by a 6-in. oe, the outer covering being also j-in. wood. 
Between two coverings e were 6-in. by 2-in. 
joists for framing the boxes and to imitate cal 
conditions. The insulating material was packed into 
this space. The third box was built up of cork slabs to a 
thickness of 6 in. without any additional framing or 
covering, and was finished outside and inside with a 
smooth cement, which is not a heat-insulator. The boxes 
were supported about 2 ft. from the floor on wooden 
trestles in a large room facing ee For ee the 
ice, zinc tanks were made, each a drain- in 
the of a well-insulated 
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tre, communicating by means s 

siphon with the outside, for purpose of removing the 
water formed as the ice melted by the flow of heat through 
the walls. Zoe Bee bad o Ne <6 Gene oh ete 
point to avoid as far as possible any loss by conduction of 


heat along it. The boxes having been cooled by standing 


the rate shown in Fig. 1, the trials were 

withdrawal of this charge and the introduction of a 
weighed quantity of ice, 99.6 lb. being 
The temperatures were noted and the boxes closed. 
water which drained away was collected and weighed 
from day to day. After fourteen days the boxes were 
opened, the ice a weighed, and the final tem 
ratures taken ; the loss of weight was greater than 
sum of the water collected in the proportion 0.87. This 
difference is caused by evaporation in the drip-pipe and 


full of ice for eight days, during which the ice er i 


aced in each box. 
The 


rs, | {rom the containing vessel, and may be the cause of a 


error in the ice-box method, unless checked by weighing 





the total ice melted. The results were as follow :— 
Taste II. 
| 8g | &, | Temperature,©. | Conductivity. 
Material. 3s gs |- . 

o ° Differ- | r 
eA | Sm Room} Box ones. 0.G.8. | B.T.U. 
Cork, dark) 74.7 | 5.34 | 15.2| 6.5 | 8.7 000101 | .078 
Slagwool .. 87.4 6.24 15.2| 7.8 7.4 400186} .107 
Charcoal .., 96.5 6.48 15.2 . 000177 | .189 


} 
' 


Cork now appears as the best insulator, as shown in 
Fig. 2. In the calculation of conductivity from these 
figures the mean area is not quite the mean of the inner 
and outer surfaces, for the flow of heat is converging 
sufticiently to affect the ient. 

Let q be the heat passing per second through unit area 
at a distance « from the inner surface. By definition 
q = od 0/dx, where o is the conductivity and @ the 
temperature at that point. Atthe inner surface of area A, 


q = 4, and since there is no other leakage q¢ =aA,a 
being the total area of flow at 2. ; 


Now A = A, + 2 +. Ai, A, being the outer 
surface. 
Thus ‘ 
= 1+2(42~ 1\}-449 
a=a {1+5(47- 1)}=o9? (1) 
and 
@= U1 |Sy + (a ~?) 
- \{ + ns ™ 1 jax 
—~ U7, a2 (Ag of ’ 
c +38 (2 )+e (3) 


When x = 0, 6 = @,, the temperature inside the box, and 


The mean value of 


3 T 
nn N* daz 1 q1 Ay _j x? d 0 
|. a oth | (2 rt athe 
_ * {T* T?/(Ao _ \ 
= *{ 3 + 6 (3° 1)} + 0. 
Thus 
=-uT 


1A 
1i+.-* 6. 
n=( s4)* . 


To find the distance x at which this occurs, substitute 
this value of ¢ for @ in (2) ; then 
aT (1 ot +). 
so 2 A) 


2oT (3 . 1)+ = i 
=r \ 14{1 + §(AvA,-1) 
(A,/2 A,—1)}4} 


From which 
The inside effective area was 3900 sq. in., the outer 
area 8460 sq. in. Thus A,/A, = 2.215, and T is 6 in., so 


that 
x = 4,93 (-—1 + 1.643) = 3.17 in. 
The surface of mean temperature is 6102 sq. in., or 


z= T 
(Ad/A, 


500 sq. cm. 

The latent heat of ice is 79.77 gramme-calories per 
gramme, or 36,250 per pound. The thickness of effective 
insulation was 6 in. im each case, or 15.24 om. The 
conductivity is, therefore, in centimetre measure :— 

_W__ 36,250 x 15.24 _ 9 ooo169 W : 
64-9; 39,500 x 86,400 0,- 4, 
where W is the mass in pounds melted in twenty-four 
nom Gear of h y= prelimi ling and und 

4. After eight ys iminary cooling under 
conditions of steady flow, the values found for the con- 
ductivity are found to differ both between themselves 
and one another from those of Table I. Both sets of 
experiments were made on a large scale, with times 
allowed for reaching the steady state Jonger than usual, 
and the quantities could all be readily measured. The 
differences would therefore to be real, and not 
arising from the methods. In a}l the materials the trans- 
mission of heat by the enclosed air must play ape pest, 
though the change of conductivity of air cal 
from the change of viscosity specific heat, is not so 
great in itself. But if the mechanism of conduction in 
thece materials is largely by air, one might expect the con- 
ductivity to change in the same ratio as that of air. For 


c¢‘= 


the latter we have :— 
Temperature. Conductivity. 
Deg. 
0 4.7 x 10-° 
15.0 4.97 
99.6 6.07 
3u2.0 8.21 
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Between 10 deg. and 25 deg. air changes in the ratio 
1.065; charcoal, 1.225; and cork, 1.175. The change of 
conductivity of air is not alone sufficient to account for 
the difference. 
Slagwool has a 


tive temperature coefficient. This 
is a very excellent c 


racteristic for a heat insulator to 
be used at high temperature, and, as shown by Fig. 2, it 
is superior to air at temperature of boiler insulations. 
At low temperatures it is inferior to cork, though better 
than charcoal. Why slagwool should not follow the same 
law as the others is not at once evident, but silica isa 
peculiar substance, with many metallic ties, and 
the thermal conductivity of most pure metals decreases 
with rise of temperature. 

For the insulation of rooms in which the external con- 
ditions may oc! from zero Cent. to 24 deg. Cent. 
(32 to 75 deg. Fahr.), baked cork is the best insulator of 
all those which can be profitably employed, and it has 
the advantage of economy of space and of remaining in 
the same condition for an indefinite time. Relative costs 
are not here considered. = ? 

These measurements bring out clearly two points which 
are of the first importance in heat insulation :—(1) In 
order to find with any accuracy the insulating properties 
of a material to be em ae in the insulation of refrige- 
rating-rooms, and of boilers, it is necessary that the 
measurements should be made at a range of temperature 
agreeing as nearly as possible with those at which the 
room is to be worked. (2) In the choice of material the 
variation of its thermal conductivity with temperature 
should be known if the external temperatures are to 
change, as they do, for example, on board ship. ‘ 

The subject is of engineering importance, and there is 

robably less reliable information on the thermal con- 
uctivity of r conductors at low temperatures than 
upon any engineering subject of equally wide application. 


P 





The present work was begun as a test of the first method 
which ap to be capable of high accuracy, and was 
suggested by the use of the woven-wire resistances now 
in common use. It would be ible to use a flat hollow 
space filled with brine as a sink of heat in such a method, 
but the conditions would be difficult to control. 

5. The Specific Heat of Heat-Insulators in Bulk.—At 
the start of the ice-melting trials, before the ice was put 
in, the box was at the same temperature inside and out. 
After the first enclosure of ice, the inside temperature 
fell rapidly, and the rate of melting of the ice also fell to 
a steady state. The quantity of heat corresponding to 
the mean height of the curve of Fig. 1, in the first few 
days, above the steady value is all taken from the insula- 
tion in cooling it to the steady state, and is therefore 
available for the calculation of its specific heat. 

The mean drop of temperature is half of the maximum 
fall inside the box, since the outside remains at the 
same temperature throughout. The final temperatures 
are: for cork, 4.5 deg. Cent. ; for slagwool, 5.57 deg. ; and 
for charcoal, 6.0 deg. inside. Outside the temperature 
was nearly constant at 15.2 deg. Cent. The volume V of 
active insulation was in each case 640,000 cub. cm. The 
mean density p of the cork was 0.224, of the slagwool 
0.40, and of the charcoal 0.30. Thus, since 


Q = V,S8 (4, — 0;), 


the following values are found for the specific heat 8, Q 
being corrected for evaporation :— 








may , Specific 
. Q in Smal in Kilo. @ - 6 Heat. 
Material. Calories. grams. 2 

C.G.8. 
Cork .. --| 1.16 x 108 143 6.3 0.153 
Slagwool ..| 1.45 x 105 256 4.8 0.118 
Charcoal -| 1.70 x 108 192 4.6 0.192 


These values are small because of the relatively large 

proportion of included air. 

© lower the specific heat the quicker the tem ture 
of the insulation rises or falls. insulation of a 
refrigerating room should have « high specific heat, so 
as to prevent too sudden a variation of load on the 
cooling machinery when the external temperature rises. 
The thermal capacity of the insulation is, in fact, the 
heat fly-wheel of the system. 

6. The Most Economical Thickness of Insulation.—The 
product of the thickness of insulation ¢ and the heat Q 
passing through it in a given time is nearly constant ; 
write Q¢= CO. Ina steady state the cost of cooling the 

proportional to the heat to be absorbed, together 


room 18 
with the standing charges. Let the cost be £H per year, 
when H= A+“, in which A is the standing charge. 


The cost of the insulation is directly proportional to its 
thickness, and there is a term corresponding to the cost 





of erection, which is nearly constant. We may then 
write the cost of £LI= B+mt. The total cost per year 
of maintaining the room cooled is therefore :— 


P=A+"°spB+pms, 


where p is the interest and my ae on the insula- 
tion. most economical thickness is when d P/d t = 0. 
That is when 


pm=** 4 = r/e or pmt=*°, 
a m t 


This can be shown graphically as in Fig. 3. E is the 
intersection of the lines pmt and kc/t, and DN is the 
correct thickness to be used. 

This determines at once both the thickness of insula- 
tion to be used and the size of machine to deal with the 
heat leaking through the walls, for the height E L gives 
the heat-units to be absorbed per year. 

BF eo is ——— to — = Jones -_ >» 
of Middlegbro, for kindly supplying the ‘ool ; an 
to Messrs. Newalls Insulation Company, of Newcastle- 
on-Tyne, for the ‘‘ Nonpareil” eork slabs used in the 
tests, and the construction of the cooling-boxes for the 
second method. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade. Journal. Further information on the subjects 
dealt with can be obtained from the Commercial Intelli- 

Branch, Board of Trade, 73, Basinghall-street, 

oe Hy E.C. 
New Zealand : The Borough Council of Masterton pro- 
to take a poll of the ratepayers for the raising of a 
_ of 29,000/. for drainage and sewe' works. A 
number of cheese and butter factories in the Wairarapa 
district intend next season to instal plants for the manu- 
facture of whey butter. Names and addresses of dairy, 
butter and cheese factories in the district mentioned may 
be obtained by United Kingdom manufacturers of dairy 
lant = application to the Commercial Intelligence 

ranch. 

Ecuador: The Registro Oficial, Quito, of July 4 an- 
nounces that a contract has been entered into between 
the Ecuadorian Government and Sejior Don Pablo 
Gonzembach for the extension of the mole at Manta, 
and the construction of an extension of the railway from 
Manta to Santa Ana. The length of the new portion of 
the mole is to be 200 metres. The new portion of the 
railway is to extend from the 66th kilometre of the exist- 
ing line between Manta and Santa Ana, as far as the 
town of Pajan, passing through Jipijapa. The Registro 
of July 9 announces that 2 contract has been ew by 
the Municipal Council of Babahoyo to Mr. Alfred 
Maurry for the construction of the Los Rios Railway. 
Copies of the Registro containing the conditions of these 
contracts may be seen by United Kingdom manufacturers 
and contractors at the Commercial Intelligence Branch. 

‘olombia : The Diario Oficial, Bogota, of June 23 pub- 
lishes the text of a contract entered into between the 
Colombian Government and Messrs. S. Pearson and Son, 
Limited, for the drawing up of plans for the improve- 
ment and sanitation of Cartagena. The works at present 
contemplated include the construction of an approach 
cbannel to the port, the construction and dredging of an 
inner harbour, the erection of a sanitary station and 
administration buildings, the laying of a sewerage 
system, and the electric lighting of the town. The com- 
pany und es to present the necessary plans and 
specifications to the Government within a period of one 
year from June 23 last. 7 

France: The Journal Officiel, Paris, of August 25 pub- 
lishes a decree granting to Messrs. Giros and Loucheur, 
69, Rue de Miromesnil, Paris, concessions for the con- 
struction and working of a system of electric and steam 
railways in the De ents of Tarn and Haute-Garonne. 
The total length of the line will be 164 km. (about 102 
miles), and the estimated cost 10,461,000 francs (418, 4407. ). 
The Journal containing the text of the concession (in 
French), together with the as of the lines to 
be constructed, may be seen by United Kingdom manu- 
facturers and contractors at the Commercial Intelligence 
Branch. The Journal of August 26 publishes a decree 
authorising the Havre Chamber of Commerce to negotiate 
a loan of 625,000 francs (25,000/.) with a view to the 
acquisition of two grain-elevators. 

Spain: The Gaceta de Madrid of August 28 notifies that 
the municipal authorities of Salamanca invite tenders, 
up to a period of sixty days from that date, for the supply 
and distribution of electric power for the lighting of the 
town. The same issue of the Gaceta notifies that tenders 
will be received by the Municipality of Barcelona, up to 
11 a.m. on October 9, for the carrying out of street-pavi 
works in that city at a total estimated cost of 699, 
pesetas (about 25,550/.). The Gaceta containing the con- 
ditions of tender and particulars caprdng 5 © sand, 

seen by 


cement, paving-stone, &c., required may 
United Kingdom contractors at the Commercial Intelli- 
gence B The foregoing contracts will doubtless be 


awarded to Spanish firms, but the carrying out of the 
works may involve the purchase of materials outside 
Spain. The Gaceta of A t 29 announces that tenders 
will be opened at noon on tember 26 at the Direccion 
General de Obras Puiblicas, Ministerio de Fomento, 
Madnd, for the carrying out of the first part of the 
harbour works scheme at Vi ia (see page 671 of the 
Board of Trade Juurnal of June 18 last I 
cost of 1,587,760 pesetas (about 58, 800/.). he time allowed 
for the completion of the contract is twelve years. A 
preliminary deposit of 15,878 pesetas (about 588/.) is 


at an estimated 








required to qualify any tender. The conditions of con- 
tract contain clauses to the effect that at the first compe- 
tition materials to be used will be confined, with certain 
——-. to products of Spanish manufacture, but that 
in the event of — on being arrived at, a second 
competition, in which foreign products may be accepted, 
will then take place. In the latter evens Spanish pro- 
ducts will have a 10 per cent. margin of preference over 
foreign. The Gaceta containing the conditions of con- 
tract may be seen by United Kingdom contractors at the 
Com othe eee Branch. 

'ypt: The tian Jowrnal Officiel of A it 19 
notifies that tenders are invited by the Egyptian Ministry 
of the Interior for the installation of a Seldus-ente 
system at Mattaria-Manzala. Copies of the plans, 
cahier des charges, &c., may be obtained, on payment of 
250 piastres (2/. 11s.), from the Section des Municipalités 
et Commissions les, Ministére de |’Intérieur, Cairo, 
by whom also tenders will be received ata date which 
will be announced later. The original date for the 
receipt of tenders was October 10, but it has now been 
—- A provisional deposit equal to 2 cent., 
or & bank guarantee of 10 per cent, of the value of the 
offer must accompany each tender. al domicile in 

t is necessary for the contractor. For conditions 
under which temporary legal domicile may be obtained 
by British firms at the British Consulate at Cairo, see 
page 176 of the Board of Trade Journal of January 26, 
1911, and page 176 of the issue of April 25, 1912. 








Essgn.—On March 1 the population of Essen, the 
town containing the Krupp Steel Works, was 323,259, an 
increase of 172 per cent. over the figures for 1900. In 
the period 1900-10 the death rate decreased from 25.85 to 
12.35 per 1000. 





_OuR Locomotive Exrorts.—The exports of locomo- 
tives from the United Kingdom experienced a check in 
en which, in consequence of the war, was a set- 
back month for a good many national industries. The 
value of the engines shipped from the United Kingdom 
during the month was 210,260/., as compared with 
301,100/. in August, 1913, and 115,375/. in August, 1912. 
Depression in Argentina has greatly reduced the demand 
for our locomotives in that quarter, and engines to the 
value of only 9092/. were shipped in August, as com- 
pared with 90,0317. and 23,9911. There was a good 
demand for British locomotives in Australia in August, 
but the value of the engines despatched to British Todia 
during the month declined to 49,765/., as compared with 
99,606/. in August, 1913. The aggregate value of the 
locomotives exported to August 31, this year, was 
2,641.584/., as compared with 1,788,2111. in the first eight 
months of 1913, and 1,325,309. in the first eight months 
of 1912. Argentina took British locomotives to August 31, 
this year, to the value of 596,565/., as compared with 
439, 2997. and 306,854/. The Colonial demand moved on 
as follows in the first eight months of each of the last 
three years :— 


Colonial Group. 1914. 1913. 1912. 
£ £ £ 

British South Africa. . 51,278 74,194 146,969 

British India .. - 1,108,322 653,411 252,751 

Australia 400, 236,882 222,229 


It will be observed that South Africa has shown some 
weakness, but that a compensation has been more than 
found in a substantially increased demand for British 
locomotives for India and Australia. It is to fea: 

that the last four months of 1914 will] be a troubled period 
in our export locomotive history, but it appears probable 
that the complete year will exhibit favourable results. 





GERMAN AND AUSTRIAN COMPETITION IN THE PRINT- 
ING-MacHINERY TRADES.—Among the valuable series of 
White Papers now being issued by the Commercial 
Intelligence Branch of the rd of Trade is one dealing 
with the German and Austro-Hungarian exports of 
printing and lithographic machinery. This is a trade in 
which Germany in particular has established an impor- 
tant position, her total exports during 1912 being valued 
at 1,042,2507. It is not ible to give any correspond- 
ing figure for the United Kingdom, since such machinery 
is not separately distinguished in our trade returns. The 
total exports of Austria-Hungary in 1913 were valued at 
16,4401. Of the German exports in 1912, machinery to 
the value of 59,3007. was sent to the United Kingdom, of 
156,750/. to Russia, of 61.6007. to France, 59,650/. to Italy, 
57,7001. to Brazil, 51,9507. to Scandinavia, 41,050/. to 
Spain, and 36,000. to Argentina. These countries should 
atom possible fields for exploitation by British manu- 
facturers at the present time. German competition in 
machinery of this class is met in our colonies, but the 
imports of Germany are, in a. considerably below 
those of the United States. achines for printing, type- 
settimg, type-casting, and machinery for ruling, folding, 
binding, embossing and creasing paper were su 
from the United States to Canada in 1912-13 to the value 
of 1,435,633 dols. The figure for Germany was little over 
1 per cent. of this, and that for the United Kingdom 
between 5 and 6 per cent. In South Africa our position 
is better, our im s being of a value of 33,668/. in 1913, 
as com with 5035/. for Germany and 6547/. for the 
Uni States. In Australia, of a total figure for all 
countries of 182,070/. in 1912, the United Kingdom sup- 
plied 43 per cent., as compared with 61 per cent. two 

ears earlier. Our loss was mainly o to competition 

m the United States and Germany. uch the same 
state of affairs exists in New Zealand. It is clear that 


in any new trade available in these countries, owing to 
the inability of Germany to export material, the United 





States is likely to be an important competitor, but it should 
be possible to obtain some of the trade for this country. 
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BENDING STRESSES IN HOOKS AND 
OTHER CURVED PIECES. 
By ArtHuR Mor ey. 
(Concluded from page 322.) 

8. Experimental Tests of the Formule.—Several 
series of experiments have been made to test the 
formule, these consisting of measurements of the 
opening of a hook or jaw under the influence of 
gradually increasing measured loads. The devia- 
tion of the strain, from proportionality to the load, 
is taken to indicate that the material at the intra- 
dos has reached the stress at the proportional limit, 
or at the yield-point, as separately determined by 
a tensile test of the same material. (As the stresses 
are direct, with no transverse shear, no question 
arises here as to the rival theories of the criterion 
of elastic failure.) If the proportional limit and 
the yield-point differ sensibly in the tensile test, 
the writer is of opinion that in all published experi- 
ments the deviation from proportionality in the 
hook tests should be taken to correspond to the 
yield-point of the tension test. For in the bending 
of even a straight bar, the very marked tensile 
yield-point of a very mild steel is so masked by 
unequal distribution of the stress that the decli- 
nation from proportionality is very gradual, and 
consequently an earlier slight deviation from _pro- 
portionality at the tension edge of a section is, in 
its effect on the general bending strain, inappre- 
ciable by ordinary measuring instruments. is 


30,000 Ib. per sq. in., but the stress at the yield- 
point was about 31,000 lb. per sq. in. The average 
values of T (corrected), viz., 32,900, or of T’, viz., 
32,100, in ble II., is over 31,000, as is to be 
expected in accordance with the remarks in the 
preceding section on Tests of Formule. 

Having regard to the difficulty in detecting the 
slight declination from proportionality, these teste 
may be taken as very satisfactory, and (with 
ordinary extensometers) as representing about the 
limit of experimental discrimination of yield-point 
stress. They are insufficiently delicate to test con- 
clusively the Andrews-Pearson formula as against 
Winkler’s, but, so far as they go, they support 
Winkler’s formula as being the more correct. e 
same is true of Mr. Andrews’s experiment on a 
coupling-hook. The calculated stress at the limit 
of proportionality in the hook test is given as 
23,000 Ib. per sq. in. (If this may be corrected by 
the similar, but not identical, type of section, in 
Fig. 4 (page 321 ante), it would about 23,800.) 


With the extreme curvature of z = 0.65, 


Winkler’s result is about 9 per cent. lower, which 


Tr 
t 








applies in a still greater degree to the bending of a 


Fig.2. 





~ 


wher U-R.in formulae (2)and (9). 


~ 


Values of $ 


” hens of rv (~¥%¥). 


curved hook across the section of which the distri- 
bution of bending stress is still more unequal, and 
also when the section is of a rounded form, so that 
only a very small fraction of the section is at first 
affected by an increased rate of straining. 


(3779.1) 


The attempt is being made to measure stress | Good 


intensity optically, but so far as the writer is aware, 
the wahel is not yet capable of giving greater 
accuracy in the case of a hook than is obtainable 
by extensometer methods. 

9. Correction of Published Results.—In view of 
the serious errors involved, it is desirable to correct 
previously-published experimental confirmations or 
otherwise of the hook formulz. 

(a) Experiments of Mr. Andrews.—The memoir 
previously referred to, in its first two sections, 
points out a defect in Winkler’s formula, and pro- 
ceeds to develop a corrected analysis; but it is 
perhaps remarkable that in the deductions from 
the experiments no comparison is made with 
Winkler’s results, but only with the more obviously 


unsuitable beam formula (1). Table II. gives the’ 


Taste Il.—Andrews’s Rectangular Section Hook Tests. 














Taken or Deduced from the | Corrected Winkler’s 

Andrews-Pearson Memoir. | Values. | Values. 
| atnatlniprinntinnenacanabeisinia 

‘Stress T) 

Test ¥¢ = (. é) sete fae 
No. R ff a/\*Elastic f ‘‘Elastic| ff | ‘* Elastic 
Limit.” | Limit.” | Limit.” 
Ib. per Ib. per | lb. per 
8q. in. 8q. in. } . in. 
2 034 1.16 29,200 1.81 33,000 | 1.27 | ‘35,800 
3 0.368 1.16 30,600 1.34 35,200 | 1.80 | 34,200 
4 0.20 1,093 28,500 1.165) 30,400 | 1.145| 29,900 








published and the corrected results, and the results 
as calculated by Winkler’s formula (2). The average 
‘elastic limit” as given for the tensile teste, which 
's the limit of proportionality of strain to stress, is 








fsr19.x}) 


brings it into very close agreement with the tensile 
limit, given as 21,000 lb. per sq. in. 

(b) Professor Goodman’s Experiments.—In work- 
ing out the results of six crane-hook tests (second 
set) in the paper previously referred to, Professor 

man, using the graphical method of Andrews 
and Pearson, obtained results which are shown 
plotted in Fig. 9. It is evident that these are 
not in agreement with the curve for Fig. 3 (page 
321 ante); an inspection of Fig. 5 (page 322 
ante) shows how comparatively little the results 


and it is probable that for sections so similar as 
those of different crane-hooks the differences are 
quite insignificant ; in any case the points shown for 
a series of similar hooks are inconsistent one with 
another by some 10 per cent., and this shows the 
unreliability of the Andrews - Pearson graphical 
method even in capable hands. 

(c) Experiments by Professor Walter Rauten- 
strauch.—The values of T and f for loads at the 
limit of proportionality of strain to load for a series 
of crane-hooks of similar section were worked out 
graphically by Professor Rautenstrauch.* The ratio 
of t to f for such a series is, of course, independent 
of the load, but must vary continuously with the 


function n or The values of the ratio are shown 


plotted in Fig. 10 in comparison with the curves for 
the section shown in Fig. 3, and for a re ey 
section, which are the outside limits of Table I. 
and Fig. 5. It is obvious from Fig. 5 that the 
values shown in Fig. 10 are not only incorrect by 
large amounts as compared with the curves, but 
are in similar extreme disagreement among them- 
selves. Also the values given for y, and y, in the 
paper are quite impossible in their relations one to 








of Crane-Hooks,” 
October 30, 1909. 


* “An Investigation of S 
American Machinist, No. 40, Vol. 


in this form differ for quite different sections, | p, 


another ; in several cases they are such as would 
necessitate a value of y, less than unity, which is. 
impossible. The extraordinary fact about these 
results is that in spite of this disagreement by such 
large amounts, these values of T were found to be 
in very close agreement with the unit stresses at 
the limit of proportionality for the simple tension 
tests of the material, although these unit stresses 
varied for cast steel in different hooks between the 
remarkable limits of 28,500 lb. to 62,750 lb. per 
sq.in. Fig. 10 shows clearly what extraordinary 
results may be obtained by graphical constructions. 
(d) Experiments of Professor Lewis Jenkin.*— 
In the published accounts of these experiments 
on cast-iron punch-frames, the values of R, the 
radius of curvature of the centroid axis of the 
cross-sections at the principal section, and of n, are 
not given in sufficient detail to allow the writer to 
the consistency of the values of the ratio 


Several of the frames had an unsymmetrical 


I-section with the intrados on the thicker and 
wider flange; the values of n are high, and as given 


in the paper the values of 7 are very high. Even 


the values of and 


T-1 


7 would be still higher. 


difficult to reconcile with those in the first line of 
Table I. 

10. Empirical Results.—Use may be made of the 
foregoing results to find the maximum tensile unit 
stresses in a curved piece of any given type of 
section by means of an approximate empirical 
straight-line formula. The designer may easily 
construct his own formula from graphs of Table 1. 
or use a graph directly. In the former case the 
errors involved may over a given range of n be 
made a minimum positive or negative amount, or 
~~ be made always positive for safety. 

tcamples : Orane-Hook.—n = from 0.4 to 0.5. 

Maximum tensile unit stress by Andrews-Pearson 

formula :— 


_Ww wel 
T= {1+ % (0.56+25n)} . 


. are 1.95 in some cases, 


These figures seem 


(4) 


And for the maximum bending stress only, result- 
ing from a bending moment M, say, this would be:— 


(6) 


I (0.56 + 2.5m) . 
If 1 = R, we may alternatively write from Fig. 9, 
maximum unit tension :— 


W.u. 
I 


T= f (0.695 + 1.85n) = R (6,695 +1.85n). (6) 


The maximum tensile unit stress by the Winkler 
formula is approximately :— 
> a Ww ue os 
T = * {1+ ji (0-78 + 1.98) } . (4a) 
or the maximum intensity of bending stress is 
(0.73 +1.9n) times that given by the ordinary 
rule for straight beams. 

If the unit stress T’ by the Winkler formula 
(2) has been determined, that (T) by the Andrews- 
earson formula is required, we may, with very 
slight error, write for a hook of any cross-section :— 

T=T' (1 + 0.15n) (7) 

For crane - hooks of ordinary proportions the 

excess is approximately 6 per cent., or 
T = 1.06T’ - + & 

For intrados bending stresses only, over a con- 
siderable range of curvature, the approximate 
factor for converting Winkler’s values to those of 
the Andrews-Pearson formula, may be taken as :— 

1+0.15n. (9) 


as may be seen from the column ja I in Table I. 


11. Conclusions.—(1) There is no experimental 
evidence to show that calculations by the Andrews- 
Pearson formula give more reliable values than 
those obtained by the simpler Winkler formula. 

(2) That the use of either of these formule is, for 
most practical sections, attended by great risk of 
error, ——e that of Andrews and Pearson. 

(3) That nearly all published results on the sub- 
wr? thet for? in -—- 

4 at for practical purposes the results 
either formula may be obtained from the vot 


* “The Strength of Punch and Riveter. Frames made 
of Cast Iron.” J of the American Society of 








Mechanical Engineers, May, 1910. 
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formula for straight beams by empirical correc- 
tions, data for which are given above. 

The writer takes this opportunity of thanking 
his former student, Mr. H. Lawson, B.Sc., for his 
careful, accurate drawings in connection with the 
graphical calculations, which extend much beyond 
the samples given in this article. 





APPENDIX. 
Determination of +, 7; and 73. 
Rectangle, breadth b, depth d (in the plane of 
bending). 
_R 2R+d 
71 = 4 oR-a (10) 


mR f 2R _2R 


1 
se ( (sa) "-(se ea)” (11) 
m—1 m—1 
ween (PE) (YJ 


Triangle, base b (at intrados), depth h (in the 
plane of bending). 





_2Rf2h+3R 3R+2h_ 
1s 1i- as aes 1} (13) 
1 1 
_2m R 3R \a_( 3R \=) 
n=5 aL 4 + 3B (sa P -(saeae) 


m—1 ™ 


1 -1 
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3R+2h == 
3R 


1 2m—1 


}* j-- a {(R+%h) ™ 
R ™ (2m-1) 


2m—-1 


4% 2m R 


3R+ 2h (( 
3 hé 


m~t \ 


xa 


-(R-4h)™ } | (15) 
Circle, radius r. 
R \2 vir? 
= , \ 
y a(BY (1-/1-(7)} (16) 
An =|" (e vy) ™ aye 
; m+1 
2a f (i+ yin 6) ™ oot6d@ . (17) 
Hence : 
_ 1 — (m+ 1) (2m + 1) r\2 
aes m? x 2! i ( z ) 
, (m + 1) (2m + 1)(3m + 1) (4m + 1) 
m* x 4! 
xaxa( fp) + be (18) 
a series which converges quickly if is not a 


large fraction. 
n the text m is taken as 4, so that 


5.9 yr \ , 5.9.18.17 8x1/r \ 
-l= : + ‘ 
n #21 (i) 4! eau ez) 
6.9.18.17.291.% 5.3.1/ r \6 
. 4.6! ‘gs o-a(e) +. om 


Successive terms are simply related to the 









* See the writer’s ‘‘ Strength of Materials,” Art. 132. 


previous ones, and tabulating the terms by the aid 
of seven-place logarithms and antilogarithms gives 
values of y, correct to five places of decimals with- 
out the use of many terms of the series. Similarly 


mate he Hi) 
+ 2+ 9fes 0.3 .2(5)+, to = 
or if m = 4, 
w— d= ohn 7(h)* oar aan) 
EBERLE GY ote. a 


the terms of (20) and (21) being those in (18) and 
(20) respectively divided by (2m + 1), (4m + 1), 
(6m + 1), &., which gives the terms easily from 
those tabulated for +;. 

Any Plane Figure. Graphically.— 

= (y? 6 A) _=(y6 A), = (y*. 6 A)_ 

A.R- A. A. R# 

The summations being between 
y = —ye (Fig. 1). 
= (m+) (2m+1) Z(y8A) 


y-1= , &e.* (22) 


+ Ye and 


n m2. 2! A. R? 
_ (m+1)(2m4+1)(3m41) Z(y>. 8A) 
m3. 3! ‘A. R 
4. (m+1) (2m+1) (3m+1) (4m +1), 


(v'.8A)_ 
—_— 


m4.4! 


KK a ae a a a a 





mim See ya? (Eye) 
pe eer (EY 4-2 {(z ya} 
4+ (m+1)(2m+1)Bm+1) (we \ 1 
m*. 4! (&) "A 
> {(< yea} ~ &e. (24) 


the terms being as for y,— 1, but divided respec- 
tively by (2m + 1), (3m + 1), (4m + 1), &., and 
therefore easily derived from the previous terms 
tabulated for (23). It may be noted (e.g., from 
Table I.) as a useful check that, for hooks of 
moderately small curvature, y, — 1 must approach 
—e nag of y, — 1 (if m = 4), or y, approaches 

of y,— 1. 

In the case of the coupling-hook section of Fig. 4 
the derived areas for the portion of the section 
between parallel sides were calculated, and the 
remainders shown in Fig. 12 were obtained graphic- 
ally ; in this doubly symmetrical section only one- 
quarter of the outline need be drawn, and only 
derived areas of even orders are required—viz., 
the 2nd, 4th, 6th, &c. The contribution of the 
rectangle a b, Fig. 12, to the nth derived area is 


ab 


site. ay 


yu 


. | a "dy= 
|" (%) ; 





Fig.72. DERIVED AREAS FOR COUPLING HOOKS. 
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If there are two axes of symmetry, as in Fig. 4 
(or as in the circle above), the terms containing 
summations of y to odd powers—i.e., alternate 
terms—vanish. In a crane-hook section such as 
Fig. 3, on page 321 ante, they remain. 

For conveniently determining graphically the 
summations, such, for example, as 


1 (wd A) 
R‘° A 
for several values of R, i.e., several values of * ; 


for any given section we may write it :— 
Ye 


(u)25(z)4) 


The numerical values of the ratio :— 
y a 
> { (* ) 3A }t0 A 
is easily found by a well-known graphical process 
of reducing the widths of the area A successively 
four times in the ratio y to y, and by measuring the 
area A and the fourth ‘‘derived” area. For a 
series the successive derived areas may conveniently 
be mapped out by the use of a pair of proportional 


dividers. Any errors introduced in the successive 
modification of the areas need not seriously affect the 


value of y — lor y, — 1, &c., as the fraction (*) 


to successive integral powers gives small coefficients 
and a quickly convergent series results. 

The successive derived areas for the special crane- 
hook section, Fig. 3, page 321 ante, are shown in 
Fig. 11, above. They were drawn out four times 
full size, to minimise errors. 

The determination of y, easily follows for :— 


” “ Strength of Materials,” Art. 131, 





Centrotd of 
Coupling Hook Section. 








[Z 




















which, if n is even, is 
n-1l/([m \ 
n+1 (% ) 
times the previous derived area of even order— 
viz., the (n — 2)th. 


For a curvature, say, a = 4, the series (22) and 


(23) are sufficiently convergent for the 11th term 
to vanish to the fifth decimal place. Actually (as 
shown in Fig. 12) only six derived areas are re- 
quired, for after this point in the series the terms 
have attained a nearly constant ratio, and the last 
four may be found from this approximate ratio with 
sufficient accuracy to give the sum reliably to four 
decimal places. 





THE MANHATTAN BRIDGE, NEW 
YORK. 


By Frank W. Sxrnner, Member of the American 
Society of Civil Engineers. 

Manuattan Istanp, on which was built the 
original city of New York, now Manhattan Borough 
of Greater New York, is approached by six single- 
track tunnel tubes under the North River, six 
under the East River, one double-track tunnel 
under the Harlem River, by several moderate- 
span draw-bridges over the Harlem River, and by 
the Brooklyn, Williamsburg, Queensborough, and 
Manhattan long-span bridges over the East River. 
The last four structures have, excepting the Forth 
Bridge, the longest and heaviest spans in the world, 
and represent advanced construction and the 
heaviest work for cantilever and suspension 
bridges. The Brooklyn Suspension Bridge, com- 
pleted about thirty years ago, has a 15954-ft. span, 
carries two railroad tracks, two roadways, each 
with one trolley-track, and one 154-ft. promenade, 
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and will soon be rebuilt to accommodate more and 
heavier trains. The Williamsburg Bridge, com- 
pleted in 1903, has a 1600-ft. span, and carries six 
tracks, two roadways, and two promenades, and 
was described in ENGtnEeRtn@G, vol. lxxx., page 541 
et seq. The Blackwells Island Bridge has canti- 
lever channel-spans of 1182 ft. and of 984 ft., 
carries six railroad tracks, two roadways, and two 
promenades, and was completed in 1909, and de- 
scribed in ENGINEERING, vol. lxxxviii, page 237 
et se 

The Manhattan Suspension Bridge, between the 
Brooklyn and Williamsburg Bridges, has a 1470-ft. 






Fig.4. 


MANHATTAN 





system, originally designed as a wire cable structure, 
was changed to one with eye-bar cables and finally 
restored to the wire cable system. Great pains 
have been taken to secure harmonious proportions, 
pleasing outlines and artistic effect, and the struc- 
ture has been modified by architectural treatment, 
especially of the sub-structure, to secure a graceful 
and monumental appearance, which is attained 
chiefly through massive proportions and graceful 
lines of the masonry, and by the accentuation of 
the main elements of the steel-work. A good 
general view of the bridge in its nearly completed 
condition is represented in Fig. 4, Plate XX VIII.; 
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& PLAN OF UPPER DECK. 
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long, parallel to the bridge axis, at the bottom of 
the footing, which, in Manhattan, is 20 ft. below 
the surface of the ground, and about 142 ft. below 
the main top of the pier, at roadway level. Above 
this there rise four secondary piers for the 
support of the main cables, nearly 24 ft. higher. 
The river faces of the piers are battered nearly 
1 : 2, and the other faces are nearly vertical. The 
piers have pile foundations, immediately above which 
the concrete footings are reinforced, under the arch- 
way, where cyclopean stone is omitted, by 145 
reinforcing-bars (see Fig. 8) of 1.56 sq. in. section. 
The total weight of the pier is 463,906,000 lb., 
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span, carries eight lines of railroad tracks, two 
promenades, and one 35-ft. roadway. Plans for 
the Manhattan Bridge were authorised in 1898, 
and its total cost will be about 25,000,000 dols. 
It is 6855 ft. long over all, including 2505 ft. of 
steel approach - viaducts. and is 2920 ft. long 
between anchorages. The general arrangement 
of the main span is well shown in Figs. 1 and 2, 
annexed. The suspended spans are 725 ft., 
1470 ft., and 725 ft. long respectively. They 
have a maximum clearance of 135 ft. above mean 
high water, and are 120 ft. wide over all. 
They have four lines of stiffening trusses, 24 ft. 
deep, suspended from cables 21} in. in diameter 
and about 3223 ft. long, supported on steel towers 
at a height of about 315 ft. above mean high water. 
The suspended superstructure is built of medium 
open-hearth steel and nickel steel, and is propor- 
tioned for regular and congested loads of 8000 lb. 
and 16.000 1b. per linear foot respectively. The 
viaducts are built of medium open-hearth steel, 
‘ad are proportioned for a regular working load of 
18,800 lb. per linear foot. As shown in the cross- 
section of the bridge, Fig. 3, the eight railway 
tracks are arranged on two different levels. 

The construction of the Manhattan Bridge, like 
that of the Queensborough Bridge, has p 
through several municipal administrations, which 
have divided responsibilities, delayed the work, and 
increased the cost. The dimensions and type of 
structure have been radically modified, hm 7 the 








while Fig. 5, on the same plate, reproduced from 
a photograph taken along the central roadway, is 
also of much interest. 


Main Piers. 


Anchorage Piers.—The anchorage piers serve 
both as enormous counterweights to secure the 
ends of the cables, and to carry the tracks and road- 
way, and are great rectangular masses of cyclopean 
concrete masonry faced with cut granite. eir 
construction is shown in detail in Figs. 6 and 7, 
Plate XXIX., and Figs. 8 to 12, page 380. Figs. 
11 and 12 give a good idea of their architectural 
features. Their imposing bulk is relieved by panels, 
arches, and heavy top and bottom moulded courses, 
and each is pierced transverse to the bridge axis 
by a full centred arch opening of 46 ft. span, through 
which a city street passes. The arch ring is of 
concrete, varies from about 5 ft. in radial thick- 
ness at the crown to 15 ft. at the skewback, and is 
reinforced by steel bars near the inner and outer 
surfaces. e intrados is faced with cut stone 
toothed into the concrete. Above the arch there 
are a number of large hollow spaces, which greatly 
reduce the volume of masonry and afford large 
rooms and halls available for public pu » 





storage, &c. Interior walls bond the different 
portions of masonry together, and support the | 
steel girders which carry the bridge floors overhead. | 
The anchorages are about 2890 ft. apart, in the | 
clear, at the top, and are 182 ft. wide and 237 ft. 


which imposes a unit pressure of 6.9 tons per 


| sq. ft. on the earth and piles, and resists a maxi- 


mum assumed up-lift of 40,000,000 lb. Each cable 
rests on a cast-steel anchorage shoe, on the shore 
side of which the strands are separated, and pin- 
connected to an eye-bar chain (shown in Fig. 7, 
Plate X XIX.) about 140 ft. long, inclined about 
45 deg., and lying in the vertical plane of the cable. 
In each of these anchor-chains there are 144 ‘‘ two- 
strand” chains, as illustrated in Fig. 13, Plate 
XXX., and eight ‘‘one-strand” chains, as repre- 
sented in Fig. 14, Plate XXX. Each anchor-chain is 
proportioned for a maximum stress of 15,000,000 Ib., 
and anchors the cable to the plate-girder reaction 
platform at right angles to it, built into the solid 
masonry acroes the lower rear side of the pier. Each 
cable-strand is anchored by two or three lines of 
9-in. by 1;4-in. eye-bars(see Figs. 15 to 18), arranged 
in eight one-strand set and 144 two-strand sets. 
The upper ends of the anchor eye-bar chains 
are shown in Figs. 19 to 22, which show plans 
and end views of the arrangement. They are 
connected by. 7-in. pins, just long enough to 
engage the four bars of a set, but the sets are 
arranged in groups of four and eight, connected by 
2-in. Bolts passing through the bored axes of the 
pins, and securing them together at the same 
time that they are flexible enough to bend and con- 
form without injury to the horizontally curved 
alignment. The distance-pieces between the links 
are shown in Figs. 23 and 24. The lower ends of 
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the sets have 8-in. ow connections to the webs of 

irs of reaction plate-girders, of which there are 
be in all. These are 4 ft. deep and 25 ft. long, and 
are illustrated in Figs. 15 to 18, Plate XXX. 

Just below the main anchor chains there are, 
as will be seen on reference to Fig. 6, Plate XXIX., 
similar, but very much smaller, chains, which, 
although permanently enclosed in the masonry, 
were only temporarily used to secure the cables 
supporting the erection-platform, from which the 
main mend — constructed. These eye-bars 

nsverse ers bearing on sets of 
four forizontal reaction I-beams, 13 ft. long, shown 
in Figs. 33 to 36, Plate XXX. 

Near the front of the abutment (see Fig. 7) 
are the anchorages designed to take the posi- 
tive and negative reactions from the stiffening 
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trusses. These are illustrated in Figs. 27 to 31, 
Plate XXX. These anchorages have been made with 
riveted vertical posts, pin-connected to spread eye- 
bars, engaging pairs of 3-ft. by 18-ft. horizontal 
reaction plate-girders, 22 in. apart (see Figs. 30 
and 31). Wind anchorages are provided on each 
anchorage pier by a triangular panel of horizontal 
web-plate girders (Figs. 32 and 36 to 40), one of them 
transverse to the bridge axis, and the other two 
riveted at their intersection to a connection-plate, 
with a bronze bearing for a large vertical pin receiv- 
ing the wind stresses (see wi ar 36, 38, and 39). 
The es are solidly embed in the masonry, 
to which they are additionally bonded by two hori- 
zontal, longitudinal, open-web riveted struts, 26 ft. 
long, at the extremities of the transverse girder, 
and by two inclined transverse struts (Fig. 32) 








riveted to the centre of the transverse girder, as 
indicated in Fig. 40. The principal quantities 
involved in one anchorage pier are 38,800 yards 
of excavation, 109,000 linear feet of piles, 57,675 
yards of cyclopean concrete, 42,260 of other 
concrete, 14,200 yards of granite, and 2,697,000 
pounds of steel. The cost of each anchorage pier 
was about 1,200,000 dols. 


Pier -ConsTRUCTION. 


The Brookkyn Anchorage Pier.—The site was 
excavated by pick and shovel and an orange-peel 
bucket, and the sides retained by wooden sheet 

iles, which, with the foundation piles, were 
iven by electrically - —— hammers. All 
materials were pcre m boats at the con- 





tractor’s pier, which was eonnected to the site by 
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a 36-in. gauge trestle railroad, carried over the 
intersecting street and around three sides of the 
pier, and commanded by derricks. 

Broken stone and sand were unloaded from 
barges by a travelling derrick operating a clam- 
shell bucket, which emptied into a movable hopper 
with a shaking device regulating its continuous 
discharge to a belt conveyor. The belt delivered 
to a bucket-elevator, by which the materials were 
raised to two hopper-bottom storage-bins of 180 
cubic yards capacity, 80 ft. above water-level. 
Cement was delivered adjacent to the bins by a 
derrick, and with the sand and stone was charged 
to a gravity concrete-mixing machine, with a capa- 
city of 600 cubic yards in ten hours. 

The concrete, in 2-yard bottom-dump steel 
buckets, was taken on small, flat cars on the 36-in. 
track to the pier, where it was handled by two 
travellers, each having a 28-ft. by 50-ft. rolling 
timber platform with a 60-ft. 10-ton derrick boom 
at each corner. The travellers were at first installed, 
at grade, on falsework. After the masonry was 
built up 10 ft. above the traveller track on one- 
half of the pier, the traveller was jacked up on 
cribwork to the top and built 10 ft. more, and so 
on for both travellers. Each traveller and equip- 
ment weighed about 800 tons and was out of service 
three days each time it was raised. The concrete 
was laid at the rate of from 100 to 400 cubic yards 
in eight hours by an average force of about 100 men. 
All the contractors’ plant and machinery were ope- 
rated by motors with a 220-volt electric current. The 
great arch was built on 53-in. by 7-in. lagging on 
wooden trusses, 45 ft. long, 10 ft. deep, and 5 ft. 
apart oncentres. The timber was assumed to have 
a modulus of elasticity of 1,200,000 lb. and a maxi- 
mum tensile strength of 9000 lb. per square inch 
with the grain. It was proportioned for 1000 lb. 
extreme fibre stress in transverse strain, and 
1200 lb. in compression on end bearing. 

Manhattan Anchorage Pier.—The excavation, 
about 22 ft. deep, was made by pick and shovel 
and by 14-yard orange-peel and clam-shell buckets 
operated by five derricks with 16-ton 90-ft. booms, 
installed on towers outside the pit and located to 
command its entire area. The spoil was delivered 
at a maximum rate of 800 cubic yards in ten hours, 
to 24-yard side-dump cars running on a double- 
track, standard gauge trestle vient enclosing 
three sides of the pier and extending about 1000 ft. 
parallel with the bridge axis to and across the top 
of the tower pier, where the spoil was delivered to 
dump-scows. The wooden trestle had a maximum 
height of 35 ft. and crossed the street on lattice- 
girder steel spans. Much of the space under it 
was utilised for storage-bins for coal, broken stone, 
sand and concrete dumped through the trestle. 
The tracks were graded 3 per cent. Both ways from 
a summit at the river end of the pier, and the cars 
were operated in trains of three by a steel cable for 
each track which pulled them in each direction to 
the summit, the trips down grade being made by 
gravity. The pit was enclosed by splined 12-in. 
sheet piles driven by a steam-hammer and water 
jet, and the foundation piles were driven by steam- 
hammers and by 3500-lb. drop-hammers in 45-ft. 
leads. The excavation, although 12 ft. below water- 
level, was easily kept dry by an 8-in. centrifugal 
pump which delivered a maximum amount of 2500 
gallons per minute. 

Coal, broken stone, and sand were delivered by 
barges and unloaded by a 14-yard clam-shell bucket 
operated by the 60-ft. boom of a derrick installed 
on the tower pier. The bucket dumped into a 
hopper delivering to a conveyor belt 24 in. wide 
and 1000 ft. long on centres, said to be the longest 
ever installed, which was carried on the trestle 
under the tracks to the anchorage pier and served 
the storage-bins. Coal was delivered at the rate 
of 30 tons per hour, and cement in bags was also 
sometimes delivered by the belt -conveyor, but 
more often by cars on the trestle track at the rate 
of 350 bags per hour to the 18,000-bag storage- 
house near the mixing plant. 

The stone and sand- bins, of 700 and 525 
yards capacity respectively, discharged through 
bottom gates into 60-cub.-ft. steel measuring dump- 
cars running on surface tracks which delivered their 
contents to a charging-car of 94 cub. ft. capacity, 
hauled up an incline by a hoisting-engine and 
steel cable, and dumping automatically into the 
hopper of a cubical 3-yard concrete-mixer revolved 
10 to 15 times for each batch. The concrete- 
mixer was operated continuously and supplied about 
50 yards per hour to 63-ft. bottom-dump steel 





buckets which were delivered by narrow-gauge cars 
running on elevated service tracks to derricks com- 
manding the whole pier, and finally placed by 
booms erected on steel towers permanently built 
into the ev All machinery was operated by 
steam provided by the pile-driver boilers and by a 
central battery of four 100-horse-power boilers, 
and distributed through about 1600 ft. of asbestos- 
covered pipe ranging from 24 in. up to 5 in. in 
diameter. The work was done by an average 
force of 100 men, increased to 200 during excava- 
tion. 

The Tower Piers.—The 68-ft. by 136-ft. Brookl 
Pier is about 67 ft. high to the tops of the pedesta 
31.5 ft. above high water, and is made of limestone 
masonry faced with granite. Between the two 
centre pedestals it has a vertical well covered by 
concrete arches, above which, in the top of the pier, 
there are two longitudinal and four transverse sets 
of 15-in. J-beams on the centre lines of the tower 
columns, embedded in concrete, to reinforce the 
pier against cracks from load and temperature 
stresses. 

The pier is seated on a wooden pneumatic caisson, 
very similar to that used for the Manhattan Pier, 
which is illustrated in Figs. 41 to 44, Plate XXX. 
This, with its permanent cofferdam, was 78 ft. 
wide, 144 ft. long, and about 56 ft. high, and was 
sunk through mud, sand, clay, and gravel to rock at 
a depth of about 92 ft. below mean high tide. It 
was built chiefly of 12-in. by 12-in. pine and oak 
timber and 3-in. by 12-in. planks, with a cutting- 
edge shod by an 11-in. by 24-in. by }-in. angle-plate. 

The working-chamber, 7} ft. high, was braced 
by horizontal transverse struts and tie rods, and 
knee-braces, 18 ft. apart, and by a solid longitu- 
dinal centre bulkhead wall, 24 in. thick. The 
walls and roof were made with two solid courses of 
12-in. by 12-in. timber, and three courses of 
sheathing-planks, caulked. Above the deck the 
walls were braced by longitudinal and transverse 
horizontal timbers, 6 ft. apart horizontally, and 
from 2 ft. to 4 ft. apart vertically. Timbers 
inclined in opposite directions were bolted to the 
braces in vertical planes, thus virtually making 
trusses, which gave great stiffness to the caisson. 

The walls of the caisson were extended 44 ft. by 
a sectional temporary cofferdam of similar but 
lighter construction, and the upper section was 
detachably connected to the lower section by over- 
lapping vertical bars with hooks locked together 
by tapered keys, which were disengaged, per- 
mitting the sides to separate and be removed after 
the pier construction was finished. The caisson 
was built on pontoons toa height of 27} ft., and 
launched, then extended to a height of about 44 ft., 
floated to the site, completed, and sunk by deposit- 
ing concrete on its deck. With the pier, it con- 
tains about 19,000 yards of concrete, 15,370 yards 
of stone masonry, 260 tons of iron and steel, and 
188,000 cub. ft. of timber. When launched, it 
weighed about 2534 tons, and drew 13 ft. of water 
without a false bottom. 

The Manhattan Pier.—Its caisson (Figs. 41 to 44) 
corresponds, as stated, very closely tothe Brooklyn 
caisson, and was built several miles from the bridge 
site, on a tempor float which amounted to an 
84ft. by 150 ft. false ttom with vertical sides, 8 ft. 
high, and a full-length longitudinal joint. After 
the caisson was built up to the limit of height of the 
derricks, the float joint was unlocked, large quan- 
tities of sand were dumped on the floor of the 
float, tending to disengage it from the caisson, and 
the halves of the float were pulled out from under 
the caisson by powerful tugs, aided by long levers. 
The caisson then sunk low enough to be completed 
by the shore derricks, and, while being towed to 
position, was swept past by the tide, and returned 
without injury when the tide changed. 

At the site the caisson was protected by an enclos- 
ing wall of temporary piles, mooredagainst the strong 
tides, and sunk by 5000 yards of concrete to the 
bottom of the dredged pit, 40 ft. deep. The caisson 
was sunk 92 ft., and rested, like the Brooklyn one, 
at about the same depth, on a satisfactory dense 
stratum of sand and gravel. It required about 
22,000 yards of total excavation, most of the 
material being blown out by the wet process with 
a water-jet at 100 lb, pressure through seven 
4-in. and 5-in. vertical blow-out pipes with U bends 
above water-level. The cast-iron \’s, 2 in. thick, 
were quickly cut through by the sand. The most 
rapid sinking was 7 ft. in six 24-hour days; the 
maximum pneumatic pressure was 44 lb., in which 
the men worked two 1}-hour shifts. There were 





several cases of ‘‘ bends,” and four deaths from 
paralysis. The concrete was mixed in a gravity 
machine, and was delivered through three special 
air-locks, each of them a 36-in. steel cylinder 8 ft. 
long, with horizontal hinged top and bottom doors, 
both, of course, opening downwards. When the 
upper door was open the lower door was held closed, 
and the load of a l-yard charge of concrete depo- 
sited on it was supported by the interior pressure. 
When the upper door was closed and pressure 
admitted to the lock, the lower door automatically 
opened and dumped the concrete, and was imme- 
diately pulled up and closed by a hand-tackle 
operated from outside, and the operation was 
repeated, and so on, requiring only about one 
minute for each charge. The New York caisson 
and pier were completed in one year by a maximum 
force of 350 men, and cost 485,000 dols. The 
Brooklyn caisson and pier cost 470,000 dols. 


(To be continued.) 





BORING-MILL FOR THE BROOKLYN NAVY 
YARD, U.S.A. 


An exceptionally large boring-mill has recently 
been completed at the Brooklyn Navy Yard, U.S.A. 
The machine, which is the largest of its class in 
America, has been built by the Niles-Bement-Pond 
Company at their Niles Works, Hamilton, Ohio. It 
is illustrated in Figs. 1 to 5, on Plates XXXI. and 
XXXIL, with this week’s issue of ENGINEERING. 
Fig. 1, Plate XXXI., shows a general view of the 
complete machine. It has a swing of no less than 
36 ft., with a length of 12 ft. under tools. The machine 
is designed for finishing the tracks of 14-in. and 16-in. 
— for battleships. It is also to be employed 
or boring cylinders and machining turbine casings. 

The machine is of the regular cross-rail type, and is 
not in any sense an ‘‘extension” machine. The 
actual swing is 36 ft. 2 in., and an idea of its massive- 
ness may be obtained from the fact that it weighs, 
net, — ee motors, no less than 665,000 lb. (nearly 
297 tons). The table is designed to carry a load of 
200,000 lb. (nearly 90 tons). It is 34 ft. in diameter, 
and had to be cast in three sections. One of the side 
sections is illustrated in Fig. 2, Plate X X XII., and the 
central section is shown in Fig. 3. The thre sections 
together weigh over 100 tons. The table is supported 
on conical rollers eee on a 24-ft. circular track 
sunk in the bed. The rollers are of high carbon steel, 
and are fitted with ae to secure proper 
alignment. There is, further, an annular beistug-siag 
surrounding the central spindle. This is adjustable 
vertically by means of screws. The spindle is centred 
by an adjustable conical bush. The table tracks, 
which are rigidly supported by webs in the bed, and 
the spindle have forced lubrication, supplied by a 
pump driven by the main motor. The table is fitted 
with a spear gear 28 ft. in diameter. This is a castin 
of semi-steel, with teeth cut from the solid. It is 
driven by two forged-steel pinions placed on opposite 
sides of the mill. 

The main part of the bed is made of two sections, of 
which one is illustrated in Fig. 4. There are, further, 
two extensions attached to the main bed. The bed 
weighed 69,000 lb., the extensions weighing 48,600 lb. 
The columns or housings are of box section, each one 
weighing in the rough 32,000 lb. They are connected 
at the top by a heavy cross-brace and by a steel girder. 
The cross-rail, shown in Fig. 5, is a box casting, about 
46 ft. long. It weighed 85,000 lb. in the rough. 
the — side of the cross-rail is a heavy camber 
beam for the purpose of increasing stiffness and takin 
care of the sag due to the weight of the cross-rai 
itself and of the heads. The combined depth of the 
rail and beam is 8 ft. 

The cross-rail is raised and lowered by a 30-horse- 

wer motor placed on the cross-brace and driving 
lee large elevating-screws fitted with bronze nuts. 
The cross-rail carries two heads for boring and turn- 
ing. Either can be moved to the centre. They have 
graduated swivels, and can be set by worm-gearing 
to an le on either side of the vertical up to 30 deg. 
The ben and bars have rapid power traverse and 
also hand movement for fine adjustments. Rapid 
traverse is effected by a 10-horse-power motor placed 
on the top brace. The control of the traverse and of 
engaging or disengaging the feed is effected from a 
platform attached to each head. The operating levers 
are interlocked, so that the rapid traverse cannot be 
thrown into gear for one head unless it is disen 
for the other. The feeds for the bars are eight in 
number and are operative whether the bars are set 
vertically or inclined. The feeds for each head are 
independent. Friction clutches are embodied in the 
feed mechanism, in order to prevent breaking the 
gears in the event of the bar or saddle meeting 
obstruction. The main drive is by a 75-horse-power 
— speeds being provided for boring, turning, and 
acing. 
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WE illustrate on this page an exceedingly convenient 
cutting-off tool, devised and manufactured by the 
mee Engineering Company, of Brandon-grove, 
Ilford Hill, Essex. It is claimed that with this tool 
stock -_ be cut in = ordinary —_ as readily and 
as rapidly as in a ar capstan lathe. One special 
ad vantage summetl be the device is that it —~ 
necessary to change tools in the slide-rest, the tool 
being entirely self-contained. Its construction and use 
will be pretty clear on reference to Fig. 1, which shows 
the tool complete, and Figs. 2 to 4, which illustrate 
certain details of its design. It consists essentially 
of a couple of arms hinged together. Of these the 
lower rests on the lathe-bed, whilst the upper is 
provided with a hardened -steel bush, which fits 
over the stock to be cut, and supports it against 
the pressure of the cutting-tool, thus preventing the 
‘* digging in ” which so often occurs when the usual 
cutting-off tool is used in an ordinary lathe. A series 
of these bushes, ranging in size from } in. up to # in. 
in internal diameter, accompany each tool. All 
have the same external diameter, and are inter- 
changeable, being clamped in place by the wing-nut 
shown in Figs. 2 and 4, where the bush is indicated 
by the letter c. The cutter a is formed out of a disc 
of steel, and has three cutting edges, any one of 
which can be used at will. It can be ground, when 
necessary, a8 readily as an ordinary cutting-off tool. 
It is clamped in place by @ nut, best seen in Fig. 1, 
and is concentric with the point about which the 
two lever-arms pivot. The radius of the disc from 
which this tool is formed is equal to the distance 
between the centre of the steady bush c and the centre 
about which the arms hinge, so that when these arms 
are closed together the cutting edge is fed radially 
into the stock. As will be seen, a Relical spring, the 
ends of which fit in sockets formed in the lever-arms, 
tends to press these arms apart, In use the lower arm 
rests on the lathe-bed, and the upper 
down by hand against the resistance of the afore- 
mentioned spring, thus feeding the cutter into the 
stock. The depth of cut is controlled by the stop- 
screw with milled head, shown in Figs. 1 and 2. For 
repetition work in which it is desired to cut off a 
number of pieces to the same length a distance gauge is 
provided. This can be clamped bythe wing-nut shown, 
and makes it easy to produce in succession any number 
of pieces of identically the same length. 





METAL-SPRAYING.* 
By R. K. Morcom. 


Tux spraying of metals from the molten state, in ordeT 
to produce a powder, is an old idea, and the spraying 
of aliquid to produce a covering of paint, varnish, or 
enamel is also well known. The subject of this paper is 
akin to them both, but has for its object the production 
of uniform metal deposits by means of a spraying pro- 
cess. The exact theory of the wa ne is complex, and 
at present not completely understood. Practical ex- 
perience is demonstrating how apparatus of increasing 
technical convenience for the purpose may be made. 

The earliest attempts were carried out by melting the 
metal in @ pot, forcing it through a fine nozzle under 
high pressure, and then with steam or a gas spraying 
it on to a surface. The apparatus developed for this 
purpose was in many ways troublesome and cumbersome, 





* Paper taken as read at the statutory meeting of the 
Institute of Metals, held on September 10, 1914, and 
submitted for discussion by correspondence up to Sept- 
ember 30, 1914. 
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and the use of it was practically confined to 
metals and alloys of a low melting point. The 
spraying medium was kept hot by various 
evices, and an attempt was made to keep the 
metal molten right to the moment of applica- 
tion.* The fact, however, was observed that 
under conditions of ya and expansion 
of the gases such that the metal could not have 
been molten throughout the process, adherent 
coatings were sometimes formed. These ex- 
periments, and careful observations of the } 
spreading and adbesion of bullets fired at aniron * 
plate, suggested the next stage of development. 

Metallic powders were driven at high velocity 
against the body to be coated by means of 
gaseous jets expanded from considerable pres- 
sure.t The results achieved were a great im- 
provement on the older method. 

To produce the metallic powders the metal had, of 
course, to be subjected to one of the known pulverising 
—— such as distillation, grinding, or spraying. 

he suggestion that the pulverisation and deposition 
could be combined in one apparatus was then made by 
the inventor Schoop ; and his researches resulted in the 
perfecting of the apparatus covered by his colleague Morf 
in British Patent No. 2801, 1912. 

The steady improvement of this apparatus in the 
laboratories of Schoop and his associates resulted in 
the machine, Figs. 1 to 6, 383, the working and 
theory of which will be described in this paper. 

The essential parts of the machine, or ‘‘ pistol,” as it is 
called, are a combined melting and spraying jet and a 
feed mechanism. The metal, in the form of rod or wire, 
is fed to the melting-fiame. e flame can be formed 
by coal-gas, water-gas, acetylene, hydrogen, &c., burning 
in air or oxygen according to the metal used. The gases 
are supplied at such pressures as to prevent blowing out 
and to ensure a highly deoxidising flame. The spraying- 
jet can be of carbon dioxide, nitrogen, air, steam, &c. ; 
it is fed at such a pressure as to produce a sufficiently 
high velocity for successful coating. The various pres- 
sures must be carefully kept constant by accurate gauges 

ucing-valves. 

The feeding of the wire is accomplished by a small 
pneumatic motor, driven by the spraying medium either 
in series or parallel with the main jet. The dimensions 
of the wire, nozzle, and feed mechanism v with the 
different metals, and the nozzles and feed mechanism are 
so designed as to be readily interchangeable. For small 
work hand operation is sufficient; but probably, when 
large work is undertaken, it will prove convenient to have 
mechanical traverse and control. 

To obtain the best adhesion, the surface on to which 
the metal is sprayed must be thoroughly clean and of an 
open nature to give a key for the deposit. Sand-blasting 
with sharp sand has been found best. Shot gives too 
polished a surface. Such surfaces as fabrics, wood, un- 
glazed earthenware, and asbestos require only freedom 
from grease, as their surfaces give a natural key. 

The mention of wood and fabrics as suitable substances 
to coat by means of an apparatus in which an intense 
flame is used may cause some surprise, which will be in- 
creased by the statement that celluloid, and even explo- 
sives, can be safely metal-sprayed. 

To make this less remarkable, it will be well to enter 
here upon a brief account of the theory so far developed, 
to explain the operation, with the aid of Fig. 7. : 

The melting-jet is focused at A on the tip of the wire. 
The opreying-jes, cold from expansion, strongly draws 
forward the products of combustion in the centre of its 
cone, and by its draught drags off minute ticles of 
metal, either in the plastic or molten state. The central 
cone, therefore, consists of metal particles, some cooled 


* See British Patent No. 5712, 1910, M. U. Schoop; 
also Journal of the Institute of Metals, vol. iv., No. 2, 
1910. page S07 ; also No. 1, 1911, vol. v., page 321. 

+ See Schoop, British Patent No, 21,066, 1911. 
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|to solidity, some molten, and some, perhaps, gaseous, 
surrounded by a protective reducing atmosphere. This 
cone is hurled forward with great velocity on to the 
object to be coated, B C, by the outer jet. With a given 
design of jet there is only a certain volume left by the 
air-jet which can be filled with flame, and this flame has 
a limiting temperature which cannot be exceeded. he 
wire, passing through this cone of flame, receives heat, 
rtly by radiation, but chiefly by conduction, and 
mes melted ; but there is a definite limit to the 
amount of heat which can be picked y by the wire pass- 
ing through the flame, and a definite limit to the rate at 
which it can be melted. This cannot be increased by 
forcing more gas into the flame, as the extra gas is merely 
blown away by the air-jet. It is possible to increase the 
rate of melting by shaping the nozzles so as to leave 
room for a larger cone of flame, and experiments are in 
progress on this point. There is therefore a definite 
most economical quantity of gas which should be used in 
the pistol, this quantity bemg about 1.5 cub. ft. of 
hyd per minute, and 0.5 cub. ft. of oxygen, or about 
0.8 oan ft. of coal-gas to 0.65 cub. ft. of oxygen for the 
present standard —. Su ‘ 

In refractory metals these quantities may be increased 
slightly, as a slightly higher temperature can be obtained 
if the burning gases are under a — greater than 
atmospheric, and this occurs if the gas quantities are 
increased, the inner surface of the air-jet acting to some 
extent as an enclosing wall to the flame. On the other 
hand, for the more easily fusible and oxidisable metals, 
such as tin, lead, and zine, it is advisable to keep the gas 
quantities rather below the figure given, so as to avoid 
any possibility of overheating and burning any portion 
of the wire. The outer jet performs a threefold purpose : 
it keeps the nozzles and wire cool, it cools the object, and 
it produces the requisite velocity. The velocity of the 
- leaving (- jet on = oe of the ey a 
c a 2 only upon the pressure a’ e jet, 
pag tothe hee ib os disturbance due to the entraining 
of air from the surrounding atmosphere. This, of course, 
will actually occur in practice, and the layer of air must 
have a certain thickness in order to prevent its being 
broken up and its velocity destroyed by mixing with the 
surrounding atmosphere. — . 

In addition to this, the air-jet has to atomise the molten 
metal, and accelerate the particles up to its own velocity, 
so that to perform this a certain mass of air is required. 

As at t constructed, the standard pistol uses 
about 0.55 to 0.6 cub. ft. per minute for every 1 lb. per 
sq. in. air pressure, so that with an air supply at 80 Ib 
per sq. in., which is a very suitable figure for ordinary 
spraying, the air consumption will be from 45 to 50 cub. ft. 
per minute. The mass of this will be from 830 to 92) 

mes, and the mass of metal sprayed by this air will 
* from about 8 grammes in the case of iron to about 
200 grammes in the case of lead. How effective the 
cooling is is shown by the fact that the hand can be held 
to receive a coating of metal without inconvenience. 

The action of deposition is probably a complex one. 
The minute particles of solid metal are driven with such 
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METAL-SPRAYING MACHINE. 


SECTIONAL DRAWING OF THE SPRAYING MACHINE OR PISTOL” 
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Fg. 7. DAGRAMMATIC REPRESENTATION OF MELTING & SPRAYING 
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force against the object that, in some cases, they fuse, non-porous, oxide-free, adherent coatings can be 
—_ owing to their small relative size, are promptly , duced of almost any metal on almost any wold. a 
chilled by the object to which they adhere. Ifany ofthe In addition to metals it is possible to spray fusible 
= are molten or a, ee will adhere. In non-metals, or, by stranded wires, alloys of metals or 
ition, the suddenly chilled particles are possibly, or mixture of metals with non-metals. The process is so 
even probably, in the state of unstable equilibrium found new that its uses are still partly to be developed. But it 
in rince Rupert’s Drops,” and act like so many is easy to see that it may have far-reaching value for 
anaes, bombe, bursting on impact into almost molecular pes coatings against weather or fire, for ornament, 
yeep A and penetrating the smallest cracks and for electrical resistance and conductors, for the produc- 
ee the object. : ; . | tion of special alloys, for joint-making, and for many 

je 1e ap —— some care in manipulation, as, by other purposes. 

oa t ditions, it is possible to spray porous or| Quite in a different category comes that of very fine 
npusens coatings, and, with some metals, anything | casting. The surface of a pattern, polished or slightly 
® pure metal toa pure oxide. With care, however, | greasy, is most minutely copied, and it is possible to pro- 





duce process blocks very rapidly. It may be useful to 
line moulds before pouring in a metal. The applica- 
tion of the process to the production of very fine or coarse 
metallic powders is being investigated. 


Tasie I.— Weight of 1 Sq. Ft. of Various Metals Coated 
toa Thickness of 0.001 In. 











| 
| Density. Weight. Metal only. 
British, | 
Metal. Pounds — Cost 
C.G.8. | a Lb. Grammes. | per |Pence 
Foot. | Pound. 
Aluminium... 265 | 177 0.0148) 6.62 | 12.6 | 0.186 
Brass .. ° 8.5 | 6587 0.0466 20.2 8.0 0.36 
Bronze 8.8 565 (0.047 21.1 9.5 0.45 
Copper ..| 8&9 660 (0.0468) 21.0 10.0 | 0.47 
Cupro-nickel 8.9 560 0.0468 21.0 — _ 
ron 7.8 492 0.061 18.4 8.5 | 0.144 
Gold 19.3 1210 0.101 45.5 — 
Nickel 8.9 0. 0468 21.0 36.0 1.68 
Silver 10.5 660 0.055 29.7 _ - 
Tin .. 7.3 460 0.0384 17.3 30.0 1.16 
Zine .. 7.1 450 0.0876 16.9 11.0 0.415 
Lead .. 1L.4 


|. 4 0. 0600) 26.9 | 8.25 | 0.106 

















) 73 | Gas Used per Minute, 
3 £ 3 & Oubie 1 Feet. 
. 55 m8 .| 
Metal. i's BSE - 

| £= Sac! | Coal 

355 2oR| = Oxygen.| Gas, Oxygen. 
Aluminium 1.0 9.5 1.5 0.5 0.7 0.6 
Brass ow 0.8 17.0 1.5 0.5 0.8 0.65 
Brenze 0.8 17.0; 15 0.5 0.8 0.65 
Copper... 08 140; 18 0.6 _ = 
= 0.8 12.0 18 0.6 _ _ 
Gold - 0.8 45.0 1.5 06 =: _ 
Iron 0.8 8.0 2.0 0.7 _ _ 
Lead 3.0 300.0 1.0 0.35 0.45 0.4 
Nickel 0.8 9.0 2.0 0.7 _ _— 
Silver 08 § 180 1.5 0.5 _ — 
Tin .. 20 | 200.0 0.8 0.3 0.35 0.30 
Zine 1.0 45.0 1.2 0.45 0.55 0.5 


Blanks in “Coal Gas” column indicate that experiments with 
these metals are not yet complete. 


The costs of the process are not prohibitive, and, even 
where higher than alternative processes, the great range 
and adaptability of this ap; tus, and its independence of 
muffles, pots, &c., may make it preferable. A table of gas- 
pressure and feed rates is printed above to give some idea 
of costs. Experience and extended use on a commercial 
scale should soon reduce the cost of operation. The bulk 
of the work has hitherto been carried on in laboratories, 
but the apparatus is gradually becoming used in the more 

ive factories, where extended facilities and the 
nowledge of specialised requirements will ensure a rapid 
improvement in technique and results. The research on 
the lower melting-point metals has been greater than on 
the others, and undoubtedly the economy with them both 
can be greatly improved. Preheating of gases and air, 
supplementary flames acting in front of the main jet, and 
electrical methods of heating, are all still the subject of 
experiment. That the experimental stage has been 
passed for many ues can be seen from the apparatus and 
samples of work exhibited. 





ManouesterR Monicipat Scnoou or TErcHNOLOGY.— 
We have recently received a copy of the calendar of this 
institution for the ensuing session, which commences on 
the 6th prox. The calendar gives full particulars of day, 
part-time day, and evening courses in mechanical, elec- 
trical, and a engineering, and also in various 
branches of applied chemistry, textile industries, archi- 
tecture, and mining. 





Prizks FOR ARCHITECTURAL AND Musgum Strupies.— 
The London County Council offers three prizes, one of 
102. and two of 5l. each, for drawings of buildings or 
artistic objects in museums (South Kensington Museum 


and the British Museum ially). Works submitted 
for competition must have executed since Easter, 
1914, and must not previously have been utilised for 


any competition. Drawings must be delivered before 
noon on Saturday, November 7, 1914, together with the 
application form ir 2-251), at the London County Council 

ucation Offices, Victoria Embankment, W.C. Further 
information can be obtained from Mr. R. Blair, education 
officer, London Oounty Council Education Offices, 
Victoria Embankment, W.C. 





Pg anny _ a - 9 wan Samy 
e large Eyde Companies, orwegian Hydro-Elec- 
tric Nitrogen Company, and the Rjukan Companies have 
informed their employees that, as the war may cause 
difficulties both as regards the ——t of raw materials 
and of the necessary ready money for uninterrupted 
working of the factories through a somewhat lengthy 
period, no workman will receive, after September 15, 
more than 25 kr. (27s. 6d.) per working week. The 
balance of the wages earned is to be credited to his 
account in the companies’ books, and entered in a book 
which the workman holds as a proof of his claim on the 
company. On these amounts he is to be credited 5 per 
cent. per annum, and the money will fall due for payment 
as soon as possible after the cessation of the war. A 
i ent has been made with the directors, 





similar arrangem: 
officials, and all other employees, 
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THERE was issued this week the annual Parlia- | 
mentary return showing the naval expenditure of | 
each of the eight principal naval Powers—Great 
Britain, France, Russia, 
Hungary, the United States, and Japan. This return | 
gives in tabular form information regarding the navy | 
estimates and construction of the various Powers 
between 1905-6 and 1914-15. It is pointed out that 
in the case of Britain the naval expenditure 
includes pensions and other items which are not 
charged to the navy votes of other principal 
Powers, and that for direct comparison it is neces- 
sary to deduct such figures from the British totals. 
In Table I. we give the British expenditure less 
such items as pensions, &c.; in the case of other 
Powers small items have been added when correspond- 
ing items are charged to our Navy Vote. The figures 

iven in Table I. are therefore directly comparable. 

he figures in this table are set out in curves in the | 
diagram, Fig. 1, and this shows the position and the 
increasing naval expenditure at a glance. 


In Table II. there is recorded the expenditure on new | t 


construction in the various years, as taken from the 
statistical abstracts now issued by the Government. 
These figures are plotted in curves in Fig. 2. 

The third table shows the tonnage, when completed, | 
of the vessels launched in each of the financial years 
by the respective Powers. This necessarily fluctuates, 
as is shown in the diagram, Fig. 3. 

The figures given in these tables, and illustrated by 
diagrams, are referred to in our leading article on 


page 389. 





THE OSRAM LAMP WORKS. 


In these latter days, when so much is being said of 
British manufacture, it should be a matter of interest 
to our readers to hear something of the Osram lam 
works of the General Electric Company, Limited. 
This company needs no introduction, but the details of 
ite particular activities in connection with the manu- 
facture of tungsten-filament lamps may not be alto- 
gether common knowledge. On the 23rd inst. we had 
an opportunity of inspecting the Osram works at 
Hammersmith. This factory employs more than 1500 
workpeople, and is engaged solely in the manufacture 
of tungsten lamps. In conjunction with the General 
Electric Company’s glass works at Lemington-upon- 
Tyne, it constitutes, we are informed, the only 
works in the British Isles capable of turning 
out a metal-filament incandescent lamp from start 
to finish. Other companies, we are told, manufacture 
the lamps, but purchase the glass bulbs. The position 
of the General Electric Company, however, enables 
them t» manufacture lamps throughout from the 
raw material. At the moment there is a slight 
reservation to this statement. The brass caps which 
form the tops of the lamps are obtained from Holland, 
but a department is now a at Hammer- 
smith to make these also. fore proceeding to a 
description of the Hammersmith works, we should say 
that the Lemington Glass Works, which are the only 
works devoted to the manufacture of bulbs and glass 
work for electric lamps in Great Britain, contains six 

lass-houses, and employs about 250 workpeople. 
Bulbs are now being supplied to other lamp-makers, 
who, up to the present, have obtained supplies from 
the Continent, and arrangements are in hand to extend 
the works as rapidly as possible. 

The Osram Works at Brook Green, Hammersmith, 
are situated in a large modern six-storey building, 
equipped throughout with plant of the character 
necessary for the commodity which is manufactured. 


fermany, Italy, Austria- | —— 





The number of special machines is very large, and 
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NAVAL EXPENDITURE OF THE POWERS. 





g. 3. 


TABLE I.—Gross Toran or Navat EXxpEnpITuRE. 


| 
France. | 





Year. Great Britain*,; Germany. Russia. Japan. Austria. Italy. |United States. 
a — ‘ | 
1905-6 33,387,568 11,472,715 13,224,364 12,392,684 2,388,018 3,838,975 5,040,000 24,444,948 
1906-7 31,110,688 12,223,089 12 846,771 12,490,444 6,311,420 2,398,223 5,322,154 | 21,358,199 
1907-8 29,119,929 14,511,863 13,099,549 8,850,240 7,371,777 2,713,540 5,661,822 21,260,732 
1908-9 29,847,582 16,861,803 13,440,357 10,222,733 8,258,082 2,477,671 6,266,193 26,438,434 
1909-10 $2,323,255 20,622,959 14,054,063 9,650,167 7,346.879 4,068,333 6,537,118 28,990,592 
1910-11 37,296,340 21,388,357 15,761,511 10,227,604 7,729,968 3,545,727 8,341,766 27,848,111 
1911-12 39,165,611 22,261,732 18,209,298 13,296,370 8,861,829 5,152,382 10,832,047 + 26,569,606 
1912-13 41,559,318 22,907,207 19,894,468 17,681,213 9,533,997 7,867,644 10,054,505 25,902,577 
1913-14 45,510,836 23,742,687 21,317,684 392,784 9,938,433 7,332,703 13,333,762 29,482,991 
1914-15 48,118,203 | 23,740,849 25,412,685 27,769,294 10,023,919 7,408,196 10,313,009 30,331 ,364 





* The figures for Great Britain exclude pensions and other items not charged to the navy expenditure of other Powers. 
t Includes 2,320,000/. for War Expenses. 


Great Britain. Germany. 


TABLE II.—Expernpiture on New Constrvction. 














Year. France. Russia. | Japan Austria. 
1905-6 ..| 11,368,744 4,720,206 4,705, 4,576,370 _ 2,371,916 1,714,556 8,683,000 
1906-7 .. 10,486,397 6,167,319 4,652,010 4,576,583 767,647 1,012,499 1,862,207 6,776,086 
1907-8 -| 8,849,589 5,910,959 4,138,967 2,846,268 3,297,964 1,186,667 1,398,111 4,872,888 
908-9 -| 8,621,980 7,795,499 4,193,544 2,708,721 3,027,276 716,662 1,866,358 6,227,874 
1909-10 ..| 11,076,551 | 10,177,062 4,517,766 1,758,487 2,392,483 1,908,331 2,190,707 7,976,897 
1910-11 ..| 14,755,289 11,392,856 4,977,682 1,424,013 2,748,349 1,583,333 2,981,200 6,889,005 
1911-12 «-| 16,148,171 11,710,859 5,876,659 3,216,896 2,997,493 3,125,000 2,677,302 5,343,729 
1912-13 ..| 16,182,558 11,491,187 7,114,876 6,897,680 3,289,7' 5,114,206 3,227,000 4,226,728 
1918-14 .-| 16,888,875 11,010,883 8,893,064 14,082,516 3,550,721 3,288,937 3,933,000 7,258,953 
1914-15 “| 18,676,080 10,816,264 | 11,772,862 | 13,098,613 | 4,623,919 | 4,051,976 3,237,000 8,443,796 
| | 
TABLE III.—Tonnace, wHEen Comp.LeTeD, OF Vessets LAUNCHED. 
| 
Year. \Great Britain. | Germany. France Russia. Japan. Austria. Italy. |United States. 
1905-6 116,570 | 45,729 31,381 20,416 — 11,021 14,555 | 74,000 
1906-7 83,260 53,180 19,338 80,860 39,870 2,233 16,016 87,283 
1907-8 119,987 985 33,602 31,461 56,450 2,364 19,510 20,633 
1908-9 77, 104,971* 21,205 1,834 1,620 16,084 21,021 69,341 
1909-10 92,957 83,184* 96,308 4,371 Nil. $7,122 2,404 80,822 
1910-11 176,582 101,830* 21,860 6,130 43,900 16,384 19,642 75,936 
1911-12 183,283 123,130" 53,125 93,710 16,800 20,010 80,289 51,542 
1912-13 113,058 69,400* 55,776 | 914 55,081 49,269 57,051 91,477 
1913-14 189,740 139,865* 78,313 | 29,899 85,600 6,543 6, 36,472 


y { 


* The tonnage of German ships since 1908 does not include submarine-boats. 


the works are of great interest from a mechanical 
pointof view. It would, however, not be possible to 
give an adequate idea of the many ingenious machines 
and processes without many illustrations and a 
description of great length, and all we can attempt at 
present is a brief outline sketch of the construction 
and assembling of a lamp. We may begin with the 
filament. This, as is generally known, is of drawn 
tungsten, and the process of drawing is to some extent 
a trade secret. e are indebted to the General 
Electric Company for allowing us to see this process 
for the first time on the 23rd inst. To review it 
briefly, we may say that the tungsten, which comes 
from Australia, reaches the works in the form of a 
fine powder. This is compressed, under about 
4 tons to the square inch, into small bars some 5 in. 
long by } in. square. The bars are maintained, 
for a time which we cannot state, under pressure in a 
hydrogen flame. This removes impurities. The bars 
are further solidified by passing a heavy current through 
them. These are then heated in -furnaces and 
swaged a number of times, being ually drawn out 
to two or three times their original length. A further 
heating to a high temperature is next passed through, 
and the elongated bars are then drawn to the required 
degree of finenees, more or less on ordi wire- 
drawing lines. Diamond dies are used, and the wire 
is lubricated with ‘‘ Aquadag,” and the dies are heated 
by Bunsen flames during drawing. 

Apart from the preparation of the wire, the first 








step in the construction of a lamp is the formation 
of the spider which carries the filament. This is of 
glass carrying various radiating wire supports. The 
glass part is formed from tube and rod, which are 
supplied from the Lemington works in long lengths. 
The tube forms the ultimate neck of the lamp, while 
the rod forms the centre support carrying the radiating 
wires. Both tube and rod are dealt with in semi- 
automatic machines, consisting essentially of hori- 
zontally-rotating frames formed with pockets for a 
dozen or more lengths of the glass tube or rod ; blow- 
pipe flames below the rotating frame play upon the 
glass lengths in turn, and as the table rotates by 
definite steps the heated glass is formed or cut by 
dies which act on the length of glass which was heated 
in the immediately previous position of the table. By 
this means the tube is cut into short lengths flanged 
out at one end, while the rod is formed in lengths 
carrying two bosses, into which the wire supports are 
a fused. The lengths of tube and rod are 
then fused together, with the leading-in wires in 
position, in a machine on the lines of those described 
above. In this machine there are a pair of dies which 
flatten the tube on to the centre rod and the wires. 
The leading-in wires are previously prepared of the 
correct length. Each consists of a short length of 
platinum wire, with a copper wire at one end for the 
outer connections, and a nickel wire at the other for 
the inner. The copper, nickel, and platinum, pre- 
viously cut to length by an automatic machine, are 
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A STANDARD CHARGING-PLUG FOR ELECTRIC VEHICLES. 








ENO VIEW OF 
PLUG. 


SECTION ON YY. 


fused together by girls, who hold them by tweezers 
in blow-pipe flames. No flux is used. e should, 
perhaps, say here that the greater part of the pro- 
cesses we are describing is carried out by girls. 

The tube and rod being assembled, together with 
the leading-in wires, the next process is the insertion 
of the radial filament supports. These are of nickel 
wire, and are cut off to length and looped at one end 
by an automatic machine. They are inserted into the 
bosses on the glass rods by hand, the lamp-spiders 
being carried by a stand on a bench and the =~ 
being heated by blow-pipe flames. The girls, who 
handle the wire supports with tweezers, appear very 
expert at spacing them evenly around the bosses. 
There are some machines in the works for inserting 
these filament supports, and so doing away with one 
of the hand processes. The machines work with reels 
of wire, so that the initial cutting-off is not required. 
These machines are perfectly successful, but are of too 
recent introduction to have yet taken over the majority 
of the work. The spiders — completed up to this 
point, they are put in a small pedal-operated press 
which straightens the radial supports and brings them 
all to their correct position should any be bent. The 
next process is the winding-on of the tungsten filament. 
This is done by hand. Each girl engaged on the work 
has an ingenious tool, consisting of a special pair of 
light pliers with a bobbin of the tungsten wire mounted 
on one side. With this tool she is able to clamp the 
end of the wire to the first leading-in wire, and then 
allow the wire to pay out as she loops it over the 
various supports. With the same tool she then cuts off 
the wire and connects the free end to the other 
leading-in wire. We have not previously mentioned, 
but should state, that the upper and lower filament 
ee are not of equal weight. One set is very 

ight, and acts as a set of springs to keep a slight 
tension on the filament. ese ~ are not 
strong enough to take the strain of the filament, being 
looped on them, and during the process a set of dummy 
—- is inte’ yy the frame on which the 
spider is held. hen the filament is complete, the 
dummy supports are withdrawn. and the spring 
supports take up their work. Before the spiders 
are removed, after the fixing of the filament, the 
continuity of the electrical system is tested by ing 
a current through the filaments, and lighting them up 
for a moment. This is done in an atmosphere of 
hydrogen, since flashing in air would destroy the 
tungsten. It is done by bringing a glass bell down 
over the spider on its stand, hy: en entering and 
displacing the air when it is in its lower position. 

he spider at this s is complete, and ready to 
place in the bulb. The bulbs are received from the 
glass works ready blown, with a wide mouth, through 
which the wound filament can enter. The first process 
the bulbs undergo is the fixing of a glass tube at their 
bottom end, through which exhaustion finally takes 
place. The spiders are then placed in ‘ition, and 
the bulbs pass round a machine of the c we have 
already dealt with. The bulbs individually rotate in 
the revolving horizontal frame, and are heated at 
the neck by blow-pipe burners. The closing-over of 
the neck of the b on to the upper part of the 
spider is not, however, done with dies, but by 
the girl attendant, who works with a small form- 
ing tool in the manner of a potter. The bulbs 
and spiders being assembled together, the almost 
completed lamps are ready for exhausting. This is 
done in batches of six or eight, each batch in turn 
being connected to four different sets of pumps as 
the vacuum becomes more and more complete. A girl 
superintends a number of batches, and sits on a small 
trolley, by which she is enabled to move quickly along 
in front of the various batches she is dealing with. 
The complete process of exhaustion for a batch takes 
about ten minutes. The sealing-off is done in the 
exhausting-frame, and after a momentary current has 

mn passed to see that the filament is unbroken, the 
lamps are passed to the testing department. ll 
lamps are tested for ten minutes or so at full voltage ; 
and samples are taken and run for 1000 hours or more. 
The lamps areindividually tested for candle-power and 
consumption. The final process is capping. The brass 
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caps are coated inside with cement by a special machine, 
and are placed on the lamps under heat in a machine 
fitted with a series of small electric heaters which fit 
round the caps. The leading-in wires are then soldered 
off by hand. After a further final test the lamps are 
then ready for branding and packing. 

There is a department in the works for the manu- 
facture of half-watt lamps, but it has been but 
recently completed, and, owing to dislocation of 
labour by the war, is not now running fully. Thesteady 
production of the standard tungsten lamp is a matter 
of greater importance at present than the pushing of 
new introductions. The process of manufacturing 
half-watt lamps does not differ materially from that 
described above, except that in place of exhaustion 
the lamps are filled with nitrogen by a process of dis- 
placement. This is done through a temporary leading- 
in tube similar to that employed in exhausting ordi- 
nary lamps. In this description we have chiefly been 
concerned with the process of lamp manufacture and 
have said little of the general equipment of the factory. 
It has many interesting features, however, of which 
one is 4 large hydrogen-generating plant, and another 
a central comp’ -air station. For ordinary blow- 
pipe purposes for the glass-manipulating machines 
coal-gas is used taken from the town mains. 








A STANDARD CHARGING-PLUG FOR ° 
ELECTRIC VEHICLES. 

Ir has always been clear that, for electric-battery 
vehicles to compete on even terms with petrol and 
steam-vehicles, facilities for charging must be provided 
on a very extensive scale throughout the country. 
For local and ial services this may not be neces- 
sary, but if such vehicles are to come into use in really 
lar; uantities, and are to be in a position fairly to 
deal with a great part of the work now done by their 
rivals, their charging points must be available in 
nearly every town of any size in the country, and 
on & erous scale in large cities. Encouragement 
towards the provision of such facilities is naturally 
one of the main duties of the Electric Vehicle 
Committee of the eg ong Municipal Electrical 
Association, and it has taken a helpful atep by issuing 


away in a safe place. It is recommended that the 
cable should be three-core, provided with the hard 
rubber protection known as ‘‘Cab-Tyre sheathing.” 
Two of the cores of the cable would carry the main 
current, and the third, which should have an area the 
equivalent of ,, 8.W.G., would form an earth connec- 
tion. Three sizes of main conductor are proposed— 
0.15 sq. in., 0.10 eq. in., and 0075 sq. in. The 
first would be used in publi® garages and charging- 
stations, while the two latter are intended for private 
garages arranged for cars having lead batteries for 
which the heavy boosting charges which may be given 
to Edison batteries are not required. The approxi- 
mate over-all diameters of the three sizes of cable 
are 1.75 in., 1.5 in., and 1.31 in. 

The construction of the plug and receptacle will be 
seen from the fi . The outer shell of each piece 
is to be made of solid-drawn mild-steel tube turned 
and bored. The bracket and cap for the receptacle 
are of malleable cast iron, and the spring plunger of 
hard-rolled brass rod with a tempered-steel spring. 
The main contact-pieces of both the receptacle and 
plug are to be of gun-metal moulded into the insulat- 
ing material, which should be damp and heat-proof. 
The cable lugs are to have cou seatings, Fig. 3. 
The cable-gripping device on the plug may be of either 
gun-metal or malleable cast iron, and the split gripping- 
sleeve of insulating material. As will be seen from 
Fig. 3, the earth wire is to be connected to the grip- 
ping-sleeve. On the receptacle there is a hard- 
rolled phosphor-bronze strip, which can be seen at 
the bottom of Fig. 4. This forms an earthin 
finger, which makes contact with the outer she 
of the plug when it is in position in the recep- 
tacle. The plug shell should be turned on the outside 
to ensure that proper connection is made. The 
earthing strip of the ig -board receptacle should 
be connec’ by a 3% 5.W.G., or equivalent bare 
copper conductor, to a water pipe or other suitable 
earth, while the strip of the vehicle receptacle should 
be connected by a similar conductor to the metal 
framework of the chassis. It is clear that with 
these connections made, the metal work of the vehicle, 
together with the outer shells of both the plug and 
receptacle, will be effectively connected to earth during 





TaBLE OF DIMENSIONS OF PLUG AND RECEPTACLE. 
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drawings of a standard charging-plug and receptacle. 


Such a standard is clearly very n » since the 
whole usefulness of a system of charging-stations 
must depend on the employment of a uniform charging 
connection by the majority of users. 

The plug shown in ¥i . 1 to 5, with dimensions as 
in the table above, is desi ed to carry 150 amperes 
continuously, and may safely be used for boosting 
ry) up to 300 amperes for an hour or two. It is 
intended for voltages up to about 120, and may in 
emergency be used to break circuit ; but it is recom- 
mended that a proper quick-break switch be provided 
in the connections. It is proposed by the Electric 
Vehicle Committee that each battery-car or other 
vehicle should be furnished with a standard recep- 
tacle fixed under the front of the driver’s seat, so that 
he will of necessity have to remove the plug and 
cable connection before he can take his seat and start 
the <——. — ping and connection would be 
supplied and owned by the charging garage or station, 
and should be attached to the charging switchboard 
by a second standard plug and connection, so that 
when not in use the connecting-cable could be coiled 





charging. The centre contact of the plug and re- 
ceptacle should always be the negative pole, and the 
terminals should be marked to indicate this. The 
new plug is to be submitted to the British Section of 
the International Electro-Technical Commission with 
a recommendation for standardisation. 

In addition to settling the design of the new plug 
the Electric Vehicle Committee is taking several other 
steps towards assisting the development in which it 
is interested. An official quarterly journal is to be 
issued dealing with the activities of the committee. 
This will be supplied free to town clerks, heads of 
electric-supply undertakings, and similar officials, 
while electric - supply departments will be able to 
— extra copies for distribution at cost price. 

t is hoped that the first number will be available in 
October. This journal will no doubt in due course 
contain particulars of a standard electric sign for use 
outside See the matter at present being 
under consideration. Finally, we may mention that 
the committee makes some r dations in refer- 
ence to the measuring instruments which it is 








desirable to fit to battery vehicles. For lead 
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batteries, an ammeter and voltmeter for controlling 
the charge and discharge are ia 
cases where the bat 
vehicle for charging 

ance is mechs og 

mended that an ampere-hour meter should also be 
fitted, to give an indication of the condition of the 
battery charge. Provision should be made for auto- 
matically opening the circuit when the battery is fully 
charged. With batteries of the Edison type an 


is not removed from the 
when no constant attend- 


ampere-hour meter is the only instrument which need | Th 


be provided. The committee also consider that a 
mileage-recorder is a necessary accessory for judging 
the condition of the battery in conjunction with the 
electrical instruments, for preserving accurate 
records of working. It is stated that the practice of 
mounting the instruments directly on the dash-board 
has not proved altogether satisfactory, and that the 
latest American practice is to fix them to an inde- 
pendent steel pillar well in view of the driver. 





NOTES FROM THE UNITED STATES. 
PxHILADELPHiA, September 9. 
Tue main features of the American steel industry 
may be briefly summarised as follow :—An element 
of uncertainty prevails as to the future. Specifica- 
tions against existing ,contracts are heavy. New 
contracts are restricted, especially with railroads, on 
which higher prices have generally prevailed. Foreign 
inqui or various steel products are numerous. 
Some business has been accepted, most of it by the 
United States Steel Corporation, which is about 
to place ten of its ships under American registry. 
Several mills near the Atlantic coast have also 
booked fair export orders. Several cargoes of Russian 
manganese intended for Germany have been diverted 
to this country ; prices, 85 dols. to 100 dols. per ton. 
Numerous iron and steel projects are held up for want 
of money. The banks are excessively conservative. 
Pig-iron is quiet, and on extended deliveries higher, 
but not beyond the close of the year. The Pennsylvania 
has ol for 4000 tons of coke and charcoal iron. 
Cast-iron-pipe makers are again large buyers at firm 
rices. An inquiry from Russia calls for 4000 tons of 
Sasson. Some furnace people contemplate curtail- 
ment. Foreign inquiries for various rolled-steel products 
areincreasinog. An order for 12,000 tons of plate for a 
ipe-line in Australia, originally placed inGermany, has 
placed here at7 dols. above the original contract 
price. Sheets and tin-plates are especially active, 
mostly in eastern mills for early delivery. August 
business was very large. Eastern plate-mills are now 
engaged to 90 per cent. capacity. Structural material 
is weak and inactive owing to the difficulty of financ- 
ing loans. Export inquiries for tin-plate are improv- 
ing. There is a general anticipation of a wide and 
permanent expansion of trade. 





MANGANESE-STEEL RAILS.* 
By Sir Ropert Haprietp, F.R.S., London, England. 


Since the writer has been intimately connected with 
the development of manganese steel for many years, some 
remarks upon the early work with a to the rolling 
and forging of this material might of interest, and 
particularly as to the question of rails of special quality 
and of superior wearing qualities. 

In a paper on “‘Iron Alloys, with Special Reference to 

ese Steel,” read before this Institute at the Inter- 
national Engineering Congress in Chicago in 1%93,+ the 
writer mentioned that, about twenty years ago, his firm 
in Sheffield produced railroad mate such as tyres and 
axles, of forged and rolled manganese steel, thus showmg 
that this product could be manipulated and worked up 
into the various required forms. The tyres illustrated in 
the paper referred to above formed a particularly difficult 
class of work to produce in a special steel ; but no special 
_obstacles were met with. Although there was no diffi- 
culty at that time in making and producing manganese 
steel in various forms—forged, rolled, or pressed—never- 
theless, on account of its higher expense, sufficient en- 
couragement was not then Cbtained from the users to 
introduce these products on a scale. There never 
has been any real difficulty in obtaining forged, rolled, or 
pressed manganese steel, provided the consumer was 
willing to pay the necessarily higher cost as compared 
with ordinary steel. 

The matter was further pursued in the nt decade. 
In 1904 a French manufacturer produced rolled manga- 
nese-steel rails of the type shown in Fig. 1, page 388. The 
original tracing prepared by this manufacturer on De- 
cember 30, 1903, showing the sizes of the billets and rails 
to be produced, is re’ uced in Figs. 2and 3. These rails 
were rolled without any incident. One mM WAS 6x- 
perimented upon by the writer in the following manner. 
After drilling for 20 minutes, 11 g. of man steel 
were removed, while, in the same time, 760 g. were 
removed from an ordinary carbon-steel rail. The results 
of this test are shown in the photographic view, Fig. 1. 
A piece of this same manganese steel bent double cold 
is shown in Fig. 4. The material showed a tenacity of 


* Paper read at the New York meeting of the Ameri- 
can Institute of Mining Engineers, 1914. 

+ Transactions of the American Institute of Mining 
E  giueers, vol. xxiii., page 148 (1893). 





during this operation, it is recom- | ; 





60 tons per sq. in., with an elongation of 40 per cent. 
This test was so satisfactory that manganese-steel rails 
of heavy section, 100 lb. per yard, Lm ts from 6 m. 
to 12m. in length, were then produ in the same 
eo A section of one of these rails is shown 
in Fig. 5. 

A large number of these rails were rolled in 1997, and 
were supplied to the Metropolitan Electric Railway of 
Paris (in the commencing of operations on which, it will 
be remembered, there was some delay), and put to work, 
among other at the Bastille Station in that city. 
ese rails, after several years of service on severe curve 
work, have given great satisfaction. After three years’ 
hard service, the actual wear was found to be not more 
than about 24mm. It has been estimated that the rails 
will remain in service for six to seven years before being 
worn out, whereas ordinary steel rails wear out and have 
to be replaced in less than a year. 

A plant for producing sound ingots under the system 
devised by the writer was described in a paper* pre- 
sented to the Institute at the February (1913) meeting. 
This system, as adapted to the manufacture of manganese- 
steel ingots, is illustrated in Figs. 6,7, and 8. No less 
than 90 per cent. of sound material is obtained from an 
alloy steel, which will therefore be seen to offer great 
advantages. Each 1 per cent. of expensive material 
saved means that much reduction in the cost of pro- 
duction. The consumer has now to pay for 15, 20, or 
even 30 per cent. of waste in special steels made in the 
ordinary way, whereas this waste can, to a large extent, 
be avoided. Moreover, better and more uniform quality 
of alloy steel can be obtained. 





ENGINEERING INSTITUTIONS’ UNIT OF 
THE NAVAL DIVISION. 

WE reproduced on page 360 ante a circular issued 
by the Institutions of Civil, of Mechanical, and of Elec- 
trical Engineers, stating that these three Institutions 
had been invited by the Lords Commissioners of the 
Admiralty to assist in obtaining picked men for the 
divisional engineer units and s company of the 
Royal Naval Division recently formed by the First Lord 
of the Admiralty. ie 

We are now informed by the Admiralty that it is pro- 
posed that the men should enlist in the Royal Marines, 
but receive the Royal Engineer rates of working pay and 
such additions as will make the scale of pay and allow- 
ances not less than those drawn by the Royal Engineers. 

The rates, as shown by the memorandum issued by the 
War Office, are as follow :—Sergeant-major, 6s. ; quarter- 
master-sergeant, 4s. 6d.; troop, company, or squadron 
sergeant-major, 3s. 9d.; troop, company, or squadron 
quartermaster-sergeant, 3s. 9d.; sergeant, 3s. 3d.; corporal, 
2s. 6d.; second corporal, 2s. 2d.; sapper, pioneer, or driver, 
1s. 2d. In addition to these rates of ordinary pay, engi- 
neer pay is issuable, dependent upon qualification, at the 
rates of from 4d. to 2s. a day. 





Boarp or Trapr List FOR MANUFACTURERS AND 
PurcnasEers.—The Commercial Intelligence Branch of 
the Board of Trade has issued, in the course of the last 
few days, a new list similar to that to which we recently 
otuned in these columns, but very much more complete. 
These lists are divided into two sections. In one part is 
a list of goods which inquirers at the Board of Trade 
desire to purchase—that is to say, manufacturers and 
others ing goods of the class listed have applied to 
the Board for assistance in getting into touch with Ro 
ducers or agents of the class of goods they require. The 
second list is concerned with goods for which the pro- 
ducers have lost their usual market, and through the 
assistance of the Board are seeking new openings. The 
Board of Trade, Commercial Intelligence Branch, 73, 
Basinghall-street, E.C., is putting suitable firms in touch 
with each other, and the length of the second list now 
issued is proof that the first has been of considerable 
value. We do not doubt that the second will prove 
equally useful. 





Contracts.— Messrs. Joseph Kaye and Sons, Limited, 
Lock Works, Leeds, state that in addition to 7000 of their 
patent seamless oil-cans recently delivered to the Navy 
they have now received orders for immediate delivery for 
3000 from the War Department, making 10,000 in all.— 
The contract list of Messrs. Ed. Bennis and Co., Limited, 
Little Hulton, Bolton, and 28, Victoria-street, S.W., for 
the last few weeks comprises a large amount of home 
business, orders for their machine-stokers from Switzer- 
land, and for their chain-grates with the new patent link 
for New Z d and Constantinople. Messrs. Cammell 
Laird and Co., Limited, Birkenhead, have placed an order 
for four sprinkler-stokers and self-cleaning compressed-air 
furnaces for 8-ft. diameter Lancashire boilers, together 
with an elevator and shoots to serve the machine-stokers. 
The Munici Electric Light and Power-Stations of 
Rotherham, Worksop, and Burton-on-Trent have placed 
orders for machine-stokers and self-cleaning com pressed- 
air furnaces, and Manchester (Bloom-Street and Stuart- 
Street Stations) for the re-linking of chain-grates of another 
make. The woollen-mills of Messrs. Rawdon, Briggs and 
Co., Limited, Ravensthorpe, Dewsbury, have also contri- 
buted a quota of orders. In addition to the above, Messrs. 
Bennis have recently received orders for twenty-eight of 
their sprinkler-stokers, besides hand-firing furnaces to 
burn fuel that is not easily consumed under a 
ditions, coking-stokers, a bucket-elevator, and a i 
patent rotary wagon-tipper, most of the orders being 
repeat orders. 


| NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

| Glasgow Pig-Iron Market.—Last Thursday morni 

| the pig-iron market opened with a steady tone, an 
business amounting to 3000 tons of Cleveland warrants 
was done at 51s. cash and 51s. 4d. one month, with “ed 
sellers at 51s. 1d. cash, 51s. 44d. one month, and 5ls. 11d. 
| three months. There was little change in the afternoon, 
| but no dealings took and sellers of Cleveland war- 
| rants — 5ls. 14d. cash, 51s. 5d. one month, and 
| 51s. 11d. three months. On Friday morning the market 
was again quite idle, and sellers of Cleveland warrants 
named 51s. 14d. cash, 51s. 5d. one month, and 52s. three 
mon’ The afternoon session was also idle and quota- 
| tions were unchanged. On Monday morning the lifeless 
conditions continued, and the only change in the position 
was in three months Cleveland warrants, for which sellers 
| were the turn easier at 5is. 114d. In the afternoon 
| there was still nothing doing. and Cleveland warrants 
| were quo’ by sellers at 5is. 14d. cash, 51s. 5d. 
one month, and 51s. 11d. three months. On Tuesday 
morning the market was steady, but business continued 
at a standstill, and sellers of Cleveland warrants made no 
| change in their quotations. The afternoon session was 
| also quite idle, and Cleveland warrants were quoted by 
| sellers at 51s. 1}d. cash, 51s. 5d. one month, and 51s. 104d. 
| threemonths. When the market opened to-day (Wednes- 
| day) the position was unaltered, and there was little 
desire for dealing in Cleveland warrants. Abt the close of 
the session sellers named 5ls. 1d. cash, 51s. 5d one 
month, and 51s. 11d. three months. In the afternoon 
a little improvement took place, and 1000 tons of Cleve- 
land warrants changed hands at 51s. 2d. cash, and closing 
sellers were firm at 51s. 2d. cash, 51s. 6d. one month, and 
52s. three months. 


Sulphate of Ammonia.—Business in sulphate of ammo- 
nia is still quiet, and the demand for forward supplies does 
not show much expansion. Prices are almost unchanged. 


Scotch Steel Trade.—Very little change has taken place 
in the Scotch steel trade over the week, and specifications 
for ship-plates are rather scarce ; but, despite this fact, 
there is a fair amount of work doing on home account and 
on behalf of the Government. The demand for angles, 
&c., is not quite so steady, but that for the heavier gauges 
of black sheets continues fairly good. Makers complain 
that the request for the thinner gauges has not nm so 
good of late, but they state that inquiries from abroad 
point to a better demand, although buyers are grumblin 
at the high prices being asked. It is said that these wil 
hurt the placing of orders. The general export trade is 
only fair, but the difficulties and risks attending shipping 
do not tend to over-much confidence at the moment. 
Few of our regular markets are sending forward inquiries 
or orders of any note, and the lots on order for the 
Colonies, South America, and the Far East do not amount 
to a heavy tonnage ; but the trade here is optimistic, and 
makers are confident that a satisfactory expansion will 
shortly fall to be noted. Prices are inclined to be a shade 
easier. 


Malleable-Iron Trude.—There is a little falling off in 
activity in the malleable-iron trade of the West of Scot- 
land, although some of the works are still very well 
employed. The home demand is easier, and shipping 
departments are not as busy as producers would like. 


Scotch Pig-Iron Trade.—There has been no improve- 
ment in the Scotch pig-iron trade during the past week, 
and prices show an easier tendency. The present con- 
ditions are rather against any marked increase in business 
at home, and, although stocks abroad are gradually 
decreasing, there is a very small demand on export 
account. The current feeling is that business wi 
rather quiet for some time, but that a decisive victory 
for the allied forces on the Continent would give a 
strengthening influence to general trade. Hematite is in 
fair demand by the steel-makers, the current price being 
75s. per ton. The total number of furnaces in blast is 
sixty-six. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 69s. 6d.; Calder, Gart- 
sherrie, Summerlee, 70s.; and Langloan, 72s. (all shipped 
at Glasgow) ; aes (at Ardrossan), 71s.; Shotts (at 
Leith), 70s.; and Carron (at Grangemouth), 70s. 6d. 

Scotch my oie of Iron and Steel.—During the month 
of August there was a fair import of iron and steel manu- 
factures from the Continent and the United States into 
the ports of Glasgow, Greenock, Grangemouth, Leith, 
Dundee, and Aberdeen. The following are the figures :— 








Ex Continent. Ex U.S.A. 
Tons. Value. Tons. Value 
Iron bars, angles, &c. . 3084 19,483 oo _ 
Steel bars, angles, &c. .. se 980 3,121 26 234 
Iron and steel hoops and strips 552 3,798 1783 =: 12,905 
Iron and steel plates, not under 
4 in. thick - - ie 297 2,369 _ - 
Iron and steel plates, under 
4 in. thick as on oe 5 63 : — 
4918 28,834 1809 13,139 





PsersonaL.—The degree of Doctor of Science (Engi- 
neering) has been conferred on Professor Herbert Chatley, 
of the Tang Shan Engineering College, North China, by 
the University of London. His thesis embodied an 
extensive investigation into the subjects of rolling resist- 
ance and convex contact, and the contributions presented 
in support of his candidature included numerous books 


and pa) referring especially to aeronautical subjects. 
—Mr. tram C. Joy, M.I.A.E., of Craven House, 
Kingsway, London, W.C., informs us that he has decided 





* Transactions of the American Institute of Mining 
Engineers, vol. xlv., page 473 (1913). 


not to continue the consulting business carried on by 
at the above address for the past seven years. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The pit prop difficulty 
continues to occupy a prominent place in the minds of 
South Yorkshire producers. Some considerable length 
of time must necessarily elapse before any benefit can 
result from Government consideration of the subject, and 
in the meantime the price of the small supplies available is 
rapidly advancing. It is now twice as great as in normal 
times, and is likely to rise still higher. Speaking at the 
annual meeting of the Staveley Coal and Iron Co. in Shef- 
field yesterday, Mr. C. P. Markham, chairman of directors, 
said he had it on the authority of a pit-prop expert that 
if the whole of the forests of Scotland were cut down 
there would not be sufficient timber to supply English 
pits for a fortnight. He added that all kinds of substi- 
tutes were being used, and something suitable would 
eventually be found; but the outlook in the colliery 
world was far from satisfactory, and he and his fellow- 
directors did not see the prospect of making much profit 


during the ensuing twelve months. Shipping is on a| 50s. 6d 


more extended scale. Substantial tonnages are being 
sent under contract, not only to neutral countries, but 
to the ports of allied nations. Home consumption is 
steadily maintained. Armament and ineering firms 
are big buyers. House coal is a steady market. A 
brisk business is being done in the better qualities 
for winter stocking. Owing to the restriction of output, 
slight weakness in the lower grades has not affected 
values. Slacks show a small improvement, and are fairly 
steady, but the colliery ition is weak. There is an 
improved tone in coke. Quotations :—Best branch hand- 
picked, 15s. 6d. to 16s. ; Barnsley best Silkstone, 12s. to 
13s. ; omy best brights, lls. 6d. to 12s. 6d.; 
Derbyshire house, 103. 6d. to 11s. 6d.; best large nuts, 
10s. 3d. to 11s. 3d.; small nuts, 9s. to 10s.; Yorkshire 
hards, 10s. to 11s.; Derbyshire hards, 10s. to 10s. 3d.; 
best slacks, 7s. to 8s.; seconds, 5s. to 6s.; smalls, 2s. 
to 3s. 


Tron and Steel.—There has been a marked slackeni 
in inquiries and actual business done in raw mai 
Inflated values are holding back orders for common 
brands. A considerable proportion of transactions have 
been at lower rates than are officially quoted. Reaction 
is chiefly in foundry pig, o to the irregular working 
of foundries in this district and in the Midlands. On the 
other hand, forge qualities are in brisk demand, and 
merchants have no difficulty in obtaining full rates both 
for current and forward delivery. Hematites are a 
healthy market. A big tonnage of special brands is 
being bought for armour and gun-making purposes. 
West Coast sorts are quoted at 79s. 6d., and East Coast 
sorts at 77s. 3d. The slight upward tendency in the 
demand for bar iron has ote and as new 
business the market is flat. South Yorkshire makers are 
disappointed in the share of diverted German business 
which they have secured, but they are still hopeful of an 
improvement in this class of business and in general trade, 
where the falling off has been severe. The position in the 
steel trades is slowly improving, both in the home and 
export branches. here is an enormous amount of 
Government work on hand, and further big orders have 
been received for armour, guns, projectiles, and bayonets. 
Activity in these departments is of a “‘ boom” character, 
and that manufacturers have faith in its continuance for a 
considerable period is indicated by the steps that are 
being taken to increase capacity for output. Apart from 
this aspect of trade, the brightest feature is the decisive 
manner in which manufacturers are drawing together the 
slackened threads of export business. Outstanding 
accounts with over-sea buyers of railway and mining 
material and goods are being discharged and new business 
is being booked with much greater freedom. orders 
for heavy steel have been placed with South Yorkshire 
makers by Cape Town and India. Business with South 
Africa is rapidly expanding, notably in special dies and 
shoes for gold-mining purposes. In the lighter branches 
of the steel trade, work is fairly plentiful, orders havi 
been received from South Africa, Russia, India, an 
Holland. There is a heavy run on picks and shovels for 
army engineering pur; . Billets are firm at advanced 
rates, except ns rogarde noid qualities. The rolling-mills 
are busily eng: in providing material to meet British 
War Office needs. On the whole the prospects for the 
future are promising. 





Markets ror [Ron AND Stee. Bars, Secrions, &c.— 
Two of the important i 
iron and steel angles and sections, are for the time 
being unable to contribute their usual quota to the world’s 
trade, and in some countries there must be a turnover, 
temporary or permanent, in favour of other nations whose 
trade is not interrupted. Germany is an exporter of 


rolled bars and sections to the value of 8,299,000/. per | d 


annum. Belgium is also normally a keen competitor in 
many markets, as we well know. ur share of the total 
export trade is of a value of 6,380,800/., but in many 
markets we have oe | a very small portion 
of the business going. n India and South Africa, 
Canada, Australia, and New Zealand, we have the best 
of the trade, although in all these, except in New Zealand, 
Germany does an a Bey business. In the Argen- 
tine, Japan, the Dutch East Indies, Germany’s share is 
far superior to ours, while in countries near at hand, such 
as the Netherlands, Switzerland, Italy, Turkey, Norway 
and Sweden, Denmark, Roumania, ke., the value of 
Germany’s trade runs into six —. while ours is only 
up to five and sometimes four. some markets Belgium 
pe nt outstripped German =, = these two coun- 

es tem: y incapacita’ emand must come 
to others still able to produce. 


ucing countries as regards | be 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Very little new can be 
re) concerning the pig-iron trade. A lot of work 
is still being turned out, but the seventy blast-furnaces 
still in o tion on the North-East Coast are not blow- 

ing at their fullest. Though iness is on a limi 
scale, there is an undercurrent of steady confidence, and 
traders look for v great activity after the war. In 
the meantime the Kuro trouble is almost the sole 
topic in commercial circles here. A good deal of pig is 
being sent to Scotland, and a substantial cargo has this 
week been shipped to Italy. Values of Cleveland pig 


are very well maintained. In the early part of the | and 


week a few small parcels of No. 3 g.m.b. were pur- 
chased at 5ls. 38d. f.o.b., but sellers now will not 
entertain offers under 51s. 44d., at which figure trans- 
actions have occurred. No. 1 Cleveland is 53s. 104d.; 
No. 4 foundry, 51s.; No. 4 forge, 50s. 9d.; mottled, 
-; and white, 50s. 3d. There is next to nothing 
ng in East Coast hematite pig, and quotations 
show a decided downward tendency, despite strenuous 
efforts of some sellers to maintain values. os. 1, 
2, and 3 are obtainable from both makers and merchants 
at 67s., and, in fact, it is understood that some second 
hands will accept below that figure. Hematite prices 
are high as compared with Cleveland pig quotations. 
The difference between No. 3 Cleveland and mixed 
numbers of hematite used to be 8s. to 10s., whereas 
to-day it is between 15s. and 16s. Business in forei 
ore is still stagnant. Buyers and sellers have wide 
ideas as to values. Sellers, as a rule, will not quote 
below the basis of 18s. 6d. ex-ship Tees for Rubio of 
50 per cent. quality, but consumers consider the rate should 
be round about 17s. 3d. Imports of foreign ore to the Tees 
to date this month amount to only 101,124 tons. Foreign 
ore has this week been declared contraband of war. 
Freights Bilbao-Middlesbrough are 4s. 4}d. to 4s. 6d. 
ke is easier. There is more offering, and local demand 
has slackened, but sellers still ask up to 18s. for Durham 
beehive blast-furnace coke of average quality delivered 
at Tees-side works. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 100, tons. 
Since the beginning of the month the stock has been 
increased by 5649 tons. Not since April 27 has the stock 
of Cleveland pig-iron been above 100,000 tons. Although 
shipments of pig-iron from the Tees show an improve- 
ment on last month’s clearances, they fall considerably 
below the loadings in a a year ago. To date 
this month they average 1957 tons per working day, the 
total despatches being returned at 39,159 tons, 35,859 tons 
of which have gone from Middlesbrough and 3300 tons 
from Skinningrove. To the same date last month the 
loadings were given at 13,824 tons, or a daily average of 
691 tons, and for the co ding part of September a 
year ago the clearances reached 77,320 tons, or an average 
of 3866 tons per working day. 


Manufactured Iron and Steel. —There is little new to 
report concerning the various branches of the manufac- 
tured iron and steel trades. Works are fully employed, 
and producers have orders to keep them going until the 
end of the year. Prices are maintained. Principal 
market quotations stand :—OCommon iron bars, 8/.; best 
bars, 8/. 7s. 6d.; best best bars, 8/. 15s.; packing iron, 
61. 10s.; iron ship-plates, 7/. 5s.; tron ship-angles, 8/.; iron 
ship-rivets, 9/.; iron girder-plates, 7/. 5s.; steel bars 
(basic), 62. 15s.; steel bars (Siemens), 6/. 15s.; steel 
ship-piates, 7. 6s.; steel ship-angles, 7/.; steel boiler- 
pl tes, 82. 5s.; steel joists, 7/. 2s. 6d. to 7/. 5s.; steel strip, 

. 108. ; steel hoops, 6/. 15s.—all less the customary 24 per 
cent. discount ; light iron rails, 7/. 15s.; heavy steel rails, 
61. 15s. ; steel railway sleepers, 7/. 15s.—all net at works. 





Tue Late Mr. THomas Bett.—We regret to have to 
place on record the death of Mr. Thomas Bell, who was 
closely identified with the marine industries of the Tyne 
district. A Yorkshireman, born seventy-two years ago, 
he became many years ago associated with a shipping 
firm in West Hartlepool, the founder being his cousin, 
and for them he went to Newcastle, at a compara- 
a early period of his career, to open a branch of 
the business. From this point onward he achieved 
not only a great success in i t proved a 
most valuable accessory to the municipal government of 
the City of bat gy = -_ of a of ———— 
rland, passing thro’ e ices, including 
the mayoralty of the on and the sheriffdom of the 
county. He was connec with the Chamber of Com- 
merce, and after thirty-six years of work on the Council 
he was presented with a service of silver, while the 
j aeteey Durham conferred upon him the honorary 

of D.C.L. He was with many of the 
industrial establishments, and was chairman of the 
Wallsend Slipway and ge ge bey ee Limited, 
a la part of the success of which in recent years 
was due to his wise administration. reely 
of his great experience and tactful judgment to 
the settlement of industrial disputes, and several large 
strikes were settled mainly through his instrumentality. 
He continued a very active worker, not only in business, 
but in municipal matters and on several Royal Commis- 
sions. In the spring time of this year, however, he met 
with a serious motor accident when his chauffeur was 
trying to avoid collision with a motor cyclist, and from 
this he does not seem to have com lotely recovered. 
This was one of the causes of his death at his residence 


He gave 


at Hesleyside, Bellingham. He is survived by his widow, 





seven sons, and four daughters, his eldest son being 
@ county alderman. 


NOTES FROM THE SOUTH-WEST. 

_ Cardif.—Thesteam-coal trade has been generally quiet ; 
— have been rather more numerous, but they have 
failed to keep pace with stocks of secon per 
coal. Sellers of best Admiralty qualities have shown a 

luc’ to heir terms, as although Admiralty 
neues have been scarcely so large, order-books are 
sufficiently well filled to keep pits “y ~ for some 
time. The war at the same time, had some effect, 
of course, upon the coal markets; a number of orders, 
yy em A for Italy, having been diverted. The best 
Admiralty large has made 21s. to 22s.; best secondary 
— have brought 19s. to 20s.; ovher 

escriptions, 18s. to 19s.; best bunker smalls, 7s. to 7s. 6d. ; 
hold cosl has brought 196. %0 2c 

t to ; 

made 17s. to 188. 6d.; No. 2 Rhoadae | 
13s. to 13s. 9d.; > 
to 8s. 6d. per ton. Patent fuel has been quoted at 17s. 
to 18s. per ton. Special foundry coke has made 27s. 6d. 
to 
co) 





A 
E 
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i 
; 


30s. ; foundry coke, 
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Welsh Steam Coal.—Some interesting observations on 
Welsh coal were made by Mr. J. H. Davies, Glamorgan 
county mining lecturer, in his inaugural address to the 
Yetalyfera Mining School on Friday. Mr. Davies pointed 
out that the last few years witnessed an enormous 
expansion in Germany’s uction of coal; and to-day, 
if the output of brown were included, her total output 
was only a little less than that of Great Britain. —— 
the — years large quantities of Welsh steam 
had imported into Austria and Hungary to replenish 
the bunkers of the Austrian navy. France was our best 
customer. It was not until the Welsh coal strike in 1898 
that e headway on the west coast 
of France, and in this she was assisted by the tax on 
exported coal, which drove many railway companies into 
the arms of our Teuton enemies. The general strike of 
1912 also gave a good fillip to German trade. 


Coal and the War.—The shipments of coal from Bristol 
Channel ports in August amounted to only 1,109,167 tons, 
as compared with 2,142,151 tons in August, 1913. There 
was also a loss in August of about 150,000 tons in bunker 
shipments. So far as South Wales is concerned, trade 
had the advantage of Admiralty requirements ; but full 
—— of these uirements have not transpired. 

argo shipments from Bristol Channel _ in August 
were :—Cardiff, 637,369 tons; Lianelly, 6167 tons; New- 
port, 270,762 tons; Port Talbot, 62,094 tons; and Swansea, 
130,775 tons. 

Newport.—The coal trade has shown little change, but 
the tone of business is generally easier. The best New- 
port black-vein large has made 17s. 9d. to 18s.; Western 
hig y 17s. to 17s. 6d.; and Eastern Valleys, 16s. to 
16s. 6d. per ton. 

Bristol and the East.—The ident of the Bristol 
Chamber of Commerce (Mr. Spear) has received a 
communication from the British Chamber of Commerce 
of Turkey and the Balkan States intimating that it is 
their intention to open at their Athens branch a show- 
room in which specimens of British manufactures can be 
exhibited, and their advantages and merits pointed out 
to Greek importers and buying houses. 





Tue 12-In. Unirep Srates Army Gun.—At the 
proving-grounds at Sandy Hook, a 700-lb. projectile has 
attained a range of 20,000 yards (114 miles) from a 12-in. 
mortar. 





Trape Oprenincs AsroaD.—The Commercial Intelli- 
gence Branch of the Board of Trade, 73, Basinghall- 
street, E.C., informs us that H.M. Consuls at Milan, 
Brest, Rio de Janeiro, and St. Paul de Loanda report 
that there are now excellent openings in their districts 
for British goods of a type hitherto supplied by Germany. 
In each case various engineeri! ucts and articles 
hardware are cited as being required. This is especially 
so in the case of the re from Milan, where inquiries 
have p= yw A ritish L and steel | i. 
saws, tu tin-plate, electri machinery, . rom 
Brest it is pointed out that Germany has hitherto sup- 

lied goods at a price suited to the purchaser in that 

istrict, who often cannot afford the price asked for first- 
class-quality British products. There would bea large 
hardware market for goods of a quality within the means 
of the buyers. Trade would be facilitated by the use of 
cay using French money, weights, A firm 
~~ LAF HF, FR = 
ntelligence le 
a@ monopoly in Brest in the sale of meee quate. and A 
now anxious to get into touch with British pro- 
ducers. Prices should be quoted inclusive. In Rio de 
Janeiro German trade is at a 6 ill, and the 
opportunity presented to British merchants is said to 
be excellent. The element is a great factor in 
+ ana °P — * sdviesble, h. f well 

now! of Portuguese are i 
backed up, should be able to secure a large amount of 
business at this juncture. German trade in Brazil has 
been built up on long credit, and British firms would 
have to make similar to reputable local firms. 
From St. Paul de Loanda it is reported that cutlery, 
agricultural machines, railway material, hardware, &c., 
have hitherto come from Germany, while there are also 

ings for British products in the form of galvanised 





printing machines, lubricating oil, &. 
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MANGANESE-STEEL RAILS. 
(For Description, see Page 386.) 
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- “NOTICE. 


In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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THE “SILENT PRESSURE” OF THE 
NAVY. 

Tue Government return of the naval expendi- 
ture of the Powers is issued most opportunely, 
serving, as it does, to throw the illumination of a 
searchlight upon the diplomatic records of the past 
few months, and at the same time to assist towards 
a full realisation on the part of the taxpayer of the 
debit and credit side of the balance-sheet of the 
Navy. The events of the past seven weeks bring 
home to the nation the need for the great expen- 
diture of recent years, while a general review of the 
situation tends to allay greatly the disturbing effect 
of the regrettable yet inevitable events of the week 
—notably, the sinking of H.M.SS. Aboukir, Hogue, 
and Cressy, armoured cruisers of 12,000 tons, com- 
pleted in 1901. It is important, as a prelimi- 


nary to any consideration of the balance-sheet of | o 


profit and loss, to reflect upon the capital account, 
and particularly the value and distribution of our 
assets. Great Britain is an insular kingdom with vast 
possessions throughout the world, and the defence 
of these involves primarily an immense navy. On 
the other hand, Germany is a great Continental 
Power, and, as Lord Lansdowne said at Liverpool 
on Monday last, ‘‘ we never F oy. 2 her the pos- 
session of a great army. hy should Germany 
have begrudged us—an insular and maritime Power 
—the ion of an adequate fleet to protect our 
own cow and secure our own commerce? We 
knew that she had begrudged us that fleet, and her 
naval preparations had been made with the delibe- 
rate intention of destroying that naval preponder- 
ance which every Englishman comme as indis- 
pensable for this country.” 

The sums spent on the various navies of the 
world, now published, clearly indicate the immense 
increase in recent years in the German naval ex- 
penditure. Taking only the ten years embraced by 
the Government return, we find that Germany 
began increasing her total naval expenditure at a 
very rapid rate from 1907-8, while the British ex- 
penditure was actually being decreased. It was 
only in 1909, when the menace of Germany began 
to be fully realised in this country, that we accepted, 
vigorously and readily, the burden of heavier naval 
armaments. On page 384 of this issue we have 
set out the fi of total naval expenditure, 
and plotted them in curves which show at a 

lance the state of the case. From the British 
gures we have deducted such items as naval 
pensions, &c., which are not borne on the Navy 
Estimates of the principal Continental Powers, in 


390 | order that the comparison may be on an accurate 


basis. The German menace is more pronouncedly 
established by the figures allotted to new construc- 


1 | tion, and it will be seen that in 1908-9 and 1909-10 


the German expenditure approached within a 
million sterling of the British expenditure. No 
one can for a moment question the policy of our 
Government in effecting the rapid increase in our 
naval expenditure indicated in the diagram, our 
expenditure in the following year (1910-11) increas- 
with 1} mil- 
lions by the German Navy authorities. From this 
time forward it became necessary for us to look the 


402 | matter squarely in the face, and to establish our 


superiority in matériel as well as personnel. No one, 
even if he be of another nation, looking to our 
immense interests involved, can for a single moment 
question the propriety of our naval expenditure 


to-day on new construction being about 80 per cent. 
in advance of that of the Germans. 

The third set of tables and diagrams published 
on page 384 of this issue give the tonnage of new 
vessels launched by the various Powers ; and here 
again the advance of Germany is clearly marked. 
For the two years 1908-9 and 1909-10 Germany 


"| actually launched a greater warship tonnage than 


Great Britain, so that here again there is found 
proof for the necessity of our augmented activity 
since then. During the ,past five years Britain 
has launched 755,620 tons, as against 517,409 
tons by Germany; but it should be noted that 
the latter does not include submarines, there 
being no official data available as to these. Approxi- 
mately our total naval expenditure is double that 
of Germany, the basis of comparison being the 
same ; the number of men borne is 90 per cent. 
greater. Last year the expenditure on new con- 
struction was 57 per cent. greater. The tonnage 
of British warships launched was 36 cent. 
greater than that of German ships. This dis- 


: om between the percentages of cost and tonnage 
au 


nched of new construction of the two nations is 
due Parveen to the greater size and superiority of 
the British units, and in part to the fluctuations 
owing to the state of progress of the various vessels 
in the builders’ yards, and the exclusion of German 
submarines, this type of craft being much more 
costly per ton displacement. In view of the rela- 
tive extent of our coast-line, and of the interests 
involved over-seas, the excess of expenditure by 
Britain is certainly none too large. 

Our Imperial conditions require that in action 
our Fleet must take the offensive, and it needs no 
expert knowledge to know that this involves a 
considerable excess in force. Events during the 
war have proved beyond any doubt the need for 
this superiority. An inferior fleet, as a rule, remains 
in its port until greater equality is achieved in the 
epee strength of ships of the line by some 

f the enemy’s big ships being destroyed. That 
is consistent with the dictates of naval common- 
sense. It is, on the other hand, a first principle 
that the ‘* watching” fleet should give the enemy 
the opportunity to escape, and therefore blockade or 
investment is not resorted to, Thus the watching 
fleet, since it has to cover an enormous line of 
observation, must be of great numerical superiority. 
The possibility of units or small fleets escaping un- 
observed, owing to mist or other climatic conditions, 
is another contingency which can only be met by 
numerical superiority, since it becomes e-sential 
to have sufficient ships, apart from the Grand 
Fleet, to convoy such expeditionary forces as 
must be sent from an insular kingdom to engage 
in land warfare on the Continent, and to combat 
stray marauding units of the enemy’s fleet. From 
these general principles there follows explanation, 
too, of the occasional losses which have been, and 
must continue to be, experienced, even by a fleet 
which holds command of the sea, as is the case 
with our Grand Fleet in the North Sea. Notwith- 
standing isolated cases of losses, the credit side of 
the British naval balance-sheet is fully satisfactory, 
in respect that we have exercised a ‘‘silent pres- 
sure ” which is as effective almost as the annihila- 
tion of the enemy’s fleet, so far as current mer- 
cantile shipping is concerned. This general result, 
too, has been attained without having a greater 
parame | in numbers than the geographical and 
strategical conditions demand. 

While avoiding any detailed record of the pro- 
aed of events until there are available definite 
essons bearing on the utilisation of applied science, 
and notably on the type and design of ship most 
suited to modern warfare, it is permissible to refer 
to the enormous influence which wireless telegraphy 
has had on the tactics of commerce destruction. 
Some of the more regrettable episodes in the sea 
engagements hitherto are due to the presence on 
the ocean of commerce-destroying cruisers, and the 
comparative immunity with which these vessels have 
continued at sea. They have so far done compara- 
tively little destructive work, but the conscious- 
ness of their presence—the continued possibility 
of their raiding some of the highways of com- 
merce—is disturbing. .This ce has been pos- 
sible only . existence of the enemy’s wireless 
stations. e best example of this is the work of 
the German cruiser Emden, of whose whereabouts, 
from the commencement of the war, there had been 
no public knowledge. At the outbreak of war she 





was in the vicinity of Kiao Chau, and since then 
seems to have scoured practically the whole of the 
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eastern seas. The German wireless stations, which 
have very considerable range, were undoubtedly 
the medium whereby the situation of ships was 
ascertained and communicated to her, and from 
which also she got information of the whereabouts 
of her colliers. Messages, too, could easily be 
intercepted from merchantmen, but naval codes 
may have defeated the correct understanding of 
naval operations. There is no doubt that 
the commerce destruction work of the German 
cruisers has thus been facilitated. One after 
another of the German wireless stations have 
been destroyed, so that, with the destruction of 
the last of these, there will be withdrawn from the 
naval operations the greater part of the influence 
of this new engineering development. It is im- 
portant, however, to reflect that of a British mer- 
chant fleet consisting of 4000 vessels engaged in 
oversea trade only 12 have been captured and sunk 
at sea by these commerce-destroying ships, while 
70 more were detained in German ports at the 
outbreak of the war. In the case of the 
German merchant fleet, which is enormously 
smaller, 95 ships were detained in British ports 
at the outbreak of the war, and ¥2 have 
since been captured, making a total of 187 
vessels. The loss of the armoured merchant 
cruisers, Kaiser Wilhelm der Grosse and the Cap 
Trafalgar—both important ships in the German 
passenger service—is further proof of our sea 
supremacy. The sinking of the latter by the Car- 
mania, a British merchant cruiser, is an event which 
goes some way to prove the effectiveness of merchant 
ships for commerce protection. 

The ‘‘silent pressure” of the Fleet must in the 
end have a great economic influence on the war. 
The shipping of the Allies and of non-combatant 
Powers proceeds practically as if there were no 
war in progress. The co uence is that our 
supplies of food and raw materials, so far as these 
come from the Allies or non-belligerent countries, 
have not been at all seriously affected. Our imports 
of food total over five millions sterling per week. 
Were the supply interfered with prices would enor- 
mously advance. By the maintenance of prices of 
all food-stuffs of home or foreign supply at a 
normal level a sum has been saved since the war 
began which goes far to meet expenditure on the 
Navy. Again, our importation of raw materials 
for manufactures represents something like four 
millions sterling per week. Here again there has 
been a saving, not only in the cost of raw materials, 
but in the constancy of the amount of labour 
employed as a result of the maintenance of supplies. 
Indeed, it may be assumed that the effect of 
the ‘silent pressure” of the Navy on our 
enemy, and the consequent maintenance of over- 
sea commerce, has in seven weeks saved Britain in 
the price of food, raw material, and wages, a sum 

uivalent to a year’s expenditure on the Navy. 

nfortunately, there is demanded, as is shown by 
the loss of the three armoured cruisers this week, 
and other operations on sea and also on land, a 
great deal of human life. But even when blood is 
the ‘* price of Admiralty ” we must, and will readily 
continue to, pay it in. 





BRITISH PATENTS AND FOREIGN 
PATENTEES. 

Iw our issues of August 28 and September 4 we 
explained the purport and provisions of the 
Patents, Designs, and ‘rade-Marks (Temporary 
Rules) Acts, 1914, under which the Board of Trade 
has been granted temporary powers to order, on 
the application of a person interested, and after 
due inquiry, the avoidance or suspension of patents, 
designs, and trade-marks, the proprietors whereof 
are subjects of a State at war with His Majesty 
We also explained the machinery that had been 
devised to carry out the provisions of the Acts, 
and the procedure that was to be adopted. Since 
our last article the Board of Trade has issued 
further rules under the Acts, and it has now been 
made quite clear that in any case in which an 
order is made for avoiding or suspending in whole 
or in part, a patent or avoiding or suspendin 
the registration, and all or any ~ confe 
by the registration of a design, the rd may, in 
its discretion, t licences to make, use, 
exercise, or vend the patented invention or 
registered design, upon such terms and condi- 
tions, and either for the whole term of the 

tent or registration of the —— or for such 
ess period as the Board may think fit. 


.|may not be acceptable to the offici 





In dealing with the objects of the Acts we ven- 
tured to give a forecast of the manner in which 
they would be interpreted by the officials charged 
with that duty. fore the Acts were passed 
demands were made, very insistently in some 
quarters, that an attack should be made on all 
industrial property in the form of patents, designs, 
or trade-marks in this country owned or controlled 
by enemies, and that all patents, designs, or 
trade-marks so owned or controlled should be 
forthwith revoked, so that the manufactures and 
products thereby protected should become public 
property for the free use of our own producers and 
users. 

This point of view was very one-sided, and open 
to serious objection. It did not take account of 
the valuable industrial pro owned or controlled 
by our own countrymen in the territories of the 
enemy, and the risk to which such property would 
be exposed by retaliatory p ings of a like 
nature. The new Acts were not, in our opinion, 
passed in any vindictive spirit, and the powers 
granted to the Board of Trade were not in- 
tended to be exercised in an arbitrary manner, 
and without due and careful consideration. 
The object of the Acts was merely to place 
our Government in a position to meet certain 
conditions should they arise, to take retaliatory 
measures against the property of enemies should 
property of our countrymen in their territories be 
confiscated or unjustly dealt with, and to enable 
manufactures and products usually obtained from 
abroad to be made or produced in this country 
while it was impossible to obtain external supplies. 
So long as a patent or design owned or controlled 
by an enemy was in force, a manufacturer who 
took upon himself to manufacture thereunder 
without the consent of the proprietor would, at the 
conclusion of hostilities, have been —— in @ very 
awkward position. To meet, therefore, these con- 
ditions, the Acts were and are now part of 
the law of our land. They must not be regarded 
necessarily as means for confiscation, but rather as 
suspensory measures. 

A large number of applications for the avoidance 
or suspension of patents and trade-marks has been 
filed in the Patent Office, and the manufactures 
thereby protected relate, as is only to be expected, 
to numerous trades. The applications received 
are advertised week by week in the Illustrated 
Official Journal (Patents) and the T'rade-Marks 
Journal, and notice is also given of the date fixed 
for hearing the applicant in support of his petition 
and any person interested who desires to be heard 
in opposition. The number of a filed in 
connection with patents amounted on Saturday last 
to 51, and in about 15 cases hearings have taken 

lace before the Comptroller-General of Patents 

Pur. W. Temple Franks) and his immediate pre- 
decessor, Sir C. N. Dalton, in that office. These 
entlemen have been appointed by the Board of 
‘Trade to act conjointly and hold the necessary 
inquiry in connection with each application. At 
the conclusion of an inquiry they are required to 
report to the Board of e the information 
obtained and their recommendations, after which 
the Board will decide what is to be done. 

So far as we know, the Board of Trade has not 
yet given a decision in any of the applications. 
From remarks made by the Comptroller-General 
during the hearings which have taken place it is 
possible to gather some idea of the spirit in which 
the officials regard the applications, and the recom- 
mendations the two gentlemen mentioned will 
make to the Board of Trade. Of course, it is to be 
remembered that the Comptroller-General and 
Sir C. N. Dalton are not the final arbiters, and 
that the recommendations which they may make 


hall. We do not think, however, that the officials 
will deal with the cases otherwise than as the two 
gentlemen they have appointed recommend. 

We are pleased to see that the Comptroller- 
General and Sir C. N. Dalton hold views in 
to the object of the Acts and the manner in which 
they are to be interpreted very similar to our own. 
The remarks which the Comptroller-General has 
made in the course of the hearings as to his view 
of the object of the Acts will not, we are sure, com- 
mend themselves to those ms who were calling 
for the confiscation of all British tents, designs, 
and trade-marks owned or eutelied by enemies, 
and who were willing for a temporary advantage to 
take an action which would not redound to British 
credit and integrity, and perhaps would place the 
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Maintain the balance of trade. 


property of many of their own countrymen in 
jeo y in the future. 

t us now deal with some of the cases that have 
been heard. In the first case, Mr. H. S. Wellcome, 
of Burroughes, “Wellcome and Co., had made appli- 
cation in connection with the patent covering the 
manufacture of the drug known as “salvarsan.” 
It ———— that the applicant was quite willing 
to take a licence under the patent—as we have 
pointed out above, the Board of Trade will 
probably order the grant of a licence under an 
enemy-held patent or vee g yy asked that the 
licence, if granted, should be for the unexpired 
term of the patent. The patentees also appeared, 
and the manager of their English works stated 
that they were in a position to manufacture in this 
country all the salvarsan required. The Comp- 
troller-General, in the course of the hearings, 
has explained his view as to the position of an 
applicant in regard to the payment of royalty. 
In his opinion, it would not be fair to deprive the 
enemy of his property, and the applicants have 
been asked whether they would be prepared to 
pay royalty, the money being paid over and held 

y the State until the war is over. From other 
remarks of the Comptroller-General it would 
appear that, generally speaking, the recommenda- 
tion which he and his colleague would make would 
probably be that some kind of licence be given, 
and that the licence, if it continued after the war, 
be subject to a royalty to the patentee, such as 
might be arranged with the patentee hereafter 
or by arbitration. We must confess that we are 
not enamoured with the suggestion that the royalty 
payable is to be determined hereafter. We think 
that the licence should state in terms the amount 
payable, and, further, should contain a proviso 
that the enemy is not hereafter to undersell the 
licensee. From remarks which have been made in 
other cases, it would appear that the Comptroller- 
General has seen the importance of these points, 
and his recommendations to the Board of Trade 
would deal with them. 

In some other cases the transfer of trade-marks 
has been involved, and, speaking generally, the 
Comptroller-General has intimated that, unless it 
were proved to be in the public interest, he and 
his colleague could not recommend the Board of 
Trade to transfer to other businesses trade-marks 
which were known to be associated with foreign 
firms. If a firm were given, in certain circum- 
stances, the right to use a trade-mark, it must be 
used in such a way that the public would not be 
deceived. 





THE FOREIGN TRADE IN 
MACHINE-TOOLS. 


One branch of engineering in which the British 
manufacturer might well expand at the expense 
of German and Austrian trade is in the construc- 
tion of machine-tools. It is not the purpose of this 
article to show whether we in this country, or 
Germany, or the United States of America are pre- 
eminent in supplying machine-tools to the world, 
but rather to draw the attention of engineers to 
the moderate trade with Germany which we shall 
certainly lose owing to the war, and the large trade 
with other parts of the world which we might gain 
if we set ourselves earnestly and persistently to 
the task. There are some businesses to which the 
Board of Trade and the Press have been drawing 
our attention which are almost new to this country 
in many of their details, and which consequently 
involve the expenditure of considerable sums on new 
factories or new plant. At a time when money is 
so scarce, and the international atmosphere so un- 
certain, manufacturers are naturally chary of launch- 
ing out in these directions, and it is therefore a 
relief to find a trade in which expansion is possible 
without any great additional outlay on plant or any 
difficulties of re-training labour. 

The first aspect of the question which should be 
taken into consideration is the probable attitude of 
former German customers to the English machine- 
tool trade. Every one with any knowledge of cur- 
rent political matters knows that the German buyer 
will go to any country in future for his tools rather 
than to England, which, by its intervention in the 
greatest war of alltime, has frustrated the Teutonic 
designs. Now it must not be thought that by 
retaliating in a similar way—that is, by buying 
from our own manufacturers all the machine-tools 
we have previously bought in Germany—we can 
We cannot, for 
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last year (1913) our export trade in lathes and 
similar tools to Germany was two-and-a-quarter 
times as much in value as our import of the same 
class of goods from that country. It is therefore 
clear that the war will damage our -tool trade in, 
at any rate, one direction, and that it is therefore 
imperative that we should expand in other direc- 
tions, not only because of the hope of obtaining 
new spheres of influence, but on account of the 
absolute necessity of counterbalancing our losses 
in the first-mentioned case. An analysis of the 
problem confronting manufacturers who wish to 
avail themselves of the present opportunity to 
secure some of Germany’s machine-tool trade 
would split it up into two main divisions. 

The first question to be answered is: What type 
and quality of machines are the Germans success- 
fully selling in competition with us? and the second 
question is: In what countries have the Germans 
been most successful, and what are the possibilities 
of our securing this trade now that she is for the 
time being practically prohibited from competing 
with us. 

The range of tools which Germany exports is a 
wide one, including lathes, planing, shaping, and 
milling - machines, drilling, boring, and slotting- 
machines, grinding and polishing - machines, and 
mechanical saws. The larger and more specialised 
machines for steel-working have also been exported 
to a considerable extent, chief amongst which may 
be mentioned rolling-presses and pressing-mills, 
hydraulic presses and steam-hammers, punching- 
machines and shearing-machines, riveting-machines, 
tack and nail making and file-cutting machines. 
There is also a large export of wood - working 
machinery from Germany, such as sawing, planing, 
chopping, and splitting-machines, and mortising 
and hole-cutting machines; and stone-working 
machines are also exported to some extent. 

From the export statistics which are available, 
and after taking into careful consideration the 
methods and aims of German manufacturers, some 
indication can be given of the directions in which 
British machine-tool makers might extend their 
operations with every probability of considerable 
present and future success. The Germans, while 
not forgetting all the general demands of the 
trade, seem to have made very special efforts in 
two directions. They have endeavoured to pro- 
duce a very cheap machine when it was of a ty 
for which a very large demand could be confidently 
expected, such as that for simple and screw- 
cutting lathes and power drills. They have also 
shown considerable enterprise in the construction 
of very large tools, or tools for very exceptional and 
specialised purposes, for which the demand is so 
small that the English engineer has, perhaps, 
thought that it did not warrant the expense of the 
first outlay. 

Another important feature of the German ma- 
chines is the way in which they are beautifully 
finished off with burnt enamel and _ polished steel 
and brasswork. Although these finishing touches, 
of which the Germans often make so much, have no 
mechanical significance, they have nevertheless 
considerable value commercially, as they may favour- 
ably impress an ignorant buyer. 

British manufacturers who make up their minds 
to plunge energetically into this trade warfare at 
the present excellent opportunity must also not 
forget that they will have to face an admirable 
selling organisation, the completeness of which 
in every branch of industry has been one of the 
secrets of German success. When the Germans 
have finished their machines they leave nothing to 
chance as far as the selling of them goes. e 
print their catalogues in the 
to which they hope the machines will go. They 
send a representative or agent who can speak that 
language to interview personally all their prospec- 
tive customers, and they arrange with a local finan- 
cial house to look carefully after their pecuniary 
interests. They study the local conditions and 
local requirements of the country with the greatest 
care, and never object to losing a little on an initial 
order if there is a fair prospect of repeat orders 
bringing future gain. If pushed with equal energy 
and equal tact, however, we need never be afraid 
that British machines will not sell as well as those 
which are made in Germany, and it will be as well 
therefore to glance rapidly at the details of Ger- 
many’s machine-tool export trade. 

As already mentioned, the import of German tools 
to this country is less than half of the correspond- 
ing exports from Great Britain to Germany. 


anguage of the country 





Leaving the United Kingdom, then, out of the 
question, let us see where the remainder of Ger- 
many’s tools go. France, in 1912, took 500,0001. 
worth of metal-working machines alone, and 
another 50,0001. worth of hydraulic presses and 
steam-hammers and wood and _ stone-workin 
machinery. Russia took nearly 600.0001. worth, an 
Italy over 400,0001. worth. Germany’s machine-tool 
export then, in 1912, to these three countries was 
of the value of about 1,550,000I., as compared with 
less than 300,0001. worth from the United King- 
dom. Norway, Sweden, and Denmark together took 
tools to the value of about 190,000/. from Germany, 
and to the value of about 21,0001. from the United 
Kingdom. To Brazil the value of the German 
export of machine-tools was three times that from 
the United Kingdom, and to Argentina four times 
as much. And yet British machine-tools are un- 
questionably as good as, if not considerably better 
than, the corresponding German-made article. But 
Germany’s total export of tools to twenty-four of the 
principal nations was to the value of over 3,000,0001., 
whereas our own was less than a quarter of that 
amount. Germany’s total export of tools is also 
about four times the value of ours—viz., 4,200,6001. 
worth from Germany to 1,012,800/. worth from the 
United Kingdom. In Australia and in Japan 
sales of British machinery are vastly ahead of those 
of Germany, but in almost every other direction 
Germany seems to hold the field alone. Taking 
the more important countries in turn, therefore, 
it is possible to estimate the value of the chances 
in each case. Why should Russia’s enemy, Ger- 
many, send to her seven times as many machine- 
tools as Russia’s ally, Great Britain? Chiefly 
because they are produced in such enormous quan- 
tities in Germany, and with so perfect a system 
that they can be offered much more cheaply than 
the English machines. And it must not be thought 
that they are necessarily bad because they are so 
cheap ; they are doubtless very good value for the 
price paid. It is obvious that it is no use offering 
a man who has only 100/. in hand a machine that 
costs A simpler machine will please him 
well enough, and provide a profit for the maker. 
There is a sale in Russia for simple lathes, drills, 
eases and cutting machines ; also for horizontal 

ring-machines, backing-off and facing lathes, 
—— milling-machines, slotters, planers, 
and shapers of all kinds, and multiple drills ; but 
they must be cheap. There is a big demand for 
planing, cutting, mortising, and other types of 
wood-working machinery. Small hand machine- 
tools of all kinds, for both wood and metal-working, 
have also a very large sale. 

France is the second largest importer of German 
machine-tools, but in this case Germany sends 
little more than three times as much as the amount 
imported from the United Kingdom. Why? The 
difference in freight charges may partly account for 
it, but the difference in language is most likely the 
more important factor. In spite of our insular 
peculiarities, we in this country have generally 
some knowledge of French, and can consequently 
carry on French business ; but what percentage of 
the English business population know anything 
of Russian? The oambens would be found to be 
as surprisingly small here as they are large in 
Germany. ere is still ample room for extension 
of our machine-tool trade in France, however, and 
what has been said about the Russian market 
might be repeated of the French. 

e Italian market would also well repay syste- 
matic working at the present time, for her imports 
of machine-tools are very large, and nearly six 


y | times as much comes from Germany as from the 


United Kingdom. Italy has so far maintained a 
neutral attitude in the war, but it is thought she 
would look very much more favourably on English 
commercial men at the present time than she 
would on those coming from Germany or Austria. 
Special note should be taken of the fact that her 
import of steam and hydraulic presses, riveting- 
machines, and mechanical hammers is larger than 
that of any other country, and also that she imports 
very large quantities of wood-working machinery— 
more than twice as much as any other European 
country, except Russia. 

It is not surprising, for geographical and racial 
reasons, that Switzerland buys 95 per cent. of her 
machine-tools from Germany, but these reasons 
certainly do not explain why the Netherlands 
import nine times as much from Germany as from 
the United Kingdom. When this war is over we 
can hardly believe that any Belgian will, if he can 





help it, buy a German machine, and it is our duty 
to see that he is offered what he wants at a 
price that he can pay, and we shall then soon see 
increased business for us in this market. 

Norway, Sweden, and Denmark are all countries 
where rich manufacturers are conspicuous by their 
absence, and where cheapness in price is an 
essential qualification of the machines that are 
bought. The German machine - tools are the 
cheapest, hence the Germans have practically a 
2 of the market in these three countries. 

The German machine-tool exports to Spain, 
Roumania, Turkey, the Dutch East Indies, and the 
United States of America are all vastly in excess 
of our own, and it is not pleasant reading for an 
Englishman to see that Canada imports rather 
more than twice the value of machine-tools from 
Germany that she does from the Mother-Country. 

Two other countries worth very special con- 
sideration are Argentina and Brazil. These two 
great South American Republics import vast quan- 
tities of machine-tools from Germany and a certain 
amount also from the United Kingdom. As the 
United States are said to export even more ma- 
chine-tools to Brazil than Germany does, and these 
are on the whole high in price, it is evident that 
the Brazilian market is not controlled so much by 
cheap prices as some of the other countries men- 
tioned, and it may be assumed, therefore, that 
German success in this direction is probably largely 
due to commercial efficiency and linguistic capa- 
bilities. A recent American Consular report 
mentioned, ‘‘ weights should always be given in 
kilos.,” and ‘‘ copies of all invoices should be in 
Spanish.” How many English exporters carry out 
these two simple but very important instructions ? 
In trading with Argentina a curious local preju- 
dice has to be taken into consideration—namely, 
that buyers almost invariably prefer to see what 
they buy rather than to select hm catalogues under 
guarantee. Hence the local agent with show- 
rooms and a good stock of machines plays an im- 
any part there, and it is said that Germany is 

tter supplied in this particular than are the 
British exporters. 

The market in China for machine-tools, except 
of the simplest and cheapest type, is not yet of 
zreat importance, but the probabilities are that 
this will greatly increase in the very near future, 
and enormous ibilities for enterprising manu- 
facturers will then. occur. 

The part played by Austria in the machine-tool 
export trade up to the present time been very 
small, her total exports last year of this class of 
machinery being only of the value of 40,0001. Her 
technical colleges are, however, wonderfully fitted 
up for instructing the rising generation in every 
branch of mechanical science and machine-tool 

ractice, and as a consequence a considerable 
orward movement in the future may well be 
ex ; 
A general review of the whole situation, there- 
fore, clearly indicates that that part of the nation 
which is engaged in the machine-tool trade has a 
resent opportunity such as will never occur again. 
One most important competitor has for the moment 
been put in shackles by our Navy, and thus prac- 
tically obliterated from the markets of the world. 
Our other great competitor, the United States of 
America, has r ised the possibilities of the 
present, and already an army of commercial 
travellers are on the way to the South American 
Continent. 

It is time, then, that British manufacturers also 
entered the arena with the determination that 
they will never again allow another nation to sup- 
plant them in the field of machine-tool enterprise, 
and that they will carry this to its accomplishment 
by systematising their work, SS new range of 
simpler and cheaper models, and, above all, by de- 
manding from their salesmen and clerical staffs a 
knowledge of commerce and languages which can 
do justice to the machinery they supply. 





THE SUSPENSION OF LEGAL 
REMEDIES. 

Taeret has been so much - ag and written about 
the moratorium that e@ may ibly lose 
sight of another Act of + wher, which seriously 
affects the rights of creditors. We refer to the 
Courts og | Powers) Act, 1914, which 
received the yal Assent on August 31, 1914. 
Although it is only an enabling measure, in that 
it merely confers certain new powers on the judges 
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who have to administer the law, it might, if en- 
forced in one way, practically deprive all plaintiffs 


of the fruits of litigation for a considerable period. 

Everyone will admit that a judgment is of little 
avail unless it can be enforced ; it may be enforced, 
in the ordinary way, by execution—that is to say, 
a man’s property may be sold, and the proceeds of 
sale may be applied to the payment of judgment 
debt and costs. Again, the landlord generally has 
power to distrain or to recover ion of 

remises for default in the payment of rent. 

inally, in the case of a policy of insurance, the 
company generally has a formidable remedy for 
the non-payment of a premium due: it may forfeit 
the policy. 

e new Act provides, by Section 1 (1) (a), that 
no person shall proceed to execution on, or other- 
wise to the enforcement of, any judgment or order 
of any Court for the payment or recovery of a sum 
of money except after an application to the Court. 
The “sum of money” here referred to means any 
sum of money due under a contract made before 
August 4, and rent (whether payable pursuant to a 
lease made before or since August 4), unless it 
amounts to 501. a year or more. The following are 
examples of ‘‘sums of money” payment of which 
cannot be enforced without application to the 
Court :— 

(i.) The price of goods sold prior to August 4. 

(ii.) Salary due under a contract made prior to 
August 4. 

(iii.) Payments due under the certificate of an 
engineer on the carrying out of works under a 
contract. 

Before considering the powers of the Court, let 
us refer to the second half of Section 1, which 
further limits the rights of a judgment creditor. 
He may not (1 (1) (b)) levy any distress, take, 
resume, or enter into possession of any pro- 
perty, exercise any right of re-entry, foreclose, 
realise any security (except by way of sale by a 
mortgagee in possession), forfeit any deposit, or 
enforce the lapse of any policy of insurance to 
which this sub-section applies, or in default of the 
payment or recovery of any such sum of money, 
except after an application. The policy of insur- 
ance here mentioned only includes a policy for life 
or an endowment for an amount not celine 251. 
The man who has a policy for 1000/. may forfeit it 
by non-payment of premium. 

We now pass on to consider the powers of the 
Court on the making of an application. Section 1 (2) 
provides that if on an application the Court thinks 
that time should be given, on the ground that the 
defendant is unable immediately to make the 
payment by reason of circumstances attributable, 
directly or indirectly, to the present war, the Court 
may, in its absolute discretion, after considering 
all the circumstances of the case and the ition 
of all the parties, by order, stay execution or defer 
the operation of any such remedies as aforesaid for 
such time and subject to such conditions as the 
Court thinks fit. 

It will be interesting to see how the Court will 
exercise the very wide powers thus conferred upon 
it. The fact that there are two sides to everything 
will doubtless be borne in mind. A stay of execution 
may be a serious hardship to a judgment creditor. 
For instance, suppose a tenant in possession of a 
shop or mill under a lease dated before August 4 
is unable to pay his rent. Is the landlord to be 
permanently kept out of possession because, owing 
to the war, the tenant cannot make the business 
pay, although another tenant could do so? We feel 
sure that before exercising the wide powers con- 
ferred upon them our judges will require strict 
proof of the fact that the defendant is unable to 
pay owing to circumstances arising out of the war, 
and that, failing a complete ition of the 
plaintiff's rights, the defendant will be compelled 
to do all he can to make reparation. 

Another very important power is given to the 
Court. Everyone knows tat the most powerful 
means of enforcing the di of pecuniary 
liabilities are under the control of the Bankruptcy 
Court. Aman will resist all other forms of execu- 
tion, but he will pay up rather than run the risk of 
being made bankrupt. The Act under considera- 
tion provides (by Section 1 (3)) that where a bank- 
ruptey petition has been presented against any 
debtor, and the debtor proves to the satisfaction 
of the Court having jurisdiction in bankruptcy that 
his inability to pay his debts is due to circumstances 
attributable, directly or indirectly, to the present 
war, the Court may, in its absolute discretion, after 





considering all the circumstances of the case, and 
the position of all the parties, at any time stay the 
proceedings under the petition for such time and 
subject to such conditions as the Court thinks fit. 

e trust that, in exercising the discretion con- 
ferred by this provision, the Court will spare no 
effort to guard against the unscrupulous debtor who 
will make the war an excuse for the non-payment 
of his just debts. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. IV 


By Freverick Wiiiiam Lancuester, M. Inst. C.E. 


Low-AutitupE FLy1ne. 

Our interest in the subject of low-altitude flying 
from the military point of view is entirely pro- 
spective; there are certain advantages to be 
derived from low-altitude flying that are not at 
once apparent ; the disadvantages are too obvious 
to need mention. 

It has often been noticed by the writer, and it 
is probably a matter of common observation, that 
an aeroplane, however visible it may be with the 
sky as kground, is readily lost to sight and 
becomes exceedingly difficult to pick out when 
backed by a hill or a mountainside. This is the 
case with a machine finished *‘ bright;”* when 
machines are given protective colouring, as is now 
customary, the difficulty of detecting their presence 
when os ob the sky-line will be far greater. 
Thus, so long as an aeroplane approaches any 
position st medium or high altitude, it may be 
clearly seen at some few miles distance, and mea- 
sures will be taken to give it an appropriate recep- 
tion; whereas a machine making its approach at 

uite low altitude would frequently be able to take 
the enemy quite by surprise. Beyond this it has 
been found that, except for reconnaissance, high 
altitude is not altogether advantageous. A certain 
amount of harm may be done by bomb-dropping, 
machine-gun fire, the raining of steel darts, &c.; but 
an aeroplane at a height cannot take an intimate and 
decisive part in a fray, as, for an example, cavalry 
charging or infantry with the bayonet. It might 
prove of enormous and overwhelming value if at 
any critical moment, or at any critical point, it 
were possible to-let loose a few squadrons of aero- 
planes each mounting one or more Lewis guns,t 
to bring short-range concentrated fire to bear, or 
alternatively to make an attack by the aid of 
bombs or hand-grenades. The scene that would 
ensue, for example, on a congested line of retreat 
would be indescribable : horses thrown into hope- 
less confusion or stampeded, mechanical transport 
lorries holed in a dozen or more vital points, water- 
jackets or radiators damaged, cylinders pierced, &c., 
gun teams wiped out, infantry decimated ; in brief, 
chaos over endless miles of high road. 

The question arises whether it is possible for the 
aeroplane to fly at a sufficiently low altitude to act 
effectively in the manner indicated without exposing 
itself to immediate destruction. The matter is 
entirely a question of armour; the unarmoured 
portions of the machine, which derive their immu- 
nity from their transparency to rifle-fire, are no 
worse off at point-blank range than at 2000 ft. or 
3000 ft. altitude. Taking the altitude as 500 ft. (a 
reasonable maximum for the effective execution of 
the duties contemplated), the thickness of armour 
n is approximately .4, in. (4 mm.) for the 
British service Mark VI. ammunition, or slightly over 
he in the case of the pointed Mauser bullet, the 

tter thickness representing a weight of 10 lb. 
sq. ft. It is tien that the problem of giving 
complete protection to the motor, pilot and gunner 
will cae a problem of some difficulty ; probably 
in the present state of the constructor’s art the 
protection would need to be somewhat ‘‘ scamped,” 
and a certain amount of risk admitted. Whatever 
economies are effected in armour, the main principle 
must not be lost sight of—i.e., the thickness must 
not be. tampered with ; armour too thin for its duty 
is worse than canvas or brown Re 

Once the altitude has been brought down to 
500 ft.—that is to say, if and when it is recog- 
nised as advantageous and found possible to utilise 
such low altitudes in aeroplane tactics—it becomes 
a question whether it will not be found to pay to 
*“‘go the whole hog” and fly at the very lowest 


* A term used by boat-builders to denote a varnished 
boat—not painted. 

+ This gun was illustrated and described in ENGINEER- 
ine of November 8, 1912, page 636. 











altitude possible. It may be at once admitted 
that all the dangers of flying, qua flying, will be 
thereby increased, but danger of the degree in ques- 
tion is a matter of little or no consideration in actual 
warfare. Briefly, the immediate suggestion is that if 
low-altitude flying is systematically to be under- 
taken, it should be conducted quite low—danger- 
ously low, according to ordinary standards. At an 
altitude of 500 ft. an aeroplane still makes a very 
clear mark against the sky, visible from a consider- 
able distance. By following the contour of the 
ground, never rising more than 100 ft. or 150 ft., 
unless to clear au obstacle not otherwise to be 
avoided, an attack will be made with comparative 
suddenness, and the machine will be gone out of 
sight almost before there has been time to bring a 
gun to bear. Even when under fire it will have 
a certain tactical advantage in the fact that it will 
be attacking a line* parallel to which it is flying—it 
need never miss its target—whereas it itself offers 
the worst kind of mark to the enemy, combining 
small size, high speed, disconcertingly short range, 
in addition to which it is, in effect, a disappearing 
target. If one is tempted to be over-influenced by 
the obvious danger of such tactics, it is well to recall 
the exploits carried out as a matter of ordinary 
experience by cavalry under fire, without the ad- 
vantage of armoured protection, while presenting a 
target (man and horse) something like 20 sq. ft. in 
area, and with a s contemptibly small in 
comparison with that of flight. It is only neces- 
sary clearly to admit that in this form of fighting 
we may have to reckon with serious losses of men 
and machines, not occasional losses, as at present, 
but rather such as can be expressed as a percentage 
of the force engaged. 

The further reduction of altitude now under dis- 
cussion means that rifle-fire must be faced literally at 
muzzle velocity, and corresponding provision made 
in the thickness of the armour. For the pointed 
Mauser bullet, representing the maximum rewuire- 
ment of to-day, the thickness of plate needed is 
scarcely less than 2 in., and the weight 13 lb. or 14 1b. 
per sq. ft. Evidently the question of weight of 
armour will become a difficulty of a most serious 
character, and no pretence can be made to give 
complete protection ; the area must be cut down 
to an absolute minimum. 


Tae Macuine-Gun IN THE SERVICE OF THE 
AERONAUTICAL ARM. 

Rapidity of fire to the aeronautical gunner is a 
matter of first importance ; the time during which 
he has the enemy under fire is necessarily brief, and 
in that time he must do the maximum injury pos- 
sible ; consequently we must regard the automatic 
or machine-gun (or pistol) as without rival as his 
weapon of offence. 

The degree of accuracy attainable in firing with 
a machine-gun from an aeroplane depends primarily 
upon the weapon and the man, as in every other 
kind of shooting, but in addition the steadiness of 
the ve is an important factor, this being 
mainly dependent upon the wind and weather. 
Under favourable conditions an expert shot using 
the Lewis gun has delivered the whole contents of 
a@ magazine (of 47 cartridges capacity) into an area 
10 ft. by 60 ft. from an altitude of 600 ft. at a 
range of 1000 yards. Making allowance for this 
expert handling of the weapon, as being superior 
to the average ability available under service con- 
ditions, there can be no doubt as to the deadly 
efficiency of a gun of the Lewis type as an aeroplane 
armament. he writer has himself witnessed a 
performance very little inferior to the above in 
weather that could by no means be considered ideal. 
Apart from many detail points of merit, the Lewis 
gun is, for aeroplane service, superior to any 
other machine-gun at present available : firstly, on 
account of its self-contained magazine, which, by 
the abolition of the cartridge-belt, &c., permits of 
the gun being trained freely in any direction from 
vertically upwards to vertically downwards, and 
which also allows of its use as a shoulder-arm ; and, 
secondly, by reason of the adoption of direct air 
cooling in place of the usual water-jacket. 

Assuming the proved accuracy of the Lewis gun 
as the criterion of machine-gun fire, it is evident 
that an estimate of the effectiveness of low-altitude 


* In nearly all cases the objective of attack will be « 
line of some kind ; thus it may be a convoy or column in 
retreat ; alternatively, if the attack be on an entrenched 
position or on the attacking force, the line formation is 
again in evidence; the pilot’s instructions in every case 
oon dg to fly fhiveotly over or parallel to the line 
attacked. 
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aeroplane attack becomes little more than a matter 
of simple arithmetic. We may take, for example, 
the problem to be that of executing a counter-attack 
upon infantry, themselves attacking a ition in 
open order, the —— to be delivered 
against the foremost line, lying prone at two 
or three es interval. We x, justified in 
assuming that the magazines will be emptied over 
an area defined as a belt of 10 ft. or 12 ft. width, 
in which, therefore, there is one man to — 
mately 100 sq. ft. of ground under fire. Now the 
area of target offered by a man prone is approxi- 
mately 5 sq. ft., so that, as an average, one bullet 
in twenty will find its mark. This represents a 
man knocked out for every 10 oz. of lead expended, 
which must be regarded as extremely economical, 
in view of the fact that it is usually supposed to 
take a hundredweight of lead to kill one man, say 
30 Ib. or 40 lb. for every man put out of action. 

In any such work as the foregoing, the question 
of lowness of altitude is of vital importance. Since 
no attempt to aim at an individual mark is con- 
templated, there is no disadvantage from the point 
of view of the gunner in flying quitelow. His target 
may appear as blurred as the side of a railway cutting 
viewed from the window of an express train, but 
so long as he ‘‘ delivers the goods” within the belt 
of ground intended, his average hits will not be 
detrimentally affected. If he is shot at by the 
infantry line he is attacking, or by a supporting 
line (usually 300 yards, more or less, in the rear), 
every man attacking him breaks his cover and 
becomes a prominent mark for the defending in- 
fantry force. Beyond this, the aeroplane carries 
armour and presents a comparatively small vulner- 
able target. The advantage of low-altitude flying 
in the present connection lies in the fact that it 
is, in effect, a perfect defence against attack by 
long-range fire. No matter what developments 
may be made in air-defence artillery—even it means 
should be found to render an 18-pounder as handy 
as a sportman’s shot-gun—if the attacking aero- 
plane fly low enough, the enemy cannot bring long- 
range fire to bear without bringing his own infantry 
lines under fire at the same time. 


Tue Fourure or THE Ficutine Tyre or 
AEROPLANE. 


A reservation has already been made to the effect 
that low-altitude flying—i.e., under 2000 ft.— 
as affecting the service use of the aeroplane, lies 
mainly with the future ; the design of the machine 
for this class of work will require the most careful 
study on the lines already indicated, the essential 
— being immunity to attack by small-arm fire. 
n obtaining such immunity sacrifice of some kind 
will have to be made. Whether it be in the armour- 
plating of vitals or in the provision of redundant 
members or material, a great deal of otherwise 
unnecessary weight must needs be carried which 
ultimately reduces the carrying power in other 
directions. This means eventually either a reduc- 
tion in the speed or a positive all-round increase in 
the size and weight of the machine. Granted that 
all initial difficulties be overcome, the advent of 
the armed and armoured low-altitude machine 
will initiate a new phase of aeroplane tactics, and 
one that cannot fail to have a far-reaching effect 
on the other Arms of the Service. The difficulties 
of cavalry operations will be increased incalculably ; 
a body of cavalry, unless protected by a covering 
force of aeroplanes, will find itself continually open 
to attack, both by short-range machine-gun fire 
and by bombs or hand-grenades; in addition to 
which the demoralising effect of numbers of high- 
powered aeroplanes flying overhead, within 200 ft. 
or so, will be by no means a negligible factor. 
Up to the present the cavalry have been the Arm 
of greatest mobility, and nearly all cavalry opera- 
tions on a large scale are fundamentally based 
upon, and rendered possible by, that fact. Once 
the aeroplane has taken its place in the actual 
fighting arena, this condition is definitely a thing 
of the past, and, so long as daylight lasts at 
least, any cavalry force not itself accompanied, 
or supported, by its own aeroplane auxiliary will 
find its every movement dogged by the hostile 
aeroplane, and its every operation baulked by 
counter-attack from above. Caught in the open, 


its only defence will be in dispersion over the 
widest possible front or area, otherwise it must 
take to the woods or whatever other cover is 


stampeded or destroyed, and its existence as an 
effective unit will be at an end. : 
It must not be su however fully the 
present anticipations of thé development of the 
aeroplane as a fighting machine may be realised, 
that the value of cavalry is at an end ; this is not 
the writer’s view in any sense. It is probable that 
in the early stages of a battle, or of a campaign, the 
cavalry Arm will cease to play the important rédle 
that at present is, and has hitherto been, assigned 
to it, and that the pushing out of advance posts 
and reconnaissance will devolve more and more on 
the armed and armoured motor-car and aeroplane. 
However this may be, there will still remain 
country in which cavalry can be advantageously 
employed, country in which cover (woods, forests, 
&c.) is plentiful, where mounted men are secure 
from aerial observation and attack, and where a 
mounted force is virtually the only means by aid 
of which the terrain can be effectively reconnoitred. 
Thus, also, in wooded country, in the recon- 
naissance that accompanies or precedes an army on 
the march, it would seem probable that the aero- 
plane and cavalry will be used in conjunction, the 
more distant work being accomplished by the aero- 
planes, whose presence would also ensure the pro- 
tection of the cavalry from hostile aircraft. The 
detail work, including the holding of bridges and 
advance positions of importance, also the location 
of and dealing with any patrols or other bodies of 
the enemy that may be encountered will be accom- 
plished by the cavalry. The obvious disadvantage 
of the use of the aeroplane for reconnoitring is that 
it informs the enemy of the advance or presence of 
a hostile force. Where this fact is of weight, the 
rotecting flight or squadron of aeroplanes would 
bs best handled as a supporting force, with perhaps 
one machine at high altitude to maintain contact, 
the duties of this latter machine being to kee 
in touch and transmit information to the divi- 
sional or army corps command, and to call for the 
supporting aeroplane force should occasion require. 
Exactly how the combination of the two Arms (air- 
craft and cavalry) will be controlled and handled 
it is impossible, without actual experience, to lay 
down. The main point is that in the new Arm 
we have a force altogether transcending the 
cavalry as to mobility and range of observation, 
and which before long will become an actual fight- 
ing force of no mean importance, and these facts 
cannot fail to be revolutionary in their ultimate 
influence on the réle and employment of the cavalry 
Arm. 





IRONMASTERS’ QUARTERLY MgetTinec.—The date of the 
Ironmasters’ quarterly meeting has been restored to the 
original fixture—viz., October 8, in Birmingham. 





Enoingegr Units, Rorvat Navat Drivision.—A Joint 
Committee of the Institutions of Civil, Electrical, and 
Mechanical Engineers is engaged in the selection of men 
for the Engineer Units of the Royal Naval Division, a 
notice of which appeared on page 360 of our last issue. 
There are still some vacancies to be filled, and applica- 
tions are invited from engineers and architects who are 
members of professional societies. Application to be 
made in person at the special recruiting-office at No. 2, 
Savoy Hill, W.C., between 10 a.m. and 1 p.m., or between 
2 p.m. and 4 p.m. 





Tue SvupkRHEATER ELEMENT.—In a recent leading 
article (page 17 ante) we discussed the proportions of the 
superheater element of the type now commonly employed 
in locomotive work. We referred at the time to certain 
experiments carried out on the Pennsylvania Railroad 
testing plant at Altoona on the effect of changes in 
length and form of these elements on superheat. The 
early data which were available when our comments were 
written seemed to show slight inconsistencies, a fact to 
which we incidentally referred on page 18 ante. Our 
readers will be interested to learn that we have lately been 
informed by Mr. C. D. Young, who is in charge of the 
experimental work at Altoona, that the seemingly incon- 
sistent series of tests have been repeated, and that now all 
are concordant. In these experiments the length of the 
elements and of the return bends were altered in a 
methodical manner. The final results seem to show 
that an element extending down towards the fire-box, 


but only half-way back for the return bend, giving only 
75 per cent. of the standard element s owed 
results equal to the s' element in which return 


bend is brought back to the smoke-box. The point which 
had attracted our attention was that the results shown 
for an element having a return-bend length between 
these two, and t ‘ore of about 87} i the 
standard surface, fell far below the o' There 
appeared to us to be no reason for this. It seemed more 
logical to expect the 874 per cent. surface element to 





available. Further, it will be impossible for it to 
undertake a dismounted action, for the led horses 
(the bugbear of dismounted cavalry) will be either 


group with the 100 per cent. and the 75 per cent. elements. 
Later tests have proved this to be the case. The results 


INDUSTRIAL NOTES. 


At a meeting of the Coventry Trades and Labour 
Council, which was held on Thursday, the 17th inst., 
consideration was given to the way in which, it was 
alleged, men working in factories full of war orders 
had preferred working overtime to allowing a dis- 
tribution of labour among 4 larger number of their 
fellows. 

Mr. J. Chater, the om ry stated that the Trades 
Council had endeavoured to deal with excessive over- 
time at the ordnance works. The matter came before 
& central conference of the engineering trade at. York, 
and was referred to local associations in various places. 
At Sheffield, he added, the employers were prepared 
for three shifts a day of eight hours each, but some 
workmen called for a two-shift day, which meant 
abnormal overtime. At Birmingham much the same 
thing had happened, and men were working seventy 
hours a week. 

Other speakers dealt with the old ideal of trade 
unionism against overtime working, an ideal. which 
had been overthrown by workmen’s “ grabbing.” The 
men’s action had rendered it difficult to deal with the 
o ce worke, but further attempts would, how- 
ever, be made to regularise hours in the interest of 
men now unemployed or only partially employed. 

The only commentary is that the ordnance firms 
cannot get the men. 

Weare informed that a deputation of house-painters 
in Birkenhead waited upon the Mayor, requesting him 
to take action in asking people to proceed with their 
house-painting schemes. The deputation pointed out 
that unemployment in their trade was continuing, and 
that whereas in normal times only about 20 men 
would be out of work, there were at present 180 out 
of a total of 400. Many private individuals, the 
deputation said, had abandoned proposed contracts 
owing to the war. The deputation also urged the 
importance of the Corporation doing all in its power 
to put in hand painting work. The Mayor expressed 
great sympathy with the men, and promised to do 
all he could to further their object. 





The Lancashire cotton trade is also in a diffioult 
situation owing to the war. 





Ata meeting of the Salford Education Committee 
held on Monday last, the 21st inst., evidence of the 
extent of unemployment due to the war was given in 
two letters addressed to the chairman. e first 
letter, from the Building Trades’ Federatiap, stated 
that there was an enormous amount of distress caused 
by the stagnation of industry, and the Federation 
were asking all public bodies to press forward work 
in hand, and, where practicable, to carry on now 
work which had been reserved for the future. It was 
only with such assistance, the Federation added, .that 
they could hope to cope with unemployment. 

The second letter, from the National Amalgamated 
Society of Operative House and Ship Painters and 
Decorators, drew attention to the deplorable state of 
the painting trade in Salford. It stated that since 
war was dec large numbers of painters had been 
dismissed every week, at a time when painters were 
, weed in full employment. A great amount of 

istress existed, and the Society urged that as much 
painting and decorating work as possible should be 
put forward at the earliest possible moment. 

The letters were referred to the Elementary Educa- 
tion Sub-Committee. 





The consequences of the war are, indeed, most far- 
reaching. As a further instance, among others, which 
we could name, we may state that the first report 
issued by the United States in regard to the traffic 
through the Panama Canal shows that as a direct 
result of the European conflagration the receipts are 
ridiculously low. The tolls received from the first 
week’s traffic amounted to only 3000/. This sum is 
insufficient to pay the operating expenses, to say 
nothing of the interest on the capital involved. The 
canal could not have been opened at a worse time. 





But the war will not last for ever. A very large pro- 
portion of the trade which formerly went to Germany 
and Austria will be recovered by this country even 
before the cessation of hostilities, to the benefit of the 
whole British working class, a class which, as we 
stated on a former occasion in these columns, is o 
much more numerous class than the hand-labourers 
wish to acknowledge. The Panama Canal also, when 
the time comes, will become a paying undertaking. 





Publicity is given by Reuter’s Agency to an article 
contained in the Berlin journal Vorwaerts, which states 
that in Nuremberg there are 55,723 workers, of whom 
41,812 are men. About 30 per cent. of these latter 
have been called to the Colours, and of the remaining 
43,549 male and female, 11,756 are out of work. These 
figures are compiled from official statistics, but the 





from an element of this description fall about where the 
should do to be consistent with the other results obtained. 





true numbers of unemployed are probably still higher, 
as some of the trade federations have not sent in their 
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reports, and the Vorwaerts estimates that at least one- 
third of the working population is without work in 
consequence of the war. At the outbreak of war there 
were only 1934 unemployed. This number increased 
to 9822 in the first month of hostilities. The Vor- 
waerts declares that these —— can be — to all 
large towns and trades in Germany, and that it is 
undoubtedly the fact that ay nn pg is increasing 
week by week. Clearly, the journal adds, this question 
of unemployment is a very serious one for the Govern- 
ment. 


In our last issue (on page 369 ante) we gave a few 
particulars of the schemes set on foot in this country 
to deal with a part of our unemployed population by 
the reclamation of waste lands. e also referred to 
the pit-prop difficulty. In Canada, suggestions have 
also been put forward to provide against unemploy- 
ment by afforestation. In Norfolk County, Ontario, 
a farm has been established, ae ped the control of 
Professor Zavitz, for the of propagating trees, 
which will eventually help towards the afforestation 
of Ontario. No fewer than 410,000 trees were dis- 
tributed in the course of last spring from the stations 
throughout the province to be planted as a start in 
afforestation. Forty years hence these small trees will 
have become a valuable asset. This is only a begin- 
ning. Thousands of trees will be sent every _ 
from the farm. These trees will be supplied free. 
One hundred and twenty acres are now permanently 

lanted for forests. The people of the country have 
Neen quick to realise the n which exists for more 
forest area, and the demands made for trees have been 
so great that last - age on a tree was added to the 
permanent plantation. The nut trees were cleared 
out entirely, and most of the other common varieties 
shared a similar fate. Chief amongst the varieties 
sent out were Scotch, white, red, and jack pine, black 
locust, white ash, hard maple, and nut trees. 


The London and China Telegraph gives publicity to 
the following bulletin issued by the Bureau of Foreign 
and Domestic Commerce, Department of Commerce, 
Washington :— 

‘In the upbuilding of the Japanese cotton industry 
the mills have been greatly hampered by lack of 
money and experience, as well as by lack of skilled 


operatives, and the difficulty, under their system of 
transient girl operatives, of creating and maintaining 
a trained force. The first cost of the mills is so great 
that, with high interest charges and high taxes, 
which have greatly increased since the Russian war, 
the manufacturers have resisted all —— by the 


authorities to enact regulations that would interfere 
with night-work. The mills have been tly favoured 
by a supply of extremely cheap labour, and by 
freedom from laws Lageme omg long working hours. 
They have also been enabled to keep down the 
cost of raw material by varying the mixings, and 
thus setting off one cotton against another in a 
way that is not permissible in countries making the 
higher classes of goods that require a me ee 
of cotton. Most of the yarns and cloths produced 
by Japanese mills are made from a mixture of 
Indian, American, and Chinese cotton, and the low 
cost of raw material thus obtained seems to aid the 
manufacturers in their struggle for the Chinese market 
as much as does their cheaper labour, especially as 
the labour is very inefficient. Japan ships cotton 
arns and cotton goods to many countries, but its one 
arge market is China, where it finds competition in 
yarn from India and cloth from the United States. 
The Japanese fear the future competition of Chinese 
mills more than they do the American and Indian. 
The Chinese cotton industry is small, but developing, 
and if the tariff is raised, as now pro , the Chinese 
may quickly become a strong factor in the situation.” 


In reply to an applicatiun sent by the Mercantile 
Marine Service Association to the Admiralty regard- 
ing the pay of masters and officers of the mercantile 
marine engaged on transport service, Rear-Admiral 
Herbert Savory, Director of Transports, has written 
stating that the Admiralty have no objection to the 
authorised flat rise of 1/. monthly being extended to 
the masters, officers, and engineers of steamers 
chartered or requisitioned during the present emer- 
gency. The Admiralty are informing the owners of 
such vessels to that effect. 


As bearing on the same subject, we may add that an 
intimation was received at South Shields on Tuesday 
last, the 22nd inst., from the head-quarters of the 
Marine Engineers’ Association to the effect that all 
engineers employed on steamers chartered by the 
Admiralty had been granted an advance of 1/. per 
month on account of war risks. 


The Manchester Guardian reports that the Home 
Trade Association of Manchester again had under 
consideration on Tuesday last, the 22nd inst., the 

uestion of whether a reduction of the salaries of 
their employees is necessary. The subject was last 





discussed at a meeting held on August 25. ‘The 
Association then a resolution, which in sub- 
stance was a warning that the economies which war 
made it n for firms to practise might have to 
be extended to a reduction of ies. The resolution 
recommended, however, that no salaries should be 
reduced until the Association had reconsidered the 
matter in the light of later experience. 

The position was reviewed on Tuesday, when the 
members of the Association were again advised not to 
take any action until the end of the year. With one 
or two exceptions, the firms represented in the Asso- 
ciation have acted in accordance with the recom- 
mendation made in August, and it is unlikely that the 
warehouse staffs generally will suffer a reduction of 
salaries or wages this year. 

The committee of the Home Trade Association 

d the following resolution, on the motion of 

r. R. H. Brooks (of Messrs. I. J. and G. Cooper, 
Limited), seconded by Mr. J. G. Nidd (of Meesrs. 
Sparrow, Hardwick and Co.) :—‘* That following the 
previous recommendation of the Association on the 
subject of w: and salaries—Resolved : That it be a 
recommendation to the general body of members that 
no reductions be made in salaries and wages prior to 
December 31.” At the meeting of the general body 
of members immediately following, the resolution was 
unanimously adopted, on the motion of Mr. R. H. 
Brooks, seconded by Mr. J. Watson (of Messrs. Peel, 
Wateon and Co.). 


A letter signed by twelve trade-unionists in the 
employment of Messrs. Siemens Brothers Dynamo 
Works, Limited, at Stafford, has been sent to the 
Press calling attention to the fact that 2000 men are 
engaged at the works, of whom only 4 per cent. are 
foreigners, and not all these are Germans. If, as has 
been suggested, there should be a boycott of the firm, 
these men would suffer an immediate loss of 
work, and it would be a considerable time before they 
could transport themselves and their families to other 
towns when vacancies could be found. The town of 
Stafford would feel the withdrawal of some 100,000/ 
@ year now paid in wages, and for this there could 
be no compensation to be found in migration. The 
firm of Siemens Brothers, of which the Stafford firm 
is an off-shoot, was founded in 1847 by Mr. William 
Siemens. 








A NEW PROCESS FOR HEATING BLAST- 
FURNACE STOVES.* 
By A. Spannacet, Dipl.-Ing. (Neunkirchen-Saar). 


In November, 1913, the first description of the new 
method known as the Pfoser-Strack-Stumm system for 
the acceleration of the heating of Cowper stoves was 

ublished+ by Mr. H. Schmalenbach, works manager at 

eunkirchen ; but as the principle may perhaps not yet 
be generally known, some account of its further develop- 
ment may be of interest. 

The firm of Messrs. Stumm Brothers had for a long 
time been studying, as many others were doing, the 
problem of finding a more rational method for heating 
the blast-furnace stoves. In November, 1912, the firm 
engaged Mr, A. Pfoser, consulting ineer, of Achern 
(Baden), to carry out a four weeks’ night-and-day test 
on a stove 25 m. (82 fv.) high and 6.5 m. (21 ft.) in 
diameter, and on the basis of the exact data obtained 
to establish a heat balance. In general, the results 
showed that, of the total heat put into the stove, about 
26 per cent. was carried off in the waste gases and 18 per 
cent. was lost by radiation. The efficiency of the stove 
therefore amounted to about 56 per cent. tain obser- 
vations made while the test was in progress led both 
Mr. Pfoser and Mr. O. Strack, chief engineer at the 
Neunkirchen Works, to conceive a method by which the 
heating of the stoves would be improved. itherto the 
almost universal practice has been to heat up the stove for 
3to5 hours, and then to remove heat by sending the blast 
through for 1 to 14 hours. 

The operation of heating up and the removal of heat 
are both, however, as a matter of fact, a function of the 
heat conductivity of the firebricks, since the pro- 
ducts of combustion, passing through during heating, and 
the air passing through while the stove is under blast, are 
gases possessing the same physical properties. Why, 
then, should the chequer-work give up its heat to the 
blast in so much shorter a time than is required to collect 
the heat from the waste gases? 

In searching for the explanation of this phenomenon, it 
occurred to both the above-mentioned gentlemen that 
the difference in the velocity of the gases during the 
periods of heating and of removal of heat had something 
to do with it, and it is this fact that gave the solution to 
the question, and forms the principle on which the sub- 

uent invention is based. 

t is y known that under present conditions, 
when it 1s required to raise the temperature of the stoves, 
which is done by sending through a 14 quantity of 
gas in a time, the temperature of the waste gases 
rises, the waste losses are increased—that is, the 
efficiency is reduced. By practical experiments it has 
been determined that thie rule only holds = up toa 
certain point. If the supply of products of combustion 


is increased beyond a certain amount, the waste- 

temperature not only ceases to rise, but begins to fall. 
The process is represented diagrammatically in Fig. 1. 
This apparent contradiction may be explained by a con- 
sideration of the conditions under which the transmission 
of heat takes place in the channels of the chequer-work. 
Through each channel there flows a current of gas, which 
may be imagined as consisting of innumerable mole- 
cules. With a low velocity, it may be assumed that the 
molecules flow almost parallel to each other through the 
channels, the friction with the bricks being inconsider- 
able. Therefore, only those molecules flowing close along 
the channel walls transmit their heat direct by contact, 
while the inner ones in the centre of the current can only 
impart their heat slowly by radiation. Thus, if the quan- 
tity and velocity of the products of combustion are low, 
the heating period will be very long, with low waste-gas 
temperatures. If, now, the velocity of the heating mix- 
ture be inc to about the maximum usual velocity, 
the friction of the gas particles against the bricks causes 
eddying in the outer layer of gas, and the inner icles 
are also thereby partly brought into motion. The heat 
transmission becomes more rapid, but since the quantity 
of gas is considerably greater, in consequence of the 
increased velocity, a larger proportion of the heat is 
carried off unused ; that is to say, the heating period 
is shortened, but the temperature of the waste gases is 


By increasing the velocity still more, the gas mole- 
cules finally come to be driven with force through the 
channels, and the friction against the bricks becomes so 
great that the particles rebound and impart their whirl- 
ing motion to those in the very centre of the current. The 
violent eddying brings all the molecules within avery short 
time in ccntact with the bricks, and they give up their 
heat more rapidly. The result is that the waste-gas tem- 
perature falls. e amount of heating gas and quantity 
of heat introduced in a given time is, however, greater, so 
that the heating period is shortened. 

The new system, to which the name Pfoser-Strack- 
Stumm (P.S.S.) has been given, offers the following ad- 


a — 
1. The ability to shorten the heating period down to 


or below the period during which the stove is under 
last. Consequently two stoves are sufficient to serve one 
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all Snr tad ark 
blast-furnace, or, in practice, five stoves will serve two 
blast-furnace3, one being kept in reserve. In a new 
= this means a saving both in capital cost and space. 
Nith fewer stoves in operation there will also be a reduc- 
tion in the t losses due to radiation with a corre- 
sponding saving in gas. 
2. By keeping to the same heating period the stoves can 
be brought up to a much higher temperature, owing to the 
ter quantity of air and consumed, and by increas- 
ing hy temperature of the blast an econnmy in coke will 
result. 


3. An almost uniform blast temperature can be main- 
tained by wunaing two stoves in series. This is quite 
nga | where four stoves are attached to one blast- 
furnace. The hot gases can be driven through two stoves 
in succession, and the blast afterwards sent through in 
the reverse direction. Such an arrangement is equivalent 
to having two stoves of double the ordinary height. The 
blast can be kept at a high and nearly even temperature ; 
the waste-gas temperature is very low, and the heat of 
combustion is well utilised. 

The first tests with the system were made at Neun- 
kirchen, in February, 1913, on an old. stove, 25 m. (82 ft.) 
high and 6.5 m. (21 ft.) in diameter. It was built up inside 
with hollow hexagonal bricks, the internal diameter being 
150 mm. (6 in.), and the heating surface of the chequer- 
work was 3800 sq. m. (40,888 sq. ft.). The stove was 
heated by rough-cleaned gas containing about 0.5 gramme 
of dust per cubic metre. 

After long consideration, the plan was tried of forcing 
a larger volume of waste gas through the stove by blow- 
ing in com air through a nozzle. For the sake of 
convenience the supply of compressed air was drawn 
from the cold-air main, which was throttled up to about 
30-cm. (12-in.) water-gauge pressure. By this means it 
was possible to conduct the experiments without in- 
curring much cost. 

The arrangement for the first trials, which can easily 
be counted to any stove, is shown in Figs. 2to4. A nozzle 
of firebrick is built into the combustion-flue. The gas, at 
about 10 cm. (4 in.) water-gauge pressure, is admitted 
through its origi inlet, above which the firebrick 





"* Paper contributed to the Iron and Steel Institute, 
and now open for discussion by correspondence. 
+ Stahl und Eisen, 1914, No. 8, pages 305 to 310. 





nozzle is built, and the compressed air is blown in 
through a cast-iron elbow- pipe, inserted into the flue 
through an existing aenmn and directly connected 
with the cold-air main. The quantity of air was regu- 
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that the stove required to be cleaned less frequently, as 
allow no excess of oxygen or of carbon monoxide. the greater part of the dust in the gases was carried off 
The heating period of the stove under test was imme-| on account of the higher velocity, instead of depositing 
diately reduced at the first trial to about 14 hours, the| in the flues. ; 
tem) tures of the waste gases and of the blast being) The diagram (Fig. 7, page 396) gives the temperatures, 
. Cent. maximum, and 800 deg. Cent. Fol hour 
ours 


lated according to the analysis of the nononide, | 


| measured at the hot-air ring main, of the blast from two 


as compared with the former heating period of the stoves, Nos. 18 and 19, which —_ blast to furnace 
to 5 hours, and a waste-gas temperature of about 700 deg. | No. 3. The waste-gas temperatures, which were measured 
maximum, the blast temperature being the same. Since| with the thermometer at the end of every heating period, 





the results were so une y favourable, a special | are entered upon the di at the commencementof each 

arrangement was devised for three blast-furnaces. change over to blast. It will be seen from the ; 
A fan of about 90 horse-power was installed, which | that with a heating period of about 14 hours, and with 

supplied air at a pressure of about 40 cm. (16 in.) water-| the same length of time under blast, the blast tempera- 
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Since Ma: , 1914, the stoves at Neunkirchen are partly 
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gauge pressure, through an iron pipe to the six stoves | ture falls by only about 100 deg. Cent., and the waste- 
serving the three blast-furnaces. Uniortanately, owing gas temperature fluctuates from 300 deg. to 520 deg. as 
to lack of space, the pipe had to be laid in the ground, a | a maximum. f 

circumstance which caused several inconveniences, par- | a 8 shows the blast temperatures measured imme- 
ticularly as the elbow-pipe projecting into the nozzle was | diately behind stove No. 7 of the Burbach Works of the 
also, for the sake of simplicity, introduced through the | United Iron Works Company, Burbach-Kich-Diide- 
bottom of the stove. ‘The arrangement was subsequently | lmgen, working on the P.S.S. system. stove is 
altered, the elbow-pipe being introduced at theside above | 22 m. (72ft.) high, 6.5 m. (21 ft.) in diameter, and has 3600 
ground. The latest plan, as shown in Figs. 5 and 6, was | sq. m. (38,736 sq. ft.) heating surface of thechequers. It 
to lay the compressed-air pipe at a little distance above | is heated with pre-cleaned gas containing 0.3 gramme 
ground. The form of the nozzle was not altered in any | of dust per cubic metre. Fig. 9 shows the correspond- 


ee respect. ing waste-gas temperatures of the same stove. 
he three ntéreeen in question have now been a 


tive tests with the same stove showed that 
year in operation under the new system without any in-| with the new system, and with a heating period of 
terruption worth mentioning. lining of the stove | 1 hour, the same temperatures for blast and waste gases 
has been regularly inspected without revealing a the 


sign of | were maintained as when heating for 3 hours under 
any injurious influence, On the contrary, it was fend old system. The results of the tests are given in the 


Two stoves, Nos. 14 and 17, each 25 metres (82 fb.) high 
and 6.5 metres (21 ft.) diameter, and of equal dimensions 
in other respects, were adapted to the P.S.S. heating 
system for the purpose of comparative tests. No. 14 was 
built up inside with com tively new hollow bricks of 

the hexagonal form usually adopted at Neunkirchen, as 
sbown in Fig. 11, page 396. The other stove, No. 17, 
was fitted according to Strack’s method. 

The features of the new brick shown in Fig. 11, page 
396, are that it is eight-sided, and has a hole of rather 
small diameter. As may be seen from the illustration, 
each group of four bricks abutting on one another form 
‘an additional passage of square section, which increases 
the heating surface considerably. If the useful height 
of the stove is 17 metres (55.76 ft.), the old apparatus 
would have a heating surface in the chequers of 3638 
square metres (39,144 sq. ft.), with a weight of brick- 
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work of about 260 tons, whereas the new filling of 
a stove of the same useful a would give @ 
heating surface ef 7782 sq. m. (83,370 sq. ft.), with a 
weight of 300 tons of brickwork. The new form of brick 
therefore gives more than double the former area of 
heating surface, while the brickwork is only about 15 
per cent. heavier. The old bricks present 14 sq. m. 
(150 r | ft.) heating surface per ton, whereas the new ones 
<™ 5 eq. m. (ara . ft.) for the same weight. 

D usi 


bricks with such small holes there exists the 
danger that, owi 
due to changes o' 


to the displacement of the bricks, 
temperature, they may get shifted 


It is scarcely necessary to emphasise the saving in 
capital cost in this case. The regular economies in gee 
and coke which can be obtained by the adoption of 
new system are even more im b. 

The gas consumption could not be very accurately 
determined as long as uncleaned gas was b . 
though highly-cleaned gas has been used since May, 1914, 
at Neunkirchen, it has, unfortunately, not been possible 
to do much in the way of measuring the gases, owing to 
the delay in the delivery of the meters. Some measure- 
ments have been made, however, using recording gas- 
meters by R. Fuess, of Steglitz, near Berlin, which have 


Fig.7. OT BLAST TEMPERATURES OF STOVES 18 & 19 MEASURED AT THE HOT BLAST RING MAIN. 
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.9. TEMPERATURES OF WASTE GASES FROM STOVE N°7. 


STOVE N°7.1N FRONT OF THE 


NeViN. 


FigtHor BLAST TEMPERATURES OF STOVES /4 & 17 MEASURED AT THE HOT BLAST RING MAIN. 
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across one another, and so close the passages. Lateral 
openings were therefore provided at one end of the bricks, 
which allow the gases to pass from one passage to the 
next if the vertical path is blocked. The openings 
also provide a means for the continuous exchange of 
gases between the square and round —— In the 
square passages the gases give up their heat more rapidly 
than in the round ones, which have a | r cross-section 
in proportion to their heating surface. A difference there- 
fore results in the pressure in the respective 

which the holes provide a means of neutralising con- 
tinually. 

The two experimental stoves were 
on May 8, 1914, and have served t-furnace No. 5 
since that time without stopping. During May and June 
the furnace produced 169 tons of basic pig daily. 

The stoves are usually 14 hours under gas and 14 hours 
under blast alternately. In the diagram, Fig. 10, of the 
temperatures taken at the hot-blast ring main, stove 
No. 17, filled with the new bricks, after heating for 


t into operation 



































14 hours, was purposely left under blast for 2 to 3 hours, 
in order to show the great quantity of heat stored up. 
Tite di shows that even after 3 hours the tempera- 
ture of the blast had only fallen by 180 deg. The waste- 
gas temperature at the end of the heating period in the 
new stove was 90 deg. to 116 deg., while in the stove on 
the old system it was 410 deg. to 440 deg. at the end of 
14 hours. — ow | results prove that it is pos- 
sible with the Pfoser-Strack-Stumm system, and with the 
new form of brick, to maintain the same blast tempera- 
ture when the heating period is raduced to a ratio of less 
than 1 : 1, and, at the same time, to obtain a lower waste- 
gas  —praee than has ever before been found prac- 
ticable. 

As an illustration of the very remarkable economic 
importance of the new system, the following example 
may be referred to :— 

blast-furnace installation at Neunkirchen consisted 
of five blast-furnaces, each of 170 tons daily capacity, with 
nineteen stoves. A sixth blast-furnace is in course of 
construction, for which it is not required to erect a new 
stove. On contrary, four of the old stoves are being 
pulled down to make room for the new furnace. In future, 
therefore, there will be six blast-furnaces working with 
fifteen stoves, of which latter not more than twelve will 
be running continually. 
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the advantages that the gas consumption is recorded, and 
| that it can be read off on a counter at any time. Such 

measurements as have been made confirm Pf 's ex peri- 

mental determinations, in which the gas was measured 
| indirectly by ascertaining the air consumption. Pfoser 
| had calculated a voy be 10 to 20 per cent. of gas. The 
| comparative tests on old and new systems using clean 
| gas showed a considerably higher economy, but as tests 


extending over long periods are necessary to obtain abso- 
lute accuracy, the results, as far as known, are not suffi- 
ciently exact to justify publication at present. 

In a works consisting of blast-furnaces only, where 
economy in the use of gas is not of such importance, the 
new system of heating the stoves permits of working 
with higher blast temperatures, using the same con- 
sumption. An experimental plant has been fitted u 
under these conditions, which, after a long test, show 
a saving in coke of 40 kg. per ton. : 

The system is applicable to other purposes besides the 
efficient heating of stoves. Experiments which have 
already been made in boiler-firing have given particularly 
favourable results. Without making costly alterations, 
the evaporative capacity of Cornish boilers has been more 
than doubled, though the waste-gas temperatures were 
lower than under the old system of working. 





CoppgR AND THE Wark.—We are informed that copper 
has been declared conditional contraband of war, a deci- 
sion which will prevent the metal being imported indi- 
rectly into Germany by neutral ships. is should also 
make it more difficult for that country to keep up her 
supply of cartridge-cases and other war stores. 

be ager , oumen, Pcp gyn en ts 

et giving full particulars of courses of study in 
Le moll has reached us from the University Oollege, 
Gower-street, W.C. The new building for the School 
of Architecture provides accommodation for upwards of 
100 students, and is the largest and most complete of its 
kind in the United Kingdom. Its completion has enabled 
the Schools of Architecture of King’s College and Uni- 
versity College to be combined, and they will in future 
be carried on in the new building at Gower-street. A 
department of town planning has been established in 
connection with the School of Architecture to provide 
a = pn course of training for architects, engineers, 
and surveyors who are desirous of acquiring expert know- 
ledge in this subject. The course extends ovér not less 
than one session, and includes studio work, lectures, 
examinations, and other tests. Mr. 8S. D. Adshead has 
been appointed first professor of this department. The 
session commences on the 5th prox. 


Tur New Army.—Within a few weeks of war bein 
declared over 20 per cent. of the total male office an 
works staff of Messrs. Willans and Robinson, Limited, 
irrespective of age, joined the Services. Kitchener 
bas conveyed in a letter to the firm his special thanks. 
Places are being kept open and half-pay rates paid for 
those who joined in that period. The company have 
always maintained a close connection with the Army, and 
contributed largely to the formation and support of a 
Howitzer battery formed some years ago, and whose head- 
quarters adjoin the works. The company have acquired a 
special interest in aeroplane engine work, having secured, 
prior to the war — the sole British manufacturing 
rights for the well-known Salmson engine (Canton-Unné 
system).—More than 10 per cent. of the employees of Sir 
W. H. Bailey and Co., Limited, Albion Works, Salford, 
Manchester, have enlisted in the Army and the Terri- 
torials for active service. The firm is paying 10s. a week 
to the dependants of each married man, and is also sub- 
scribing to a fund which has been created for the benefit 
of the dependants of the unmarried men by the remaining 
employees, who are subscribing a percentage of their 
weekly wages.—Authority has been given by the War 
Office to raise two companies of specially - selected 
Automobile Association patrols for service with the 8th 
(Cyclists) Battalion, Essex Regiment. This is in addi- 
tion to over 150 of the men who have already joined or 
rejoined various regiments. They proceeded to Colchester 
on Wednesday last, to be trained for foreign service. 
Gifts of field glasses, shirts, socks, &c., should be ad- 

ressed to the Automobile Association and Motor Union, 
Fanum House, Whitcomb-street, W.C. 


BritisH-Mapg Macneto,—Our readers will doubtless 
be interested to learn that the British Thomson-Houston 
Company, Limited, of Rugby, will shortly place upon 
the market a new magneto, made entirely at their 
Coventry works, for use on motor-cars and on stationary 
gas and petrol-engines. In general design this magneto 
follows standard practice, so that its adoption in place of 
foreign-made magnetos will involve no changes. Like 
most other modern magnetos, it has base and end-plates 
of aluminium, and is totally enclosed and weather-proof. 
The magnets, which are made of a special grade of 
tungsten steel having great retentivity, are longer than 
usual, a feature which increases their permanency, and 
also gives a hotter spark at slow speeds. The armature 
is neat and compact, and very carefully impregnated, to 
render it quite impervious. It is mounted on ball- 
bearings, and has a mica-insulated condenser, contained 
in a brass cap at one end of the core. Special attention 
has been given to the design of the contact-maker, in 
order to render this important detail durable and reliable. 
British Thomson-Houston magnetos are, at present, avail- 
able in three sizes only, One small size, suitable for 
single-cylinder motor-cycles, and two larger, for four- 
cylinder cars; other sizes are, however, in course of 
development. We understand that the firm have been 
experimenting with these magnetos, both in the labora- 
tory and on the road, for upwards of a year, and have 
found them to be satisfactory under the most severe 
service conditions. The firm’s long experience in the 
manufacture of electrical instruments, apparatus, and 
machinery should stand them in good stead in the pro- 
duction of a reliable magneto, and its introduction at the 





present time is extremely opportune, 
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RECENT DEVELOPMENT OF THE 
HYDRAULIC TRANSFORMER.* 


By Dr. H. Foérrincer, Member. 


In 1909 the author read a paper before the German 
Schiffbautechnische Gesellschaft on ‘‘ The Hydraulic 
Transformer for Marine Propulsion.” Since that time 
considerable progress has been made, both as regards 
efficiency, size of uni 8 
upwards of 225,000 shaft horse-power being now in service 
or under construction, for all types of ships, including 
two transformers, each of 25,000 shaft horse-power = 
shaft. It is only on this account that the author has 
ventured to accept the invitation of the Council of this 
great Institution to read a paper on the subject. 

As some installations pl results have in the meantime 
been described in reports by Professor Sir John Biles, 
and published in Eneivggrine,} I shall restrict m 
to some points which are less known and only partially 
understood by scientific as well as by practical men. 

Origin of the Hydraulic Transformer, 1903-04.—After 
the first successes of the Parsons and Curtis marine steam- 
turbines, electric transmission of power was repeatedly 
recommended in order radically to improve the reversing 
and total efficiency of the propeller and steam-turbine. 

The author recognised that a simple combination of 
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turbo-dynamos with motors could not be a final solution. 
In 1903 he proposed a differential dynamo (Fig. 1), 
consisting of a primary dynamo-rotor A, which trans- 
mitted part of the work direct, without intermediate con- 
version, to the secondary rotor B, whilst the differential 
power corresponding to the slip was transmitted in the 
ordinary way by means of a stator C to the same (Fig. 1 
or to another secondary rotor D (Fig. 2). Although this 
differential arrangement greatly increases the efficiency 
and reduces weight and cost, it does not appear to be suit- 
able for marine service. The author therefore proposed an 
hydraulic differential turbine in principle similar to that 
shown in Figs. 1 and 2, the dynamo-rotors being rep 
by impellers, and the stators by stationary iip-cheie. 
Thus originated in 1903 the first design of this hydraulic 
transformer. The principal type is described in Appendix 
I., page 401, and special types in Appendix II., page 401. 
In 1904 the multi-stage and the reversing transformers 


were designed ; in 1905-06 the t and calculation were | the la’ 


worked out. In 1907 the Vulcan Works, Stettin, under- 
took to build a 100-horse-power model to reduce from 
1000 revolutions per minute to 225 revolutions per minute. 
be a ps was exhaustively tested in 1908. An 

ciency o cent. was predicted, and obtained, no 
alterations having to be made. As this experimental 
engine worked very satisfactorily, a vessel of 77 tons dis- 


and number of installations, | bu 


placement and of 12 to 13 knots speed was built for it, and 
asteam-turbine of 500 horse-power—i.e., with five times 
the original power—was employed to drive it.* The revo- 
lutions had therefore to be increased from 1000 to 1750 
per minute. This first experimental engine has been 
In tical use since 1909 on the steam-tug, ice-breaker, 
passenger steamer F éttinger Transformator, no repairs 
or alterations having been found necessary. This proves 
that the first transformer was not merely an “‘ invention,” 
ta pr ical constr i 
The first order came from England in 1910 for the 
suction- cargo-boat Holzapfel The engine was 
desi for 150 horse-power ; the transformer was tested 
up to 900 horse-power, and at 600 horse-power an efficiency 
of 88.5 per cent. was obtained, the astern capacity being 
more than 90 per cent. of the ahead. The transformer 
itself proved entirely successful during the service of the 





best modern turbines attain 88 to 90 per cent., and 
centrifugal pumps 86 per cent. efficiency, when dis- 
charging the water into pipes or ducts with consider- 
able ‘‘outlet loss” (3 to 7 per cent.). With no outlet 
loss they could attain 92 to 94 per cent. under favour- 
able conditions, Now the decisive factor is that the 
power of a primary impeller—viz., the hydraulic pinion in 
a differential turbine—can be transmitted to water with 
97 to 99 per cent. efficiency, or with only from 1 to 3 per 
cent. loss. - 

Appendix III. explains this very simply, and the fact 
is established which is fundamental for understanding 
the transformer principle, that the hydraulic pinion 
works with an average efficiency of more than per 
cent. By the circuit flow all ‘outlet losses” are elimi- 





nated, the boss of the primary impeller —_ half as 
great) taking their place. These and other characteristics 


Figg, P/AGRAM OF HYDRAULIC GOVERNOR FOR THE 
G4. STEAM TURBINE 
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Fig.5 . DIAGRAM OF THE PRINCIPAL TYPE OF TRANSFORMER, 
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boat in 1911-12. The gas-power ry has been described 
in a paper by Mr. A. C. Holzapfel,+ who, by his enter- 
ise, has led the way to a considerable advance in trans- 
‘ormer design. The success of the first two ships, and the 
wide possibilities of transformers for marine work, caused 
the directors of the Hamburg-Amerika Line in 1912 


), | to order two vessels from the Vulcan Company—the 


Admiral von Tirpitz, an Atlantic liner of 25,000 tons, with 
two turbo-transformers of 10,000 shaft horse-power each, 
for the Panama Canal service, which will be ready for trial 
in the autumn of 1914, and the Channel steamer Konigin 
Luise, with two sets of 3000 shaft horse-power each, for the 


laced | Heligoland and Mediterranean routes. The practical 


results thus obtained, and hereinafter referred to, have 
resulted in orders for twenty-one warship installations, of 
an aggregate power of 200,000 shaft horse-power. 

ion of the High Efficiency of the sformer.— 
Including all losses, thrust-block friction, and ventilation, 
test transformers for larger powers work with an 
over-all efficiency of about 92 per cent. This statement has 
sometimes been dou by builders of ordi water- 
turbines and pumps, who overlook the fact that very 
different efficiencies can be obtained with differential 
gears from those with simple combinations, and that 
our differential turbine is built for other tasks than 








* Paper read before the Instituti i 
aly 7914 ore the Institution of Naval Architects, 


NGINEERING, vol. xcvi., page 792. 





that of discharging into a pipe-line or duct. The 
* See ENGINEERING, vol. lxxxviii., 601. 
Transactions of the Institution of Naval Architects, 


vol. liv., page 88. 









































of the transformer principle may be enumerated as 
follows :— 


1. The primary turbine shows a loss of only 1 to 3 per 


cent., its efficiency being higher than 98 per cent. for 
large engines. 

2. The ‘‘ outlet losses” (which with ordinary turbines 
and pumps are at least 3 to 7 per cent.) are eliminated by 
the cl circuit flow. ’ 

3. The very wasteful conversion of kinetic energy into 
pressure energy (of the centrifugal pumps and discharge 
pipes in turbines) is avoided. ‘ 

4. All the vanes work with accelerated motion—#.c., 
contracting channels, causing considerably less friction. 

5. Pipings, ducts, suction-pipes, &., and their friction 
are eliminated. 

6. The first secondary turbine stage. having no guide- 
a with 96 to 98 per cent. efficiency. 

7. friction of the side discs of the pri wheel 
(which is very considerable with ordi hi “life centri- 
fugals) is reduced from 30 to 50 per cent. by the differential 
arrangement, the primary wheel being enclosed between 
the two discs of the rotor, turning in the same 
> hem This likewise reduces leakage losses consider- 
ably. 





F=4 


8. Water volume and head can be freely chosen to 
obtain the best conditions—+.c., very large volume and 
head, leakage loss and disc friction weg Ore coy 

The primary wheels are always of the low-lift 


. Cavitation, often arising in propellers, turbines, and 
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umps on the points of high vacuum, is entirely avoided 
S placing the transformer casing under additional static 





pr , nov existing anywhere. 

10. Warm feed water (120 deg. to 170 deg. Fabr.), free 
from air, is used, having much less viscosity than cold 
water. 

1l. The vanes being comparatively small, all surfaces 
are finished as smooth as g by a new and cheap 
method, friction being thus considerably reduced. 

12. Mechanical friction is eliminated by utilising the 
bearings of the steam-turbine and of the thrust-block for 
the and secondary rotor. So at even th of the 
full power the efficiency of the hydraulic gear diminishes 
but v —, 

13. “The total losses are regenerated by heating the 
boiler feed from 15 deg. to 30 deg. Cent. (25 deg. to 50 deg. 
Fahr.). This causes an additional increase in the over- 
efficiency varying from 1.5 to 3 per cent. é 

14. The entrance velocity into the eye of the impeller 
is unlimited, and its direction can be suitably chosen. 

These characteristics of the differential turbine and 
careful scientific standardisation have shown results and 
possibilities never obtained before with turbines and 
pumps or crude combinations thereof. 

Limits of Transformer Efficiency (Fig. 7, page 399).— 
Certain types of transformers for 1 : 1 ratio—viz., for the 
purpose of coupling and uncoupling two shafts without 
shock—can be built with almost 100 per cent. efficiency. 
The larger the diameter the higher the efficiency ; 98 to 99 
per cent. would be possible. Practically 95 to 96 per cent. 
would suffice, having regard to practical limitations of size 
and cost. No stationary guide-wheel being necessary, the 
frictional loss only originates from the small relative 
velocity of the water in the primary and secondary 
wheels. Thefleakage losses and ventilation are extremely 


AHEAD CIRCUIT 





‘make-up pump” and a change-valve with a lever. In 


the stop position both circuits are empty, the steam- | S; 


turbine then running with no load, the revolutions being 
kept constant or lower by a governor. 

Fig. 9, page 399, shows the latest combination of 
transformer, manceuvring or change-valve, tank, and 
make-up pump. The valve lies below the transformer, 
the tank is hung on to the transformer casing. The 
make-up pump draws from its lowest point, which de- 
livers the water into the middle chamber of the valve. 
In the ahead position the latter conducts the water into 
the inlet chamber of the ahead circuit (K, Fig. 6). 
Simultaneously the lowest point of the astern circuit is 
drained through the change-valve into the tank. The 
—— is the case when driving astern. Filling is 
effected into the places of least pressure—s.e., to the eye 
of the primary impeller—while emptying is effected from 
the highest pressure points in the casing, each circuit 
having two connections to the valve, which can be made 
very small. For Channel steamers and destroyers they 
are moved direct by « hand-lever; for very big trans- 
formers the pressure of the make-up pump is made use 
of—t.e., is conducted to either of the end surfaces of the 
piston-shaped valve. On the engineer’s platform there is 
generally another smaller lever for regulating the speed 
of the make-up pump by the number of steam-nozzles. 

Practical experience has shown that manceuvring by 
the change-valve only is quicker than with any other 
engine of equal size. With smaller transformers 3 to 
4 seconds elapse from the telegraph signal until the 
propeller-shaft begins to reverse, for large transformers 
5 to 7 seconds. Compared with the best plants with 
astern steam-turbines, direct or geared, the stopping 
distance is reduced by 30 to 40 per cent. An astern 





capacity of 75 to 80 per cent. of the ahead capacity can 
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transformer absorbs less than 0.3 per cent. of the power. 
pecial pri bearings are dispensed with; those of 
the propeller thrust-block serve as secondary bearings. 
Thrust is balanced by water pressure. The percentage 
of the main loss—ie., water friction—remains almost 
exactly constant within very wide limits. At one-tenth 
of full power on three different transformers a reduction 
of efficiency of respectively only 3.5 per cent., 3.5 per cent., 
and 3 = cent. were ascertained, including, however, the 
total thrust-block friction. Besides throttling the steam- 
turbine, there isstill another possibility of slowing down 
to very low speed by partially filling the circuits. This 
is ——_ about by intermediate positions of the change- 
valve lever. Of course, this is not economical, but it 
is very convenient for d slowing on smaller boats. 
At cruising speed some of the make-up pumps may be 
cut out. 
nine in Going Astern.—Although some astern 
steam-turbines are designed capable of delivering about 
50 per cent. of the ahead horse-power from an equal 
volume of steam, in most of the astern turbines the ex- 
pansion is kept so low (in order to reduce windage for 
going ahead) that an astern capacity of over 35 to 40 per 
cent. is only attained by admitting a steam-flow larger 
than for the corresponding ahead power—i.e., by tem- 
oe np exhausting part of the heat capacity of the 
iler water. This is particularly the case at the lower 
speeds, no provision being made in the astern turbine for 
good economy at reduced speed. Thus, for a given power 
of astern turbines, the steam consumption when going 
astern is from two to three times higher than that for the 
same 8) ahead. This difficulty is entirely overcome 
with the transformer by applying one steam-turbine 
only, of high economy and constant sense of rotation, 
and delivering 80 or 90 per cent. of the corresponding 
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slight. The normal two-stage transformer (Figs. 5 and 6) 
can probably be built with still higher over-all efficiencies 
than 90 to 92 per cent., for larger dimensions (as for 
battleships and liners). By a new and cheap method of 
finishing, the vane surfaces are made as smooth as glass, 
whereby in a transformer just delivered the efficiency has 
been improved by 3 to 4 per cent. Judging from this 
the limit for the best reduction transformers would lie at 
about 92 to 94 per cent. over-all efficiency, or about 2 per 
cent. higher than hitherto obtained. With regard to 
further possibilities, these figures naturally are not final. 
The reversing or astern circuits are built much smaller 
than the abead ones. From the insertion of a reversing 
guide wheel between the primary and secondary wheel in 
the astern circuit a considerable frictional loss arises 
which lowers the efficiency by 5 per cent. 0 per cent. 
of the ahead ~~ 18 easily available for driving 
astern, if desired. Special types, in which the ahead and 
astern circuits coincide and the direction of rotation is 
chan by displaceable guide vanes, represent a compro- 
mise between both kinds of rotation. 

Reduction Ratio.—The ratios hitherto applied range 
from 1.2: 1 to 6:1 (the larger number of transformers at 

resent being from 5:1 to 6:1), the efficiencies having 

m proved practically equal within these limits. The 
sizes are larger for larger ratios. From the results attained 
for two-stage circuits the limit of ratio will be about 
7.5:1. Higher reductions are obtained by three-stage 
secondary parts; one for 10:1 reduction is now under 
construction. Judging from all practical results the 
efficiency will be only very slightly lower than with the 
present limit of 6 : 1. 

Limits of Horse-Power per Hydraulic Pinion.—For 
fixed revolutions the dimensions of the transformer vary 
as the fifth root of the horse-power. Consequently an 
increase of 100 per cent. in power corresponds to a 
diameter increase of 15 per cent. only. The water 
velocity is only increased by 15 per cent., the water pres- 
sure 32 per cent. The two Jargest transformers now 
under construction will transmit 25,000 horse power per 
hydraulic pinion, and there is no difficulty in construct- 
ing them of 50,000 horse-power per hydraulic pinion. 
Thus the largest capacities practically conceivable can be 
worked from one steam-turbine without multiple sub- 
division. 

Mancurring.—The principal type of transformer is 
manceuvred by filling either the abead or the astern 
circuit with water by means of a small centrifugal or 








always be attained by one-stage reversing circuits, and 
90 per cent. by two-stage. is is the case for all speeds, 
even at reduced boiler pressure, and without having 
recourse to the heat contents of the boiler water for 
manceuvring—i.e., without excessive steam influx. A very 
important practical feature is that the steam-turbine is 
warmed up uniformly while the transformer is empty, 
the turbine rotor thus running quickly up to speed. 

Hydraulic Governors for the Steam-Turbine.—Instead 
of centrifugal governors (as for a dynamo service), very 
simple hydraulic governors are provided for the steam- 
turbine on all new vessels, to maintain the revolutions 
constant when manceuvring. The plan is as follows 
(Fig. 4, page 397) -— ; = 

The steam flow must be reduced aa long as neither of 
the two circuits is quite full—i.e., as long as the water 
pressure in the casing remains below a certain limit. 
Whenever this minimum pressure is reached in either 
circuit the throttling-valve may be opened by a governor. 
For small engines this can be effected direct hy the pres- 
sure of the transformer water, which is led through pipes 
A or B into pistons C or D. For large engines servo-motor 
action is used. For example, by means of the water- 
pistons C or D a small piston-valve E is moved, which 
directs live steam either into the space of the throttling- 
valve, which is opened or shut by pistons ForG. In 
actual construction the spring K is replaced by steam 
pressure. Whenever a circuit is emptied the pressure 
in A or B sinks, the spring K pushes valve EF to the 
left, and the steam is shut off by piston G and valve H. 
To keep the turbine running with reduced speed some 
steam is let into the turbine through a small by-pass. 
When more power is desired, the engineer opens a small 
auxiliary valve, in the same way as for a piston engine. 
If sufficient water pressure is obtained, the steam-piston 
C or D pushes the valve E to the right, and the throttle H 
opens. The new governor has heen in use for some 
months on the tug Transformator (500 shaft-horse-power), 
and has proved entirely successful. 

Reduced Specd.—The transmission ratio remains con- 
stant at all propeller speeds, therefore reduced speed is 
adjusted exactly in the same way as for direct drive— 
either the steam in the mancenvring-valve is throttled or 
the steam-nozzles are shut off. The power of the make- 
up pump is proportionately diminished. Experience has 
shown that the efficiency of the transformer falls off but 
very little with reduced power, because the mechanical 
friction (particularly the bearing friction) of the latest 
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| ahead horse-power, or at least twice as much as an astern 


turbine would do. Thus the economy of the transformer 
plant for going astern is more than 100 per cent. higher 
than that of astern turbine plants, direct or geared. 
Furthermore, when manceuvring, it is unnecessary to 
accelerate or retard the very high momentum of the high- 
speed steam-turbine, thereby preserving its large kinetic 
energy from being wasted at each change of rotation. 
For all ships performing frequent manceuvres this is an 
important feature, and the surprising service economy 
of Konigin Luise was partly due to this fact. 
Transformers for Marine Diesel Engines (Fig. 8, 
page 399).—The manceuvring of Diesel engines by com- 
pressed air is neither desirable for the cylinder walls nor 
for reliable ignition. Furthermore, additional reservoirs 
and compressors are uired. The Vulcan Company 
has been repeatedly asked for transformers in connection 
with Diesel engines. This combination is specially 
advantageous when a certain reduction of propeller revo- 
lutions, either permanent or intermittent, is required 
through the medium of. a disconnecting clutch. The 
revolutions may then be fixed independently, the Diesel 
engine continuing to run with slightly varying speed. 
Compressed air serves for the first start only while the 
ship is still lying in harbour. All manceuvring is done 
silently and without shocks by the hydraulic transformer. 
A special feature is that the transformer (Fig. 8) embodies 
a smooth-acting disconnecting clutch, worked by empty- 
ing or by displacing the guides. — : . 
The reversing gear, manceuvring reservoirs and their 
compressors, and special ——- of the Diesel engine, 
are entirely dispensed with. When a solid—e.g.,ice—fouls 
the screw, the motor continues torun. The danger of 
sudden standstill when pitching is removed. Torsional 
vibrations—a ial danger in oil-engines—are con- 
siderably reduced or eliminated by the elastic hydraulic 
coupling drive. . 
Fig. 8, page 399, shows a transformer for a Diesel 
engine of 50 to 600 horse-power, at 260 primary and 220 
secondary revolutions of the single-circuit type with 
movable guides (see Appendix II.). Two transformers 
of similar size have been built of late by the Vulcan 
Company for use on destroyers at cruising speed. They 
serve at the same time for uncoupling the motors at full 
speed, when the turbine is driving. The first engine 
attained an efficiency of 85 to 86 per cent., the later ones 
are designed to have higher efficiency. Whoever has 





seen the engines in operation will have been surprised at 
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their exceptionally noiseless and reliable manceuvring. 
Third and fourth engines of same design have subse- 
quently been ordered. 

Hamburg-Amerika Liner ‘‘ Admiral von Tirpitz.”—The 
directors of the Hamburg-Amerika Line some time ago 
recognised" that saturated steam and direct turbine 
drive could in no respect be final for modern ships. 
Their managing director, Herr Ballin, and their former 
engineer-in-chief, Dr. Eggers, had followed the first 
successes of the transformer with keen interest, and 





appre- 
ciated the possibilities of this new reversing and + wo 
tion gear. In 1912 they ordered the 25,000-ton steamer | 
Admiral von Tirpitz for the Hamburg-San Francisco 
service, with the reservation that the Vulcan Company 
should prove the absolute reliability and economy of the | 
first 10,000 horse-power transformer by a continuous | 
fortnight’s shop trial under full load, This long-duration 
test was carried out before a number of marine authorities 
of various nationalities. The contract capacity of each 
of the two ——- was 10,000 shaft horse-power at 160 
propeller revolutions. This figure was estimated to be 
the most favourable for 19 knots speed, considering all 


Fig. 7 CLUTCH TYPE OF 
TRANSFORMER. 
Secondary 
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successfully. Immediately after the fortnight’s trial an 


A.E.G. twin-screw turbines, using saturated steam, 


uninterrupted twenty-four hours’ astern test with 80 per generated in four water-tube boilers of 86 sq. ft. grate 


cent. of the ahead power was prescribed, to imitate a| surface each. 


ship having run on shore and trying to get off by con- 
tinually working astern. Such a test would never have 
been possible with astern steam-turbines, because the 
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circumstances—thrust deduction, wake gain, pitching, 
sea-way, tip-immersion, and weight of shafting and 
propellers. 

© turbine speed was limited by the owners to 800 
revolutions. The largest diameter of the transformers is 
3060 mm. (10 ft.). Various pri 
and the efficiency of the transformer, including six large 
bearin, and two thrust-blocks, was found to pe 90 per 
cent. ) 8 to an over-all efficiency of 92 per 
cent. on service. The exceptionally severe tests, espe- 
cially the most rapid reversals, were performed entirely 


mary wheels were tested, | Th 
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| ahead turbines, driven in the opposite direction at full 


The (20 knots) and horse-power 
@ x 2800 to 3000 for the Kaiser, 2 x 2700 to 3000 for the 
onigin Luise) are nearly exactly the same. The desi 


revolutions of the Kaiser has been 600 per minute, but 
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after trying various propellers, it was shown that the 





8 , would be enormously heated by the mov t of 
the long ahead blades; with transformers it was easily 
carried out, as astern turbines and the difficulties of warm- 
ing up, starting, and restarting the turbines were removed. 
 water-tube boilers were equipped for superheated 


Service Performance of the Channel Steamer ‘‘ Konigin 
Imise,” of the Hamburg-Amerika Line.—This 1720-ton 
vessel was a sister-ship to the direct-driven turbine steamer 
Kaiser, which has been in service for seven years with 


principal gain in the screw was caused by the first 10 per 
cent. of reduction, further lowering causing little effective 
gain. So the final screws have 550 revolutions. In the 
transformer ship, after careful consideration, 450 revolu- 
tions have been adopted for the propeller of the Tirpitz. 
In a report for the British Féttinger Transformer 
Syndicate, Professor Sir John Biles has given a com- 
—_— of the speed and power results of the Konigin 
uise as com with the Normannia, which latter = 
practically the same displacement, but reduced propeller 
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the main starboard turbine and its condenser. The shaft} M. The primary and secondary rotor of the transformer, 


horse-power is practically the same on both propellers. 
After careful consideration this type of m was 
definitely adopted. The turbine is placed in a 
special compartment, thus removing the direct noise from 
engineers’ platforms. The tur | under construe- 

tion are still of the single-flow type with condensers in 
the wings. By the turbine ment of Figs. 6 and 10 
considerable weight and space , however, be saved. 

The superiority of this machinery, considering all 
service conditions, is obvious. It combines a considerably 
improved economy at higher speed with a 40 per cent. 
better steam consumption at cruising speed as compared 
with direct drive. It shows more than 100 cent. 
oetter power and economy for going astern manceu- 
vring against any plants with astern turbines. The main 
engines are practically noiseless, and are easily uncoupled 
by the hydraulic gear.* There is a very notable saving 
in weight and space, and there is no limit to the horse- 
power of each steam-turbine. Fig. 11, page 400, shows a 
similar arrangement for a four-shaft armoured cruiser of 
84,000 shaft horse-power, with two high-pressure and two 
low-pressure turbines, and two cruising sets on 
the wing shafts. The left side shows the space saved as 
compared with direct drive. largest plant of this 
type, now offered by the Vulcan Company under guaran- 
vee, is for 120,000 shaft horse-power, or 30,000 horse- 
gogee pe hydraulic pinion. : : 

a ion.—So far the problem of a silent and elastic 
reduction and reversing gear, for unlimited power and 
speed, and fit for the most severe conditions of marine 
service, seems now to have been practically established 
by the transformer. Its economy has been brought u 
higher than that of electric transmission, and only 4 to 
per cent. lower than that of mechanical gearing for ahead 
motion for the same steam conditions. For reversing and 
ee its power and economy are over 100 per cent. 

bter. 

Furthermore, by eliminating the astern steam-turbines 
a decisive step in economy is obtained by utilising high 
superheat on ship. In so far as the turbine is con- 
cern temperatures of 650 deg. Fahr. can be safely 
used, a temperature which is now common practice in 
] stationary power plants. 

he chief features of the Féttinger transformer-driven 

~ , 28 compared with the direct turbine drive, are as 
follow :— 

1. Increased speed and economy for all service con- 
ditions. 

2. Smaller number of units for a given horse-power. 

3. Increased comfort and luxury for gers and 
crew, due to entire absence of noise and vibration. 

4. Increased safety against danger, due to rapid 
manceuvring. 

5. Increased life of turbine-bladi 
sense of rotation and absence of water- 
priming. 


, due to constant 
mer and boiler 





APPENDIX I. 
DESCRIPTION OF THE PrincipaL Type OF TRANSFORMER 
(Fics. 5 anp 6, Paces 397 anp 398.) 
The principal type of transformer has two distinct 
water circuits, one for each of the two directions of rota- 
tion. The whole machine is mounted in one single 


casing. 

Ahead Compartment.—The primary ahead running 
wheel A is keyed to the primary shaft I, which is driven 
by the steam-turbine. The secondary rotor for running 
ahead, which consists of two wheels B and D, is bolted to 
the secondary or propeller-shaft II. Between the 
secondary wheels B and D stationary guide-blades C are 
introduced. 

Astern Compartment.—The primary wheel M, for 
astern running, is also keyed to the primary shaft I. 
The secondary astern running rotor, in this case consist- 
ing of one set of blades Q, is —- up to the first ahead 
running secondary wheel B, and through this to the pro- 
peller-shaft. Unlike the ahead compartment, in this 
circuit, between the primary and secondary wheel, guide- 
blades N are introduced, the object of which is to reverse 
the direction of motion of the water which flows out of 
the primary wheel, and to reverse thereby the direction 
of rotation of the secondary rotor as compared with the 
primary wheel. 

The action of the machine is as follows :—If the circuit 
ot suman ahead be ee as er — water 

out, then, owing to the rotation the primary 
shaft I, pressure differences are established between the 
inlet and outlet of the primary wheel A. These result 
in setting up a current which immediately leads to a cir- 
culation inside the wheels, whereby the water finds its 
way back from the outlet of the primary wheel A, 
through the sets of blades of the secondary wheels B 
and D and the sets of guide-blades O, to the entrance in 
the primary wheel. reaction set up by the water in 
its passage upon the secondary wheels soon sets these in 
rotation. The first secondary wheel B particularly serves 
for extracting the kinetic energy of the jets coming out 
of the impe A. whilst the second (D) serves for 
ae | their re energy. 

Fig. 7 (page 399) shows the latest arrangement of steam- 
turbine and transformer for the special case of a 20,000- 
horse-power machine of 1700 revolutions primary and 
320 secondary. The steam-turbine is of the double-flow 
system, with one impulse wheel in the m‘ddle, and radial 
nozzle-chests. This type. so far as the author is aware, 
was first brought out by the Westinghouse Company. 

The steam-turbine rotor reste in two ——_ aod, on 
& prolongation, carries the two primary impellers A and 

ss of those powers per pinion has been 
to be entirely reliable — a rt gd om sony ares 








as well as the stationary | yoy: correspond to those in 
the diagram (Fig. 5), with the exception that there are 
two astern guides N and P, and two astern secondary 
wheels. The seeondary rotor rests on the two bearings 
of the thrust- block, thus avoiding any additional bearings 
The. ; inlet f lling and mak h eabage 
© water inlet for filling ing up the 
of the ahead circuit is concentric with the gland at 
through hollows of the secondary wheel D, and the water 
outlet is from the lowest part of C. The water inlet of 
the astern circuit is through the annular space L and 
openings in the quide- chest it. 
‘ The type described has been used for all new trans- 
ormer 
single-flow type, even in the case of the two 25,000-horse 
power engines under construction. For six destroyer 
engines pure impulse steam-turbines of 14,000 horse- 
power are used in order to increase the revolutions. 





APPENDIX IL 
Spectat Typss. 

The simplest type, Fig. 7, consists of a primary wheel 
and a secondary wheel exactly equal, without stationary 
guides F. Thus the turning moment must be equal, while 
the revolutions are some per cent. lower than 


the pri owing to a trifling slip. The efficiency can | the 
easily be be "to f 


brought up to 95 to 96 per cent. This t 
serves as a detachable clutch, coupling being effected by 
filling, uncoupling by emptying. The two shafts can 
displace slightly sideways or axially, because there is no 
mechanical contact of the wh Very interesting 
types are obtained by uniting the ahead and astern cir- 
cuits —i.¢., by adapting the same primary and secondary 
wheel for ahead and astern service (Fig. 8). Owing to the 
compromise in the blading the limit of efficiency is some- 
what lower with the main type, but manceuvring 
can be done by axially displaceable guides (by pushing an 
ahead or astern guide-wheel concentrically over the 
i and ~ en wheels, no ge A or filling 
necessary). In the stopping position the circum- 
ference of the impeller is closed by the middle bow of one 
of the guides, so that the impeller continues to run with 
constant or reduced speed and very low r consump- 
tion. This type can also be fitted with a multi-stage 
secondary part. Experience has shown that, with this 
type, manceuvring is performed as quickly as with rolling- 
1 engines. The guide-wheels are displaced by the 
water pape of the primary wheel escaping out of the 
ring chamber A through reversing valve B either into 
space C or into space D, the side surfaces of the guide- 
vanes coring as an annular 1 Yy To eer a —< 
parallel motion, special s are provi whi 
are connected *T and allow of 


increase pressor 
driven by electro-motor, and for a rolling-mill drive by a 
steam-turbine, with rolling revolutions adjustable from 
200 to 400 per minute, by pivoted blades. 


APPENDIX III. 

EFFICIENCY OF A PRIMARY IMPELLER (97 TO 99 PER CENT.). 

A T-shaped pipe mechanically driven (Fig. 3) rotates 
round the axis a, a, whilst water is flowing through it 
with a small relative velocity w from the inside to the 
outside. If the circumference speed u is high, the 
resultant absolute velocity c, due to u and w, according to 
the parallelogram of forces, may be very high ; accordingly 
the kinetic energy 5 (and the pressure energy of the 


same amount) of each pound of water is very high at the 
outlet, both being transmitted by the rotation to the 


water. The loss, however, depends on the square of 
the relative velocity w (ranging about from 0.05 aa to 


0.15 = ) which may be kept very low against - 


There would be no d fficulty with such an impeller in 
reaching 99 per cent. efficiency, or 1 per cent. loss. 

The difficulty only begins behind the impeller. If the 
water with the full absolute velocity c could flow against 
stationary vanes, as in a centrifugal pump, there would 
arise losses ten or twenty times as high, especially when 
the speed c ought to be reduced and con into 
sure energy. 

In the transformer this difficulty is overcome by the 
differential arrangement, one impeller rotating inside 
another. Thus the sliding velocity inst vanes is 
consi y diminished (compared with c), and the 
transformation of kinetic into pressure energy, which 
causes the bulk of the loss in a centrifugal, is entirely 
abandoned. The water friction of the side discs of the 
impeller is again considerably reduced (to 4 or 4) by the 
differential arrangement—i.¢., by enclosing the impeller 
between two side discs of the secondary turbine, runnin 


the same way, thus again reducing the relative speed 
rotation. 





APPENDIX IV. 
Law or CoMPARISON AND Size. 

All transformers for the same reduction can be built 
geometrically similar and standardised in all hydraulic 
dimensions for small and big sizes. The thicknesses of 

i however, must suit the f strains and 
— 2 draulic engine Li example, 
er), the water pressures A ler similar 
Satin alten ae same of circumference 
velocity or the revolutions. horse-power transmitted 
varies as the third power of the revolutions aud as the 


ts, the steam-turbine being, however, of the | be 


fifth power of the diameter. This shows that the same 


ormer transmits eightfold the horse-power with 
double the number of revolutions, whilst, for the same 
number of revolutions, a transformer similar ilarly built, but 
of double size, transmits 2° = 32-fold the horse-power. 
From this law of comparison it follows that for the 
horse-power of a transformer and of its propeller the 
same law of revolutions holds good. uently, in a 
ship the reduction ratio of the transformer remains con- 
stant for fuil and for reduced power, though there is no 
rigid connection. Furthermore, the size of a transformer, 
roughly 8 , Stands in a certain proportion to the 
size of its propeller. The law of sizes proves the opinion 
of the uninitiated, that transformers for large powers must 
very large, to be en y wrong. 


APPENDIX V. 
Tue Makg-up Pump. 


The make-up pump serves three purposes :— 

1. To fill the ahead. or astern circuit when manwuvring. 

2. In actual service to make up the leakage losses 
host 4 = 4 ae cent. < the — water volume) of the 
outside packings, at the same time carryin 
away the trietional heat. rad 

3. To keep an additional positive (static) pressure, for 
excluding any vacuum or cavitation, even in the eye of 

wheel. 
The make-up pump (Fig. 9, page 399) is generally driven 
inde ently, by a small steam-turbine (3000 % 5000 
revolutions) with vertical shaft. pump rotor is 
near the bottom of the transformer tank, suction 

being avoided. The horse-power of the make-up pum 
at fu — amounts ~ about } ine cent. At reduced 
speed ures decrease in quadratic proportion, 
leakage i ever portion ; so that at cruising the revo- 
lutions and the horse-power of the make-up pump are 
reduced in exact proportion to those of the main engine, 
unlike turbo-air pumps or turbo-feed pum which 
require constant revolutions and consume little variable 
horse-power. Independent make-up gma can easily 
be used for fire service, &c., in case of danger. On the 
gas ship Holzapfel I. it served also for washing the deck. 





APPENDIX VI. 
REGENERATION OF Hkat. 

The total power loss is converted into heat, which in- 
creases the temperature of the water. To carry off this 
heat in a useful manner, the condensate of the air-pump 
is led into the transformer tank, and an equal quantity is 
conducted, by a float-valve, from the discharge of the 
make-up pump to the hot-well. The temperature in the 
transformer can i at will by throttling the influx 
of the condensate—viz., by reduction of the cooling- 
water volume. The normal tem ture in the trans- 
former should be 50 deg. to 75 . Cent. (120 deg. to 
170 deg. Fabr.). Thus the total losses are regenerated and 
Nate planes the boiler in the form of heat, the feed being 

ted about 15 deg. to 20 deg. Cent. (25 deg. to 35 deg. 
Fahr.) without cost, corresponding to an increase of the 
over-all efficiency of the transformer of 1.5 to 2 per cent. 
For poorer efficiencies even 3 to 4 per cent. more can 


be gained. This regeneration by feed-heatin ved 
pane ee | successful on the Konigin Luise, an is being 
used on all new ships. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data on colonial and foreign 
ya meg projects, taken from the Board of Trade 


urther information es Co rojects 
can be obtained from the Commercial mpepreee a 
Board of Trade, 73, Basinghall-street, ion, E.C. 

New Zealand : The ratepayers of the Tokomaru Har- 
bour rating district have approved a posal to borrow 
40001. for building an extension to the wharf at Toko- 
maru Bay. The me of Te Puke have approved 
the raising of a loan of 11,000/. for a water-supply system 
and street improvements. 

Hayti: Hie Majesty’s Chargé d’Affaires at Purt-au- 
Prince re that tenders were received down to yester- 
day, the 24th inst., by the Haytian Government for the 
construction of a water-works system at Port-au-Prince. 

Chili : The Diario Oficial publishes the text of a decree, 


-| dated July 7, authorising the Antofagasta and Bolivia 
Railway Sem y, Limited, to duplicate the existing 
railway track between the stations north of the of 


Antofagasta and the station of Portezuelo. Work must 
be commenced within a period of six months from the 
date of the decree, and completed within two years. The 
company aleo undertakes to construct, within a period of 
five years, a quay at the port of Mejillones capable of 
accommodating merchant vessels of the largest size. 





Cars Wantep ror Wak Services.—Although over 
19,000 members of the Au ile Association ve 
volunteered their cars and motor-cycles for war services, 
difficulty is still being ex d in keeping pace with 
the requirements of the authorities and organisations 
working in various parts of the ae. To facilitate 
the supply and distribution of cars for, the secre- 
tary will be grateful if members will kindly notify which 
branch of volunteer work they would prefer to under- 


take, also the time they have available. Among the 
services for which mem may volunteer are (1) mili- 
service at home ; (2) recruiting work in on 


the provinces ; (3) work ; and (4) refugee 
work. Com i { b ype AE thy nm 
tary, Automobile Association and Motor Union, Fanum 








House, Whitcomb-street, Coventry-street, London, W.C. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
com eas where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, c., 
Covice of Specifications may be obtained at the Patent Office, Sales 
ions ma’ ui , 
nak, ne Veouthamptes Buildings, Chaneery-lane, W.C., at 


the uniform Fe of 8d. 

The date of advertisement of the t of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the adverti. the t of a Complet ion, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


18,024/13. G. E. Heyl and T. T. Baker, London. 
Wireless Apparatus. (2 Figs.) A t 7, 1913.—This 
invention relates to apparatus for the production of a continuous 
train or series of elec etic waves for wireless telegraphy or 
wireless telephony, of the kind in which a toe ene b 
an ordinary induction coil or transformer is employed, of whic! 
one of the electrodes is continuously substituted by others by 
consisting, for example, of a series of electrodes mounted arou' 
the periphery of a constantly-rotated disc, whereby the peripheral 
electrodes are successively brought opposite to the other electrode 
of the spark-gap. According to the present invention, not only is 
one of the electrodes of the spark-gap continuously changed, but 
at each substitution a different condenser or ty is connected 
in parallel with the spark-gap, so that each time a spark discharge 
takes place across the opark-gap at each substitution of an elec- 
trode, energy is discharged by a different condenser, with the 
result that, the capacities being alike, similar waves or wave- 
trains are produced in rapid sequence. a@ is a disc, on the peri- 
phery of which a series of spark-gap electrodes b are provided at 
equal angular intervals apart. On rotation of the disc a, the 
electrodes b are successively brought opposite a stationary spark- 
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gap electrode ¢. A stationary commutator / is mounted coaxially 
with the spindle of the disc a, and is provided with a plurality of 
insulated segments equal in number to the number of electrodes b. 
A brush or wiper g is carried around by the disc a, makes 
contact successively with each of the segments of the commutator 
fas each of the electrodes b comes opposite the stationary elec- 
trode ¢. Each of the segments of the commutator / is conn 

toa different condenser h, the other terminals of which condensers 
are connected in common to the stationary spark-gap electrode ¢ 
through the oscillating circuit m. The spark-gap is energised 
by an ordinary induction coil i, the secondary leadsj!, j2 of which 
are connected respectively to the stationary spark-gap electrode ¢ 
and to the supporting frame’k of the rotary disc a, with which 
latter the frame & is in electric contact.. The primary circuit / of 
the coil i is energised by a battery. The oscillating circuit m 
contains the usual inductance n, which is inductively coupled to 
an inductance o of an aerial p. For wireless tell y a Morse 
key q is included in the primary circuit/. For wireless telephony 
a mic e r is included in a suitable position, for instance, in 
the lead ¢ of the aerial inductance o. June 10, 


1914.) 
GUNS AND EXPLOSIVES. 


R. 8. P. Hornby, H.M.S. Infiexible, First 
; ¥F. th ; and F. E. 

(1 Fig.) 

March 25, 1912.—This invention relates to automobile joes 
driven by compressed air, in which means are provided for pre- 
heating the air prior to its delivery to the motor, and 
after it has passed through the valve provided for reducing the 
pressure of the air-reservoir to the working re of the 
motor. According to this invention, the air, after leaving the 
reducing-valve, is arran to traverse a coil, preferably a flat 
spiral coil, which is enclosed within a metal drum or other suit- 
thin which the heating of the air is effected. The 


otherwise suitably attached to the coil-d ich 
ignited by means of a fuse or other ignition device brought into 
wation, ¢.g., by the automatic completion of an_ electric 
clroult, either when the alr-lever is actuated upon the discharge 
of a torpedo or after any suitable prede interval of time. 
The heated air is led from the coil to the motor, and the products 


e 

the air-reservoir through a pipe a to a ,reducing-valve 
, and thence bya pipe ¢ to a cap d closing one end of a spiral 
containing one or more air-tubes /, so that the 
jucing-valve is led to these tubes, passing through 
n parallel to a cap d@! closing the other end of the spiral 
it an outlet-pipe g 

to the engine. 





air is heated as it traverses these tubes by nap gene which 
traverse the casing ¢ external to the tubes, and which are gene- 
rated by the com jon of a slow-burning composition of any 
known suitable character contained within a erator-tube or 
—- One end of this casing is fitted t into a headeri 
at to and communicating with the of casing ¢ 
at one end external to the air-tubes, and an ignition device j of 
any suitable known character is fitted in this header for the pa 
pose of igniting the slow-burning composition at any d 

time. The gases of combustion from the slow-burning com! - 
tion, after traversing the casing ¢, pass to an outlet header i! and 


r 
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43. 


thence through a pipe k to an exhaust-pipe m, preferably through 
&@ non-return valve n, from which the bustion p ts ma: 

disc! into the engine-room or into the hollow tail-shaft of 
the propelling motor, and thence to the external environment of 
the torpedo. The ignition device j may be brought into opera- 
tion by any suitable means—as, for example, by the automatic 
completion of an electric circuit, which is represented by the 
electric conductor 0, and which includes a switch p, the closing 
of whieh switch is effected hanically by means of a suitable 
lever q actuated by the movement of the air-lever r upon the dis- 

arge of the torpedo. (Accepted January 31, 1913, but with- 
held from publication as a Secret Patent.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


22,279/13. D. A. Pearson, Internal- 
Combustion Engines. (2 Figs.) October 3, 1913.—This 
invention comprises improvements in or relating to internal- 
combustion engines, and relates particularly to those employing 
a lubricating system in which the lubricant is passed to the 
ae through passages in its walls leading from a surrounding 
c ber formed by cast annular ribs and closed by a ring mem- 
ber. The object of the invention is to render the lubrication 
more efficient and more economical in use, so as to enable a 
much greater mileage per gallon of lubricating oil, and thus 
reduce the running costs of the engine. The invention consists 
essentially in the combination, with an annular or substantially 
annular oil-duct surrounding the cylinder and communicating 
with the interior thereof by perforations, of receptacles or other 
devices so arranged that unused oil will be conducted therefrom 
to the crank-shaft bearings, with which said receptacles or other 
devices are in communication. The cylinder 1 is provided exter- 
nally with two circumferential and parallel flanges 2 at a con- 
venient distance apart, and advantageously situated a little way 
beneath the bottom edge of the piston 6 when the same is at the 
top of its stroke. These two flanges 2 do not extend around the 
entire periphery of the cylinder 1, owing to the presence of the 
transfer or conduit 3, which, in this particular construction, 
is formed integral with the cylinder 1. Other than that part, 
however, that accommodates the transfer conduit 3, the circum- 
ference of the cylinder is wholly surrounded by these flanges, 
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(22.279) 


which terminate in end walls 2a, 2b connecting them. The 
space vetween these two flanges constitutes in the finished 
device the oil-chamber or groove 4, and a suitable number 
of small holes or perforations 5 are provided in the cylinder 
wall 1 leading from this chamber 4 to the interior of the cylinder 
1, these holes 5 being covered and uncovered by each complete 
reciprocation of the piston 6. In order to close the oil-chamber 4 
against the atmosphere a metal or other wire 7 is vided of a 
diameter a little in excess of the width of the oil-chamber or 
groove 4 and adapted to be retained in —e by suitable means 
around and between the outer peripheries of the two flanges 2 of 
the chamber. For the purpose of retaining this wire 7 in position 
and —s same to be tightened around the of the flan 

2, to prevent leakage of oil and ingress of air, one end of the 

is provided with a screw-threaded extremity or jon 7a, which 
is screwed into a boss or projection 8 mount _— the side of 
the transfer pass or conduit 3. The other end is also screwed 
and ae gee: through a slot or notch cut in the outer portion of 
the end wall 2b, and the wire 7 is tightened by means of a nut 
screwed on to ite extremity. ~! suitable pipe or passage 10, 
provided with a union 11 whereby it is screwed into the groove 4, 
may be provided, whereby oil is admitted to the oil-chamber 4 
from the oil-tank. For simultaneously the 

12 and 13 of the engine, the 

formation and com 


receptacles or troughs, and each has prefera 





bottom, from the lowest point of which an oil ductor passage 16 
leads through the metal of the crank-case sides to the 
crank-shaft bearings 12 and 13, so that any oil that falls from 
the walls of the cylinder 1 into the receptacles or trough 
vitates or capillaritates down the oil-ducts 16 to the said 
Two sete of bearings 12 and 13 are provided, the 
gs 12 taking the mechanical wear of the engine, and 
the phosphor-bronze or other plain bearings 13 acting as com- 
pression retainers. A narrow space is provided between each of 
the two bearings 12 and 13, and the oil from the ducts 16 feeds 
into this > thereby ensuring an efficient supply to both 
bearings. further duct 18 is provided below the roller bear- 
ings 12, and this allows any excess of oil to run into the sump 19 
at the bottom.of the crank-case 14. Into this sump 19 the big 
end 20a of the connecting-rod 20 dips at every revolution. In 
ration, the oil is turned on and flows into the annular oil- 
c ber 4, whence it percolates through the small holes 5, and 
is delivered into and around the intérior of the cylinder 1 when 
uncovered by the reciprocating piston. In ite motion the piston 
effectively spreads the oil around the inner surface of the 
cylinder, which is therefore at all times thoroughly lubricated. 
The oil that is unused falls into the receptacles 15, and from 
thence passes down to the duct 16 to the space between the 
two bearings 12 and 13, which are thereby lubricated, and any 
excess of-oil runs along the duct 18 and into the sump 19, into 
which dips at each revolution of the engine the big end of the 
connecting-rod. The small end and the gudgeon-pin are effec- 
tively lubricated by the oil as it issues from the oil-chamber 4 as 
well as the piston and cylinder-wall. (Accepted June 4, 1914.) 





13,247/13. E. Williams, Smethwick. Motor Road 
Vehicles. (5 Figs.) June 7, 1913.—This invention relates to 
axles for motor road vehicles, and has for its object to provide an 
improved construction of front axle and spring-mounting for the 
same. The axle illustrated is constructed from a pair of metal bars a 
spaced at a suitable distance apart. To each end of the pair of 
bars is secured a bearing-piece ), which may conveniently be in 
the form of a short tube or a jaw-piece, which is welded or other- 
wise secured to the bars. The bearing-pieces ) carry the pivot- 
pins for the forks of the axles on which the front wheels are 
mounted. The axle is stiffened by distance-pieces c fastened by 






































welding, riveting or otherwise, at suitable distances apart 
between the bars. These distance-pieces are extended above and 
below the axle to serve for the attachment of the springs. Each 
spring-connection comprises a pair of simple or laminated blade- 
springs d, a parallel to each other and secured in any 
convenient manner to the chassis side-memberse. At the outer 
end an eye-piece f is formed or secured to each spring part for 
the reception of a pivot-pin, by which the spring is secured to the 
distance-pieces. 'wo such spring-connections are _—— 
between the chassis and axle as in ordinary practice. By the 
above-described construction an effective and inexpensive front 
axle and spring-connection is provided. (Sealed August 20, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


18,637/13. E. Bolton. Chain-Grate Fur- 
naces, (9% Figs.) August 16, 1913.—This invention relates to 
the construction and use of driving and driven drums which 
actuate and carry the chain-grates of furnaces of the larger size, 
for which a demand is arising. Such grates, when of small or 
moderate size, are usually driven: by hexagonal or round drums, 
with sprockets projecting therefrom strung on a shaft, or by 
drums thi th of the grate; but as there is now a necessity to 
increase the -width of these grates to dimensi ns far greater than 
those which have hitherto been constructed, it becomes necessary 
to devise a means of driving the chain of considerable width, 
which driving means must preferably be in one piece, because 
the chain will be continuous acrogs the furnace. For this pur- 
pose, according to this invention,-it.#s proposed to cast a driving- 
drum of a suitable diameter and strength to take a span of from 
10 ft. to 26 flag provided with bearings at both ends, with a groove 
or slot rurming .longitudinally from end to end, and sprockets 
with lugs fitting into the groove, that can be clamped in position 
to en the in and drive it forward, causing same to revolve, 
the being in one piece or built up of two or more parts, 


AN 


mounted on a number of rods or bars or upon a shaft increasing 
in diameter the centre. A similar drum would be cast, 
but preferably hexagonal for the back of the chain-grate, over 
which the chain would pass in its return to the drum. The 
driving-drum A is cast to the desired diameter ard length (say, 
from 8 in. to 20 in. or 24 in. a a from 8 ft. to 20 ft. in 
len , with sprockets B at intervals on the pe’ ngage 
the links of the chain , and with journals or trunnions a! 
cast into both ends. e drum A is cylindrical with a longitudi 
nal groove or recess a, and the sprockets B are provided with key 
pieces b to fit into the groove. The sprockets B are cast to the 
size of the drum, with lugs 5! at one side, through which they are 
cut with a saw, and then fitted with bolts, by which they are 
clamped in position on the drum A. The sprockets B can be 
in any position along the length of the drum. When the 
rum is of other shape, the sprockets are cast of corresponding 
shape to fit thereon and are clam; or secured in a similar 
manner. The drum A may be cast with internal stiffening-ribs, 
running either the whole length or at intervals in the interior, 
or with annular flanges to give stiffness and rigidity thereto. 
(Accepted June 4, 1914.) 
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CRITICAL LOADS FOR LONG STRUTS 
OF VARYING SECTION. 


By L. Barrstow and E. W. Stepman. 


(Communicated from the National Physical 
Laboratory.) 


Introduction.—Ilm the issue of ENGtNrERING for 
April 24 last, page 566, Professor Arthur Morley 
describes a method for determining the critical loads | 
for long columns. The application of the method, | 


variation of the section of the column does not 
take one or other of certain specified forms. 

The method to be described below seems to be 
much easier to apply, even in simple cases, and has 
the further advantage that it can be applied with 
equal ease to the simplest or to the most general 
case. 

It was originally devised for finding the critical 
loads of wooden struts as used in aeroplane con- 
struction, where the ends are generally tapered 
without any definite calculation, the object being 
to get the requisite strength for the least weight. 
The method of calculation here given can be applied 
to any case where the strut rad 2 to fail by bend- 
It can further be made 





ing, and not by crushing. 








y, which in turn gives a corrected value of q 
x 


value h by any appreciable amount, and the area 
of the @ “ curve up to this point will be approxi- 
x 


mately O.1lh. This gives the value of y when 
ze = @.1 1. 


value for oy is obtained, which is then plotted 
x 
as the point A (Fig. 2). 


Substituting this value of y in (1), a 


The points so found may be considered as a first 


approximation, for they were found by considering 
however, appears to be somewhat difficult if the ¢ 
dx 
the point of application of the end load. 


” as constant for a short length of the strut near 


d*y 


Now take the area of the“ 
dx* 


curve up to 


x=0.11, this gives a corrected value for : Y | for 
» 


be again taken, in order to give a corrected value of 


_ d*y 
da? - 


[The area of the 


dx= — dy +candc=h. 
dx 


dy curve up to x = 0.11 can 


dx 


d*y 
4 
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the basis of simple rules which reduce the method 
to a suitable form for drawing-office use. 

f-]Basis of Calculations.—Consider a strut which 
is hinged at each end and is bending under an 
applied end load (Fig. 1). Take an origin O at 
the upper end of the strut, and axes in the direc- 
tions indicated, so that y is the deflection at any 
point distant « from the origin. Then, by the 
well-known formula for beams :— 


- @® 


where E is Young’s modulus for the material. 

I, is the least moment of inertia of the section 
of the strut at x, about a line passing through the 
centre of area of the section. [It is n 
that, throughout the strut, this line should be 
always in the same plane, a condition that is 
usual in practice. ] 

W is an assumed critical load which may either 
be ere or obtained by an approximate method, 
such as taking the Euler law for a uniform strut 
of the average section. 

Let 2/ = total length of the strut, and for the 
present assume that the strut is symmetrical about 
the line x =1. 

The following conditions hold :— 


d*y 
-E.In.g32=W-y- 


d2y al 
ia = 0 when x = 0. 
Fad has some initial value, which may be called h. 
dy 
7? =9 =i 
Fd when « = 1 
y = 0 when z = 0. 
re d*y dy . : 
urves for — —-*, —, and y, which comply with 
dx dx . 


the imposed conditions, can now be drawn by a 
process of trial and error (Figs. 2, 3, 4). 
The details of the process are as follow, assum- 


ing, for the pur of description, that the figures 
have been completed :— 


Divide each curve into a number of vertical 
strips, say each division equals > l wide. When 


x= 0.11, : will not have changed from its initial 








Fig 4. 


ae 
This is supposed to have been done to obtain the 


poirt A, of Fig. 2. If necessary, the process can be 


2 
repeated, but usually the second value of s 4 is 
x 
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sufficiently nearly correct. | 


2 
In order to extend the curves, the d*y 


dx? 
produced in any reasonable manner to some 
such as B (Fig. 2), where « = 0.21. The area 


is taken to give a corresponding point B on the 


curve is 
int 
BC 
d 
d 
curve (Fig. 3), which in turn gives a value for y. 
This value for y is used to give a corrected value 
5 V as B, (Fig. 2). If necessary, 
x 
also be corrected ; but a general idea can soon be 
obtained of the form to be expected for the : “y 
x 
curve, sv that very little correction is necessary. 
Proceeding in this way, the correct curves are 
gradually built up < | the process of trial and error, 
and, if the assumed value of W has happened to 


be the critical load, the ordinate of the s 


x 
becomes zero when x = |. If the value chosen for 
W had been too large, the curve would have cut 
the axis at some value of x less than/; and if W 
had been too small, the curve would have cut the 
axis of x at some point for which x was greater 
than l. After two attempts a very close approxi- 
mation to the value of W is abel 

The accuracy depends upon the size of the ste 
taken, and in order to obtain a check on the suffi- 
ciency of the number of steps, other than that 
which can be seen without special investigation as 
the curves are drawn, a uniform strut may be 


y 
x 


for dy and y can 
dx 


curve 


of the well-known Euler formule. If the accuracy 
is sufficiently good, the ordinate of the id curve 
x 


will be found to be zerowhenx = 1. Ten divi- 
sions to the half length are usually ample for the 
accuracy attainable in engineering calculations of 
stress and factors of safety. 

The method may also be used to give the critical 
load for a strut held in any way at the ends; if 
fixed at one end and free at the other (Fig. 5), the 
conditions are : — 


a’y = 0 when « = 0. 
dx? 
‘ ” has some value h when x = 0. 
x 
dy — 9 when x=! (i being in this case the total 
x 
length). 
y = 0 when z = 0. 
Also :— 
ae may become zero at some point between x = 0 
and x = 1; 
and 
2 
pad may become zero and change sign. 


These latter conditions depend upon whether 
the strut bends as (a) or (b) (Fig. 5) ; as in the case 
of the Euler solutions, the crippling load is the 
least of any alternatives. 

Example.—In order to illustrate the application 
of the method to a particular case, consider the 
calculation of the critical load for a spruce inter- 
planar strut of a biplane, hinged at the ends, and 
loaded axially. Let 

21=70in. E =1.5 x 10, 

with the moment of inertia of the mid-section = 
0.4 (inch‘'), and the distribution of moment of 
inertia with length as in Fig. 6. 

As a first approximation, assume W = 950 Ib., 
a figure suggested in this case by experience. 
From (1) 


ay ad%y 
- EI =Wy. 
dz? y 
_dty _§ 9% ow 


dx? 15x 10°I, 16801, 


The calculations are most conveniently put into 
tabular form, the figures being added successively 
as obtained. 











a. Iz. qd ey h - d yo y¥. 
' d a da | 
———— | 
0 0.060 0 0 0 
0.005 | | 
0.11 0.130 -0.0228h | 0.054h 3.48 
0.160 
0.21 0.190 -0.0261h | O.142A 6.60 h 
0.212 
0.31 0.235 ~0,0281A | 0.288h 9.40 h 
0.255 | 
0.41 0.275 | ~0,0205 h 0.840 A 11.90 A 
0.292 | | 
0.51 0.310 -0.0804A | O.446h | 14.06h 
0.325 - 
0.61 0.340 -0.0808h | 0.551h | 15.80h 
0.352 
0.71 0.365 -0.0810h | 0.660h | 17.20h 
0.375 
0.81 0.385 -0.0807h | 0.760h | 1815h 
0.390 
0.91 0.395 -0.0305h | 0.876h | 18.80A 
0.397 
1.01 0.400 -0.0805h | 0.988h | 19.10h 
When 
2=0,9*% =1,4% -0,y=0, 
da a xt 
When 
2 =0.11, oe = h (approx.), y = O1 Al = 35h 
zx 


dy 3.5 h 
~ da 1680 x 0.095 
The mean moment of inertia has been used. The 
2 
d*Y ig plotted in Fig. 7. 
d a” 


= 0.0234 h. 


value of Area of 


dty curve up to « = 0.11 is found to be 0.016 h 
x 0.11 = 0.0016 hl = 0.056 h. 

This area is best obtained by counting squares on 
the squared paper. 


n- 4 


= 0.056 h or" ” = 0,944 h. 


x 


This point is plotted in Fig. 8. 
Area of <” curve up tor = 0.11i83.43h 


d 
a 





considered under an end load calculated from one 


y= B43 hk. 
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Correcting ay i¢ becomes — d*y _¢0,0228 h. 
d x* d x? 
Proceeding as before, 
h -4Y = 0,054h, 
dz 
and y remains unchanged te any appreciable 
extent. . 
Now produce the pe curve to « = 0.21, where 
x 
it has an approximate value of — 0.025 h, whenee 
h — @Y = 0.139h and y = 6.604. 


ax 
- Gy, 
Correcting ——~, it becomes 
dx? 
- dv __ 600 _ oasis. 
da 15803, 


Making the necessary alteration to Fig. 7, and! 





Ash iscommon to the values of y, 4 and d*y its 
dx dx* 


real value is of no importance, and it may in all 
calculations be equal to unity. 
Stresses in the Strut when Failure Occurs.—From 
the usual formulz for beams 
M f 


5 2 
where b is the distance of the outside fibres from 
the neutral axis and f is the stress. Then 


f=0M, 


I . (2) 
but from (1) :— 
= «9.89 
I d x 
a d*y ‘ 
f=-E.d.o4 (3) 
d *y 


or the stress is proportional to b . q 





Lbs 


L 
Values of X 


taking the area of the curve, find a new value of 
0.142h for h — 7. The value of y will not be 


(4078.C) 


ax 
appreciably changed. 
Continuing in this manner, it is found that the 


of curve passes to the right of the point 
. 


(x = I, sy = 0) ; therefore the value of W chosen 
- 

was too small. 

Choose a slightly larger value for W, say 
W = 980 lb., and repeat. Now for this value of W 

- $7 w__? 
d2? 1530 Ix ¢ 

The following table gives the figures for the new 
calculations, and it will be seen that this second 
value of W is practically the critical load. 








dy dy 
& I ‘ a-— f° 
- ad xt dz . 
0 0.060 0 0 0 
0.095 
0.1% | 0.1380 ~0.0236h | 0,055 B42 
0.160 
0.21 0.100 aig | AOR A ONE 6.59 A 
0.31 0.235 — 0,0280 h 0.245 A 9.40 A 
0.255 
0.41 0.275 —0.080h  O.849h 11.85h 
0.292 
0.52 | 0.810 -0,0812h | O458h 13.95h 
0.325 
0.61 0.840 -0,0815h | 0.568h 15.70h 
0.352 
art | 0805 | -0.0816A | O.678A 17.00 
of | 
0.8! 0.385 -0.0813h | O0.789h 17.95h 
0.390 
0.91 0.396 | -0,0810A | 0.900A 18.50 
0.397 | 
1.0% | 0.400 1.005h | 1870h 


— 0.0808 h 











Middle of Strub 





~ 


Values of X 


Suppose the section of the strut is always kept 
of the same form, but that the dimensions are 
changed. Then I varies as b‘, and from the curve 
for I a curve for b (Fig. 6) can be drawn. Values 


proportional toS v at any point have been found, 
x 

and hence values which are everywhere proportional 

to the stress can be found from (3), giving figures 

as in the table below :— 











d *y 

a. am b. I. 

0 i) 1.565 0 
0.17 — 0.0236 1.90 449 
0.21 — 0.0269 2.09 562 
0.31 — 0.0290 2.20 638 
0.41 — 0.0304 2.29 697 
0.51 - 0.0312 2.36 7 
0.67 — 0.0815 2.41 760 
0.71 — 0.0316 2.46 777 
0.81 — 0.0313 2.49 730 
0.92 — 0.0310 2.61 779 
1.01 — 0.0808 2.52 776 


The actual values of b can be determined when the 
form of section for the strut has been decided 


upon. 

The values of f, which, it must be remembered, 
are only proportional to stress, and not actual 
values, are plotted in Fig. 9, from which it is seen 
that the stress is fairly uniform over the middle 
third of the strut. 

Strut of Uniform Strength.—Consideration of 
the distribution of stress, Fig. 9, at once indicates 
a method of obtaining a strut of uniform resistance 
to bending. It is evident from the figure that the 
material between « = 0 and « = 0.51 might advan- 
tageously be more highly stressed, and that the 
moment of inertia could be reduced in this region. 

Eventually by a few trials a distribution of stress 





ean be obtained which is practically uniform over 





the length of the strut. The ends, of course, must, 
from practical reasons and to resist crushing, be 
made of sufficient size, and so the stress must fal] 
to zero at the ends. 

Reducing the section of the strut at any section 
reduces the critical load, but, once a moment of 
inertia curve for uniform strength has been 
obtained, the critical load will increase in direct 
proportion with the increase of moment of inertia, 
provided the length remains the same. 

In aeroplane construction struts are usually 
tapered towards the ends ; at present this appears 
to have been done more or less ‘‘to eye.” In 
certain cases the tendency has been to produce a 
form in which the struts do not tend to break at 
the centre. Such a tendency is, of course, imme- 
diately shown by a stress-distribution curve as is 
given in Fig. 9. 

It will be found that in the illustration the 
crippling load is appreciably less than that of a 
strut of equal length, but of constant moment of 
inertia equal to that at the centre. The Euler 
formula should, if used, be applied to a mean 
moment of inertia. The relation of this mean to 
the maximum at the centre is probably roughly 
constant for one class of strut, and might be deter- 
mined once and for all by the method described in 
this paper. The method is, however, so easy to 
apply that the calculations can be carried out for 
any new section in less than two hours, or in much 
less time, after some experience of the detailed 
calculations. 
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The Diesel or Slow-Combustion Oil-Bngine: A Practical 
Treatise on the Design and Construction of the Diesel 
Engine, for the Use of Draughtsmen, Students, and 
Others. By G. James Weis, Wh.Sc., and A. J. 
Wassaen tance, C.E. London: Crosby Lockwood 
and Son. [Price 7s. 6d. net. ] 

THE books which have previously been published 
in English on this new type of prime mover 
have been far from useful from the point of view 
of the designer and constructor, and the object 
with which this new book has been written, as 
given in the brief preface, is to treat specifically 
and fully with the design and construction of 
engines working on the slow-combustion system, 
for the use of draughtsmen, students and others. 
Undoubtedly, as stated, great difficulty must be 
experienced at. the present stage of development 
in obtaining the requisite data and drawings in 
detail of the various important parts of this class of 
engine ; but even so, a great deal is now available 
regarding the valves, and manceuvring and control 
gears of the leading types, which might have been 
drawn upon by the authors. 

No information can be as valuable to the draughts- 
man and the designer as actual working drawings 
of engines that have been constructed and have 
either succeeded or failed. Calculations and for- 
mulz are, no doubt, of great assistance to the engi- 
neer in many cases, but the history of the Diesel 
engine is proof—if proof were needed—of the in- 
sufficiency of mathematical processes as a founda- 
tion for new machines working under novel condi- 
tions. Ata later stage, when experiment has 
demonstrated what are the stresses to be provided 
for, formule become a great assistance. The Diesel 
engine is now in an intermediate phase. Experi- 
ence is beginning to accumulate, and should be 
taken as the groundwork of all that is written 
upon it. 

At the commencement of the book, a brief intro- 
duction of some three pages is given. Heat and 
pressure cycles, as a general subject, are next 
treated theoretically in Chapters II. toIV. With 
few exceptions all this matter is to be found in 
any standard text-book on heat, and only one or 
two references are made to connect up this general 
theory with the type of engine under considera- 
tion. The same remarks apply to the chapter on 
fuels and on the balancing of engines. 

The testing of oil-engines is a very important 
point, as each engine, before being delivered from 
the makers’ works, is generally tested and ad- 
justed to give the best results, so that in every 
establishment building this type of prime mover 
the testing and running of engines form an impor- 
tant department. Data and log-sheets, &c., for the 
guidance of such would have been useful, but from 
the short chapter devoted to this subject—only 
test results on some comparatively old four-stroke- 
cycle engines are given—it appears clear that the 
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authors have no first-hand knowledge of this par- 
ticular branch. 

The application of the compressor to the Diesel 
oil-engine is one of the problems to be met, and it 
is one which can only be elucidated by a study of 
the effects of air compression at variable speeds and 
conditions of suction. These points are not even 
mentioned in the book under notice. In the case 
of compressors, the valves require the greatest 
amount of attention, and in this chapter the 
design of compressor-valves, springs, &c., is not 
elucidated. 

When dealing with indicator diagrams, no examples 
are given of the effect of the various fuels and 
engine-settings upon the indicator-card, nor are 
there any reproductions of diagrams other than 
those which are theoretically perfect. 

The possible and practical mean effective pres- 
sures in the cylinders of internal - combustion 
engines is a subject of the greatest importance, 
but in this connection no mention is made of the 
two-stroke-cycle engine, it being stated that there 
is not sufficient information to hand. This clearly 
is erroneous, as there have been very many par- 
ticulars recently published of two-stroke-cycle 
engines, more especially of the marine type. 

As an instance of the inadequacy of the book 
from the designer’s point of view, cylinder heads 
or covers might be quoted. The design of this 
particular part, as is well known, if not the most, 
is one of the most important matters in connection 
with the Diesel engine, and designers would be 
grateful for data or even a collection of drawings 
showing various constructions to assist them in what 
is indeed a complicated problem. In the volume 
before us, however, cylinder-covers are disposed of 
in ten lines of text, and many other similar leading 
features of the Diesel engine are treated in the 
same inadequate way. Reversing gears, with the 
exception of that of the Bolinder semi-Diesel gear, 
are not given in detail, and the book assists in no 
way towards clearing up many difficulties relating 
to such gears which the designer may experience. 

In the chapter on recent practice, sections are 
given of some land engines of the leading makers, 
but no two-stroke-cycle engine of note is illustrated 
with drawings; photographs, in fact, suffice for the 
majority of the figures in this chapter. The theory 
of the fuel-injection pump and of the fuel-control 
is a most interesting point, but is not touched 
upon. 

_~ an appendix are given abridgements of some 
of the most important patents dealing with this 
prime mover, but as these are constantly changin 
and being added to day by day, their use is limi 
to a very short period. 

No doubt this book will be read with interest by 
those who wish to have a general and somewhat 
superficial idea of the properties of heat, heat dia- 
grams, the general theory of compressors, the funda- 
mentals of balancing, the action and the method 
of operation of the Diesel engine ; but, as already 
indicated, the object of fulfilling an undoubted want 
for the designers and constructors of this class of 
engine is very inadequately fulfilled. 





A Hamnd-Book of Wireless Telegraphy: Its Theory and 
Practice, for the Use of Electrical Engineers, Students, 
and s. By James Erskine Murray, D.Sc. 
Fifth Edition, revised andenlarged. London: Crosby 
Lockwood and Son. [Price 10s. 6d. net. } 

Tue fifth edition of this well-known treatise has 

fallen in an evil hour. The necessities of military 

strategy, or the requirements of diplomatic subtlety, 
have led to the dismantling of the wireless stations 
in the hands of amateurs, for whose benefit this book 
is mainly written. Whether the measures of the 
Government have been successful the authorities 
know best, but to deprive an amateur of a visible 
aerial seems a feeble method of preventing what 
we may call illicit communication. But we are only 
concerned to point out here that the development 
of this form of scientific amusement has received 

a check from which it will take long to recover. 

We a eee al por this blow at amateur 

science m deliv ata a ly inoppor- 

tune moment. Information is muc won & on the 
influence exercised by the state of the atmosphere 
on radiotelegraphic transmission, and the inter- 
ruption of observations has prevented some experi- 
ments that might have proved unusually instructive. 

A proposal was on foot to make use of the recent 

a eclipse of the > tare which the alter- 

nal circumstances of day and night are practi- 

cally reproduced in a short interval, to test certain 





theories. Such eclipses are com 
the Russian eclipse might have proved very 
instructive. Certainly many amateurs were pre- 
ed to follow a carefully-constructed programme, 
ut the stern necessities of war abruptly closed the 
avenues of information. What is known of the 
effect of more or less abnormal conditions on trans- 
mission will be found very well summarised in 
Chapter XVI., though the action ascribed to the 
upper conducting layer of the atmosphere can 
hardly be regarded as demonstrated. 

Each edition of a text-book of this class naturally 
profits by recent inquiry and embodies the results 
of researches by the author and others. The notice- 
able additions in the present volume refer to the 
uniform alternating current and shock-excitation 
systems. Recent measurements of transmitted 
power have also been added. The real value of 
the book consists, however, in its general survey 
of the growth and present position of the problem 
of transmission of signals when the use of an 
insulated conductor between the sending and 
receiving station is dispensed with. For those who 
have not seen the previous editions it may be 
noted that the work follows the customary lines, 
and is characterised by a thoroughness of treatment 
that is quite satisfactory. An historical introduc- 
tion, full and interesting, is followed by chapters 
on detectors, much space being devoted to the 
theory of magnetic detectors, while electrolytic 
and other forms are rather briefly dismissed. There 
is much dispute among amateurs as to the most 
sensitive form of detector. This wrangling could 
be avoided if it were remembered that ‘‘ success in 
wireless telegraphy depends much more on the 
proper adaptation of the detector, of whatever kind 
it may be, to the rest of the apparatus, than on the 
actual species of detector -” Naturally much 
space is given to the description of the different 
‘* systems ” of wireless telegraphy, known as the 
Marconi, the Lodge-Muirhead, Fessenden, Hozier- 
Brown, &c., though these might be, perhaps, 
better described as varieties of the spark method. 
A chapter on ‘‘ Wireless Telegraphy in Alaska” is 
here interpolated that seems rather out of place—a 
faulty arrangement, due, perhaps, to the exigencies 
of earlier editions. There is no sufficient reason for 
separating the descriptions of the Poulsen, Gold- 
schmidt, and other systems from those earlier. 

The chapter on *‘ Antenne” is informing, the 
author following generally the theory of Professor 
Zenneck in explaining the greater range and im- 
provement effected by the employment of directive 
and bent antennz. To the remarks on the theory 
of transmission we have already referred. A very 
long quotation is given from M. Tesla’s description 
of his plan for the distribution of electrical energy 
by utilising the whole world as a conductor, but 

ractical wireless telegraphy has not been advanced 
“ these experiments. We reach more practical 
matter, and have to ise the sure guidance of 
knowledge and experience in the treatment of such 
matters as electrical measurements, fault-testing, 
and the efficiency of wireless systems. To those who 
want accurate information, and full description free 
from excessive technics, this work can be heartily 
recommended, 


tively rare, and 





Ambidexterity and Mental Culture. By H. Mac- 
Nuveuton-Jongs, M.D. London: William Heine- 
mann. [Price 2s. 6d. net. ] 

WE have no wish, as no intention, to enter into the 

controversies that centre round this question of the 

possibilities of ambidexterity. We believe that 
the advocates of its exercise are somewhat intem- 
perate in claiming benefits that follow its practice, 
and that the data on which the claims are founded 
are insufficient. This author asserts, apparently on 
the authority of medical experts, that the mental 
and intellectual function of speech is exercised by 

a machinery that exists only in the left brain of the 

right-handed, and in the right brain of the left- 

handed individual. We doubt if this statement is 
universally accepted, for of late years some doubt 
has been thrown on the assumed connection of 

— localities . the ~— — the a 

or exercising muscular an ysical movemen 

and the necessary evidence to establish the facts is 
under revision. But admitting the correctness of 
the premises, we doubt if the author makes out his 
case. He pro to show that the intellect of 
the race would be increased by equalising the 
balance of functional activity on both sides of 
the brain, by educating from infancy both hands 
to work with equal power and dexterity. The 





author fails to convince us, There is apparently 
no reason why intellectual activity should not 
need for its ry a difference of level. uality 
might mean a loss of potential energy, with less 
capacity for work. The author must forgive us if 
we draw our similes from physical concepts. Quot- 
ing from another authority, it is stated ‘that a 
brain-motor centre, cheated of appropriate exer- 
cise at its nascent and growth period, does not 
develop properly.” That may be true, but if the 
development of one portion is at the expense of 
some other brain-motor centre, we fail to see that 
there is any advantage = by the brain me. 
chanism in its entirety. We must decline to follow 
the author in his attempt to prove that ambi- 
dexterity is a factor that contributes to the forma- 
tion of character and intellectual growth, building 
up the moral constitution of the individual. Just 
as little are we pre to admit that he estab- 
lishes his thesis by the quotation of instances. So 
far as the facts are reproduced, coincidence in time 
is confounded with operating cause. The case of 
a medical student is given who was left-handed 
till he was twelve years old. ‘‘ His parents then 
made a desperate effort by bandaging the left 
arm, and such drastic methods, to render him 
right-handed, and from that time he began to 
stammer”! The author may be in possession of 
other facts that connect the stammering with the 
arm-bandaging, but we can only judge from the 
statement as it stands. 

On one point we are heartily with the author : 
the segue ong the greater development of manual 
training. e efforts of educationists have been 
devoted too exclusively to the literary side. Un- 
skilled in technical processes themselves, they have 
undervalued the educative effect of well-directed 
handicraft, and failed to perceive its usefulness as 
a national asset. 





A Text-Book of Physics. By J. H. Porntine, Sc.D., 
F.R.S8., late Mason Professor of Physics in the Uni- 
versity of Birmingham, and Sir J. J. Tuomson, O.M. 
M.A., F.R.S., Cavendish Professor of Experimental 
a in the University of Cambridge. Parts I. 
and II. Static Electricity and Magnetism. London: 
Charles Griffin and Co. [Price 10s. 6d.) 

Ir is impossible to refer to this volume of the 
‘**Text-Book of Physics” without expressing a 
deep regret that the subtle brain and acute intellect 
that have illuminated so much that is obscure in 
physical science, and straightened the path for so 
many inquirers, are no longer with us. Collaborating 
with Sir J. J. Thomson, Professor Poynting has 
assisted in the production of a succession of volumes, 
in which the important fundamental principles of 
physics have been dealt with thoroughly , but with- 
out undue elaboration. They have set up a model 
of what a text-book should be, and it is not neces- 
sary to say that the present volume is an admirable 
companion to those that have preceded it. While 
impressed by its conciseness and lucidity, one can- 
not but feel how severe a loss science has suffered 
by the death of the distinguished physicist, as 
renowned for his origi researches as for his 
devotion to the duties of his chair. 

The labour of producing such a text-book must 
be considerable, making a eo demand upon the 
time of a busy teacher and able experimentalist. 
One is tempted to ask, therefore, what p 
does such an elaborate treatise fulfil? The pealing 
of text-books, it must be admitted, does not give a 
student an adequate grasp of the subject ; labora- 
tory work and experiment are essential parts of the 
educational curriculum that cannot be omitted 
without material loss. Are we Pe geen in con- 
cluding that the carefully compiled treatise may 
fairly take the place of lectures, not merely as a 
supplement, but as a substitute? No doubt the 
authors intended to render assistance to those to 
whom access to lectures is difficult, or who find a 
lecture diet unsatisfying. There is some induce- 
ment to go further, and argue that such a well- 
constructed text-book as the present is an improve- 
ment on many lectures, and the perusal better 
calculated to benefit that particular class of students 
who are distrustful of the pleasant and easy method 
of acquiring information listening to a gi 
and ae ished lecturer. An admirable ad ‘ 
punctuated by the deft performance of a carefully- 
selected experiment or two, may create a very 
satisfactory impression at the time, and yet, as 
an educational vehicle, prove disappointing, when 
the well-rounded periods of the lecturer have ceased 
to charm. Then it might seem that the text-book 
has an enduring merit that would appeal to those 
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who like to force their own way over the rough 
places, and do not expect to have all their diffi- 
culties swept away by the practised aid and thought- 
ful provision of the teacher. 

or such earnest students, we imagine this 
manual is admirably adapted. It is elementary in 
the sense that it is based on fundamental prin- 
ciples, and a sincere attempt is made to get to the 
root of the matter. Apparently there is no diffi- 
culty shirked ; there are some facts which have to 
be accepted, for which no explanation can be 
offered. For instance, it is not ible to explain 
the phenomenon of magnetism. the hypothesis that 
each molecule of iron or steel which contributes to 
the magnetic condition is itself a permanent magnet 
with definite polarity, and capable of rotation 
about its centre, may enable us to picture a series 
of operations, or serve to explain the results of 
certain experiments, but it in no way explains 
—— Ampére’s hypothesis, or Ewing’s 
model, may suggest an escape from some perplexi- 
ties, but do not solve the problem of the mag- 
netisation of the molecules. The former provides 
simply a hypothetical device for securing permanent 

nets. _ as in other places where plausible 
and recondite theories have been put forward to 
— what is obscure, it is easy to point out the 
valuable aid that the experienced teacher could 
render by preventing his pupil wandering in the 
quagmire of doubt and uncertainty. The fascina- 
tion of the novel and unexpected is not without its 
dangers. The theory of Langevin, for example, 
to explain the origin of magnetisation, elaborated 
as it been by other scientists, might command 
assent, not from reasoned conviction, but from 
admiration of the ingenuity exhibited. We have, 
however, no intention of discussing the latest 
theory of the ‘‘ magneton,” more — as the 
author, in presenting the hypothesis, neither 
accepts nor rejects its adequacy. 

It were better to explain that this volume, 
divided into two , deals with the chief phe- 
nomena of electric and magnetic systems when 
they are respectively charged or magnetised. It is 
proposed to deal with the effects due to electric 
current, or electric magnetism, in a separate 
volume. The views of Faraday, as mathematically 
developed by Maxwell, underlie the general method 
of treatment. ‘‘ Electric strain” may take the 
a of ‘electric displacement” or ‘‘ electric in- 

uction ” without disturbing the line of argument. 
The experiments of Hertz, not less than those of 
Faraday, show the existence of electric and etic 
energy in the surrounding medium, submitting 
this medium to conditions that are analogous 
to ‘‘ strain,” and can be conveniently expressed by 
the same term. This treatment of the electric 
action has a rather unfamiliar look, but Professor 
Poynting gives very good reasons for his nomencla- 
ture, maintaining that there are forces accompany- 
ing ‘‘electric strain” that resemble those in the 
more familiar elastic strain. The nature of the 
**electric strain” is not known, and what light 
might be thrown upon it from the electron theory, 
being largely a current theory, will find its proper 
place in the next volume. We have already men- 
tioned that the possible bearing of the electron on 
the ey of magnetism finds an appropriate 
place here. We may add, further, that in the 
general discussion of magnetism and allied phe- 
nomena the effects of intensity and induction are 
treated in a very illuminating manner, but 
naturally, where all is instructive and effectively 
arranged, different sections will appeal with vary- 
ing force to different readers. 
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CALCIUM CARBIDE AND NITROGEN 
PRODUCTS. 
(Continued from page 353.) 
THe CyaNaMIDE Factory. 

Tue original cyanamide factory, started in 1908, 
was designed for a yearly output of 12,000 tons. 
By the installation of a small amount of addi- 
tional plant the maximum output was raised in 
1912 to 24,000 tons, and by the present exten- 
sions the annual export will reach about 80,000 
tons. For the latter production about 57,000 tons 
of carbide will be required, and all of this is, of 
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course, provided by the adjoining Alby factory, 
described in the previous article. 

Calcium cyanamide is a compound of nitrogen, 
carbon, and lime produced from calcium carbide. 
In the commercial product as manufactured at 
Odda the relative values of the above-named con- 
stituents are approximately as follow :— 


Per Cent. 
Nitrogen... a ase = 20 
Carbon ... i = as a 12 
ime, free and chemically combined 60 
Inert substances a ee oan 8 
100 


Cyanamide is used either directly as a manure 
or in association with other fertilising materials, 
and quite recently success has been attained in 
devising mechanical means for granulating the 
cyanamide, or nitrolim, so that it can be used for 
to ing even with a high wind blowing. In 
addition to its use as a fertiliser it has a wide 
application as a source of ammonia for chemical 
manufacture. By means of the catalytic process 
invented by Professor Ostwald, of which Nitrogen 
Products and Carbide Company, Limited, owns the 
world’s rights, excluding only Westphalia and 
Rhineland, ammonia from cyanamide is economically 
converted into nitric acid, and from this form into 
a wide range of chemical compounds. 

The cyanamide factory site covers an area of 
approximately seven acres, in addition to which 

ere is a large space occupied by railways, store- 
houses, and export quays, which is shared in 
common with the Alby United Carbide Factories, 
Limited. In full operation the factory employs 
about 310 workmen, of which the majority work 
on shifts of about eight hours. The electrical cur- 





rent for motive power and furnaces, amounting to 
6000 horse-power, is delivered to the cyanamide fac- 
tory by two cables directly connected with the gene- 
rating station at Tysse. The process of manufacture 
depends upon the fact that when finely-powdered 
calcium carbide—a compound of calcium and 
carbon—is heated in an atmosphere of. nitrogen to 
a sufficiently high temperature, the nitrogen com- 
bines with the carbide to form calcium cyanamide, 
and at the same time a portion of the carbon of the 
calcium carbide is separated out. The nitrogen 
necessary for the manufacture is produced by the 
Linde process of fractional distillation of liquid 
air. e Linde plant of the North - Western 
Cyanamide Company is the largest in the world. 
Tt consists of seven units, having a total capacity 
of approximately 100,000 cub. ft. of pure nitrogen 
per hour. The production of this quantity in- 
volves the liquefaction of over 100 tons of air per 
day, and to this plant attention may first be 
directed. 


Tue Fixation oF NITROGEN FROM ATMOSPHERIC 
AIR. 


The principle on which the Linde plant for the 
production of nitrogen operates, it may be well to 
recall, is the rectification of liquid air under normal 
pressure and at a temperature at or near the boil- 
Ing-point of nitrogen. At this temperature the 
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oxygen component still remains in the liquid 
pe ng and as such is*tremoved at the base of 
the rectifying columns. A diagram indicative of the 
operations is reproduced in Fig. 46. For the 
sake of clearness the cycle of operations may be 
divided into three systems, which will be con- 
sidered in turn—viz., the low-pressure, the high- 
pressure, and the ammonia systems. 

As to the first of these—the low-pressure system 
—outside air is drawn through a dust-filter by the 
low-pressure compressor, which delivers it at a 
pressure of about 5 atmospheres through a vessel 
containing caustic soda, marked ‘‘ CO, absorber ” 
in the diagram, to the coolers Nos. 1 and 2 on the 
diagram. The caustic soda removes any carbonic 
acid the air may contain, as if allowed to go forward 
it would solidify and obstruct the pipes and the 
rectifying column. In the cooler No. 1 the low- 
pressure air receives its preliminary cooling on 
the counter-current principle by means of pure 
nitrogen on its way to the furnaces. The cooler 
consists of a double nest of tubes, through which 
the air passes, and in so doing is cooled down from 
about 20 deg. Cent. to below zero. The nitrogen 
circulating on the outside of the tubes is warme¢ 
to between 5 deg. and 10 deg. and is then ready 
for use. This preliminary cooling of the air 
removes the greater part of the water vapour it 
contains, and, being condensed, the water falls 
into a reservoir below the cooler, from which it is 
periodically blown out. The air next passes into the 
cooler No. 2, which consists of a compound spiral, 
well insulated to prevent the ingress of heat from 
outside sources. The pipe conveying the air is 
wound outside another and smaller pipe, through 
which ammonia liquor is circulated. The evaporation 








of the ammonia still further reduces the temperature 
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to —30 deg. Cent., at which temperature the air 
enters the rectifyingcolumn. The rectifying column 
consists of two principal : (1) the inner still, 
or column proper; and (2) the outer sheathing, 
consisting of a spiral-pipe system, which assists in 
maintaining the column at a low temperature. 
For the moment the outer sheathing only will be 
considered. It consists of two spiral tubes of large 
section, through one of which the pure nitrogen, 
taken from the top of the inner column, passes. 
Through the second coil is passed the oxygen 
which is distilled from the liquid-oxygen receiver. 
Through the inside ey 4 — are wound 
smaller pipes, carrying both the low-pressure air 
and the apd nitrogen delivered from the 
system to be now described. , 

The high-pressure system consists of a high- 

essure compressor, which takes pure nitrogen 
bem the furnade main and compresses it to about 
100 atmospheres. The compressed nitrogen is 
first passed through calcium-chloride bottles, to 
remove any water vapour, and then into the cooler 
marked No. 3 on the diagram. In this cooler are 
placed three sets of double-wound spiral pipes, 
through one of which the high-pressure nitrogen 

in contact with the cold nitrogen delivered 
rom the rectifying column. In the lower part of 
the cooler is placed the third coil, through which 
the high-pressure nitrogen next passes, and is 
further cooled by contact with liquid ammonia. 
In this way the temperature of the high-pressure 
nitrogen is reduced to about —30 deg. Cent., at 
which temperature it is delivered to the outer 
sheath of the rectifying column. 

The ammonia system may be dismissed in a few 
words. Its object is to reduce the temperature of 
the whole system to as low a point as is possible 
with ammonia. It consists of the usual arrange- 
ment of ammonia compressor with its condenser, 
but is combined with a special arrangement to 
prevent priming of the liquid ammonia over into 
the cylinders of the compressor. The liquid 
ammonia is fed from the ammonia condenser to 
the ammonia coils of the coolers Nos. 2 and 3, and 
thus cools down both the low-pressure air and the 
aa necye nitrogen as ate described. 

@ may now consider the action inside the inner 
still or rectifying column proper. The high-pres- 
sure nitrogen, which has m cooled down to a 
low temperature by its e through the spiral 
coils of the outer sheathing, is still further cooled 
by passing it through another coil placed in the 
base of the column. This base formsa receiver for 
liquid air, the apparatus being worked in such a 
manner as to maintain the level of the liquid con- 
stant. The temperature of this liquid is in the neigh- 
bourhood of - 194 deg. Cent., the temperature at 
which nitrogen boils under the condition of pressure 
which exists. The high-pressure nitrogen thus cooled 
to about — 194 deg. Gent. is then allowed to expand 
through a regulating valve, the lower of the two 
valves shown on the diagram, where the pressure 
is reduced from 100 atmospheres to the normal 
pressure existing inside the column. Passin 
through the valve, the nitrogen, now in a liqui 
condition, is led to the top of the column, down 
which it is allowed to fall in the form of a spray, 
being broken up by finely-perforated plates and 
trays. The low-pressure air, which has been cooled 
in its passage through the coils of the outer sheath- 
ing of the column, is next through the tubes 
of the liquid-oxygen receiver and next through a 
spiral coil placed also in the liquid air, both at the 
base of the column. The liquid-oxygen receiver is 
kept supplied with liquid by the continual overflow 
of the liquid from the base of the column. The low- 
pressure air is also thus cooled to a very low tem- 
perature, and is then led through a regulating valve, 
the upper of the two valves shown on the diagram, 
from which it passes to a point about half way up 
the column into which it is introduced. The low- 
pressure air, which has become liquefied on passing 
through the coil in the base of the column, on 
entering the column meets the descending stream 
of liquid nitrogen delivered from the high-pressure 
system, which condenses out the oxygen constituent 
of the air introduced and allows the nitrogen drawn 
off at the top of the column to become almost pure. 

In order to explain the condensation of the 
oxygen, it is only necessary to note that the tem- 
perature of the liquid introduced at the top of the 
column is lower by 13 deg. Cent. than the tempera- 
ture of the oxygen vapour rising from the lower 
of the column, the ee of liquid nitrogen 
being — 196 deg. Cent., and that of liquid oxygen 








—182 deg. Cent. The result is that the liquid 
which collects at the base of the column contains 
practically all the oxygen, and it is found that in 
practice the nitrogen obtained from the top of the | 
column is of approximately 99.8 per cent. purity. 
The oxygen leaving the apparatus after evaporation 
in the oxygen receiver contains about 65 per cent. 
oxygen, which, for the present, is discharged into 
the atmosphere. 

Turning now to the technical details of the Linde 
nitrogen plant, it may be premised that the original 
plant consists of three small units, each of a 
nominal capacity of 375 cubic metres of nitrogen ea 
hour. Four units ofa nominal capacity of 700 cubic 
metres per hour have recently been installed. The 
whole of the nitrogen plant, with the exception of 
the electrical part, has been supplied by Gesell- 
schaft fiir Lindes Eismaschinen A.-G., Munich. The 
building containing the nitrogen plant covers a 

‘ound space of 146 ft. by 108 ft., divided into five 

ys, four for the compressors and a separate bay 
for the rectifying columns. Each bay is served by 
a hand - crane capable of handling the heaviest 
pieces, and renders the erection and repair of any 
part an easy task. The cranes have all been 
supplied by Herbert Morris, Limited, Lough- 
borough. The carbonic-acid absorbers are contained 
in a separate room, which keeps the caustic liquor 
away from the main machinery hall. 

The smaller units having been previously des- 
cribed in ENGINEERING, it will perhaps be of some 
interest to describe at length the new and larger 
units recently installed. ese consist of four six- 
stage compressors, built by the Maschinenfabrik 
Burkhardt, of Basle, one of which is illustrated by 
Fig. 47, on page 407. In normal running two of 
the six stages supply the low-pressure air at 5 atmo- 
spheres pressure to the system, and the other four 
stages compress the high-pressure nitrogen, which, 
after condensation in the coil at the base of the 
column, forms the washing liquid in the column as 
described above. In normal running the pressure 
in the high-pressure system is about 100 atmo- 
spheres. 

During the ‘‘ running-up” period, however—that 
is, during the four or | dy Be occupied in setting 
any unit to work after a stop—the six stages are 
worked in series, and during this period the pres- 
sure is raised to 200 atmospheres. In practice a 
column can generally be run continuously for about 
fourteen days, after which the accumulation of 
carbonicacid, and, perhaps, some water which may 
have esca absorption in the proper vessels, 
obstruct the passages of the apparatus and make it 
necessary to shut down for the purpose of thawing 
it out. 

The compressors have pistons of the following 
diameters :—First stage, 450 mm. (17.72 in.) ; 
second stage, 410 mm. (16.14 in.); third stage, 
300 mm. (11.81 in.); fourth stage, 210 mm. 
(8.26 in.); fifth stage, 170 mm. (6.69 in.); and sixth 
stage, 80 mm. (3.15 in.), with a common stroke of 
600 mm. (23.62 in.). The normal speed is 125 
revolutions per minute. The suction volumes of 
the six stages in series are 1150 cub. m. (40,614 
cub. ft.) — hour at 200 atmospheres pressure ; of 
the two low-pressure stages, 1100 cub. m. (38,848 
cub. ft.) per hour at 5 atmospheres ; and of the 
high-pressure stages, 800 cub. m. (28,253 cub. ft.) 
at 70 to 200 atmospheres. The machines are 
mounted on substantial concrete foundations, the 
space below the floor and between the foundations 
being used for running the high and low-pressure 
piping, water-pi electric cables, &c. 

he motors driving the compressors were supplied 
by the British Westinghouse Electric and nu- 
facturing Company, Limited, of Manchester. 
They are of three-p induction type, wound for 
400 volts and 25 periods. They develop 466 horse- 
power at full load during the running-up period, 
and normally 350 horse-power to 400 horse-power 
during the working period. The motors are con- 
trolled by switch-pillars placed alongside them, 
which consist of automatic oil-break switches—so 
mounted as to be readily accessible—with ammeters 
for showing the load. Each switch-pillar is fed 
direct by two three-phase cables with conductors, 
each of 240 sq. mm. section, controlled by an auto- 
matic switch in the transformer-house. The starting 
resistances are of the liquid type, placed in the base- 
ment below the motors. The speed of the motors 
is 485 revolutions per minute. The drive is by 
means of a belt 3 ft. 3 in. wide, constructed of best 
English orange-tan leather, specially selected for 
the Viking Rem and Pakningfabrik, Christiania, 


who manufactured the belts. The space available 
for the plant being restricted, it was not possible 
to allow more than 16 ft. 6 in. between the centres 
of the motor and the compressor-shaft. As it was 
not convenient to adopt motors built direct on the 
compressor-shafts, it was decided to employ jockey 
pulleys of the Lenix type, supplied by the Berlin 
Anhaltische Maschinenbau A.-G., to increase the 
arc of contact round the motor driving-pulleys. 
The — of drive will be clear from Fig. 48, on 
e 407. 

@ ammonia system consists of two single- 
cylinder ammonia compressors, which work on the 
three smaller nitrogen columns, and two compound 
ammonia compressors for use on the new columns. 
One of these ammonia compressors is shown in 
Fig. 49: Each compressor has an independent con- 
denser. The two compound machines are driven 
by independent Westinghouse motors of 60 horse- 
power through belts provided with Lenix jockey- 
pulleys, which had to be adopted in this case also on 
account of the shortness of the drive. The speed 
of the motors can be varied at need by means of 
Westinghouse controllers, which admit of a 40 per 
cent. variation. The liquid ammonia is delivered 
from the condenser to the various coolers as required, 
the gaseous ammonia evaporated therein being taken 
to the top of a liquid-separating column, with the 
object of preventing the return of any priming 
liquid back to the compressors. 

A system of cross-connections has been arranged 
on the ammonia-pipe connections whereby warm 
ammonia liquid can be taken before entering the 
condensers and passed into any cooler which may 
require to be warmed up for thawing out ice or 
carbonic acid snow that may have accumulated 
inside the spirals during the working period. This 
is an operation which has to be performed every 
week or so. In the low-pressure coolers No. 2 an 
auxiliary system of warming-up by means of hot 
air — by a small blower through an elec- 
trical heater has been adopted for expediting the 
thawing-out process. Of the coolers Nos. 2 and 3 
there is little to remark, save that they are well- 
insulated pieces of apparatus. The cooler No.1, how- 
ever, is arranged in two parts, provided with change- 
over valves, by which the direction of flow of the 
air and nitrogen through them may be reversed, 
in order that the water condensed and frozen 
on the outlet side of the combination may be 
thawed out on changing over by the warmer air 
entering the apparatus from the compressor at 
about 20 deg. Cent. This changing over is effected 
by hand every few hours. 

For CO, absorption the air supply to the three 
smaller units is drawn in through two sets of 
washing-towers. There are two towers working 
in series, and through them a solution of caustic 
soda is constantly circulated by means of centrifugal 
pumps, the towers being placed on the suction side 
of the compressors. In the case of the new units, 
however, the carbonic acid is removed under pres- 
sure, the low-pressure air after compression being 
taken through closed vessels filled with the caustic- 
soda solution, through which the air is caused to 
bubble by means of a series of perforated plates. 
The nitrogen produced by the seven columns is 
taken into one common 12-in. wrought-iron pipe, 
which conducts it through an underground tunnel 
running below the three furnace-houses, into which 
it is distributed by branch piping, which, again, in 
turn, subdivide it between the different furnaces. 


(To be continued.) 





STATICAL CALCULATIONS OF RECTAN- 
GULAR REINFORCED-CONCRETE TUBES. 


By Orro Gorrsc#aLk, Buenos Aires. 


Tue formule developed in this article were origi- 
nated by and are mainly intended for monolithic 
rectangular reinforced-concrete subways. . They are 
applicable, of course, to any other ae oe as, for 
instance, box culverts, galleries and conduits for any 
branch of public service. Although reinforced con- 
crete is becoming now more popular among engineers, 
and even railroads are adopting reinforced-concrete 
standards for their culvert work, the monolithic 
rectangular tube has so far not yet obtained the 
monopoly it deserves for any subterranean work built 
in open trench, wherever the nature of the soil makes 
it desirable to spread the loads over a considerable 
8 The rectangle in itself is the most economical 

ape as » which is so valuable—for in- 





stance, under city streets. —— reinforced concrete 
allows of joining the sides rigidly to floor and roof; 








hee heen 












































behead as Melb eine 





a 


Siete 





Oct. 2, 1914.] 


ENGINEERING. 








and in such a rigid frame the bending moments from 
the superim load will counteract those caused by 
earth pressure; any shock from any side is easily 
distributed, and accidental caves underneath the floor 
are easily bridged over, making it possible to put the 
whole tunnel work on soft soil under conditions 
where, without this rigidity, foundations would 
have to be carried down to firm ground. The economy 
effected by the counter-actions of roof-loads and side 
pressure, and by giving a share of the ing capa- 
city to the rigid corners, where space for brackets is 
always available, is not yet being appreciated suffi- 
ciently. Although it may not be advisable in the 
design of the subterranean werk to matters to 
too Fine a point, the taking advantage of such statical 
possibilities will always mean an improvement of the 
structure. 

The city of Buenos Aires offers at present ample 
opportunities for watching subway structures without 
regard to economy of design ; a considerable waste of 
materials is to be observed in instances where there 
were no special requirements of any kind. The waste 
has arisen solely through not a modern methods 
in place of the old-fashioned brick and I-beam designs. 
In contrast to this, designs which are more in accord 
with modern lines will be described and illustrated in 
this article. 

Figs. 1 and 2 are photographs of the reinforced. 
concrete part of an extended system of private sub. 





calculate to a fair de; of accuracy the greatest 
bending moments possible at any point (centre of 
walls, of top, of bottom, or corners) of a rigid rect- 
angular frame. I therefore wish to go into detail in 
the present case, in order to derive formul and tables 
usable in a simple way for any design of similar shape. 


Basis oF CALCULATION. 


We consider a rectangle (Fig. 3, page 410) having 
the four sides called Nos. 1, 2, 3, 4, with cross- 
sectional areas of respectively A,, A,, A;, A,, and 
moments of inertia of yp a» Iq I, I, 

Generally we call M the bending moment, N the 
normal stress at any point of the four sides. The 
elasticity modulus E is assumed to be constant all over 
the system, the moments of inertia to be constant 
within their respective sides. The height of the rect- 
angle to be h, the width /, the length of the tunnel to 
be considered a unit—for instance, 1 ft. All the 
calculations are based on the principle of virtual 
work, which requires, with regard to any statically 
undetermined stress X, that all over the system :— 


M 6M N 6N 
EI’ sMae+ [aN ‘3X 
Moment CavsEep sy Deap Weicut or WALLS. 


The weight of the two walls of a total P causes a 
uniformly-distributed upward soil pressure p loading 


dx = 0. 





Fic. 1. 


ways intended for the lu 
great Retiro Station of Buenos Aires, the capital of 
Argentina. This station is to be the largest on 
the South American continent. The views refer to 
the portions of the subway under the Grand Hall, 
consisting mainly of one tunnel 16 ft. 5in. wide by 
10 ft. 3in. high, some 490 ft. long, and one 27 ft. 7 in. 
wide, of 57 ft. length. 

The Retiro Station stands on ground reclaimed 
from the River Plate, with the firm soil between 20 ft. 
and 30 ft. below the present grade. While the heavy 
masonry-work goes down to firm soil, it was very 
desirable to save the expensive excavation work for as 
a of the structure as possible. The fill, well 
settled in some places, shows in others all varieties 
possible between entire roads with their street-car 
rails still in, and decomposing garbage of the immi- 
grants’ station which formerly stood on this spot. The 
railway engineers therefore decided to adopt rein- 
forced concrete both for reasons of stability and 
economy ; the saving over the uaual brick design of a 
cross-section equally strong to withstand the impact 
from the heavy train movement on top amounts to 
more than 30 per cent. 

The new Retiro Station is being built by the Central 
Argentine Railway, Mr. R. Reynolds, chief engineer, 
with Mr. Kirby, engineer in charge of the company’s 
building work. Mr. E. L. Conder is the architect of 
the station. The reinforced-concrete subway was built 
in three months’ net working time, from April to 
August, 1913, by the writer, together with Messrs. 
Scott and Hume, general contractors of the station 
building. The calculation of the design of the two 
main sections of the tunnel is dealt with at the end of 
this article. In spite of the ever-increasing import- 
ance of such designs for culverte, flumes, subways, 
&e., I am not aware of having yet seen formulx 
simplified for use in practice, making it feasible to 


e [traffic {under the new 


| the side No. 3.7,The moment caused byf this pressure 
tends to bend outward the two sides No. 2 and No. 4, 
and this tendency side}No. 1 resists (see Fig. 4). The 
rectangle would be statically determined if we knew 
the! amount of, for instance, the tension X, and the 
bending moment X, in the corner 1 — 4. 

We now determine the virtual work of the four 
sides individually. 


In beam 1 :— 
= See i 
Mm ~ Xa; SRE = ws gh [Made = 
t 
i ee SO ee 
N= Xi5 5g 1s igs [hide = ya 
In beam 2 :— 


a. wer 
M = X, + X23 5¥ =2;5 gy, [2+ Xoea 
0 
. be. Se 
3EI, 2ET; 


h 


5M 1 . , 
sx, = 1; E 7, [% +X,2)da 
0 
— _X,h? + Xyh 
2EI, EI, 


In beam 3 :— 
M = My - Xe - X, A; 
t 


i -Myh + X.h+X,M)dz 


5M _ 


. -h; 


1 
ET; 
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ime 
thX. AP lL n 
= “=r * Ki, ™ - Eh [mace 
: 0 
5M 1 . » 
oe aug |(- My + Xg+ X, Ide 
v7 
i 
l » aS om 1 
= y+ BX we, ea 
0 
! 
_ - 4 N _ : 1 c = i Hy 
N= Xu FX, = ~igls, JX ae Bi A;" 


0 


In beam 4 :—Similar to beam 2. 
Eliminating E we combine the virtual works to get 
the two equations of equilibrium of the total virtual 


work. 
t 


I. (4 42, ft )+x,(30+"*)= A |seae 
A, 5% Tt, ae ) 9 ae 


mt. x, (2M 4M) oxy( 44294 1) - 
zs. I; lh Ih Is 





The two roots of the two equations are :— 





Fic. 2. 
b(t 49d, t)_ aby 2) 
a re. 
ly (Fr ++) i, (i, i, Pa 
ot :— > “OD hs 3 € 7 q 
(Foeroute EYE BRs Fa Be FY 
A, 31, I, As/\I; Jo Is I, I; 
1/4 49M ME, LY. (ht) 
: tea? + . + 
x _ (a; 3 I, I; Ay I; I, I, PP 


1 2h? Az, L\/l 2h ‘) h, 1\*12 
+= + +— + —h*{ —+— 
(Gi, 31," I; Mt, .’% (7,*1,) 


The values of the dimensions of the rectangular tunnel 
have got to be assumed and put into the above for- 


mula, If we put :— 
nis ee a eds 
°° a ae, es 
Cw ee 
VA, TSI," ts Ag 
we have :— 
B-a h PP 
Xi = gy— Wai’ I," 12 
and 


y—-hWa 1 PP 
By —h®a?"I,° 12° 
For practical use, however, simpler approximations 
may - desired, which we can obtain, assuming A and 
I constant all over the system, or, 


X,= 


A, = As=A;3 I, = J,21,=I1. 
Hence 
h+l 2 
a= 7; p= +l) = 2a; 
wt he, kL 
y=", +847 1° 


We make, further, 


h 
h=nl, orn= L 


Thus, : 
n+ P 
ae in? + 03 12"%t1 mes 
n+ an nn” + . ‘A 
I 
X, = —P +O Pi 
es ee. 
3 m8 + 4m? + nt +12 (n+ 1) 7 


A still further simplification for estimating purpores 
may be admitted in cases where the depth « { the con- 
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crete does not exceed, say, one-sixth of the height of 


the tunnel, as in this case the factor PA becomes very 


small, and for pu of approximation may be 
neglected, which will give us, finally :— 
= n+1 P 
 Sn+4nte n° 4’ 
and the moment in the upper corner, 
x,= S,..me, P -. 
3+ 4n+n? 12 
The moment in the lower corners is 
Me. = X,h + Xo, 


—- S8+2n PL 

3+4n+n2° 12 

These values for X,, X., and M., as was stated 
above, are only approximations admissible for a width 
or depth of concrete not more than one-sixth of the 
width or height of the tunnel. To state an instance : 
—For a square tunnel section, h = /,or n = 1, the 
approximate values are :— 

X,=WP; X,=- 7 Pl; Me= % Pl. 

The exact formula for M, is :— 

Mm. = PM +7-2ea 1 PP 
P By—-Ma® “1,° 12" 
with a, 8, and + as denoted above. 
Moment Cavusep by UntrorMLy-DistrtnuTED 
Loap on Roor, 

A uniformly - distributed load on top of the roof 
causes an identical soil pressure upwards on bottom. 
We can reduce this case to the one treated above by 
assuming that first the top only is loaded, and after- 
wards the bottom only, and by then adding up the 
moments obtained. Expressed in formule we have a 
corner moment of :— é a 

r _ BA? + 2y—Bh2a 
M.!1 = Me + X_ = By — hia? a 

Assuming again the moment of inertia to be constant 

all over the system, and 


I 

Sut tn +125. PI 
7. oo 
RA 


xX 


or 


c 


n= S :M.1= 
Bn? + 4n® + nt + 12(n + 1) 


and when a is small 


eA 
3+n Pl 
is a - _ 

M ~ 3+4n+n2° 12 
As an instance, this formula becomes for h = / 
Pl 4 
R= i: Me = ’ h =90, n=VU, Me = 
and x=I1:M yh for 0, and 0, M 12 

MomMENT FROM EARTH PRESSURE. 

The earth preesure from superimposed loads on 
either side of the tunnel is generally assumed to be 
the same from top to bottom. We then have again a 
rectangle loaded symmetrically according to Fig. 3, 
with the only modification that the sides Nos. 2 and 
4 will be loaded, and the sides Nos. 1 and 3 bent 
towards the outside. Slight allowance must be made, 
according to local conditions, for the possibility that 

t of the pressure from one side is taken up on 
Seiten and roof through friction, and that therefore 
that part of the pressure will act exactly as indicated 
in Fig. 4 by X,. 

The pressure from the earth pressing on both sides 
of the tunnel increases from zero on the top to some 
value p on the bottom (Fig. 5). In almost any case it is 
perfectly safe to calculate with the formule obtained, 


taking F, (Fig. 5) = e* , and from the moment at 


the corners M', thus obtained to assume that on the 
upper corners 0.90 M!. is taken, and on the lower 
corners 1.10 M’.. 

In cases where this earth pressure seems of im- 
portance, exact formule might be derived in the same 
way as for the uniformly - distributed load shown 
before, determinating the reaction X, and moment X, 
of one corner. The results obtained are (Fig. 5) :— 

Moment in upper corners and in roof :— 

Mis - M, as n?(2n + 7) 3 Fi, 
3+4n+n? 30 
Thrust on top, F, - X,= 10 + 130 + Sn? ° Fi. 
3+4n+n? 10 
Moment in lower corners and in floor :— 
M,, = M, = (39+ 8) | Fl, 
3+4n+n 30 
Thrust on bottom, X, = 20+ 2Zn+7n FF, 
S+4n+n 10 

Moment approximately in centre of walls :— 

“— _m+6n?+9n Fl 
3+4n+n2 ° 24° 


SumMMARY OF ForMUL». 


For structures of small size, such as ordinary culverts 
of less than 6 ft. span, it is sufficient to take into 


account the total load on top, T only :— 
Moment in centre of roof and floor, M, = 51 T; in 
four corners and walls, M. = « / T. 


. For larger structures of importance (subways, &c.) 
per lineal foot of tunnel :— 


Q = deadweight of roof; P = superim load ; 
T =P + Q = total load of roof; W = weight of thetwo 
walls ; F, = earth pressure from back-fill; F, = earth 
pressure from surcharge; F, + F? = F = total earth 
pressure. 


The greatest possible bending moments then are for 
width, / :— 


Centre of roof, M, = (6T + ¢W) 1; 

Upper corners, Mig = My =(e T- (W+e! (0.9 F,+F.)) 2; 
Centre of bottom, M, = (6 T + . W)/; 

Lower corners, M,; = M;,=(eT + » W +e! (1.1 F,+ F,)); 
Walls, bending outside, M, = (eT + v W)/; 

Bending inside, M,'= 61 F —- vy W - «Q; 


Tension in roof = compression in bottom, X, = « W. 








sq. ft. The flooring on top of the roof weighs 50 lb. 
per sq. ft., and the roof its:‘f 110 lb. per sq. ft. 
Concrete in roof, mixed 1 :2:., may be stressed in 
compression to 750 lb. per sq. in. ; concrete in walls 
and floor, 1:3:5, up to 500 lb. per sq. in. The 
moments at the several points have to be investi- 
gated, and the live load will be determined which 
can be allowed alongside the tunnel (owing to traffic) 
without over-stressing the inside steel of the walls. 
The theoretical height and span of the system are :— 


1=17.7 ft.; h= 10.6 ft.; n= . =0.6. 
The loads :— 
Q = 16.4 (110 + 50) = 2630 Ib. ; P = 16-4 x 200 
= 3280 lb.; T= Q + P = 5910 Ib. 
The weight of the two walls is :— 
W = 2x -1.25 ft. x 10.25 ft. x 150 = 3830 Ib. 
Earth pressure from sides is :— 
F, = 100 x 10.25? x 4 = 1320 lb. 
Earth pressure from top is :— 
F, = (200 + 50) x } x 10.25= 640 1b. 
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The computed values of 5 to « are given in Table I., 
height 
span 
= ; from 0.35 up to 1.20. The figures given are based 
on the following formule :— 
pa 1 3+ 10n+ 3x2, 


page 411, for the several proportions n = 


gui 6n2?+9n+n, 


4° S+4n4nt ’ 2° S+4intm’ 
ong 3+n ; yee, ee 3Sn2+n* | 
23+4n+ nr? 1234+ 4n+ n2’ 
pe, n ; ea 3. 3+2n ; 
12 3+4n+ nn? 12 3+4n+ n? 
p= 1 3+ 8n+3n?, ee ? 
2M 3+4n+n2 4 n(3 + 4n+ n2)’ 
nt a | 2in 
om Ot - 08 6 ew 


EXAMPLES OF APPLICATION. 
Example No. 1.—The tunnel, shown in Figs. 6 and 7, 
of 16 ft. 5 in. clear span and 10 ft. 3 in. clear height, 
to be designed for @ live load on top of 200 Ib. per 

















Taking the coefficients from the table, the bending 
moments are for n = 0.6. 


Centre of roof M, = (0.0730 x 5910 + 0.0087 x 
3830) 17.7 — 461 x 17.7 
= 8160 ft.-lb. 

= (0.0520 x 5910 + 0.0187 (640 
+ 0.9 x 1320) — 0.0087 
x 3830) x 17.7 = 311 x 


Top of wall Myo 


Centre of wall M, min. = (0.0563 x 1960 — 0.0377 x 


= 11,950 ft,-Ib. 


The dimensions of concrete and steel derived from 
the moments obtained are shown in Figs. 6 and 7; 
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OIL-BURNER FOR HEAVY OIL. 
CONSTRUCTED BY MESSRS. GEORGE BELLON ET CIE., ENGINEERS, VINCENNES, PARIS. 
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maximum permissible tension of steel assumed to be 
20,000 lb. persq. in. It should be noted that under 
the 200 lb. per sq. ft. live load on the sides of the 
tunnel, even with no load from tunnel roof, no ten- 
sion in the steel on the inside of the side walls occurs 


~l> | 

















we have n = , = 0.4, while the loading clear width 


is 27.6 ft. 
The loads then are on the girders 10 ft. apart. 


TABLE I.—Vauves or Cogrrictents FOR DirreRENnT Ratios oF h/l. 














~s é. €. FF. ae e 2. v. | ‘ Kk. 
0.35 0.0683 0 0617 0.0361 0.0076 | 0.0065 | 0.0680 | 0.0432 | 0.0568 0.222 
0.40 0.0655 0.0595 0.0405 0.0095 | 0.0070 0.0665 0.0420 | 0.0585 0.184 
0.45 0.0676 0.0574 0.0446 0.0116 0.0075 0.0650 0.0408 0.0600 0.162 
0.50 0.0694 0.0556 0.0486 0.0139 0.0079 0.0635 0.0397 | 0.0615 | 0.143 
0.55 0.0712 0.0538 0.0524 0.0163 0.0083 0.0620 0.0386 | 0.0623 | 0,128 
0.60 0.0730 0.0520 0.0563 0.0187 0.0087 0.0608 0.0377 0.0642 0.116 
0.65 0.0747 0.0503 0.0602 0.0218 0 0090 0.0596 0.0367 0.0656 0.106 
0.7 0.0762 0.0488 0.0635 0.0240 0.0093 0.0584 0.0358 0.0667 0.097 
0.75 0.0776 | 0.0474 0.0668 0.0268 0.0095 0.0572 0.0349 | 0.0678 0.089 
0.80 0.0788 0.0462 0.0703 0.0295 0.0098 | 0.0560 0.0340 0.0689 0.082 
0.85 0.0800 0.0450 0.0737 0.0323 0.0100 0.0550 0.0838 0.0700 0.076 
0.90 0.0811 0.0439 0.0770 0.0354 0.0101 0.0540 0.0826 0.0709 0.071 
0.95 0.0822 0.0428 0.0802 0.0388 0.0102 0.0530 0.0319 0.0718 0.067 
1.0 0.0833 0.0417 0.0833 0.0417 0.0108 0.0520 0.0312 0.0727 0.063 
1.10 0.0853 | 0.0397 0.0896 0.0482 0.0106 0.0508 0.0800 0.0746 0.054 
1.20 0.0870 | 0.0880 0.0955 0.0545 0.0108 0.0488 0.0286 0.0768 0.050 
on account of the Mz, min. being negative. The side g ' Ib. 
wall, therefore, would be sufficient without interior | Dead-weight of flooring and slab (70 + 50) 
reinforcement for an additional live load alongside the x 10x 27.6... ee = 83,100 
tunnel equal to 14 x 22 . 150x27.6 ... = 8,900 
17.7 x 0.0560 x F, = 3080 ft.-Ib., and Bx 
a 3080 3120 Ib Total dead-weight_.... se ...Q= 42,000 
2” 17.7 x 0.0560 ™ Live load, P = 150 x 10 x 27.6 = 41,400 
corresponding to a load on the surface of Total load, T = P x Q = 83,400 
4 x 3120 _ Ib. 
10.25 1200 Ib. per aq. ft. Load directly on walls: live load and floor- 
: . a . ‘ : 5 Foe 

With the interior reinforcement, however, of §-in. 8 to * 220 x 10 x 2 = 5,500 
rods at 16 in. centres = 0.23 sq. in., sustaining an addi- - 12 
tional moment of about 4600 ft. -Ib. another 1800 lb. per 12-in. walls proper: 2x = x 160 x 11 
8q. ft. may be added to the live load on top. The tunnel x 10 “ * . = 83,000 
as shown therefore can resist a lateral soil pressure 15.5 x 16 
equivalent to a live load on top of 200 + 1200 + 1000= Two buttresses: 2 x 11 x 12 x2 
2400 Ib. per sq. ft., which cannot possibly be exceeded eS. SURG Oe en ae 
by any train-load. Weight of the two walls per 10-ft. 

a N cay tunnel of 27 ft. 7 in. clear width, panel = 44,200 
sccording to Figs. 8 and 9, is to be built on soft soil, i 
80 that all load 8 uniformly distributed over the soil. We new tohke _— the —_ ene correnponding 
The live load on the roof slab is 200 Ib. per sq. ft.; on COUPEE, Erving Sho aR aP REE 5=> 
the roof girder 150 Ib. per eq. ft. has to be provided for. | Centre of roof : M, =(0.0655 x 83,400 +.0.0070 ft.-Ib. 
—_— conditions, similar to example 1, except that —" x 28.9=5760 = 166,500 
carth-pressure moments will be disregarded on account — (0.0595 » ve > 
of being insignificant, as compa with moments | T°P of wall: = Mis — 44 200) % 28,9— 4660 
from vertical loads. The greatest possible bending x 28.9 ne ane = 184,500 
moment and the reinforcement at every point of the | Bottom of wall : My; = (0.0595 x 83,400 + 0.0665 
frame have to be determined. Assuming theoretical x 44,200) x 28.9=7920 
width and height at 28.9 ft. and 11.6 ft. respectively, x 28.9 ae .» = 228,600 











Fig, 2. 


Centre of wall: M,.=(0.0595 x 83,400 + 0.042 


x 44,200) x 28.9=6810 


x 28.9 al ... = 197,000 
Centre of floor: M,=(0.0655 x 83,400 + 0.0585 

x 44,200) x 28.9= 8020 

x 28.9 jue ... = 231,500 


Tension in roof = compression in floor : X, = 0.184 
x 44,200 = 8100 lb, This tension requires a steel 


area of ob = 0.405 aq. in., to be added in the 
roof beam, and deducted from the floor-beam steel. 
The total steel reinforcement required is in :— 


166,500 x 12 P 
Centre of roof-beam : ai x 20,000 = 5.52 sq. in. for 
bending, 5.52 + 0.41 = 5.93 sq. in. total. 
134,500 x 12 _ . 
Top of wall: 17.5 x 20,000 = 4.60 sq. in. 
228,600 x 12 _ ‘ 
Bottom of wall : 23.5 x 20,000 ~ 5.83 sq. in. 
197,000 x 12 _ seals 
Centre of wall : 22.7 x 20,000 = 5.20 aq. in. ; all wall 
steel on outside. 
231,500 x 12 


Centre of floor-beam : 
on top of beam. 


The concrete is not being over-stressed in compres- 
sion, as there is a concrete slab wherever the com- 
pression occurs, except in centre of the floor-beam, 
where the beam has to be deep and wide enough so 
that the reinforcement will not exceed 1 per cent. of 
the concrete area. In the case trea here the 
bottom girder 16 in. by 32 in. is sufficient. 


26.7 x 20,000 — 0,41 =4,79 aq. in. 





THE BELLON OIL-BURNER. 

AN interesting oil-burner of novel type is illustrated 
in the two annexed figures. It uses heavy oil and is 
intended for furnaces, kilns, ovens, &c. The burner 
is entirely self-contained and requires no external 
supply of steam or compressed air. Owing to the 
construction employed, it is claimed that there is a 
total absence of choking of the nozzle which occurs 
with some burners, owing to the formation of a coke- 
like deposit of partly-burnt oil. The arrangement 
consists of a cylindrical flame-chamber, open at each 
end. On the outside of the chamber there is a coiled 
pipe, through which a stream of water is passed, 
which is turned to steam by the heat of the burner 
itself. Thesteam end of the ooil of pipe is led through 
a valve-casing to a nozzle fixed concentric with and 
at the front end of the cylindrical chamber. The 
nozzle is directed into the flame-chamber. 

Inside the chamber there is an oil-nozzle, which is 








fixed at - ¥ angles to the steam-nozzle, and projects 
downwards from the top side of the chamber. The 
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outlet of the oil-nozzle is on the centre line of the 
steam-nozzle. When the burner is in operation the 
jet of steam, which is superheated, impinges on the 
oil emerging from the oil-nozzle, and breaks it up into 
minute particles, at the same time carrying it forward 
through the chamber. When the oil is ignited a long 
flame is obtained, in which the oil is completely 
burned. The steam-jet is surrounded by a tuyere con- 
taining ports, through which the air for combustion is 
drawn by the action of the steam-jet, and carried to 
the flame. The steam-jet flowing across the mouth 
of the oil-nozzle creates a — ot oil-supply pipe, 
so that, if n , or if desi to prevent i- 
bility of flooding, the oil-reservoir mag be pl ata 
lower level than the burner. 

The general lines of the construction of the burner 
can be seen in the illustrations. The cylindrical flame 
chamber, with the outer coiled water-pipe, is best 
shown in Fig. 1. The inlet end of this pipe is con- 
nected through a stop- valve to the water main, which 
is carried below the burner. This stop-valve is 
marked V in Fig. 1. It will probably be clear, but 
should perhaps inted out, that this figure illus- 
trates two Bellon burners side by side. The steam 
end of the water-pipe can be seen in both figures 
connecting to the top of the valve-casing. The 
lower valve, marked P in Fig. 2, connects the 
water-ooil to the vertical drain-pipe, which. leads 
from the bottom of the valve-casing. Valve K, 
shown in Fig. 2, is the oil-supply valve, which 
admits oil to the filter F. R is the valve admitting 
oil to the jet. To start up the burner, it is necessary 
to heat the water-coil with a blow-pipe or in some 
similar manner. The water supply is turned on with 
the drain open, and so kept until dry steam issues from 
it. Valve P is then closed and the steam-jet starts up. 
The oil-valve R is then opened, and the resulting 
jet of oil may at once be lighted. The burner is then 
in work and needs no further attention except such 
regulation of the steam and oil-valves as the condi- 


tions of heat demanded by the furnace may require. 
The burxer is constructed by Messrs. Geo lon 
et Cie., of 2ter, Rue du Moulin, Vincennes, France. 





INDUSTRIAL NOTES. 

On Saturday last, the 26th ult., a meeting of the 
members of the Wear, Tyne, Tees, and Hartlepools 
Committee of the Iron and Steel Ship-Workers’ Society 
was held at Sunderland, when a _ resolution was 
unanimously adopted pledging the members to use 
every endeavour to support the demands of the 
Admiralty for expediting the construction of Govern- 
ment vessels, both in His Majesty’s dockyards and in 
private yards. 

We are informed that the miners employed at 
Norwood Colliery, Dunston, to the number of about 
600, men and boys, received their notices a fortnight 
ago, and the notices expired on Saturday last, the 
26th ult. The pit has not worked during the past 
fortnight, and the ponies and gear have been brought 
to bank. A number of the men have been given em- 
ployment at Dunston Colliery. 


The council of the Notts Miners’ Association at 
their monthly meeting on Saturday last passed a reso- 
lution requesting local officials to bring to the notice 
of district officials any cases of distress or unemploy- 
ment arising out of the war. 

Mr. W. Carter, secretary, reported on the action 
of the Linby Colliery management in discharging 
eighteen men. An interview had taken place with the 
owners, and at a meeting of the workmen that morning 
it was decided not to hand in notices after hearing the 
company’s explanation. 

An appeal from men working at the new Rufford 
Colliery, belonging to the Bolsover Colliery Company, 
for permission to form a lodge t» be connected with 
the association was granted, and officials were in- 
structed to render assistance. 

The correspondence between the association and 
colliery-owners regarding surface workers was read, 
and it was azreed that the men’s officials should con- 
tinue to press for a conference to deal with this class 
of labour. 

At the monthly meeting of the Employers’ Parlia- 
mentary Association, way held in Manchester, 
the President (Sir Charles W. Macara) said he had 
always been an advocate of the thorough organisation 
of the forces of capital and labour. It was well 
known, he stated, that he always had supported the 
thorough efficiency of the defensive forces of the 
nation. In the serious crisis through which the 
country was passing he strenuously advocated that the 
oo-operation of the industrial, commercial, financial, 
transport, and labour interests with the Government 
should be carried out to the fullest extent. Ever 
since the war began he had been doing his utmost to 
secure this co-operation, and he felt sure that if it 
could be carried out efficiently it would be a power- 
ful factor in keeping the industries going and 


the workers employed in the creation of wealth, 
which was an essential factor to success. He 
moved :—‘‘ That the various interests — industrial, 
commercial, financial, transport, and labour—ought 
to co-operate with the Government in order to keep 
the industries of the country going as far as it is 
possible to do.” This was carried unanimously. It 
was also decided to assist members of the Association 
by the establishment of a temporary inquiry bureau, 
whereby members buying and selling goods could be 
placed in connection with each other, to their mutual 
advantage. Arrangements were to be made whereby 
the scheme should be worked in co-operation with the 
one recently instituted by the Board of Trade. As 
regards our trade relationships with enemy countries, 
the following resolution was unanimously adopted :— 
‘*That this committee strongly supports the opinion 
of the Association of Chambers of Commerce 
that the Government be u to enter into negotia- 
tions with the committee of bankers with a view to 
the assets of manufacturers and merchants in the way 
of foreign book-debts and stock being teed 
inst loss jointly by the Government and the banks.” 
he questions of the advisability of the adoption of 
the Continental system of sending acceptances with 
invoices and of the existing arrangements with respect 
to war-risks insurance were di It was agreed 
that alterations under these heads were at present 
inadvisable. 





The Gloucestershire Education Committee held a 
meeting on Saturday last, when Mr. F. W. B. Cripps 
moved that the School Attendance and Medical In- 
spection Sub-Committee be requested to consider and 
report on the best means of carrying out the e8- 
tion of Mr. Pease with reference to the desirability 
of allowing certain children in agricultural districts to 
leave school at an earlier age during the continuance 
of the war. Remarking that this matter first arose 
over the harvest question, Mr. Cripps said he thought 
it would be quite as important within the next two 
or three months in regard to the planting of next 
—* crops. He knew the committee’s legal difficulty, 

ut they had a very strong lead from the Board 
of Education, and he thought that in an exceptional 
time like the present, if it could be made out in any 
locality that there was a shortage of labour owing to 
the number of men at the war there was a fair case 
for their turning a blind eye—that was, he believed, 
the only way it could be done—to the Act of Parlia- 
ment. They had the support of Mr. Pease, who had 
almost suggested that course. He (Mr. Cripps) did 
not ask the committee to make it a general rule ; each 
case ought to be taken on its merits. He did not 
advocate any open breach of the law, but when the 
state of affairs was really so pressing the committee 
should do their best to meet the problem of labour 
shortage in the farming industry. 

Mr. John Sawyer, chairman of the school attend- 
ance and medical inspection sub-committee, said the 
course suggested by the sub-committee was this :— 
In districts where labour was short, and the local 
education authority were satisfied that certain boys of 
twelve years of age, or, in some cases, eleven, could 
do useful — work, and their parents were 
willing for them to go to work, it was suggested that 
the committee should not take steps to compel attend- 
ance, but allow them to be temporarily absent from 
school. It was also s ted that before the tempo- 
rary absence was granted the school-attendance officers 
should furnish to the secretary of the Education Com- 
mittee particulars as to the number of farm hands who 
had enlisted, and the names and ages of the boys 
who would be employed on the respective farms. As 
a temporary measure, permission had been given to 
certain farmers in different parts of Gloucestershire to 
employ certain boys in harvesting until the end of the 
— , 

ne speaker, whilst agreeing with the attitude of 
the sub-committee, suggested that steps should be 
taken to ensure that the child labour should not in any 
case be used for the displacement of, or be brought 
into competition with, adult labour. 

To this the chairman agreed, and said in each case 
the committee required t information should be 
supplied to them as to the numberof men who had 
left a farm, in order to see that no one was being 
displaced. 

other speaker, dealing with the question from 
the point of view of the Farmers’ Union, said that, 
with so many young men taken away from the coun 
districts by the war, it was very desirable that the 
farmers should have the assistance of boys. He 
wished to know whether the period during which those 
boys were absent from school would be taken into 
account when they arrived at the age of thirteen, and 
stand against them in the matter of school attendance. 

The chairman replied that that would be for the 
Board of Education to determine. 

The committee endorsed the action of the sub- 
committee in the matter. 





burg:—‘‘The European war, it is feared, may de- 
moralise the chemistry courses in some 596 American 
colleges and technical schools. Only one-tenth of the 
supplies which American colleges import annually 
from Germany have arrived. 

‘*EKastern colleges will suffer the most, since they 
have been able in normal times to get laboratory 
materials from Europe on from eight to ten weeks’ 
notice. On the other hand, Western colleges have 
always carried a much larger stock in their store- 
rooms. One leading chemical importer in New York 
city authorises this statement of the situation :— 

** We are pease | all orders from our stock, and have 
started to manufacture the articles of German origin 
which we are most liable to run short of. This in- 
creases the expense greatly.” 

‘*Filter-psper is one article which all laboratories 
must have, and the chief producer of it is in Rhenish 
Prussia. Just what will be done to supply this is not 
yet known. All the wholesale houses are selling it in 
small quantities, even to the bi t commercial 
laboratories, which have been in the habit of ordering 
1000 packages of it at a time. 

** We shall all teach chemistry this year,” said one 
college authority, ‘‘ but the youth who has been in the 
habit of smashing everything breakable will not be 
over-welcome in any college laboratory.” 





The same journal also gives publicity to the fol- 
lowing information :— 

Throughout America, chambers of commerce and 
other commercial bodies are organising export trade 
committees. The Government’s Bureau of Commerce 
at Washington has taken up the export problem most 
whole-heartedly. The recently-organised Foreign 
Trade Council of the United States, headed by Pre- 
sident Farrell, of the Steel Corporation, has started 
to preach the gospel of Pye for the American 
manufacturer, in view of the world-cataclysm that 
has swept away the industrial activities of half the 
manufacturing area of the globe. But what can all 
this profit American commercial interests when the 
American maker of steel or metal products sits back in 
his easy chairand remarks that—‘‘ Domestic markets 
= es enough for me. Foreign trading is too full of 

inks !” 

That remark was made, at a trade gathering in 
Pittsburg, by a Pittsburg steel manufacturer whose 
product is in line for export expansion. A short 
time ago the Secretary of the Interior, at Washing- 
ton, asked a com of American manufacturers of 
coal-tar products if it would not be possible, in the 
— emergency, to supplant the German coal-tar 

yes with American products. The upshot of the 
meeting was summed up as follows :— 

‘*It was thought by all the representatives of the 
manufacturers present that it was not profitable to 
go into the business, for the reason that a demand 
could not be secured for a sufficient amount of 
American dyestuffs with open foreign competition.” 

Evidently that venerable ancient warrior, Alexan- 
der, had ‘‘ something on” the present American 
commercial spirit, as represented in these two in- 
stances ! 





An instance of the efforts which are being made 
in this country for dealing with the unemployment 
problem is afforded by the fact that last week 
the Improvement Committee of the Manchester Cor- 
poration approved a scheme for the making of a new 
road from Slade-lane, Longsight, to Cheadle. The 
work will cost approximately 200,000/., and is to be 
undertaken largely with a view of providing for the 
unemployed. It will be proceeded with as soon as the 
expenditure necessary has received the sanction of 
tne Local Government . 

Provision will be made for a road 80 ft. wide. 
Seventeen feet of the centre may in the future be 
made to carry tramlines. Trees will be planted along 
the sides of the footpaths, and the road will follow 
practically the line of the new railway. The consent 
of Lord Egerton of Tatton, who owns about a quarter 
of the land, has been obtained, and the other landlords 
will be seen upon the matter shortly. A contribution 
of 60,0002. has been promised towards the cost of the 
Manchester works by the National Roads Board. 


With reference to the cul ivation of sugar-beet in 
this country, we are informed that Mr. E. Russell- 
Taylor, J.P., chairman of the council of the English 
Beet-Sugar Pioneer Association, 41, South Castle- 
street, Liverpool, and chairman of the Beet-Sugar 
Founders, Limited, recently stated that his Associa- 
tion had for years past m experimenting in all 
quarters of the British Isles. The Association's 
experiments pointed to the following facts :— 

; —. climate is suitable for the cultivation of 
te tt ; 

Our soils are renowned for growing the best of 
root crops ; 

3. The yield per acre of sugar-beets grown is 
equal -: any Continental coun 

4. i 
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to, if not greater than, that of our foreign neigh- 
bours ; 

5. And as sugar-beet is a great fertiliser of the 
land, other crops, particularly cereals, on land which 
had produced sugar -beet give considerably larger 

ields. 

. It is to be hoped that, following upon these experi- 
ments, @ large acreage of our agricultural lands will 
in the near future be set apart for the growing of 
sugar-beets on an extensive scale. 

Satisfactory news reaches us to the effect that, 
according to the Board of Trade’s figures, in the 
trades compulsorily insured against unemployment— 
i.e., building, engineering, shipbuilding, vehicle- 
making, &c.—the percentage of unemployment on 
September 25 was 5.7, as compsred with 5 8 the week 
before and 6.2 a month ago. These figures relate to 
the whole of the United Kingdom, and include all 
unemployed workmen in insured trades. In the 
matter of uninsured trades the numbers of men and 
women on the registers of the Labour Exchanges on 
September 25 showed a slight decrease on the figures 
of the week before. 





To refer to one particular instance, we may state 
that, according to the local daily Press, the position 
in Wallasey, so far as unemployment is concerned, 
is so satisfactory that the Distress Committee, after 
a careful investigation, have arrived at the decision 
that the present state of affairs does not warrant any 
steps being taken to provide employment. The Local 
Government Board having intimated that where un- 
employment was excessive local authorities would be 
assisted in schemes of work tor the purpose of affordin 
employment to persons displaced in consequence o 
the war, a register was opened in the borough on 
August 31 for the a of ascertaining the extent 
of unemployment. Up toSeptember 15 only 87 persons 
had made an application for work. Of these 72 were 
males and 15 females, and 51 had previously registered 
at the Board of Trade Labour Exchanges. 








Forgicn PaTENTs AND THE WaR.—The Board of Trade 
have now issued a general licence under paragraph 9 of 
the Royal Proclamation of September 9 as to “‘ trading 
with the enemy.” The — part of the licence 
states that the Board of ie gives and grants licence 
to all persons resident, carrying on business, or being in 
his Majesty’s dominions, to pay any fees necessary for 
obtaining the grant or the renewal of patents, or for 
obtaining the registration of designs or trade-marks, or 
the renewal of such registration in an enemy country. 
The licence also permits the payment on behalf of an 
‘enemy ” of fees payable on application for or renewal of 
the grant of a British patent, design, or trade-mark. British 
holders of German, Austrian, and Hungarian patents will, 
under the above licence, be enabled to take such steps as 
they consider desirable to protect their interests. 





TRADING WITH THE EnEemMy.—The British Engineers’ 
Association are dissatisfied with the terms of the law 
relating to trading with the enemy as governed by the 
‘Trading with the Enemy lamation No. 2,” issued 
on September 9, 1914, and the ‘‘ Trading with the Enemy 
Act, 1914,” which was passed through both Houses of 
Parliament on September 16, 1914. In a circular just 
issued they state that the Proclamation permits all 
people to trade with every German and Austrian (whether 
naturalised as a British subject or not) residing in Great 
Britain_and elsewhere (except with those actually resid- 
ing in Germany or Austria), precisely as if Great Britain 
were not at war with those countries. Though the 
Proclamation does not allow any money to be sent to any 
enemy in Germany or Austria, any German or Austrian 
agent in this country can without difficulty evade this 
provision by ing his remittances to Gemnine or 
Austria through a bank or other business concern in a 


neutral country. from existing stocks carried in 
Germany and Austria can actually be procured in Great 
Britain at the t day through a neutral country. 


The Council of the Association have addressed a protest 
to the British Government, urging the revision of the 
terms of the Proclamation, so that, at all events, certain 
Germans and Austrians in this country, and more par- 
ticularly (a) those who manufacture in Great Britain, and 
(6) those who act as ts for manufacturers in Germany 
and Austria, should be classed as ‘“‘enemies.” The 
Council hold the view that a Controller appointed by the 
High Court should be placed in oo e manu- 
Te concern in ~y country whic te o or con- 

y or Austrians, so t no pa ts 
can be made by such concerns to individuals or dom in 
Germany or Austria. The Council also hold the view 
that all trading with German and Austrian agents in this 
country should be —. In a proposed definition 
of an alien enemy for purposes of trading, the Associa- 
tion include parties who have taken out papers of 
naturalisation in Great Britain or in any other country, 
unless such parties can show that their act of naturalisa- 
tion bord re mr by motives which are not detrimental 
to Bri interests. The circular adds that it is well to 
warn members that there are many bona fide British 
firms whose names might make it appear that they 
were German. in, members have often been misled 


of certain British firms owing to 
the fact that German firms have registered Gaadibens 
under very similar titles, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 16. 
Domestic business in steel is almost stagnant ; orders 
are mostly for small lots. enterprises are choked 
off. Financial conditions are at the bottom of the 
dulness. Capacity is unimpaired, but production is 
very little more than one-half of capacity, and yet 
there is very little change or fluctuation in prices, and 
no effort is made to secure business by concessions. 
There have been no cancellations to speak of. At 
present rate of production the pig-iron output esti- 
mated for the year will be 20 per cent. below 1913. 
Prices do not yield. There is no desire on the part 
of furnace interests to load up with business in the 
present situation, and consumers are buying only as 
they are obliged to. The premature high anticipations 
of aheavy export demand for steel products have not 
been realised. Ferro-manganese is now more easily had, 
and 6000 tons are now afloat from England ; quota- 
tions are 85 dols. to 100 dols. Confidence prevails in 
an ultimate heavy export demand, though the visible 
assurances are wanting. Thereare a few inquiries for 
rails for export, totalling 40,000 tons, which will no 
doubt result in orders to be taken naturally by 
Atlantic coast mills, one lot ing through the 
Panama Canal. No important business need be ex- 
pected from the railroads for some time. Stron 
pressure is being brought by railroad interesis on the 
Government to allow a general advance in freight 
rates. Several hundred millon dollars worth of rail- 


situation is becoming serious. 





ELECTROLYTIC IRON. 
Electrolytic Iron: Its Manufacture, Properties, and Uses.* 


By L. Guritet, D.Sc., Professor of Metallurgy at the 
Conservatoire Nationale des Arts et Métiers, Paris. 


THE industrial manufacture of iron by electrolysis is a 
blem which has engaged attention for many years, 
ut it is only within the last year that it has entered the 


practical stage. 

At St. Petersburg, in 1860, Klein succeeded in making 
blocks from electrolytic iron from which it was possible 
to print bank-notes. The bath used by Klein was a 
solution containing 5 per cent. of sulphate of iron and 
5 per cent. of sulphate of magnesium. It worked wi 
@ current of low density, 0.1 to 0.2 ampere per square 
decimetre, and it was maintained neutral by the addition 
of carbonate of magnesia. 

In 1867 Feuquiéres exhibited at Paris some galvanic 
deposits of iron, but his process was never divulged. At 
Aix-la-Chapelle, in 1881, Classen introduced an electro- 
lytic method for the analysis of iron, in which he used a 
solution of double oxalate of iron and ammonium, with 
an insoluble platinum anode. This process found no 
other application except as an analytic one. 

In 1 the firm of Merck, in Germany, took out a 

tent (German patent No. 126,839) based on the electro- 
ysis of highly concentrated pure ferrous chloride. The 
operation was carried on at a tem ture of 70 deg. 

nt., and with a current density of 3 to 4 amperes per 
square decimetre. 

In America, in 1904, Burgess and Hambuechen suc- 
ceeded in producing fairl — quantities of electrolytic 
iron, using a solution of double sulphate of iron and am- 
monium, the temperature being kept constant at 30 deg. 
Cent., and the current density being 1 ampere per square 
decimetre. 

In 1905 Maximovitch tried a mixture of sulphate of 
iron and sulphate of ium. th was main- 
tained neutral by periodic additions of bicarbonate of 
soda, and the current density was very low, not exceed- 
ing 0.2 to 0.3 ampere per square decimetre. The 


object of all the foregoing processes was the production 
of pure iron, but none of them ever proved capable of 
industrial application. 


About the same time, Professor Foerster, of Dresden, 
carried out several investigations on electrolytic iron, in 
collaboration with his pupils. The results are summa 
in a publication enti “*Propriéetés Electrochimiques 
du Fer.”+ Professor Foerster’s best deposits were obtained 
in working at a tem i 
solution of sulphate of iron kept slightly acid, the density 
of current being about 2 amperes per square decimetre. 

In 1907 Cowper-Coles took out a patent involving the 
use of a 20 per cent. solution of sulphocresylate of iron, 
and endeavoured to manufacture weldless tubes direct, 
using as = ea pode sim pg gg mandrel. = 
process, which was logous to more process for 
making copper tubes, has not yielded results of much 


oP 
n 1909 Professor Fischer, of Berlin, and Messrs. Lang- 
bein and Pfanhauser, at Leipzig, were granted various 
omg relating to electrolytic iron. The German patent 
0. 212,994 specifies the use of highly-concentrated solu- 
tions of chloride of iron and chloride of lime, working at 
a temperature of 110 deg. Cent., and with a current 
density of 20 amperes per square decimetre. This process 
has been much talked of, though no information is forth- 
coming as to whether it is being actually worked on a 
large scale. In any case, the direct uction of thin 
sheets is not undertaken, and it would appear that the 
process consists mainly in producing rough plates of 


* Paper submitted to the Iron and Steel Institute and 





now open for discussion by correspondence. 
i i by Messrs. Konooe, Halle a. 8. 








way capital is now unable to yield dividends, and the | } 


th | question had the fol 


ture of 95 deg. Cent., with a| p, 


irregular shape and thickness, which are afterwards 
rolled down to thin plates. The method of manufacture 
is therefore largely a mechanical one. 
Since 1910 the Company Le Fer, at Grenoble, has taken 
out patents for the manufacture of electrolytic iron. In 
— the method consists in the use of a revolving 
cathode and a neutral solution of iron salts, main- 
tained in the neutral state by the circulation of the 
liquid over the surface of the iron. The bath alsoreceives 
periodic additions of a depolarising medium, such as oxide 
of iron, the object of which is to eliminate, at least in 
tb, the Epdecgen deposits on the cathode, which in- 
uriously affect the material if present in too n 
quantity. By these means it is possible to work with a 
current of high density (1000 amperes to the square 
metre), and =} ae —_ A pee tp pane The 
process is applicable ei to uction of very pure 
iron, which can compete with best iron and Swedish ls 
or to the direct manufacture of tubes and sheets in the 
finished state. It has emerged from the labora’ stage, 
— is now being put into operation on an industrial 
e. 


The works of St. Marie and Gravigny and the Bouch- 
ayer and Viallet Company have acquired from ‘‘ Le Fer” 
the options on a licence to manufacture sheets and tubes 
respectively. Messrs. Bouchayer and Viallet tte ien 
commercial tubes at the Lyons Exhibition, and have just 
completed work on a department which is about 
to begin the continuous manufacture of tubes. 

Results of the Process.—The practical results obtained 


8 may be summarised as follows :— 


1. With to the character of the metal. Using 
any pig-iron in solution, an iron can be obtained of the 
following average composition, after removal of the gases 


y annealing :— 
Per Cent. 
Silicon ss es i jen oe «= 
Sulphur ne pan _ swe -- 0,006 
Phosphorus ... si ’ .. 0,008 


By the aid of certain operations the percentage of 
phosphorus can be made very low. By means of modi- 
fications in the electrolyte the following successive results 
have been obtained :—In 1911 the ph orus was reduced 
(a) from 0.200 to 0.140 per cent.; (b) 1.130 to 0.080 
per cent.; (c) from 0.065 to 0.055 per cent.; (d) from 0.030 
to 0.018 per cent.; in 1912 it was reduced 0.012 to 
0.008 per cent. At the present time it is possible to 
guarantee phosphorus lower than 0.010 per cent. The 
pig-iron used in the ae pene of the electrolytic iron in 

owing composition : — 


Per Cent. 
Carbon ini ats aie on cei 2.35 
Silicon aoe oa on ves las 1.31 
Sulphur ben on ase “be - §«=© OE 
Phosphorus ... a int ene oie 1.07 
With a density of current of 1000 am per square 
metre, the yield per kilowatt-year is 2 tons of metal, 
including the cost of current for the accessory services, 
particularly for the rotation of the cathodes. The mecha- 


nical my ae» will be considered in detail later. 

2. regards industrial products. As will be men- 
tioned later in detail, the manufacture of tubes is being 
proceeded with on an industrial scale. The metal de- 

ited is extremely brittle and hard, due to the occluded 
ydrogen, and ee bly also, as will be seen, to inter- 
strain. Since deposition of the iron takes place on a 
metal mandrel, the whole is annealed under the con- 
ditions to be described in the next section of the paper, 
and the finished article is easily withdrawn from the 
mandrel. The eurrent practice of the Bouchayer and 
Viallet Company is to manufacture tubes of a length of 
4 metres, 100 mm. to 200 mm. in diameter, and with a 
thickness of 0.1 mm. to 6 mm. (Fig. 1, page 414). Their 
installation is capable of turning out at least a hundred 
tubes day. Apparatus is also in course of construction 
to enable the diameter of the tubes to be considerably 
increased. The manufacture of sheets is at present the 
subject of investigation ; but no doubt the researches in 
the industrial laboratory which are at present in progress 
will lead to a method by which they can be commercially 
manufactured. After annealing, the crude iron possesses 
all the requirements of an excellent metal capable of 


fusion. 
Properties of Electrolytic Iron.*—At the meeting of the 
Swedish Technical Association of January 16, 1913, Mr. 


‘almaert expressed the following opinion regarding a 
specimen obtained by the Compan taken 5 — ° 
“ Com with an open-hearth steel plate from the 


Avesta Iron Works, contain 
the electrolytic plate sho approximately the same 
tensile strength. Iv was striated in one direction ; 
el to the striations the é! tion was the same as 
or the open-hearth plate, but at right angles the elonga- 
tion was very small. conductivity was very high. 
** The iron corrodes very easily, probably on account 
of its content of iron chloride (0.02 per cent. Cl). 
** Its low hysteresis and its high permeability would 
enable it to compete with the special sheet-iron used in 
the manufacture of electric machines. ... On being 
taken out of the bath, the material, in the cold state, 
contained .0.45 per cent. of hydrogen. At 850 deg. Cent. 
0.002 per cent. remained, and at 500 deg. Cent. the 
material contained 0.020 per cent. of hydrogen.” 
Properties of the Crude Material.—The material in the 
crude state—that is, in its state on removal from the 


0.1 per cent. of carbon, 





* Some of the data referred to here are taken from the 
results of an investigation by A. Portevin, a of 
which was included in a note ted by H. Le 
Chatelier on March 3, 1913, to the i i 





+ Ohemiker Zeitung, April 1, 1913, page 393. 
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electrolyte bath—is hard and brittle. In fact, two effects 
are produced in the process of manufacture. The metal 
is interstrained, and has absorbed gases, particularly 
hydrogen. Sir Robert Hadfield has been good enough to | 
examine a specimen submitted to him. On heating in 
vacuum to between 800 deg. and 1100 deg. Cent. for four 
hours, and then raising it to the neighbourhood of 1400 
deg. Cent. for a further two hours, he found that 
34 grammes of the iron had a volume of 4.3 cub. cm., and 
yielded 28.8 cub. cm. of gas of the following composition: 
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Fie. 1. Touses or Exectrotyric Iron. 
Volume. By Weight. 
er Cent. Per Cent. 

Hydrogen ... , 18.8 65.3 
Carbon monoxide .. 7.4 25.7 
Carbon dioxide 0.2 0.7 
Nitrogen 2.2 7.6 
Oxygen an wi _ _ _ 

The presence of carbon monoxide is somewhat note- 

worthy. 


It will be of interest to examine in detail the question of 
annealing. It is, moreover, a peculiar one, and the investi- 
ations are not yet completed. In fact, the results 
epend on the thickness of the sheet obtained. More- 
over, the time of exposure to the atmosphere, after 
manufacture, has an influence on the occluded gases 
Experiments are in p ess for the determination of the 
influence of these two factors, and it may be possible to 
report the results shortly. On its removal from the 
electrolyte the iron is very brittle, and has a Brinell 
hardness of 193, using a ball of 10 mm. diameter under 
a load of 3000 kg. 

The micrographic examination reveals an entirely 
characteristic structure, consisting of innumerable fine 
needles, very much resembling martensite. This struc- 
ture does not disappear at 300 deg. Cent., but it fades as 
the temperature risee and disappears entirely about 
800 deg. to 900 deg., the temperature required for com- 
plete annealing (see photo-micrographs, Figs. 2 to 6, 
above). Some trials have 
of determining the best temperature and time of anneal- 
ing, vee being summarised in Tables I. and II 

416. 
ese tests show :— 

1. That the bending test in general gives better indi- 

cations than the ball test, 


” 








been made with the object | 


2. That annealing is only complete at 900 deg. after | 


remaining 10 minutes in the salt bath. 

3. That the time has very little influence, so long as 
the temperature does not reach 700 deg. 

4. The commencement of the annealing action appears 
to be a function of the thickness of the plate. 

5. With thin plates the sensible annealing effect takes 
place from 400 deg., and even from 300 deg. 

These tests are still in progress, and it is hoped shortly 
to be able to communicate further results. 


UNANNEALED. 
picks’ MeEpium. 


DIAMETERS. 


Fig, 4, 


200 DiaMETERS. 





Mac- 


Fic. 6. THe sAME ANNEALED. 
NIFIED 300 DIAMETERS. 


Properties of the Annealed Iron.—After annealing for 
two hours in magnesia at 900 deg., the iron shows a 
Brinell hardness of 90. The micrographic structure is 
perfectly normal. The tensile test gives a breaking 
strength of 30.9 kg. to 32.8kg. per sq. mm., and an elon- 
gation of 40.2 to 42.1 per cent. in the direction of the 
axis of the tube. Further, the annealed tubes, when 
subjected to compression tests, can undergo deformation 
to an extraordinary degree without a sign of any fracture 
(see Figs. 7 to 10, on the opposite page). 

The critical points were determined with a Saladin- 
Le Chatelier double galvanometer, as follows :— 


Heating. Cooling. 
Crude iron... .-. 981-937 902-77: 
Annealed iron 788-932 902-778 


| It may therefore be concluded that, in the case under 
| consideration, the gases do not influence the position of 
| the transformation points. Nevertheless, the curves for 
the crude iron show, at temperatures which vary in dif- 
| ferent specimens, but notably at 530 deg. to 690 deg., 
| heat absorptions on heating, which do not recur in cool- 
ing. After heating once, these points disappear, and 


Fic. 2. Crupe Exvectrotytic Iron 
EtTcHED witH BENE- 
Macniriep 250 





THE SAME ANNEALED AT 
500 pec. For 10 Minutes. MaGniriep 





are due, therefore, either to the influence of the dis- 
solved gases or to cold working. It may be mentioned 
that Roberts-Austen* observed some peculiar points in 
iron (particularly at 475 deg. and 766 deg.), which dis- 
cnpeseed after repeated heatings. : 

n Fig. 11 a curve obtained with the Saladin-Le 
Chatelier apparatus for the annealed iron is shown, It 
will be particularly observed that the highest transforma- 
tion point A 3 is characterised by a rapid thermic varia- 
tion, whereas the transformation point A 2 corresponds, 





Fic. 3. THE saME ANNEALED AT 
300 pec. For 10 Minutes. MAGNIFIED 
200 DIAMETERS. 





Fie. 5. 
700 pec. For 10 Minutes. MaGnirieD 
200 DIAMETERS. 


THE SAME ANNEALED AT 


| especially in cooling, to a progressive thermic variation. 
If one were to accept Benedicks’} theory, this would lead 
to the admission of a mutual solution, at least to a limited 
extent, of the two allotropic forms of iron a and 8, or 
even of their mutual solubility in every proportion. 

The measurements of electric conductivity yielded 
interesting results. They were made on an iron of the 
following composition :—Carbon, indeterminable ; man- 
ganese, nil; silicon, nil; sulphur, nil; phosphorus, 
0.025 ; arsenic, 0.011. The mean of the determinations 
carried out with the Thomson bridge on four turned bars 
of electrolytic iron, 5.70 mm. in diameter and 120 mm. 
long, after annealing under the conditions ome | men- 
tioned, was 10.22 microhms per cub. cm. According to 
Benedicks, the presence of 0.025 per cent. of phosphorus 
and 0.011 per cent. of arsenic should alter this value 
by 0.24 microhm per cub. cm., reducing it to 9.98 
microhms. According to Lorenz,t the value of the 
specific conductivity is 10.37 x 10‘at 0 deg. and 6.63 x 104 
at 100 deg., which, by interpolation, gives a value of 
9.64 x 10* at 20 deg., or a resistivity of 10.37 per cub. cm. 
Kohlrausch§$ gives as the value of the resistivity 9 
microhms, a Preece|| 9.73 microhms per cub. cm., 
whereas Benedicks finds by extrapolation 7.6 microhms 
per cub. cm. at 16 deg. The latter attributes the high 
results of the other two investigators to the presence of 
0.004 to 0.007 per cent. of hydrogen by weight. Assuming 
Benedicks’ value to be correct and his intrepretation to be 
equally applicable to the case under consideration, that 
would | to the supposition that 0.008 per cent. of 
hyd by weight is present in solid solution in the 
iron of our specimens. 

Similar determinations made on small rectangular un- 
annealed bars of 5.1 mm. by 6.1 mm. in cross-section and 
120 mm. long have given a value of 12.16 microhms 
per cub. cm. at 20 deg. Owing to its brittleness the 
metal could not be turned in the lathe to a very small 
diameter. Taking account of the phosphorus and arsenic, 
that value would be reduced to 11.92, which is higher by 
1.94 microhms per cub. cm. than the value for the 


* Fifth Report of the Alloys Research Committee, 
Institution of Mechanical Engineers, 1899. . 
+ Eighth Congress of Applied. Chemistry, New York, 


+ Landolt-Bornstein, T'abelle, 1905, page 716. 
§ — Thesis, Upsala, 1904, pages 116 and 106, 
Ibid, 
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annealed iron. Supposing, however, that this difference 
is due to hydrogen in solid solution, it would correspond 
to 0.006 per cent. of hydrogen by weight. The crude 
iron would then contain, in solid solution, 0.014 = cent. 
of hydrogen. It may be mentioned, however, that since 
making these determinations Portevin has shown, in a 
research not yet published, but a summary of which he 
presented to the Société d’Encouragement pour I’Indus- 
trie Nationale, that Benedicks’ value, obtained by extra- 
polation of the resistivities of a series of quenched carbon 
steels, is higher than that of all the direct determina- 
tions. On repeating the measurements of resistivity on 
hypo-eutectic steels quenched from 1000 deg., Portevin 


Fig. 8. 


Fig./1. HEATING & COOLING CURVES 
FOR ANNEALED ELECTROLYTIC IRON. 


4163.4) 


Temperature :- Degrees Cent. 
TC. -Heating Curve for Thermo-electricForce referred to Copper: 


obtained, by extrapolation, the 
figure of 9.3 microhms, instead of 
7.6, as found by Benedicks. This 7P- ,, 
figure approximates very closely to 
9.98 found for the annealed iron. 
On the other hand, Broniewski* 


a 4163.) 
has obtained results of measure- 








R-Curve of "Electric Resistance. ‘ 
D-Curve of Expansion of Electrolytic Irow. 


| maximum point in the curve ui correspond to a/ 
| critical point in the neighbourhood of 800 deg. | ‘ 
| Electric Resistance.—The curve of the electric resist- 
| ance of iron (1 division representing the electric resist- 
| ance at 0 deg.) shows between 750 deg. and 850 deg. « 
vege continuous change of direction which it would 
| be difficult to assign to a critical point. A discontinuity 
in the course of the curve is manifested at 950 deg. and 
1020 deg., with a change of direction between these two 
temperatures. The continuity of the first change of 
direction had previously been noted by Morris in 1897, 
and by Harrison in 1902. The discontinuity ab 950 deg. 
and at 1020 deg. bas not hitherto been recorded. 


Expansion. — The 
curve of expansion (1 
division representin; 
0.002 of the length o 
the specimen ere) 
shows in the neigh- 
bourhood of 950 deg. 
a maximum followed 
by acontraction. The 
magnitude of this con- 
traction appears to 
depend in a marked 
degree on the condi- 
tions of heating, as 
already noted by H. 
Le Chatelier in 1899. 
Charpy and Grenet 
place the point at 
which the contraction 
occurs in iron with 
0.03 per cent. of car- 
bon fcenemn 860 deg. 


” ” 


and 890 deg. 
Thermal Points. — 
The cooling curve 


ments on an electrolytic iron from the same source | shows an arrest at 890 deg., and a very slight change 
as that stated by the present author, which are shown in | of direction in the neighbourhood of 700 deg. When it is 


the accompanying Fig. 12, which gives the heating curve 
for the thermo-electric force referred to copper (T C) and 
referred to platinum (T P), the curve of the electric resist- 
ance (R) and the curve of expansion (D) of the iron. 
Thermo-Electricity.—The curve of the thermo-electric 
force of the iron referred to copper (1 division represent- 
ing 0.5 millivolt) shows a critical point at 730 deg. Cent. 
The curve of thermo-electric force referred to platinum 
enables higher temperatures to be attained, but on a 
smaller scale (1 division representing 2 millivolts), and 
it shows a critical point at 1020 deg. Harrison, in 1902, 
and Belloc, in 1903, found no discontinuity in the curve 
of thermo-electric force of iron, but they suggest that a 


ow Rendus de 0 Académie des Sciences, Mareh 3, 


considered that the critical point occurring at 950 deg. on 
the heating curve of the electric resistance of iron is 
lowered on the cooling curve to 890 deg., it may be 
reasoned by anal that the absorption of the heat takes 
lace during heating in the neighbourhood of 950 deg. 
ren these determinations Broniewski draws conclusions 
as to the existence of solid solutions and the different 
allotropic forms of iron which he considers require further 
investigation, an opinion shared by the author. 
Industrial Applications.—The industrial applications 
of electrolytic iron fall into three principal categories :— 
(1) The direct manufacture of tubes; (2) the direct manu- 
facture of sheets ; (3) the preparation of pure iron as a raw 
material intended for fusion. ere are various other 
uses of less importance, such as the preparation of rods of 








very pure iron for autogenous welding. 








Tubes.—The nature of the industrial results has already 
been alluded to, but the principal point of interest ma 
be emphasised. As is well known, all present meth 
of manufacturing tubes present certain insurmountable 
difficulties when it is desired to obtain regular thicknesses 
of less than 6mm. As a general rule, in the products 
obtained the thickness of the wall is far from constant. 
With the electrolytic process it is possible to obtain the 
most satisfactory regularity whatever the thickness, 
diameter, and length of tube. 

The tubes will withstand considerable pressures. Thus, 
a tube of 100 mm. in diameter and 0.75 mm. in thickness, 
subjected to 1200 lb. per sq. in., underwent a permanent 





‘Fic. 10. Fuarrenep Evecrrotytic Iron Tune. 


deformation of a regular character, as if squeezed in a 
press. Another specimen of the same tube was exposed 
for two and a half months to a temperature of 120 deg. in 
a boiler. It was then tested to 1200 lb. per sq. in., but 
no trace of fracture was perceptible. 

Sheets.—The results obtained have already been noted. 
The importance of being able to obtain sheets direct 
without rolling will be apprecia The iron is of first- 
class quality, capable ef undergoing very considerable 
deformations in the cold. Tests on tubes and plates 
have been made in the draw-bench, and it is surprising 
with what facility the metal can be worked. The mate- 
rial is therefore highly suitable for purposes of stamping, 
both in the form of plain annealed plates (black plates) or 
of tinned plate. Finally, on account of their purity, 
these sheets are specially adaptable for use in the con- 
struction of electric machinery. Dr. Max Breslauer,* of 
Berlin, has demonstrated the important aspect of this 
question, both from the point of view of magnetic pro- 
perties and of regularity of thickness and compressive 
strength. The efficiency of alternating motors and 
transformers, and also of direct-current motors, is in- 
creased by using this material in their construction. He 
concludes that the use of electrolytic iron constitutes a 
real progress, both as regards hysteresis and permeability. 
In transformers the saving in weight of material is 33 to 
to 40 per cent. The capacity of alternating motors can 
be increased by 50 per cent., running at the same tem- 
perature and occupying the same space. In direct- 
current machines 16 per cent. of the iron can be saved. 

Electrolytic Iron as a Raw Material for Fusion.— 
Without doubt electrolytic iron will be able to compete 
successfully with Swedish iron. The quality is much 
more regular, and the crude metal, being very brittle, 
can easily be broken into pieces of any required size, 
however small, and, at the same time, it can be 
supplied in suitable thicknesses. The cementation 
of such products would be more regular than those 
ordinarily used. Tests made at various steel works 
have shown that tools and special steels manufactured 
from this material give results at least equal to those 


* Klektrochemische Zeitschrift, June 12 and 19, 1913. 
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Tasie I.—Hardness Determinations under a Load of 
30 Kg., with a Ball 3 Millimetres in Diameter, and 
Number of Bendings. 

| Diameter of No. of Bend- 


Treatment. | a ingsthrough 
met 180 Deg. 


First Series.—Tests on Plate 2 Mm. Thick. 
Before annealing, and after exposure to 





the air for five months .. os ed 0.54 0 
400deg. .. ..| 0.52 6 

—— <« | Se 6 

After annealing at~ 600 ,, os | 0.56 8 
700 ,, - od 0.64 10 

900 ,, 0.80 ll 


Second Series.—Tests on Plate 4.5 Mm. Thick. 
Before annealing and after exposure to} | 
a | 


the air for five months .. ee 0.40 0 
400 deg. ba 0.40 0 

500 ,, aa 0.48 1 

After annealing at+, 600 ,, ‘ 0.50 1 
700 ,, -| 0.66 3 

900 ,, | 0.80 3 


| 
TaBLe II.—Influence of Time of Annealing in the Salt 
Bath. Hardness Determinations under a Load of 30 Kg., 
with a Ball3 Mm. in Diameter, and Number of Bend- 
ings. Thickness of Plate, 2 Mm. 
At 200 deg. and 3800 deg. the annealing showed a influence on 


the hardness or number of bendings, which was n 
At 300 deg. it showed no infil ° h 








A 


and the 





in the , and 
ndings rises to two, however long the period of 





number of 
annealing. 
Diameter of No. of Bend- 
Treatment. Impression in ings through 
illimetres, 180 Deg. 
For 10 minutes.. 0.62 5 
Annealed x) 29» =| O88 6 
400 deg. o nbs * 
-— ear 0.54 7 
» 12 0.55 6 
For 10 minutes.. 0.56 5 
Annealed at} ” po 4 ” oa 6 
” ” 54 7 
500 deg. < fs 0.54 6 
» 129 ~~, 0.52 5 
For 10 minutes. . 0.54 9 
Annested at)» 22» 0.58 s 
600 deg. l = fie 0.55 9 
a # 0.58 9 
‘For 10 minutes. | 0.60 10 
Annealed at J sad 2 ” bem . 
700 deg. . 60 a4 } 0.68 il 
» 120 yy 0.75 10 
For 10 minutes. . 0.74 ll 
Annealed at} "49 "ate 12 
woe Foe 6 od 0.78 10 
are (ke 0.78 10 


obtained with Swedish iron. The cost price is the only 
remaining consideration. 

The principal factors which make up the cost price 
are the electric energy and the pig iron. It has 
already been mentioned that 2 tons of extremely pure 
iron can be produced per kilowatt-year. Using a 
current of 500 amperes per square metre instead of 
1000 amperes, the voltage drops to about one-half, 
and the production per kilowatt-year is nearly doubled. 
Working with a still lower density, the yield can 
be even further increased. In countries where the 
cost of motive power is high, it would pay to work 
at 500 amperes or even less. It would then be possible 
to produce 3 to 4 tons, and even more, per kilo- 
watt-year. If the cost of the unit be taken as 1 
centime (0.ld.), an ordinary figure in the Alps, and 
using @ current density of 1 amperes, the cost of 
current would not exceed 43 francs per ton of iron pro- 
duced. Since pig-iron is used as the raw material, it 
may be reckoned that there is about 10 cent. of waste 
in the form of sludge, graphite, &c. The price of the 
pig-iron would vary according to the locality, and in the 
mountainous country it would run at about 64s. to 88s. 
~ ton. The price, however, would be higher in those 
ocalities where the electric current was cheapest, and 
vice versd. The average outlay on pig-iron per ton of 
electrolytic iron would ‘ore be from about 72s. to 
80s. To this would still have to be added the cost of 
labour, maintenance, cost of electrolyte, depreciation, and 
interest on the capital cost of the plant. These various 
amounts have not yet been definitely ascertained, but the 
total cost price, on current prices for material and 
labour, of the electrolytic iron, i: the condition in which 
it leaves the electrolyte bath, would 7 not exceed 
61. to 7/. 128. per ton, according to locality. 








Enorneek Units or THE Korat Navat Division.— 
This is the body which is being raised by the Institutions 
of Civil Engineers, of Mechanical Engineers, and of 
Electrical i from their own members, associate 
members, and students, for use in the New Army. The 
Board of Selection will continue to interview applicants 
until the end of this week. Applicants (who must have 
had actual experience of constructional work) are required 
to attend in person at 2, Savoy-hill, W.C., between 10 a.m. 
and 1 p.m. or between 2 p.m. and 4 p.m. (Saturday, 
10 a.m. to 1 p.m. only). 


NOTES FROM THE NORTH. 
ial piaseow. Wednesday. 

Glasgow Pig-Iron Market.—Last ursday morning 
the pig-iron market was dead idle, and sellers of Cleve- 
land warrants quoted 51s. 2d. cash, 51s. 6d. one month, 
and 52s. three months. In the afternoon a firm tone 

vailed, but dealing was limited to one lot of Cleve- 
ed warrants at 51s. 14d. cash, and closing 
named 51s. 2d. cash, 51s. 6d. one month, and 52s. 
three months. On Friday morning the market was 
quietly steady, and no business was reported. Sellers 
of Cleveland warrants made no change in the quota- 
tions. In the afternoon Cleveland warrants, amountin; 
to 1500 tons, were put through at from 5ls. 4d. to 51s. 44d. 
one month, with buyers over at 51s. 4d. and sellers at 
51s. 5d. For the other positions sellers quoted 51s. 2d. 
cash and 52s. three months. The market was closed on 
Monday, being the local autumn holiday. With the 
resumption of business on Tuesday morning Cleveland 
warrants were weaker and 1500 tons were done at 50s. 114d. 
cash, and closing sellers quoted 51s. cash, 51s. 
one month, and 51s. 104d. three months. The afternoon 
session was another blank as regards business, but sellers’ 
prices for Cleveland warrants were firmer at 5ls. 1d. 
cash, 51s. 44d. one month, and 51s. 104d. three months. 
When the market opened to-day (Wednesday) the tone 
was slightly easier again, and business was confined to 
one lot of Cleveland warrants at 51s. 3d. one month, 
with sellers over at 51s. cash, 51s. 34d. one month, and 
5ls. 104d. three months. In the afternoon, while cash 
and one-month iron were steady, the three months 

ition was easier. Business amounting to 2500 tons of 

eveland warrants changed hands at 51s. 8d. and 51s. 84d. 
three months, and at the close sellers quoted 51s. cash, 
51s. 34d. one month, and 51s. 9d. three months. 


Sulphate of Ammonia.—An easier tendency prevails in 
the sulphate of ammonia market, and the current price 
for prompt lots is from 10/. 8s. 9d. to 10/. 10s. per ton, 
Glasgow or Leith. There is not very much activity in 
forward dealing, as neither buyers nor sellers seem very 
much disposed to enter into engagements at present. 


Scotch Steel Trade.— Although the steel trade in Scot- 
land is managing to hold on very well indeed, consider- 
ing the small demand from some so! yet there is an 
undoubted scarcity of specifications. This is especially 
the case in ship-plates, largely owing to the reluctance of 
shipowners in ordering new tonnage, despite the fact that 
freights are at — very high. Of course, shipping 
im general is rather quiet, but, on the other hand, it is 
really marvellous the amount of business which is being 
carried on when we consider the nearness and the im- 
mensity of the war in which we are engaged. It is 
cortalely affecting the over-sea markets to no little 
extent, if we can judge by the rather limited in- 
quiries which are coming to d, and during the 
past week these were only fair, but signs are not 
wanting of an early improvement in that direction. 
In a moderate way the home demand is fairly good, 
although orders are mainly for small lots for imme- 
diate requirements, but in the case of black sheets and 
sectional material the demand is not very encouraging. 
Steel-rail makers are dull and are anxiously awaiting the 
placing of some important lots now under consideration. 

rices are nominally steady, but where not controlled by 
- Association they are slightly inclined in buyers’ 
‘avour. 


Malleable-Iron Trude.—The position of the malleable- 
iron trade in the West of Scotland has not materially 
changed, and only a limited number of the works are 
securing a full week’s employment. It is freely con- 
sidered that a decided victory for the Allied Forces 
now in the field would be the first thing to give a fillip 
to business, and it is earnestly hoped that that may be 
forthcoming shortly. Prices are uncha: ‘ 


Scotch Pig-Iron Trade.—The business in Scotch pig- 
iron during the re week has been of a very m 
description both for home consumption and for export. 
The holding back of new work is — general, and pro- 
ducers are suffering ; but some are of opinion that with 
the ending of the moratorium—a month hence—there is a 
prospect of business opening out considerably. Inquiries 
to hand this week are not heavy, but shipping has been 
fairly good. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 69s. 6d.; Calder, Gart- 
sherrie, and Summerlee, 70s.; and Langloan, 72s. (all 
shipped at Glasgow); a (at Ardrossan), 71s.; 
ay (at Leith), 70s.; and Carron (at Grangemouth), 
_ Scotch Shtpbwilding.—The Scotch shipbuilding trade 
is not as busy at present as we should like, and new 
orders are not being booked in any number, with the 
result that as the tonnage on hand _ completed there 
is little left todo. The output for the past month was 
the third highest for this year, and amounted to twenty- 
= vessels, of 60,563 tons. That figure was made up as 

lows :— 


Vessels. Tons. 

The Clyde .. we ae oe nla, se 56,848 
The Forth .. oh re se “ 2 3,280 
The Tay - oa 
The Dee 2 435 
Total .. 21 60,563 


The Clyde total ranks high for the month of September, 
and, with the single exception of the total for the cor- 
responding month of last year, it has never been bettered. 
The figure for the nine months now stands at 356,361 tons, 
which is over 131,000 tons less than the output for the 
three quarters of last year. 


Wages in the Iron Trade.—Intimation has been made 





to Mr. James ©. Bishop and Mr. James Gavin, joint 





secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board, by Mr. John M. 
MacLeod, C.A., Glasgow, as follows:—*‘In terms of the 
remit, I have examined the employers’ books for July 
and August, 1914, and I certify the average net selling 
brought out is 6/. 9s. 3.14d. per ton. This means no 
change in the wages of the workmen.” 





Contracts.—The Kitson-Empire Lighting Company, 
of Stamford, have supplied large quantities of their 
special 500-candle-power incandescent oil-lamps for field- 
hospital service to the Russian and French Governments. 
Over three million of these lamps have been made. 





Prrsonat.—Messrs. Schiffer and Budenberg, Limited, 
state that their entire Manchester business has trans- 
ferred to their new worksat Broadheath.—Messrs. J. W. 
Brooke and Co., Limited, Adrian Works, Lowestoft, an- 
nounce that they have purchased the whole of thedrawings, 

tterns, machining-jigs, and templates for the well-known 

esse reversing gear, recently manufactured by Messrs. 
Hesse and a Haslam and Schontheil, 
Limited, of 11, Windsor-place, Cardiff, have sent out a 
general notice to the trade and their customers, inti- 
mating that from September 28 the title of their firm will 
be Haslam and Stretton, Limited. The change is 
necessary owing to Mr. Theodore Schontheil, who is a 
British-born subject, having adopted the surname of 
Stretton, but the business will be carried on entirely as 
heretofore. — Messrs. Laing, Wharton, Limited, of 
7, Great Newport-street, London, W.C., have removed 
to Mildmay Park Works, Mildmay-avenue, London, N., 
and are laying down additional plant and tools with a 
view to coping with increasing business. 





MERCHANT SHIPPING AND THE WaR.—The Secretary 
of the Admiralty communicates the following tabular 
statements with regard to the capture and destruction 
of British and enemy merchant shipping :— 


German Shipping Detained and Captured. 


Number. Tonnage. 
Vessels detained in British ports at out- 





break of war can se sno ee 102 200,000 
Vessels captured since outbreak of war 88 338,000 
» remaining in Suez Canal zone 14 72,000 

»_ capable of being armed detained 
in United States ports .. oe rm 15 247,000 
Vessels detained or captured by Allies 168 283,000 
Total .. a oe - 387 =: 1,140,000 

British Shipping Detained and Captured. 

Vessels in German ports .. es sin 74 170,000 
» Captured or sunk by Germans 12 59,060 
Total .. . ee 86 229,000 


Since this return was issued the German cruiser Emden 
has sunk four more British merchant ships and captured 
a collier, while H.M.S. Cumberland has captured nine 
German ships. 





TRADE OPENINGS FOR BUILDING AND FURNITURE 
Firrincs.—In the year 1912 Germany exported building 
and furniture fittings, door-handles, ventilators, castors 
for furniture, locks, and similar material to a total value 
of 76,250. to the United Kingdom. To our Colonies and 
to countries which are neutral during the present war 
she exported similar material to a value of 1,037,300/. 
These two figures, together with a sum of 30,560/., repre- 
senting similar exports by Austria-Hungary, make up a 
total of 1,144,110. A considerable part of the demand 
which this business represents will quite ibly cease 
to exist during the war, but there should an impor- 
tant residuum, some part of which our manufacturers 
should be able to take advantage of. No particulars are 
available of the exports of material of this class from the 


eagre | United Kingdom, but it is certainly large, and the busi- 


ness is one with which we are well equipped to deal. 
Particulars of the German and Austro-Hungarian exports 
to a large number of countries, together with a consider- 
able amount of miscellaneous information in reference to 
various markets, are given in a White Paper just issued 
by the Commercial Intelligence Branch of the Board of 
Trade. Copies of the paper should be obtained by all 
interested manufacturers. 





Tue New Army.—Up to the present 453 men—equiva- 
lent to 20 per cent.—of the employees of the British 
Aluminium Company have joined the Forces. At the 
Kinlochleven, Larne, and Milton Works, and at the 
head office, the response has been both prompt and 
enthusiastic, some 40 per cent. of the total employees at 
Kinlochleven alone having volunteered, which includes 
practically all those who are eligible. In addition to 
this, about 200 of the men — at the company’s 
Milton (North Staffs) rolling mills are being drilled 
nightly on the company’s premises by their mates who 
happen to be old soldiers, and both here and at Larne— 
where the Ulster Volunteers are busy recruiting—more 
men are joining daily. The families of all married 
employees serving with the colours, or others dependent 
upon them, are being paid 10s. weekly, those residing on 
the company’s premises doing so rent free for the pre- 
sent.—We are informed that approximately 25 per cent. 
of the yo of the Beldam Packing and Rubber 
Company, ted, 1 and 2, Gracechurch-street, E.C., 
have responded to their country’s call to arms, and 
arrangements have been made to tee reinstatement 
of these men on the expiration of the war, also half-pay 
to the wives of married men, and suitable provision for 





the dependants of single men during the war. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—House coal is the most 
active section of the market. Merchants are fully 
occupied in dealing with futures to cover the coming 
winter’s requirements. Business that has been held back 
on account of the general unsettlement is now being 
placed, in order that the higher autumn rates may be 
avoided. Thus the pits are busily engaged. Accord- 
ing to the practice of previous years, an all-round 
advance of ls. per ton was to be expected from 
October 1, but producers this a have to recoup them- 
selves for the increased cost of timber, tallow and other 
products which collieries consume in large quantities, and 
a section of the South Yorkshire coal-owners are inclined 
to enlarge the advance to 1s. 3d. or 1s. 6d. Time will 
show whether the situation is such that they can uphold 
those advances. The -coal market is in a very diffi- 
cult position. There is still a certain amount of ship- 
ping being done, but its magnitude is very disappointing 
to producers. Oversea trade is princi with France, 
Italy, the Mediterranean, Norway and North Russia. 
The home trade is quiet. Continental gas companies are 
anxious to prepare against increased consumption during 
the coming winter, but freights are so high that little more 
is being done than order for present requirements. Slacks 
are somewhat irregular. In the lower grades prices are 
on the weak side. Coke is a sound, steady market. 
Quotations :—Best branch hand-picked, 15s. to 16s. ; 
Barnsley best Silkstone, 12s. to 13s.; Derbyshire best 
brights, 11s. 6d. to 12s. 6d. ; a ay house, 10s. 6d. 
to lls. 6d.; best large nuts, 10s. to lls. 3d.; small 
nuts, 98. to 10s.; Yorkshire hards, 11s. to 12s. ; Derby- 
shire hards, 10s. to 11s. ; best slacks, 7s. to 8s. ; fnonn 9 
5s. to 6s.; smalls, 2s. to 3s. 


Iron and Steel.—The oe oe | tendency is still in 
evidence, but in the raw-material market is not very 
pronounced. New business in the foundry-iron section has 
this week been rather flat, although prices are a 
Therun on forge iron continues, and makers have no diffi- 
culty in ¢isposing of the whole of their output at advanced 
rates of 593s. 8d. for Lincolnshire sorts and 56s. for Derby- 
shire sorts. Foundry iron is quoted at from 59s. 3d. for 
Derbyshire brands to 60s. 8d. for Lincolnshire brands. 
Hematites are strong, with a steady demand on special 
qualities for Government work and a fair volume of in- 
quiry for forward —. of ordinary sorts. i 
hematites stand at 82s. In ordinary brands the current 
selling prices are West Coast, 79s. 6d.; East Coast, 
77s. 3d. Bar-iron makers are badly placed for new 
general business, but are being materially assisted by 
Government orders and a small amount of diverted 
German trade. The quotation of 8J. 5s. for crown bars is 
unaltered. The engineering trades comprise the busiest 
section of industrial activity in the district. There is an 
enormous rush of work for immediate and future delivery, 
and the federated employers, who have abolished all 
overtime restrictions, are gladly engaging experienced 
hands from other provincial centres to assist in the ex- 
pediting of output. A decrease is also reported in un- 
employment in the general steel trades, there being a 
dearth of skilled labour in certain leading branches. The 
unprecedented activity at the armament factories is un- 
broken. The lighter sections have booked more business 
than for several weeks past. Orders have this week been 
received from Yokohama, Calcutta, Copenhagen, Madras, 
and Buenos Aires for files, shears, and saws. The 
crusade against German commerce has resulted in the 
placing of further orders for hand tools and cold-drawn 
steel with South Yorkshire makers. Steel billet makers 
announce a weakening in the demand for basic sorts. 
Home trade is r. Scrap is becoming a much more 
valuable commodity, and prices are hardening. 





Fizz PRecAUTIONS IN Emercency HospiTats.—A pre- 
cautionary notice relating to fire dangers in hospitals 
and convalescent homes has been prepared by the British 
Fire-Prevention Committee, and is now available gratui- 
tously for hospitals and convalescent homes which are 
doing emergency work in connection with war cases. 
Copies will be provided free upon application to the 
British Fire-Prevention Committee, 8, Waterloo-place, 
London, 8. W. 





Tue Enoinxerinc Inpustry in Betoiom.—A letter 
pre at = — of Ay ge 
Automobile neers from the ish manager of the 
F. N. ey * stating that M. opin, who aeted as 
host to the Institution in their summer meeting in 
Seigiem, has written to say that the factory at Lidge is 
S — —. and that _ clerical departments are 
sack at work preparing for next year’s programme. 
Another Liége factory— that of the Société John 
Cockerill—is still at work executing orders, The Deri- 
hon factory, also at Liége, has ast toon destroyed, and 
the brothers Derihon are in good health and spirits, 
but no work is being done. No definite news has been 
received in regard to the works of Messrs. Dyle and 
Bacalan at Louvain, but it is believed that the factory is 
undai . though the offices have been destroyed and 
Se . ° od. ad 7 ~~~ ~ 4 ntwerp 

ave not yet been inju y in. 0 attempts 
have been made upon them. The amet is at a 
much as usual, though some of their energies have been 
diverted from the manufacture of cars. Engineers will 
be particularly pleased to learn that Messrs. Greiner, 
pere et fils, together with their wives, are all well, and 
that the of Messrs. Mabille and R. Pelgrims, at 
Mariemont, though it has been in the thick of the 
fighting, is undamaged, and is actually at work. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. — 

The Cleveland Iron Trade.—The pig-iron market is 
characterised by quietness. Production is a good deal 
in excess of uirements, notwithstanding the fact that 
many of the sixty-nine furnaces in operation on the 
North-East Coast are not working at full pressure. 
Makers of Cleveland pig-iron declare that current quota- 
tions are unprofitable, and some of them hint at the 
advisability of blowing out more furnaces unless demand 
improves or cost of production is lowered by reduction 
in prices of raw material. A surprising and gratifying 
feature of the market is the upholding of a ee prices 
since the outbreak of war. No. 3 g.m.b. Cleveland pig is 
51s. 3d. f.0.b.; No.1 is 53s. 9d.; No. 4 foundry, 5ls. ; 
No. 4 forge, 50s. 9d.; mottled, 50s. 6d.; and white, 
50s. 3d.—all for early delivery. Sheffield consumers of 
hematite are said to be in the market again, but, so far 
as can ascertained, they have not as yet made 
any purchases. Both makers and merchants are rather 
keen sellers, and, in fact, the latter are pressing sales 
of Nos. 1, 2, and 3 East Coast brands at 66s. 6d., and 


some firms would entertain offers at even less. The} will 


f ing figure, however, may be given as the general 
market quotation for early delivery. There are rumours 
of possible business for delivery over periods next year, 
but on what terms has not transpired. There is little or 
nothing passing in foreign ore. Values show a down 
tendency, sellers apparently realising that it is useless to 
hold out for the prices they have ing. Some 
sellers adhere to quotations on the basis of 18s. ex-shi 
Tees for Rubio of 50 percent. quality, but it is unders 
that contracts can be made on lower terms. A basis of 
18s. 3d. would not be refused, and, indeed, offers at 18s. 
would receive careful consideration. Buyers consider that 
the basis should not be above 17s. 6d. Freights Bilbao- 
Middlesbrough are round about 4s. 6d. Supply of coke 
is rather more plentiful, and, with local consumption some- 
what diminished, values are easier. Many sellers are very 
reluctant to admit actual fall in price, and endeavour to 
keep the quotation for Durham beehive blast-furnace coke 
at 18s. delivered at Tees-side works, but purchases are 
a at 17s. 9d., which is a figure considered still too 
igh by users. 


Stocks of Pig Iron.—Stocks of pig-iron are steadily 


al | accumulating, notonly in the warrant stores, but at makers’ 


ardsalso. What makers’ stocks stand at is not known, 

ut the quantity at their yards is believed to be rather 
heavy. Messrs. Connal and Co., the warrant store- 
keepers, hold here 103,368 tons of No. 3 Cleveland pig, 
or 8665 tons more than on September 1. 


Manufactured Iron and Steel.—Satisfactory accounts 
are given of the manufactured iron and steel industries. 
Producers generally are — well placed, and in prac- 
tically all branches a lot of work is being turned out. 
Manufacturers are very busy with orders for light rails 
for allied governments. Demand for shipbuilding material 
shows some falling off due to men being drawn from the 
shipyards to the colours, and to work in the Government 
dockyards. A lot of small-section work hitherto made 
by Belgium has been secured by firms in this district. 
Prices all round are well maintained. The following 
are the principal market quotations :—Common iron bars, 
81.; best bars, 8/. 7s. 6d. ; best bars, 8/. 15s. ; packing 
iron, 6/. 10s.; iron ship-plates, 7/. 5s.; iron ship-angles, 8. ; 
iron ship-rivets, 9/. ; steel bars 6/. 15s. ; 8 —~4 
71. 5s.; steel ship-angles, 7/.; steel boiler-plates, 8/. 5s.; 
steel joists, 7/. 6d.; steel strip, 6/. 10s.; steel hoops, 
61. 15s.; light iron rails, 7/. 15s.; heavy steel rails, 6/. 15s.; 
and steel railway ws 7l. 15s.—railway material net 
at works, and all other descriptions quoted less the 
customary 24 per cent. discount. 


Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Sveel Trade of the North of England certify the 
average net selling price of iron rails, plates, bars, and 
angles for the two months ended August 31 last to have 
been 6/, 14s. 2.15d., as compared with 6/. 13s. 1.91d. for 
the previous two months, and, in accordance with sliding- 
seale arrangements, wages for October and November 
will we same as prevailed during the preceding two 
mont! 


Consett Steel-Workers’ Wages Reduced, —The accoun- 
tants to the Arbitration Board have certified the average 
net selling price of steel plates at Consett for the three 
months ending July last at such a figure as reduces wages 
of steel-mill men by 24 per cent. for the last quarter of 
the year, leaving wages at 124 per cent. above the 


Iron and Steel Shipments.—The iron and steel ship- 
ments from the Tees during the month of September were 
up to expectations, although they fell considerably below 
those of a year ago. Those of pig. iron averaged 2266 tons 

r working day, the total loadings being returned at 
Fs 923 tons, 51,438 tons of which went from Middles- 
brough and 7485 tons from Skinningrove. For August 
the tches amounted to 31,870 tons, or a daily average 
of 1225 tons, and for the month of September a year ago 
the clearances were given at 117,914 tons, or an average 
of 4535 tons. All the iron loaded at Skinningrove went 
to Scotland. Of the iron shipped from Middlesbrough 
29,350 tons went to foreign customers, and 22,088 tons to 
coastwise buyers. Scotland, as usual, was the largest 
buyer, receiving 14,155 tons, whilst the United States of 
America took 7380 tons; Sweden, 7271 tons; Italy, 
3100 tons ; Japan, 2578 tons; South Australia, 2300 tons ; 
and Norway, 1500 tons. Tees loadings of manufactured 
iron were given at 17,002 tons, 7827 tons of which went 
foreign, and 9175 tons coastwise, and those of steel 


reached 27,693 tons, of which 23,265 tons went abroad, 
and 4428 tons to home customers. The Argentine was 
the — receiver of manufactured iron, taking 5376 
tons. The most important buyer of steel was India, with 
an import of 16,208 tons, whilst South Australia received 
2295 tons of steel. 


Armstrong College and Engineering Ciasses.—It is 
announced that, owing to the Armstrong College build- 
ings at Newcastle having been requisitioned by the War 

ce, the engineering classes will be held during the 
coming session at Rutherford College, Newcastle, where 
students will be enrolled on October 6 onwards. Evening 
classes are suspended until the 1915-16 session. 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has remained without 
material The outlook for October is not con- 
sidered i ly encouraging, as there is a disposition 
on the part of a _ to , —_ a 
requirements and to postpone for purchases, pending 
further war developments. It is feared that, unless 
Admiralty requirements increase considerably, ——- 
ill prove in excess of current consumption, and that 
prices will remain easy in consequence for all descriptions 
of — coal. The inquiry for smalls has sligh 4 im- 
proved, especially for bunker qualities, which have shown 
a hardening tendency. House patent fuel, and 
coke have remained unchanged. e best Admiralty 
has been quoted 20s. to 22s.; best secondary quahi- 
ties have made 18s. to 19s.; other secondary wy ee 
17s. 6d. to 18s, 6d.; best bunker smalls, 7s. 9d. to 8s. 3d.; 
cargo smalls, 5s. to 6s. 6d. ton. The best house- 
hold coal has brought 19s. to 3; good households, 17s. 
to 188.; No. 2 Rhondda large has made 13s. to 13s. 9d.; 
and No. 2 smalls have been quoted at 6s. 6d. to 7s. 6d. per 
ton. Patent fuel has realised 17s. to 18s. per ton. Special 
foundry coke has brought 27s. 6d. to 30s.; good foundry 
coke, 21s. to 25s.; and furnace coke, 18s. to 20s. per ton. 
As regards iron ore, — has 7 188. yy 18s, 6d. 
ton, upon a basis o' per cent. of iron, charges, 
aaliee freight, insurance, &c., to Cardiff or Newport. 
Welsh Steel Rails.—Messrs. Guest, Keen and Nettle- 
folds, Limited, have obtained an order for 3000 tons of 
steel rails for shipment to India. Wales has to contend 
just now with American competition ; one leading United 
States firm has tendered, for instance, for a large 
Australian order. The United States Steel Corporation 
also recently secured an order for 14,000 tons of steel 

rails for South America. 


Newport.—Monmouthshire steam-coal has shown no 
improvement, buyers rather holding back than other- 
wise. There have been supplies of large, which 
has remained easy. S have been about stationary. 
The best Newport black vein large has realised 17s. to 
17s. 6d. per ton ; Western Valleys have brought 16s. 6d. 
to 17s. per ton ; and Eastern Valleys, 15s. 9d. to 16s. per 
ton. 


Dowlais.—The Dowlais works have been y well 
employed. The blast-furnaces have been busy, and the 
Siemens furnaces have been well occupied. e Goat 
Mill has been upon steel rails, square merchant 
steel, and steel sleepers, as well as upon tin bars. The 
Big Mill has also been well employed, and has turned out 
steel tram-rails, fish-plates, curves, and props. The col- 
lieries have produced a good quantity of coal. 





ASSOCIATION OF RarLbway Compantres’ Signat Super- 
INTENDENTS AND SIGNAL EnGinggrs (ENGLAND).—The 
——- conference of the above Association will be 
held at the Railway Clearing House, London, on Tuesday, 
October 13. 

ARMSTRONG CoLLEGE.—A copy of the Calendar of the 

Coleg, Newecastle-on-Tyne, has recent] 
come to > is College, it will be remem > 
forms one of the units of the University of Durham. 
The faculties of science and commerce in this Universit 
are seated entirely at the Armstrong College, where a 
classes examinations for degrees in faculties 
are held. In addition to pure science the College gives 
instruction in mechanical, civil, and electrical engineering, 


d 


and also in mining, metallurgy, naval architecture, an 
icultural science. Full —_—— of day and eveni 
asses and courses of study in all the above-mention 
subjects, and many others, will also be found in the 
Calendar, together with much other information relating 
to the College and its work. The price of the Calendar 
is 1s., and it can be obtained from the Secretary, post 
free, for 1s. 4d. 





THE gaan age 4 7-7 poems —She 
opening ts) © session the Institution o 
nl Tae will take place on Wednesday, 
the 14th inst., at the Institution of Mechanical Engi- 
neers, Storey’s Gate, St. James’s Park, S.W., at 8 p.m., 
cooupied with his duties as Director of Mechanical Trans 
port at the War Office, his idential address will be 


pespeass, ond © ill be given by Mr. L. H. 
‘omeroy, entitled Ee Ratomobile fonentes and the 
War.” Very important suggestions in regard to the 
conduct of business during the war will be outlined, and 
it is hoped that much valuable information will be forth- 
coming. In order to render the discussion more valuable 
to the industry generally, the Council have decided to 
welcome all those who are interested, whether they are 





members or not. 











418 ENGINEERING. [Ocr. 2, 1914. 











THE FRENCH SOUTH AMERICAN QUADRUPLE-SCREW LINER “LUTETIA.” 


CONSTRUCTED BY THE SOCIETE ANONYME DES CHANTIER ET ATELIERS DE ST. NAZAIRE, ENGINEERS, ST. NAZAIRE. 
(For Description, see Page 426.) 














Le 
Ke bie 


“i ‘ 








— 
Se 








Fic. 9. THe ‘*‘ Luretia” on THE Buitpinc-BERTH. 
































Fie. 10. Tue **Lureria” iw St. Nazarre Harsour. 





Oct. 2, 1914.] 


ENGINEERING. 


419 








AGENTS FOR ‘“ ENGINEERING.” 





Brisbane ; 


2 d Gotch, Limited, 
AvstraLia: Gordon an south end 


Turner and Henderson, 8: 
Co., Townsville, N > . & Rigby. Adelaide, 
South Australia. Melville and Mullen, Melbourne, Victoria. 
Averria-Houncary, Vienna: and Wentzel, Kartnerstrasse. 
Bu.erum : E. F. Satchell, 45, Avenue de Terneuzen, Brussels. 
Cawapa, Torouto, Ont.: Wm. Dawson and Sons, M: Chambers. 
Montreal: Sells, — st X Ranney Seeing. McGill-street. 
z u: John Menzies and Co., Hamover-stree' 
apres es Boyveau and Chevillet, 22, Rue de la Banque. For Subscriptions 
and Advertisements, Librairie B. Tignol, Quai des Grands- 
A ns, Paris. Also for Advertisements, Agence Havas, 8, Place 


de la Bourse. 
Genmaxy, Berlin: A. Asher and Co., 13, Unter den Linden. Leipzig: F. A. 
Brockhaus. Mulh : H. Stuckelberg 


Lascow : William Love. 
. Cs tta : Thacker, Spink and Co. 


Melbourne ; rine; 
ydney, N.S.W. T. Wi 





Bombay: Thacker and Co., Ltd. 
ce. 


LIVERPOOL : 

Mancuester: John Hey 43, Deansgate. 

New ZeaLawD: Gordon and Gotch Proprietary, Limited, Wellington, Auckland, 
and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Jobans Gade, 41 and 43. 

u: H. A. Kramer and Son. 
preg ona ding Central News Agency, Limited, Head Office—Johannesburg ; 
d Pretoria, Cape Town, Port Elizabeth, Bloemfontein, Durban, 

and their various b hes and book lis throughout South Africa. 
Also Cape Town : Wm, Dawson and Sons, 31, Long-street. 

Tasmania: Gordon and et ea Doth ave ceston ; Hobart. 

Srates, New York: W. H. A ‘ow venue. 
sia Chicago: H. V. Holmes, 957-958, Monadnock Block. 


ADVERTISEMENT RATES. 








The charge for advertisements is three shillings for the first four 
lines or under, and —~— for each additional line. The line 
averages seven words. ‘ayment must accompany all orders 
for single advertisements, otherwise their insertion cannot 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside may be obtained on applicat e 
are 12 in. deep 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 





SUBSCRIPTIONS, HOME AND FOREIGN. 





“ ENGINEERING” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 
advance :— 


For the United Kingdom ............ £Z1 9 2 
For Canada— 
Thin paper copies .......... £1 11 6 ($7.65 
Thick h- .  mexaeeome £1 16 0 {35.765 
For all other places abroad— 
Thin paper copies .......... 21 16 #0 
Thick 2 =i WS WO CC CS £2 6 
When forei; eee oy are sent by Post-Office Orders, 
advice should be sent to the Publisher. 


Foreign and Colonial subscribers receiving incomplete copies 
through ——— are requested to communicate the fact to the 
Publisher, together with the agent’s name and address. 
All accounts are payable to ‘* ENGINEERING, 
Cheques should be crossed ‘‘ Union of London and 
Limited, Charing Oross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 


” LIMITED. 
Smith’s Bank, 





We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 





TELEGRAPHIC ) «. ” 
ADDRESS ENGINEERING,” WESTRAND, LONDON. 


TELEPHONE NumBers—3663 and 8598 GERRARD. 


Ravine - Cases. — Reading-cases which will hold twenty-six 
numbers of “ ENGINEERING” may be had of the Publisher or of 
any newsagent. Price 6s. each. 


CONTENTS. 

PAGE 
Critical Loads for Long 
Struts of Varying Section 





| PAGE 
| Aircraft in Warfare: The 
| Dawn of the Fourth Arm. 


(TUustrated) ............ 403}; —No. V. (Illustrated).... 422 
SO) 404) Foreign Markets for Motor- 
Books Received .......... 406) Cars and Cycles ........ 4 
Calcium Oarbide and Nitro- TERED ci cdccdsvecococoones 4 


gen Products (JUustrated) 406 


Emergency Workers’ Hours 
Statical “yo 


and Human Endurance.. 425 
| The Finish of Machine-Tools 425 


Calculations of 
lar Reinforced- 


Concrete Tubes (Jllus.) .. 408|,Gordon’s Formula for 
The Bellon Oil-Burner (J/- Columns............ .. 425 

mn, RRS 11| The French Quadruple- 
Industrial Notes .......... 412 


Screw Liner ‘* Lutetia” 
Te, 
Diagrams of Three Months’ 

| Fluctuations in the Prices 


: 413 
Electrolytic Iron (Illus.) .. 418 
case © 








Notes from the North ff” eee. 426 
Notes from South Yorkshire 417|| Utilisation of Heat Con- 
Notes from Cleveland and tained in (1llus.).... 428 
_ the Northern Counties .. 417|| Mechanical harging of 
Notes from the South-West 417 Blast-Furnaces (/lius.) .. 429 
The F ing of Contracts 419|| Catalogues................ 432 
Repeated Stresses ........ 420| Eneursmrine Patent Record 
Iron Ore Deposits in France 421|| (IUustrated) ............ 433 


With a Two-Page Plate of the QUADRUPLE - SCREW 
LINER “LUTETIA,” OF THE COMPAGNIE DE 
NAVIGATION SUD-ATLANTIQUE. 





NOTICES OF MEETINGS. 


Tue Society or ENcrxgers.—Monday, October 5, at 7.30 p.m., 
at ‘the Iasti'ution of Electrical Engineers, Victoria Embankmen 
W.C. A paper entitled ‘“‘Oylinder Bridge Foundations in the 
East, and the Construction of the Sittang River Bridge, Burma 
Railways,” will be read by Mr. A. Stewart Buckle (Member). 

Tus Junior Instrrvrion oF Enorneers.—Friday, October 9, at 
8 p.m. Informal meeting at 39, Victoria-street, Westminster. 
Mr. Wm. P. Durtnall on “‘ The Barrier of Ignorance,” illustrated 
by lantern. 

Tae INstiITUTION OF MecHANicaL Enoineers : GRADUATES’ Asso- 
claTIoN.—Monday, October 12, at 8 p.m., the Graduates’ annual 
report for the session 1913-14 will be presented, after which a 
el entitled ‘‘ The Reclamation of Waste Products in Industrial 

odertakings:” will be read by Mr. George H. Ayres (Graduate), 
¢ Hodder eld. Ohairman : Captain H. Riall Sankey (Member 

i 





NOTICE. 

In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions. 
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THE FINANCING OF CONTRACTS. 


Tue abnormal financial conditions now ower 
and the need of ‘‘ accommodation ” by all manufac- 
turers and traders, but particularly by those of com- 
paratively limited monetary resource, in the present 
effort greatly to expand our foreign commerce, has 
given rise to the suggestion that we should adopt 
some system analogous to the German credit banks. 
It is therefore appropriate that, following upon our 
consideration of the general relation of the bank to 
the manufacturer in a recent article (see page 333 
ante), we should review the influence of such institu- 
tions on industry, and the alternative systems 
wh reby contracts may be financed by the lodge- 
ment with our banks of securities possessed by those 
seeking accommodation, especially as the extent of 
available securities is not always realised. 

Credit banks have undoubtedly provided German 
traders and manufacturers with the means whereby 
they have been enabled to compete on very favour- 
able terms with British traders, but it must not be 
forgotten, on the other hand, that a large measure 
of their success in foreign markets has been due to 
the employment of cheap labour, and also to the 
fact that, although the goods produced were pleasin 
in appearance, yet the quality was seldom so ns 
as similar British manufactures, although meeting 
the customer’s requirements. Again, while the 
credit banks did assist production very materially, 
they fostered over-production, the effects of which are 
now aggravating, and must continue to aggravate, 
the distress being caused in Germany by the war. 
In any case, the present time of financial stress is 
not the most favourable time to start any entirely 
new system of banking in this country. It is rather 
the time strictly to examine our present methods, to 
see whether full advantage is being taken of all the 
facilities they offer, and whether the whole system 
is sufficiently elastic to meet the demands made 
upon it. 

For several years past the trade of this country 
has been increasing by leaps and bounds, as is 
proved by theBoard of ereturns. Previous re- 
cords have been broken with monotonous regularity, 
so that it is apparent that there is nothing very 
seriously wrong fundamentally with the financial 
system on which it rests, although, judging from 
the complaints now made, the fullest use is not 


23 | made of the facilities it gives. One of the greatest 


advantages—yet least appreciated because of its 
familiarity—is the phenomenal development and 
use of the cheque. In no other country are 
cheques so extensively in vogue as with us, and 
only a superficial examination into the ease, sim- 


26 | plicity, and cheapness by which stupendous trade 


transactions are carried through by means of 
cheques will compel an admission that the won- 
derful system is of incalculable advantage to the 
traders of the country. Again, complaints are 
made of the difficulty of a advances, when 
required, to finance contracts; but this is very 
often due to ignorance of the ways and means of 
obtaining such advances. It must nevertheless be 
admitted that there is perhaps a hardship inflicted 
upon the trader who has no security to offer which 


proved by the banks, and to remove this it 


is a 
has been proposed that a scheme should be devised 


‘ by the Government in conjunction with the banks 


whereby the making B good any loss sustained by the 
banks in granting advances to bona fide traders, 
in order to allow of the carrying on of their 
business, should be guaranteed by the Government. 

Generally, however, a trader who requires tem- 
po’ financial help in the course of his business 
can always obtain such when he can offer adequate 
banking security, and that, too, at a very cheap 
rate. Asarule the rate is 1 per cent. above the 
Bank of England rate for discounting bills, with, of 
course, a minimum, which is usually fixed at 4} per 
cent. This rate allows a margin of profit to be 
obtained by the trader from the use of the borrowed 
money. In this connection also it has to be 
observed that, by a course of evolution, the 
methods and instruments necessary to enable pro- 

rties to be properly deposited as security have 

n developed to the greatest simplicity and least 
expense, and the range of properties which banks 
will accept as security cover most investments 
which a prudent man will ordinarily make. If we 
take the case of a manufacturer who uires an 
advance to obtain, say, raw material. Should he 
have investments in any bonds, stocks or shares, 
he can deposit them with his banker under a simple 
form of + om at the cost of a sixpenny stamp, 
and immediately obtain an advance of, say, two- 
thirds of their selling value—i.e., of course, sup- 
ing they are not of a speculative nature, nor 
ave a large reserve liability attaching to them. 
If his money is invested in house property, the 
deeds can be deposited under a form of equit- 
able mortgage. ere is a larger stamping cost 
—2s. 6d. per cent., calculated on the value of 
the property lodged. This form has the ad- 
vantage that it need not necesarily show on the 
title deeds. The extent of the advance to be 
obtained on this security will roughly be, say, two- 
thirds of the valuation of the property from the 
bank’s point of view—viz., its possible selling 
value. Another form of security is a life insurance 
policy which has a surrender value. The expense 
attaching to this kind of security is, however, more 
costly, as the policy has to be legally mortgaged ; 
but when this has been done an aianee can be 
obtained up to about the amount of the surrender 
value. Other acceptable securities are dock and 
warehouse warrants which cover raw material 
and goods deposited therein, and advances are 
made against these, providing they are lodged 
with a letter undertaking to devote the pro- 
ceeds of their sale first to paying off the 
advance made against them. The iscounting 
of good trade bills is well known to be one of the 
foundations of financing trade, and supplies a 
large portion of the means whereby the trader is 
able to carry on his business. ere may be 
traders who are unable to offer any such securities 
or sufficient of them, but if they are able to obtain 
someone of established standing and repute, who 
is stated by his banker to be good for the amount 
ay his guarantee will generally be taken. 
ere is the trader also whose whole means are 
employed in his business and who cannot offer any 
of the securities set out above ; but if he can show 
by his balance-sheet that he is doing a lucrative and 
flourishing business, and has a good preponderance 
of easily-realisable assets over liabilities, even he 
can generally obtain the advance he requires, pro- 
viding it is for the p of his business, is 
required temporarily, and is in due proportion to 
the business he is doing. 

It will therefore be seen that even with the 
limitations of the present banking system a wide 
field is available for financing trade. The methods 
employed, too, have the advantage that they reduce 
the evil of overtrading to a minimum. e only 
case requiring greater elasticity is, perhaps, that 
of a trader who can obtain profitable business, 
which he is fully capable of carrying out successfully, 
if he could be accommodated temporarily with the 
necessary capital. It is precisely such cases that the 
credit bank been established to meet; but it 
ought to be easy to devise some means whereby 
this difficulty may be overcome under the present 
banking system of this country. 

The success of all trading banks is due to the inti- 
mate knowledge obtained, and the thorough inspec- 
tion maintained, of the businesses with which they 
are connected. This knowl and inspection are 
greatly assisted by the strictly -enforced legal 





necessity in foreign countries of keeping proper 











420 


ENGINEERING. 


[Ocr. 2, 1914. 








books of account, and this practice could, with 
much advantage, be adopted in this country. 
Foreign traders also, by reason of the close super- 
vision of the credit banks, are compelled to take 
strict measures and devise systems whereby the 
state of the business can be gauged almost from 
day to day, while full and proper balance-sheets are 
prepared, sometimes monthly, or, at any rate, much 
more frequently than in England. All this in- 
formation is imparted to the banker, and in all 
matters where finance plays an important part the 
advice of the banker is sought. The result is that, 
when assistance is required, either as monetary 
help or in reply to inquiries respecting the business 
and its financial standing, this knowledge enables 
such assistance to be safely given to the full 
extent the occasion requires, and to the great 
benefit of trade generally. The English trader’s 
management of the financial side of the business is 
in sharp contrast to this. Instead of confiding in 
his banker, and affording him every opportunity of 
ascertaining the financial standing of the business, 
the practice would almost seem to be to keep the 
banker in ignorance. Too often is the view taken 
that it is a great mistake to allow the banker to 
have more knowledge of the business than he 
can glean from the transactions in his books. 
This is no doubt due in some measure to the 
curious secretive trait in the English character, 
and in a larger degree to the impersonal rela- 
tions at present existing between the manage- 
ment of joint-stock banks and their clients. 
Whatever the reason, it is undoubtedly a fact that 
this attitude seriously limits the usefulness of the 
banker to the trader, and is the cause of a good 
deal of the rigidity now enforced with regard to 
the advancing of money without security. Indeed, 
the impersonal attitude of the banks may have 
been initiated by reason of the prevalence of this 
secretive habit. 

Thus the establishment of a new form of trading 
bank seems not only inopportune, but to a great 
extent unnecessary, as the present system with some 
amendment might be made sufficient for the financ- 
ing of contracts. But to obtain the fullest results 
from our financial system, particularly to enable a 
resumption of the personal factor in banking rela- 
tions, it is necessary for both sides to change their 
attitude if not their practices. The trader should 
break himself of the habit of reticence, and fully and 
properly keep his banker informed as to his financial 
position, so as to obtain the greatest benefit possible 
from this relation. On the other hand, the banker 
should endeavour to make his system so flexible 
that it will be able to meet every change and phase 
of business as closely as possible, remembering that 
it is essential that more personal relations should 
be established with his customer. If these two 
suggestions could be borne in mind and acted upon, 
the assistance given to trade would result in a 
great stimulus to industry, and a sound increase to 
national prosperity. 





REPEATED STRESSES. 

We believe it was Fairbairn who first proved by 
experiment that structural material subjected to 
alternating loads would fail at stresses very mate- 
rially below the statical breaking strength. If our 
memory serves us, the investigation originated in a 
dispute between this great engineer and the Board 
of Trade, who held that certain bridgework designed 
by Fairbairn failed to comply with their require- 
ments, which made no distinction between the 
effect of live and dead loads. Fairbairn, being an 
engineer of exceptional acumen, was convinced that 
a structure was far more severely tried by live 
than by dead loads ; but a Government department 
ever seeks safety in a rigid adherence to regula- 
tions, however antiquated and imperfect they may 
be. The controversy ended accordingly in Fairbairn 
agrosing to strengthen the structure in question, 
whilst the department consented tosubscribe towards 
the cost of breaking a girder by repeated loadings. 
These experiments established very clearly the accu- 
racy of Fairbairn’s view, but little or nothing further 
appears to have been accomplished in this country 
for some years. In Germany, however, Wéhler 
published in 1871 the results of a very exhaustive 
series of experiments which confirmed and greatly 
extended Fairbairn’s results, and these have formed 
the starting-point for many subsequent researches 
directed to the same end. 

The great difficulty met with in Wohler’s method 
of experiment is the length of time required to 


complete a research. Some of his specimens were 
submitted to as many as 48,000,000 repetitions of 
stress. Many investigators have attempted to 
obviate this great expenditure of time by increasing 
the range of stress to such a limit that failure 
occurs with a more reasonable number of repeti- 
tions. One proposal made, for example, has been to 
determine the stress required to fracture the speci- 
men in 1 million repetitions, whilst at the National 
Physical Laboratory, Berlin, the standard adopted 
has been the number of repetitions of a stress of 
19 tons per sq. in. which will break a specimen. 
It is, however, by no means certain that the order 
of merit of specimens as determined by these short- 
time tests is the same as when the stress is so low 
that some millions of repetitions are required to 
effect fracture. 

In his memorandum to the Manchester Steam- 
Users’ Association, lately issued, Mr. C. E. Stromeyer 
claims to have discovered a method of determining 
from short-period tests the stress limit which a bar 
will carry indefinitely, thus obtaining from short- 
period tests the same information as would be 
afforded by a very prolonged Wohler test. He 
finds that the results of repeated stress experiments 
can be expressed in the form :— 

106 C4 
(Sn — Ki)* 
where + S,, denotes the stresses to which the bar 
is subjected, F; the ‘‘ fatigue limit ” of the material, 
and N the number of repetitions before fracture. 
The ‘‘ fatigue limit ’’ denotes the limit of alternat- 
ing stress which the material will carry indefinitely. 
The formula, it will be seen, comprises only two 
constants—viz., C and F; and these can be deter- 
mined by two experiments, one of which is pre- 
ferably made with a pretty high range of stress, 
and the other with a range which produces fracture 
in, say, one million repetitions. To test the 
formula Mr. Stromeyer prepared his test- 
pieces with a series of six ‘* waists,” each of which 
is broken . turn under the alternating stress by 
gripping the specimen in a special rotating socket, 
the other end being loaded. Wiens each ean, there- 
fore, six sets of results are obtained, each successive 
waist being subjected to a smaller range of stress 
than its predecessor, and requiring a correspondingly 

ter number of repetitions to produce fracture. 

y breaking in this way a single bar in six different 
places errors due to local variations in the quality 
of the material are minimised, though no doubt 
they are not wholly eliminated. Some very inte- 
resting data on this head are given in Mr. 
Stromeyer’s report, from which we reproduce the 
annexed table, showing the very considerable dif- 
ferences in the elastic limit and yield-point of 
eight specimens sawn from the corner ds large 
boiler-plate. 

TaBLE I.—Klastic Limits and Yield-Points of Specimens 
from a Large Boiler- Plate. 
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Test Results. | Differences from Mean. 
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7 | 122) 225 | 27.9) 2445 | +26) +18)/-04] 0 
8 | 11.9 | 19.4) 283) 26.7 O | -122 | +1.1/+122 
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With the notched-bar test, again, successive frac- 
tures of the same bar often show very substantial 
variations in the amount of work required to pro- 
duce fracture, a circumstance which, to some 
d , limits the usefulness of this very convenient 
and searching test. It is, in fact, too drastic in 
character to serve as a basis for specifications, since 
a very large margin between maximum and mini- 
mum results would be required to cover the varia- 
tions found in steel of recognised excellent quality. 
The Wohler test appears less exacting, and . 
Stromeyer’s results yield reasonably straight lines 
when the repetitions required for fracture are 


plotted against 
mm 2 





The important factor in the Wéhler teste is the 


value of Fi. The direct determination of this con- 
stant necessitates the execution of experiments 
extending over a year or 18 months, and is therefore | 
impractical from the commercial standpoint. The 
short-period tests, as hitherto carried out, do not, 
however, discriminate good material from bad. This 
was strikingly shown in some results brought before 
the Institution of Mechanical Engineers in 1909 by 
Dr. J. E. Stead, of Middlesbrough, in a discussion of 
a report by the Alloys Committee. A number of steel 
bars, of which one-third contained 0.04 per cent. 
of phosphorus, another third 0.30 per cent., and 
the remainder 0.5 per cent., were tested in various 
ways. In the Wohler test the high-phosphorus 
steel withstood more than 104 times the number of 
repetitions required to fracture the low-phosphorus 
bars; whilst in impact tests, and in Professor 
Arnold’s alternating-strain test, the low-phosphorus 
bars showed a very marked superiority. As every- 
one knows, the high-phosphorus metal is exceedingly 
unreliable, and the apparently good results obtained 
in the Wohler test were wholly, indeed dangerously, 
misleading. It should, however, be noted that in 
the case in question the Wéhler test was carried 
out under such a stress that fracture took place in 
from 60,000 to 650,000 repetitions. It is conceiv- 
able that had the stress been lowered so that 
millions of repetitions were needed, the low-phos- 

horous steel might have made a better showing. 

t would be of very great interest if a set of experi- 
ments could be made with a similar range of mate- 
rials by Mr. Stromeyer’s method, so as to discover 
whether the values of the fatigue limit under 
an infinite number of stress repetitions really 
affords a clue as to the structural value of the 
material. 

Although the value of this fatigue limit would 
appear from Mr. Stromeyer’s data to be deter- 
minable from short-period tests, the time needed 
even for 50,000 repetitions of stress constitutes a 
material drawback to the commercial adoption of 
the method. 

Great interest attaches, accordingly, to another 
method of determining this limit, described in a 
later portion of Mr. Stromeyer’s memorandum. As 
Lord Kelvin pointed out years ago, the stretching of 
a bar within its elastic limit cools it, whilst a com- 
— heats it, and this fact has very ingeniously 

m made use of by Professor E. G. Coker for the 
measurement of stresses and the determination of 
the elastic limit. The latter operation is feasible, 
because whilst stretching a bar cools it, so long as 
the elastic limit is not passed, heat is developed 
so soon as a permanent set begins to be developed. 
It is, indeed, a commonplace of the laboratory that 
the broken end of a tensile testing-piece is too hot 
to hold at the instant of fracture. 

Since an elastic stretch of a body cools it, and 
an equal elastic compression heats it to an equal 
degree, a bar under alternating stress should main- 
tain its temperature unaltered so long as the range 
of stress does not exceed the elastic range of the 
material, and this is the basis of Mr. Stromeyer’s 
new method of determining the fatigue limit of a 
specimen. To this end the test-piece is surrounded 
with a loosely-fitting jacket of rubber, through 
which a current of water is maintained. The 
specimen is subjected to an alternating stress, the 
limit of which is increased until a rise of tem- 
perature equal to ;45 deg. Cent. is observed in the 
issuing water. This indicates that the range of 
stress is exceeding the elastic range of the material, 
and this range as thus determined is, Mr. Stro- 
meyer finds, identical with the fatigue limit as 
fixed by very prolonged Wohler tests. The 
method has, he says, the advantage of yielding the 
required result very rapidly, an hour being ample 
for the operation, and the method is therefore 
suitable for industrial use. 

Of course the | ye still remains as to how 
far the fatigue limit constitutes a trustworthy 
guide as to the suitability of the material for various 
ends. Indeed, Mr. Stromeyer quite properly 
points out that other considerations besides the 
capacity of enduring fatigue have to be taken into 
consideration in deciding on the suitability of a 
metal for a particular purpose. Thus, for a 
crank-shaft a material with a high fatigue limit 
is desirable, whilst for a mechanism ex to 
sudden shocks—such, for instance, as a clutch— 
it is advisable to sacrifice this property in favour of 
a capacity for taking punishment. In fact, where 
severe shooks have to be withstood, it is impossible 
to avoid straining even the strongest metal beyond 
its elastic limit, and a high limit is of no value, 
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since it is sure to be exceeded, and is commonly 
associated with a certain lack of ductility. 

The following table gives the values of C and 
F, for various materials, as determined by Mr. 
Stromeyer for use in his formula :— 


TasLe Il.—Summary —- and Bending Fatigue 
‘ests. 
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Fatigue. Fatigue. 
Materials. cininiitmaatitien aa 
m | oO. | mh | o 
aa r tis ; tns. p. tns. p. 
8q. in. | sq. in. 
Chrome-nickel steel, F5117 .. —..|12.60" 0.50| — | — 
Nineteen samples of chrome-nickel 
steel oe - a .-| 1L.37* 0.70 -- — 
Manganese steel, F 5109. . yA or Ee -- 
t steel .. ee os \ y os -- 
ss - SS 3 ci eertas) — | — 
Mild-steel plates. High results, .-| 9.69 1.26 | 14.08 4.70 
cs - eo i ..| 9.71 | 1.65 | 13.86) 5.46 
-” : ra ” RR ..{1108 | 1.11 | 18.82] 5.71 
” ” ” » L..| &16/ 1.65 | 14.89! 4.36 
— ——_ | —_|—_ 
Mean for above mild steels ..| 9.65 1.37 [14.04 | 5.06 





Mild-steels. Exceptional qualities, Y| 7.56 240 | 13.30 5.40 

















pm 9 e F) 8.64 1.26 | Doubtful 
Mild-steel plates. Low results, J -| 7.01 | 1.36 | 9.36) 5.31 
oe et te » ww A «| 7.00 | 1.26] 898) 479 
pe » oo» T «| 683 | 203] 896] 5.18 
ee a U_ ..| 698 | 169 | 8.15| 5.61 
Ray ape a Z 5.54 | 1.43 | 9.69) 4.53 
i. a <a. 5.90 | <b 7.42 | 5.17 
aanntanas: funsesnine| wgeemenss 
Mean ‘ai oe as --| 6.47 | 1.56 nate 5.09 
Mild-steel rods, LF 6.83*| 1.60 = | a 
” ” 5.97* 0.97 ties — 
Pure-nickel rods, NI... 6.22*| 1.83) — —_ 
Farnley iron rods, F A Bt se 6.00*| 061 | — — 
Copper rods, as rolled, CUt .. 5.50", 0.41 _ | = 
- annealed, C Ut .. 2 69*| 0.97 | — _ 
Aluminium rods, as rolled, AL 2.16" 0.13 -i= 
Cast iron (one sample), OI . 3.98" 1.61 -- — 
ha na 
Phosphor-bronze rods, as rolled, PB..| 7.82*| 0.78 | — _ 
Magnalium rods, as rolled, MA 4.21*| 0.77 | — — 
Duralium rods, as rolled, DA .. | 5.80*| Nega-| — — 
tive | 








* These fatigue limits were determined calorimetrically. 
t See Table V. 

It will be seen that Mr. Stromeyer finds a 
material difference between the results of tor- 
sion tests and bending tests. This point is not 
without its interest in connection with the much- 
vexed question as to the actual nature of the 
process by which metals fail. With some metals, 
certainly, this failure appears to be primarily due 
to shear ; but there are other metals with which 
the experimental evidence agrees better with 
Rankine’s hypothesis, that the tensile stress is the 
measure of the strength of the material. There 
seems little or no evidence in favour of St. Venant’s 
view that the maximum strain is the true criterion 
of strength, though this is the view that has com- 
mended itself to many mathematicians. 

A very interesting matter mentioned in Mr. 
Stromeyer’s memorandum is that there is some 
evidence that certain varieties of steel can undergo 
a certain ‘‘ healing” process with time. Practical 
experience has led many engineers to believe that 
this view is correct; but hitherto such experimental 
evidence as has been available has rather negatived 
the supposition. It is, of course, well known that 
the elastic properties of a steel rail improve for 
a day or two after it leaves the rolls; but bars 
subjected to alternating stress, and then given a 
long period of rest, have hitherto afforded little or 
no evidence of a recovery of their original elastic 
properties, breaking with about the same total 
number of stress repetitions as if these had pro- 
ceeded without interruption. Nevertheless, there 
were not a few practical and theoretical considera- 
tions which gave support to the view that there 
should be some elastic recovery of the kind in ques- 
tion. With his thermal method of testing, Mr. 
Stromeyer has found distinct evidence of this, 
certain specimens when again tested, after an inter- 
ruption of 18 hours, showing only a normal develop- 
ment of heat. In other cases, however, there was 
no sign whatever of any recovery from the effects 
of the previous straining. Unfortunately, none of 
the specimens which p hr signs of an elastic 
recovery were of ordinary mild steel, and further 
experiments on this very interesting point are 
highly desirable. 





TRON-ORE DEPOSITS IN FRANCE. 

Amone the papers which were to be read at the 
Paris meeting of the Iron and Steel Institute a 
few weeks ago was one written by Mr. Paul Nicou, 
mining engineer, Paris, describing the iron-ore 


‘* Minette basin.” 





deposits of Eastern and Western France. The 


paper opens with the following statement :—‘‘ Now | freel 


that France has become—during the last few years 
and owing chiefly to the development of the cal- 
careous ores of the Briey ore-field—one of the 
rincipal ore-exporting countries, it will soon 
me a matter almost of necessity for the leading 
ore-importing countries to arrange to secure a 
share of the output in proportion to their respec- 
tive requirements.” This was written before the 
war broke out, and the Eastern, or French Lor- 
raine ore-basin dealt with by the author having 
been since the commencement of hostilities one 
of the battle centres—it extends from Longwy, 
in the north, along the Franco-German frontier— 
most of the headworks, kilns, furnaces, and power- 
stations have, no doubt, and very unfortunately, 
suffered heavy damage, and will have to be repaired 
or totally rebuilt before any further operation can 
be proceeded with. Some time must now necessarily 
elapse before the French concessionaire companies 
can apply the Lorraine iron ores to their own needs 
or to export any quantity. 

The Lorraine ore-basin is divided into three dis- 
tricts—the Longwy district to the north, the Briey 
district in the centre, and the Nancy district to the 
south. Over the whole zone 114 concessions have 
now been granted, covering an area of about 68,356 
hectares (169,000 acres). The formation extends 
beyond the French frontiers, and covers large areas 
in the Grand Duchy of Luxemburg and in German 
Lorraine; it also extends over a comparatively 
small area in Southern Belgium, as shown by the 
map attached to the paper. In Luxemburg the 
area which can usefully be worked covers 3600 
hectares (8900 acres); in German Lorraine the 
figure is 43,000 hectares (106,260 acres), and in 
Belgium 300 hectares only (740 acres). The whole 
formation in France, Belgium, Luxemburg, and 
German Lorraine constitutes what is called the 
The ore mined in the Belgian, 
Luxemburg, and German areas is stated to be less 
rich in iron than that of the Briey basin. This is 
illustrated by the fact that works in Luxemburg 
and German Lorraine which had been put down to 
deal with their own local ores have since acquired 
participations in a number of French Lorraine 
deposits. Westphalian works also have repeatedly 
endeavoured to obtain from the French basin a 
portion of their supplies. 

From a geological point of view, the author 
states, the ‘* minette” deposits form a portion of 
the great Paris basin, bounded to the north-east 
by the primary rock of the Ardennes, and by the 
Eifel oat the Vosges. The beds outcrop at various 
places, the formation being the more recent the 
nearer Paris is approached. In French Lorraine 
the beds belong to three different geological 
systems, in one of which the ironstone mainly 
occurs, with a fairly uniform dip towards the west 
of about 1 to 1.5 in 100. The ore contains from 
1.7 to1.9 percent. of phosphorus. The percentage 
of iron seldom exceeds 42 in the ore which has 
been dried at a temperature of 110 deg. Cent.; 
it is very generally between 33 and 40 per cent., 
and falls below 30 per cent. in some iron-bearing 
limestones used as fluxes, mined in some portions 
of the Nancy basin, whereas in other portions of 
the zone and, generally speaking, in Briey, the per- 
centage of iron ordinarily runs between 36 and 
40 per cent. 

Dealing separately with the regions in French 
Lorraine, the author states that the ore of the 
Nancy zone is generally freely silicious, containing 
from 12 to 16 per cent. of silica and from 6 to 9 per 
cent. of lime. At certain points it becomes cal- 
careous, as, for instance, below the forest of 
Haye, where analyses have shown it to contain 
14 per cent. of lime and 10 per cent. of silica ; the 
iron ea rarely exceeds 37 per cent. in the 
ore dried at 110 deg. Cent. e Nancy zone 
appears to contain 200,000,000 tons of ore. The 
annual output is approximately 2,000,000 tons, the 
great bulk of which is dealt with in local iron 
works ; a small proportion is carried, chiefly by 
water, to the blast-furnaces of the North of France, 
the Ardennes district, and abroad. In 1913 the 
quantity exported was 343,000 tons, of which 
106,000 tons were sent to Belgium and 237,000 tons 
to Germany. 

In the Briey zone there are three sub-divisions 
—those of Orne, Landres, and Tucquegnieux. The 
Orne sub-division is situated to the south of the 
Avril fault ; the seam has an average thickness of 
from 3 m. to 5 m. (10 ft. to 16 ft.), the percentage 





of iron ranging from 34 to 40 per cent. The ore is 
y calcareous except towards the west, where 
the percentage of silicon increases. The Landres 
sub-division lies to the west of the Bonvillers and 
Norry faults ; the thickness of the seam varies from 
5 m. to 9 m. (16 ft. to 30 ft.), but towards the west 
it falls to 3 m. or 4m. (10 ft. to 13 ft.). Accord- 
ing to the areas where the ore is mined, the dried 
ores show about 12 per cent. of lime, 6 per cent. 
of silica, and 35 to 42 per cent. of iron, or 17 per 
cent. of lime, 6 per cent. of silica, and 31 to 35 per 
cent. of iron. In the Tucquegnieux sub-division, 
the seam has a thickness afte 6 m. to 7 m. (20 ft. 
to 23 ft.), the gangue being distinctly calcareous 
generally. One pit, at Erronville, which started 
working in 1912, yielded ore containing from 36 to 
39 per cent. of iron. The Briey zone is estimated 
to contain 2000 million tons of ore. 

In the Longwy zone there are, as in the two 
preceding ones, several seams of different character, 
some in which the percentage of iron varies 
between 20 and 28 per cent., others containing 
32 to 40 per cent. of iron with 13 to 20 per cent. 
of silica, and 3 to7 per cent. of lime, the thick- 
ness of the seams varying from 1 m. to 4 m. 
(3 ft. to 13 ft.) reaching 7 m. (23 ft.) in some 
instances. The estimated quantity of ore in the 
Longwy zone is 275,000,000 tons. In 1913 there 
was exported from this part of the French 
Lorraine basin to Germany 271,000 tons; to 
Belgium, 175,000 tons ; and to Luxemburg, 58,000 
tons. 

A fourth zone is styled the Crusnes zone, which lies 
in the neighbourhood of the Landres district above 
referred to, and where less work has been carried 
out so far than in the three other portions of French 
Lorraine. It is estimated to contain 500 million 
tons of ore, mostly silicious, and in which the iron 
content varies from 30 to 38 per cent. 

The iron ore available in the French Lorraine 
basin will therefore be seen to amount to a total of 
close upon 3000 million tons. Belgium has become 
practically dependent on the Lorraine ores, and 
in 1912 she took from the French basin 4,351,000 
tons. The French Lorraine basin, says the author, 
may become in the near future one of the largest 
contributors of iron ore to the United Kingdom. 
The Lorraine mines are, no doubt, in a less 
favourable condition, from the point of view of 
transport facilities, than other French mines, since 
Homécourt, the centre of the French Lorraine 
basin, is about 400 km. (250 miles) by rail from the 
harbours of Dunkirk or Calais, and no direct water- 
way is so far available to the sea from the Briey 
mines, from which alone exports to England would 
be contemplated. In Belgium the available ship- 
ping ports for transit to this country are Antwerp, 

hent, and Bruges, and, as a matter of fact, some 
ore shipments have already been made to Great 
Britain from these porte. 

The other iron-ore basins dealt with by the author 
are those in Normandy, Anjou, and Brittany, on 
the Atlantic Coast of France. A large portion of the 
iron ore mined in Normandy is dealt with in the 
blast-furnaces which form part of iron works located 
in the North of France; other blast-furnaces for 
treating it are in course of construction in the vicinity 
of Caen. Some of the Normandy iron ore was ship 
until recently to the Thyssen works in Westphalia, 
and an increasing proportion has been shipped to 
Great Britain. The Normandy hematites of St. Remy 
contain from 52 to 55 per cent. of iron, 10 to 12 
per cent. of silica, 3 per cent. of alumina, 2.5 per 
cent. of lime and magnesia, 0.6 to 0.7 per cent. of 
phosphorus, and 3 per cent. of water. Those of 
other mines have a poeentoge of iron of from 
46 to 51 per cent., whilst: still other mines yield 
other classes of ores. The iron-ore resources of 
Normandy are difficult to estimate ; according to 
one calculation, they amount to 220,000,000 


tons. 
Those of — and Brittany are more difficult 
to estimate still. The ores from these districts are 


y dealt with at the Trignac Iron Works, 
ocated in close proximity to the Chantier et 
Ateliers de St. Nazaire, and are partly exported 
to Great Britain and to Germany. They consist of 
oolitic iron ore, hematite and magnetite, either 
intermixed or separate, the colour varying from 
dark grey to yellowish red, the percentage of iron 
a at times 61 per cent., but usually amount- 
ing to 52 and 55 percent. They are highly silicious, 
containing frequently from 13 to 20 per cent. of 
silica. ey are slightly calcareous, containing 
1 per cent. of lime ; slightly clayey, containing 
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from 2 to 4 per cent. of alumina. The phosphorus 
content varies from 0.6 to 0.7 per cent. 

The Normandy, Anjou, and Brittany basins 
yield annually over one million tons of ore; of 
this quantity, about two-thirds is utilised in other 
French districts or exported. 

Besides the above main French iron-ore deposits, 
there are others, very much less important from 
the point of view of available quantities, in the 
South of France, in the Pyrenees, and in the Var 
Department on the Mediterranean. The Pyrenees 
iron ore is remarkably free from phosphorus, and 
ss the whole of it, with that of the Var 

epartment, is dealt with in French iron works. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. V 


By Freverick Witiiam Lancuester, M. Inst. C.E. 
THe PrincieLe or ConcenTRATION. 


Ir is necessary at the present juncture to make a 
digression and to treat of certain fundamental con- 
siderations that underlie the whole science and 
practice of warfare in all its branches. One of the 
great questions at the root of all strategy is that 
of concentration; the concentration of the whole 
resources of a belligerent on a single pu 
or object, and concurrently the concentration of 
the main strength of his forces, whether naval 
or military, at one point in the field of opera- 
tions. But the principle of concentraion is not in 
itself a strategic principle; it applies with equal 
effect to purely tactical operations; it is on its 
material side based upon facts of a purely scientific 
character. The subject’ is somewhat befogged by 
many writers of repute, inasmuch as the two distinct 
sides—the moral concentration (the narrowing and 
fixity of purpose) and the material concentration— 
are both included under one general heading, and 
one is invited to believe that there is some peculiar 
virtue in the word concentration (like the blessed 
word ‘* Mesopotamia”), whereas the truth is that 
the word in its two applications refers to two 
entirely independent conceptions, whose under- 
lying prineiples have nothing really in common. 

The importance of concentration in the material 
sense is ed on certain elementary principles 
connected with the means of attack and defence, 
and if we are properly to appreciate the value and 
importance of concentration in this sense, we must 
not fix our attention too closely upon the bare fact 
of concentration, but rather upon the underlying 
principles, and seek a more solid foundation in the 
study of the controlling factors. 

There is an important difference between the 
methods of defence of primitive times and those of 
the present ~. which may be used to illustrate the 
point at issue. In olden times, when weapon directly 
answered weapon, the act of defence was positive 
and direct, the blow of sword or battleaxe was parried 
by sword and shield; under modern conditions 
gun answers gun, the defence from rifle-fire is rifle- 
fire, and the defence from artillery, artillery. But 
the defence of modern arms is indirect: tersely, 
the enemy is prevented from killing you by your 
killing him first, and the fighting is essentially 
collective. As a consequence of this difference, 
the importance of concentration in history has been 
by no means a constant quantity. Under the old 
conditions it was not possible by any strategic plan 
or tactical manoeuvre to bring other than approxi- 
mately equal numbers of men into the actual fightin 
line ; one man would ordinarily find himself aauel 
to one man. Even were a General to concentrate 
twice the number of men on any given portion of 
the field to that of the enemy, the number of men 
actually wielding their weapons at any given in- 
stant (so long as the fighting line was unbroken), was, 
roughly speaking, the same on both sides. Under 
present-day conditions all this is changed. With 
modern long-range weapons--fire-arms, in brief— 
the concentration of superior numbers gives an 
immediate superiority in the active combatant 
ranks, and the numerically inferior force finds 
itself under a far heavier fire, man for man, than 
it is able to return. The importance of this differ- 
ence is greater than might casually be supposed, 
and, since it contains the kernel of the a ques- 
tion, it will be examined in detail. 

In thus contrasting the ancient conditions with 
the modern, it is not intended to suggest that the 
advantages of concentration did not, to some 
extent, exist under the old order of thi 


example, when an army broke and fled, undoubtedly 
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any numerical superiority of the victor could be 
used with telling effect, and, before this, pressure, 
as distinct from blows, would exercise great influ- 
ence. Also the bow and arrow and the cross-bow 
were weapons that possessed in a lesser degree the 
properties of fire-arms, inasmuch as they enabled 
numbers (within limits) to concentrate their attack 
on the few. As here discussed, the conditions 
are contrasted in their most accentuated form as 
extremes for the purpose of illustration. 

Taking, first, the ancient conditions where man 
is opposed to man, then, assuming the combatants 
to be of equal fighting value, and other conditions 
equal, clearly, on an average, as many of tho 
‘**duels” that go to make up the whole fight will 
go one way as the other, and there will be about 
equal numbers killed of the forces engaged ; so that 
if 1000 men meet 1000 men, it is of little or no im- 
portance whether a ‘‘ Blue” force of 1000 men 
meet a ‘‘Red” force of 1000 men in a single 
pitched battle, or whether the whole ‘‘ Blue” 
force concentrates on 500 of the ‘‘ Red’”’ force, and, 
having beaten them, turns its attention to the 
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other half; there will, presuming the ‘‘ Reds” 
stand their ground to the fast, be half the ‘* Blue ” 
force wiped out in the annihilation of the ‘‘ Red” 
force* in the first battle, and the second battle 
will start on terms of equality—i.e., 500 ‘‘ Blue” 
against 500 ‘‘ Red.” 

Now let us take the modern conditions. If, 
again, we assume equal individual fighting value, 
and the combatants otherwise (as to ‘‘ cover,” &c.) 
on terms of equality, each man will in a given 
time score, on an average, a certain number of 
hits that are effective ; consequently, the number 
of men knocked out per unit time will be directly 
proportional to the numerical strength of the 
opposing force. Putting this in mathematical 

e, and employing symbol b to represent 
the numerical strength of the ‘* Blue” force, and r 


for the *‘ Red,” we have :— 

“ =-FfFxe - @) 
and 

a 

_™ Ee F - (2) 


in which ¢ is time and c and k are constants 
(c = k if the fighting values of the individual 
units of the force are equal). 

The reduction of strength of the two forces may 
be represented by two conjugate curves following 
the above equations. In Fig. 2 (a) graphs are given 
representing the case of the ‘‘ Blue” force 1000 
strong encountering a section of the “‘ Red ” force 
500 strong, and it will be seen that the ‘‘ Red” 





* This is not strictly true, since towards the close of 
the fight the last few men will be attacked by more than 
ir own number. he main principle is, however, 
un 








force is wiped out of existence with a loss of only 
about 134 men of the ‘‘ Blue” force, leaving 866 to 
meet the remaining 500 of the ‘‘ Red ” force with an 
easy and decisive victory ; this is shown in Fig. 2 
(b), the victorious ‘‘ Blues ” having annihilated the 
whole ‘‘ Red ” force of equal total strength with a 
loss of only 293 men. 

In Fig. 3 a case is given in which the “‘ Red’ 
force is inferior to the ‘‘Blue” in the relation 
1: JZ say, a‘*Red” force 1000 strong meet- 
ing a ‘‘ Blue” force 1400 strong. Assuming them 
to meet in a single pitched battle fuught to 
a conclusion, the upper line will represent the 
‘* Blue” force (numbers being read on the left-hand 
scale), and it is seen that the ‘*‘ Reds” will be anni- 
hilated, the ‘‘ Blues ” losing only 400 men. If, on 
the other hand, the ‘‘ Reds” be numerically 
greater, but the ‘‘ Blues” by superior strategy 
compel the ‘‘ Reds” to give battle divided—say 
into two equal armies—then in the first battle the 
700 ‘* Reds ” will be annihilated with a loss of only 
300 to the ‘‘ Blues” (numbers being read from the 
right-hand scale), and in the second battle the two 
armies will meet on an equal numerical footing, and 
so we may presume the final battle of the campaign 
asdrawn. In this second case, the result of the 
second battle is presumed from the initial equality 
of the forces ; the curves are not given. 

In the case of equal forces the two conjugate 
curves become coincident ; there is a single curve 
of logarithmic form, Fig. 4 ; the battle is prolonged 
indefinitely. Since the forces actually consist of 
a finite number of finite units (instead of an infinite 
number of infinitesimal units), the end of the curve 
must show discontinuity, and break off abruptly 
when the last man is reached ; the law based on 
averages evidently does not hold rigidly when the 
numbers become small. Beyond this the condition 
of two equal curves is unstable, and any advantage 
secured by either side will tend to augment. 

In Fig. 5 a pair of conjugate curves have been 
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plotted backwards from the vertical datum repre- 
senting the finish, and an upper graph has been 
added representing the total of the ‘‘ Red ” force, 
which is equal in strength to the ‘‘ Blue” force 
for any ordinate, on the basis that the “Red” 
force is divided into two portions as given by 
the intersection of the lower graph. In Fig. 6 
this diagram has been reduced to give the same 
information in terms per cent. for a ‘* Blue” 
force of constant value. Thus in its application 
Fig. 6 gives the correct percentage increase neces- 
sary in the paper fighting value of, for example, 
an army or fleet to give equality, on the assump- 
tion that political or strategic necessities impose 
the condition of dividing the said army or fleet 
into two in the proportions given by the lower 
graph, the enemy See able to attack either por- 
tion with his full strength. Alternatively, if the 
constant (= 100) be taken to represent a numerical 
strength that would be deemed sufficient to ensure 
victory against the enemy, given that both fleets 

e in their full strength, then the upper graph 
gives the numerical superiority needed to be equally 

















Oct. 2, 1914.] 


ENGINEERING. 


423 








sure of victory, in case, from political or other 
strategic necessity, the fleet has to be divided in 
the proportions given. In Fig. 6 abscisss have no 
quantitative meaning. 

There are many who will be inclined to cavil at 
any mathematical or semi-mathematical treatment 
of the present subject, on the ground that with so 
many unknown factors, such as the morale or 
leadership of the men, the unaccounted merits or 
demerits of the weapons, and the still more un- 
known ‘‘ chances of war,” it is ridiculous to pretend 
to calculate anything. The answer to this is 
simple : the direct numerical comparison of the 
forces engaging in conflict or available in the event 
of war is almost universal. It is a factor always 
carefully reckoned with by the various military 
authorities ; it is discussed ad nauseam in the 
Press. Yet such direct counting of forces is in 
itself a tacit acceptance of the applicability of 
mathematical principles, but confined to a special 
case. To accept without reserve the mere ‘‘ count- 
ing of the pieces” as of value, and to deny the 
more extended application of mathematical theory, 
is as illogical and unintelligent as to accept broadly 
and indiscriminately the balance and the weighing- 
machine as instruments of precision, but to decline 
to permit in the latter case any allowance for its 
known inequality of leverage. 

In the equations (1) and (2), two constants were 
given, c and k, which in the plotting of the figures 
2 to 6 were taken as equal ; the meaning of this is 
that the fighting strength of the individual units 
has been assumed equal. This condition is not 
necessarily fulfilled if the combatants be unequally 
trained, or of different morale. Neither is it ful- 
filled if their — are of unequal efficiency. 
The first two of these, together with a host of 
other factors too numerous to mention, cannot be 
accounted for in an equation any more than can 
the quality of wine or steel be estimated from its 
weight. The question of weapons is, however, 
eminently suited to theoretical discussion. It is also 
a matter that (as will be subsequently shown) 
requires consideration in relation to the main sub- 
ject of the present articles. 

Any difference in the efficiency of the weapons 
—for example, the accuracy or rapidity of rifle- 
fire—may be represented by a disparity in the con- 
stants c and k in equations (1) and (2). The case 
of the rifle or machine-gun is a simple example to 
take, inasmuch as comparative figures are easily 
obtained which may be said fairly to represent the 
fighting efficiency of the weapon. Now numerically 
equal forces will no longer be forces of equal 
strength ; they will only be of equal strength if, 
when in combat, their losses result in no change in 
their numerical proportion. Thus, if a ‘‘ Blue” 
force initially 500 strong. using a magazine rifle, 
attack a ‘‘ Red” force of 1000, armed with a single 
breech-loader, and after a certain time the ‘* Blue” 
are found to have lost 100 against 200 loss by the 
“Red,” the proportions of the forces will have 
suffered no change, and the may be regarded (due 
to the superiority of the ‘‘ Blue” arms) as being of 
equal strength. 

If the condition of equality is given by 
writing M as representing the efficiency or value 
of an individual unit of the ‘‘ Blue ” force,” and 
N the same for the *‘ Red,” we have :— 

Rate of reduction of ‘‘ Blue” force :— 


db —~_Nr x constant - (3) 
and ‘* Red,” 

dr __ Wb x constant . (4) 

dt 


And for the condition of equality, 





db _ ar 
bdt rdt 
or 
=3 2.7. 
b r 
or 
Nr=MP - (5) 


In other words, the fighting strengths of the 

two forces are equal when the square of the numerical 
strength multiplied by the fighting value of the indi 
vidual units are equal. 
_ It is easy to show that this expression may be 
interpreted more generally ; the fighting strength of 
a force yt be defined as being proportional to the 
square of its numerical strength x the fighting value 
of its individual units. - ont 

Thus, referring to Fig. 6, the sum of the squares 
of the two portions of the ‘‘ Red” force are for all 





values equal to the square of the ‘‘ Blue” force 
(the latter plotted as constant); the curve might 
equally mt have been plotted directly to this law 
as by the process given. 

As an example of the above, let us take the case 
of an army of 50,000 giving battle in turn to two 
armies of 40,000 and 30, respectively, equally 
well armed ; then the ——_ are equal, since 
(50,000)? = (40,000)? + (30,000)*. If, on the other 
hand, the two smaller armies are given time to 
effect a junction, then the army of 50,000 will be 
overwhelmed, for the fighting strength of the 
opposing force, 70,000, is no longer equal, but is in 
fact nearly twice as great—namely, in the relation 
of 49 to 25. Superior morale or better tactics or a 
hundred and one other extraneous causes may 
intervene in practice to modify the issue, but this 
does not invalidate the mathematical statement. 
The position may be summarised by saying that if 
two equally armed forces meet in battle, their 
relative paper fighting strength is a function of 
their numbers alone, and is equal when the num- 
bers are equal ; likewire, and more generally, the 
paper fighting strength of any force is the product of 
the square of its numerical strength and the fighting 
value of its individual units. 

Let us now take an example in which the fight- 
ing value of the unit is a factor. We will assume 
that, as a matter of experiment, one man using a 
Lewis machine-gun as a shoulder arm can do as 
much mischief in a given time as sixteen riflemen. 
What is, on paper, the number of men armed with 
the Lewis gun necessary to replace a battalion a 
thousand strong in the field? Taking the fighting 
value of a rifleman as unity, let n = the number re- 
quired. The paper fighting strength of the battalion 
is (10007 or, n = A/1:000,000 _ 1000 _ 960, or 
one quarter the number of the opposing force. 

This example is instructive ; it exhibits at once 
the utility and weakness of the method. The basic 
assumption is that the fire of each force is definitely 
concentrated on the opposing force. Thus the 
enemy will concentrate on the one machine-gun 
operator the fire that would otherwise be distri- 
buted over four riflemen, and so on an average he 
will only last for one quarter the time, and at 
sixteen times the efficiency during his short life he 
will only be able to do the work of four riflemen 
in lieu of sixteen, as one might easily have sup- 

This is in agreement with the equation. 

e conditions correspond to those prevalent in the 
Boer War, when individual-aimed firing or sniping 
was the order of the day. 

When, on the other hand, the circumstances are 
such as to preclude the possibility of such concen- 
tration, as when searching an area or ridge at long 
range, or volley firing at a position, or *‘ into the 
brown,” the basic conditions are violated, and the 
value of the individual machine-gun operator 
becomes more nearly that of the sixteen riflemen 
that the power of his weapon represents. The 
same applies when he is opposed by shrapnel fire 
or any other weapon which is directed at a position 
rather than the individual. It is well thus to call 
attention to the variations in the conditions and the 
nature of the resulting departure from the conclu- 
sions of theory ; such variations are far less common 
in naval than in military warfare ; the individual 
unit—the ship—is always the gunner’s mark. When 
we come to deal with aircraft, we shall find the 
conditions in this respect more closely resemble 
those that obtain in the Navy than in the Army; 
the enemy’s aircraft individually rather than col- 
lectively is the air-gunner’s mark, and the law 
herein laid down will be applicable. 

Apart from its connection with the main subject, 
the present line of treatment has a certain fascina- 
tion, and leads to results which, though probably 
correct, are in some d unex If we 
modify the initial hypothesis to harmonise with 
the conditions of long-range fire, and assume the 
fire concentrated on a certain area known to be held 
by the enemy, and take this area to be independent 
of the numerical value of the forces, then, with 
notation as before, we shall have— 

db 


di =bxWNr, 

or ar x Mb, 
or 

Mdb_ Ndr 

eer 


or the rate of loss is independent of the numbers 





engaged, and is directly as the efficiency of the 
weapons. Under these conditions the paper strength 
of the forces is directly proportional to their 
numerical strength ; there is no direct value in 
concentration, qua concentration, and the advantage 
of rapid fire is relatively t. The conditions in 
effect approximate more closely to those of ancient 
warfare. 

Evidently it is the business of a numerically 
superior force to come to close quarters, or, at 
least, to get within decisive range as rapidly as 
possible, in order that the concentration may tell to 
advantage. As an extreme case, let us imagine a 
‘** Blue” force of 100 men armed with the Lewis 
gun as a shoulder aim, opposed by a ** Red”’ 1200 
men armed with the ordinary service rifle. Our 
first assumption will be that both forces are spread 
over a front of given len and at long range. 
Then the ‘* Red” force will lose 16 men to the 
** Blue” force loss of one, and, if the combat is 
continued under these conditions, the ‘* Reds” 
must lose. If, however, the ‘‘ Reds” advance, and 

t within short range, where each man is an in- 

ividual mark, the tables are turned, the previous 
equation and conditions apply, and, even if ‘‘ Reds” 
lose half their effective in gaining the new position, 
with 600 men remaining they are masters of the 
situation ; their strength is 600° x 1 against the 
** Blue” 100? x 16. It is certainly a not altogether 
expected result that, in the case of fire so deadly as 
the modern machine-gun, circumstances may arise 
that render it imperative to come to close range. 

It is at least agreed by all authorities that on 
the field of battle concentration is a matter of the 
most vital importance ; in fact, it is admitted to be 
one of the controlling factors both in the strategy 
and tactics of modern warfare. It is aptly illus- 
trated by the important results that have been 
obtained in some of the great battles of history by 
the attacking of opposing forces before concentra- 
tion has been effected. A classic example is that 
of the defeat by Napoleon, in his Italian campaign, 
of the Austrians near Verona, where he dealt with 
the two Austrian armies in detail before they had 
been able to effect a junction, or even to act 
in conjunction. Again, the same principle is 
exemplified in the oft-quoted case of the defeat 
of Jourdan and Moreau on the Danube by the 
Archduke Charles in 1796. It is evident that the 
conditions in the broad field of military operations 
correspond in kind, if not in degree, to the earlier 
hypothesis, and that the law deduced therefrom, 
that the fighting strength of a force can be repre- 
sented by the square of its numerical strength, 
does, in its essence, represent an important truth. 





FOREIGN MARKETS FOR MOTOR-CARS 
AND CYCLES. 

A Goop deal of attention has been given at one 
time and another to the production in this country 
of motor-cars suitable for use abroad. It appears 
from statistics and reports, however, that still 
more might yet be done in order to secure a fair 
share of the trade which is rapidly developing in 
many quarters. There are many countries which, 
owing to the state of their roads, or their great dis- 
tances and the consequent slowness with which new 
habits spread, are only just beginning to take an 
interest in the new form of locomotion. In these 
cases the design must be specially suited to the 
needs of the country, and cannot merely be an 
English model with a new name. We have through- 
out the Empire, and elsewhere, easily within the 
reach of our manufacturers, a variety of fields from 
which to derive experience, and if we keep our eyes 
open we can learn in some cases lessons from our 
competitors. 

e variety of conditions to be met makes it diffi- 
cult for one pattern to suit various countries. For 
instance, in one the roads in the country districts 
are bad, but in the towns are worse, necessitating 
the employment of a substantially-built car. In 
another, most of the work will be found to be on 
hills on good roads with hairpin bends, in which 
circumstances high — and long wheel bases 
are disadvantages. Elsewhere the country may 
generally be flat, but be intersected by irrigation 
canals, crossed by numerous small arched bridges, 
when ample clearance underneath the car is essen- 
tial. For success in another market it is necessary 
to keep in view the fact that garage charges for 
cleaning are almost prohibitive, while climatic con- 
ditions in other lands require special radiator pro- 
vision, effective side protection against rain-squalls, 
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or unusually liberal tank accommodation must be 
given in view of the distance from source of fuel 
supplies, and so on. It is thus impossible to lay 
down certain lines and say that such a car will suit 
the foreign market. There is undoubtedly a demand 
in certain Jands for a cheap light car. This is 
being met with much enterprise by American 
firms. There is little doubt that we could 
do more in this way than we do at present, for 
in certain countries, such as India, there would 
seem to be a good future for machines of this type. 
In other countries, however, experience with the 
light car seems to end in a demand for something 
more substantial. There are said to be indications 
in South Africa that the light car has had the 
important effect of educating people up to the 
value of the motor, but that with experience the 

ublic comes to prefer a better class of vehicle. 
ixcept in certain European countries, it has to be 
remembered that the roads are usually very trying, 
and though a car may be taken for a demonstration 
run over all kinds of surfaces, the ordinary purchaser 
requires a machine which will .prove serviceable 
with a minimum of repairs and attention over a 
long period. On the ther hand, many people will 
buy a particular make if it has shown up well in 
reliability trials, and it is therefore well to demon- 
strate in this way, if opportunity offers, the degree 
of excellence attained by our products. 

It is stated that advantage of the opportunities 
is seldom taken in connection with the Russian 
market, in mapy parts of which British cars are 
practically unknown. Although we exported cars 
to Russia last year to a value of 118,600. Germany 
exported three timesas many, their aggregate value 
amounting to 650,500). Russia is one of those 
countries where the road question is particularly 
paramount. Most of the roads ap to be of 
an execrable character, usually badly cut up by 
country carts, or deep in mud, and there is 
cobble paving in the towns. A strong car, selling at 
about 4501., seems to have a good market in Russia ; 
but a cheaper car, if one could be made to with- 
stand the wear and tear, would undoubtedly sell well. 
If, however, it proved a failure, not only would its 
own market be lost, but probably also that of other 

tterns of the same nationality. Germany’s success 
in the Russian motor market is due to the activity 
which her merchants evince in other directions. 
They let slip no opportunity of parading their goods 
before the public, endeavour to keep actual ma- 
chines at the larger centres, instead of catalogues 
only, and, in addition, effect quick delivery on 
favourable terms to their agents. Increasing sales 
of German cars are a feature in numerous markets. 
In Spain these cars have been actively pushed. In 
Italy cars were imported from Germany in 1910 to 
the number of 65. In 1911 the number rose to 85, 
while in 1912 it was 170. In the same three years 
our own exports to Italy merely increased from 
15 to 41. 

Our exports of motor-cars, chassis and parts 
total about 3,650,000/. Those of Germany are 
valued at 4,113,3501. Germany’s principal buyer 
is Russia, but next to her comes the United King- 
dom. It is extraordi that with the excellent 
makes of cars produ in this country people 
should think it necessary to buy German products 
of this description. At one time there may have 
been an excuse for so doing, as we were behind- 
hand at the start. There can be no doubt, how- 
ever, that at the present time it is ible to suit 
all tastes and all classes «f purchaser in this country. 
In 1912 Germany sent us passenger-cars to the value 
of 364,9001., and commercial cars worth 12,4501. 
Her. exports of passenger cars to Brazil, a country 
not in a position to satisfy their own needs in this 
direction, amount to about 333,200/., and to the 
Argentine to 310,9501. In addition, she exports 
to four other countries to an aunual value of 
between 100,0001. and 200,000. Her exports of 
commercial cars are not se impressive, totalling 
about 319,0001., the bulk going to Russia and 
Brazil, which together took ir 1912 some 290 out of 
574 such cars exported. While we export in fair 
quantities to some foreign countries, our largest 
markets are parts of the Empire. Our exports 
to Australia were valued last year at 523, -» to 
India at 419,0001., and to South Africa at 
307,1001. France comes next in our list, taking 
from us cars, &c., to the value of 186,1001. France 
takes more expensive cars ting the same 
value from Germany. In the tine our trade 
is about one-third the value of that of Germany, 
while in Brazil it is, in comparison with our rival’s, 





bad| that market is valued at 13,400I. 





quite insignificant. From the above figures it will 
be seen that our Australian market is good, but it 
is worthy of note that Germany has sent a steadily 
increasing number of cars to that country, while 
our share of the total business has dropped from 
49.9 per cent. in 1910 to 36.7 per cent. in 1912. 
With so good a field, everything possible in the 
way of improving marketing should be done to 
retain the hold we have and regain some part of 
the trade secured by others. 

Of motor-car engines and parts Germany ex- 
ports to the value of 471,900/. Our exports of 
— are valued at 788,2001., our largest customer 

ing France, who, though so much to the fore in 
the development and production of motor-cars, 
buys from us parts to the value of 221,6001. 
Germany has no such good customer, her best 
being ourselves, with purchases amounting to 
89,8001. However, she sends goods to the value 
of over 10,000]. per annum to no less than twelve 
countries, while our exports are only sent on a 
like scale to nine. The fact that we export parts 
to producing countries, such as France, Italy, and 
the United States, suggests that quality is of assist- 
ance to us in this matter. We send to Italy parts 
valued at 56,000/. per annum, and to the United 
States to the value of 43,5001. Germany likewise 
sends to the United States parts valued at 49,3001. 

It is with some satisfaction that we can record 
that our exports of motor-cycles greatly exceed 
those of Germany. We send cycles abroad to the 
value of 733,3001. Germany exports to the value 
of only 124,600/. Our best markets are again 
Australia and South Africa. Doubtless very shortly 
India will also become an important one ; she even 
now takes cycles to the value of 55,2001. per annum. 
In Germany’s two best markets we have a fairly 
good footing. To Denmark Germany sends motor- 
cycles to the value of 21,350/., while our share in 
In Russia— 
Germany’s only other market of value —her footing 
is more secure compared with our own. Her trade 
there is worth 22,8501. per annum, and ours only 
96001. However, in many other countries the scales 
are turned the other way, as, for instance, in Italy, 
where we do business worth 76,2001., compared 
with Germany’s 83001. It is very gratifying to 
know that in South Africa our share of this trade 
has been 90 per cent. of the total, and in Australia 
nearly 90 per cent.; in New Zealand, 70 per cent.; 
and soon. We trust that this preponderance will 
be retained, and that our share may be extended 
in other markets, some of which are much nearer 
home, and should prove equally valuable. 








NOTES. 
Rieutine a Trutrep Grarn-ELEvaTor. 

In 1913 a very remarkable case of the tilting of 

a large structure occurred at Transcona, on the 
Canadian Pacific Railroad, about 6 miles from 
Winnipeg. The structure in question was a grain- 
elevator, which had been erected in 1912, on foun- 
dations of a type adopted throughout this area for 
buildings of this description. Load tests indicated 
that the sub-strata would carry a load of from 
4to5tons. The actual load im was about 
24 tons per sq. ft. The structure consisted of a 
working-house and a bin-house. The former, 
a building of about 162 ft. in height, covered an 
area of 44 ft. by 90 ft. The bin-house was a struc- 
ture measuring about 200 ft. by 75 ft., and con- 
tained sixty-five circular bins, each 14 ft. 4 in. in 
diameter, and 93 ft. high. The interstices between 
the circular bins wanbules used for storage, and the 
whole building accommodated a million bushels of 
in. This structure was of ferro-concrete, the 
in-house having a weight of about 20,000 tons 
whenempty. In October, 1913, when this building 
ain 875,000 bushels of grain, it began to 
settle. It first settled 4 ft., and then tilted over 
until it was leaning at an angle of 27 deg. to 
the vertical, the movement extending over twenty- 
four hours. The conveyor and roof slid off the top 
of the building, which otherwise showed no damage. 
In its final position, the base of the building on one 
side was 5 ft. above the normal level, while on the 
other it was about 30 ft. below it. The building had 
been erected on a concrete-slab foundation, and 
was thought to rest on stiff clay extending down to 
rock. Subsequent investigation showed that the 
strata were far more treacherous, a layer of wet, 
soft clay extending below the stiff upper stratum. 
Below this was gravel and a soft, whitish clay, con- 
taining a great Seal of water. Under the circum- 


stances, it was decided to underpin the un ed 
working house with pillars carried down to 
rock. In order to do this, piers were first sunk 
outside the building, which was then shored up, 
the lower ends of the shores resting on the piers. 
Holes were then cut in the concrete-slab founda- 
tion and piers were sunk from small shafts and 
tunnels. The bin-house had to be righted in the 
first place, and provided, in the second, with five 
rows of 7-ft. piers extending to bed-rock. It was 
first emptied of the grain it contained, and then 
excavation was carried out on the high side. 
A long and wide trench was carried down on 
this side, after which a line of piers was sunk 
under the low side of the building, which was also 
shored up on this side. When these piers were 
commited excavation on the high side was carried 
under the tilted slab foundation by means of 
drifts, leaving triangular cores of earth, and shoring 
to support the slab at intervals. The building was 
then tilted by jacks on the piers above referred to, 
and others acting on the sides of the outside bins, 
while the material remaining in the cores under 
the high side was removed. In this way the 
building was returned through 15 deg. The other 
piers having been sunk, for the remaining 12 deg. 
the central row of piers was used as the turning- 
point, jacks being employed on the two outside rows 
of piers under the low side. In its final position 
the bin-house will stand considerably lower than 
it did originally, but this fact will not interfere 
with its operation. The interesting particulars of 
this piece of work are derived from our contempo- 
rary, the Engineering News, which, in November, 
1913, contained an illustrated article on the failure, 
and in its issue of August 27 last gave a complete 
account of the work. 


New Dry Dock anp Suip-Reparrine YARD aT 
Vancouver, B.C. 


The Committee of the Privy Council of Canada 
approved, with the sanction of His Royal Highness 
the Governor-General, on September 5, of a report 
from the Minister of Public Works, stating that 
the Amalgamated Dry Dock and Engineering Com- 
pany, Limited, of Vancouver, had lodged, for the 
approval of the Government, all the necessary plans, 
specifications, and estimates of the new dry dock 
and ship-repairing works at Vancouver. These have 
been officially approved, and a subsidy of 4 per cent. 
for thirty-five years will be paid by the Dominion 
Government on the estimated cost of the work. It 
is understood the estimated cost of the complete 
scheme is over 1,100,000/. The dimensions of the 
dry dock are to be :—Length, 1150 ft.; width of 
entrance, 110 ft.; depth over sill at high water, 41 ft. 
The dock will be divided into two parts, 500 ft. and 
650 ft. in length respectively. Mr. A. D. Swan, 
M Inst. C.E., Montreal, who was responsible for 
the construction of several harbour works in this 
country, is the engineer for the works. On account 
of the large volume of commerce now being handled 
at the port of Vancouver, a dry dock such as is 
proposed by the Amalgamated Dry Dock and 
Engineering Company, Limited, will be of great 
benefit to the shipping interests and to commerce 
in general on the Pacific Coast. Numerous 
schemes for dry docks have been proposed from 
time to time during the past five years, but from 
one reason or another have failed to be canied 
out. Now that the whole of the negotiations with 
the Government have been arranged and concluded, 
it is hoped by the shipping interests that construc- 
tion will commence forthwith. It is understood 
that negotiations are now under way for the placing 
of the contracts. 


Tre Locomotive-Burtpine InpusTRY. 


British engineers have been a good deal perturbed 
at times at the orders for locomotives which have 
gone to Germany from customers who usually 

tronise British builders. The reasons for plac- 
ing these orders with German manufacturers have 
been various. Sometimes the choice has been 
due to price, sometimes to promptness of delivery. 
Every now and then there come times when a rail- 
way is short of power and the locomotive staff is hard 
put to it to handle all the traffic offering. Some 
years ago, when our contract shops were booked 
up for months ahead, railways of this country had 
to purchase locomotives in America. Recently the 
South-Eastern and Chatham Company went to 
Germany for a similar reason. e railways at 
home are naturally somewhat reluctant to intro- 





duee foreign stoek on to their systems, for though 
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they may be to their regular specifications and 
drawings, such contracts usually result in getting 
something of a rather different standard either as 
regards material or workmanship, so that the 
class has to stand by itself instead of being merged 
with others in one big whole. The same 
reluctance is not shown by railways on which the 
rapid development of traffic has entailed many 
changes in a short time in the type of power 
adopted, so that standardisation has only become 
possible on a limited scale. On systems in such a 
stage of development it is not so necessary to pay 
for uniformity, and a contract may be decided on 
price and quality without reference to other factors. 
It is therefore natural that, if the price offered is 
favourable, orders should go to Germany from a 
country like South Africa, where, although much 
has been done to reduce the stock to standards, 
the number of classes is still very large. For some 
reason people in this country are under the impres- 
sion that we have a right to a large share of this 
trade in Egypt. Much of the trade of that country 
is actually in our hands, but there is no reasou why 
British locomotive builders should be specially 
favoured by the State Railways. A fair field and no 
favour is to be preferred bythe buyers. Onthe matter 
of price, large locomotive orders have gone to Ger- 
many from Egypt in recent years, and experience, 
we believe, has shown that this has not been a mis- 
taken policy. In 1913 our total locomotive exports 
amounted to about 2,782,000] , and those of Ger- 
many to about 70,0001. less. In certain countries, 
such as India and the Argentine, our trade is on a 
large scale. India took 838,5001. worth of locomo- 
tives in 1913 from us, avd only 11,1001. worth 
from Germany. However, in other years Germany 
has done much more business with India than that. 
Germany’s chief markets in recent years have been 
France, Spain, Brazil, and Chile. In the two latter 
countries we do a certain amount of business, but 
in Spain and France our present business is con- 
fined almost entirely to light contractor’s engines. 
In the Argentine orders have gone to Germany from 
the State lines, but British firms retain most of the 
business with the companies. German trade is 
well spread out over the globe. Turkey, Russia, Italy, 
the Dutch East Indies, Japan, and the Argentine all 
bought German locomotives in 1912 to the value 
of between 50,0007. and 100,000/. Our exports to 
Japan last year amounted to the small figure of 
70001. only. We surely ought to do better than 
that in a friendly market. It is difficult to 
know why our trade does not secure a greater 
share of the orders going. Whenever orders 
are plentiful they seem to pass our shops be- 
cause they are congested. If this becomes a 
regular feature of the trade, customers will soon be 
accustomed to placing orders elsewhere, and we 
shall have difficulty in securing them when only 
few are going. The recently issued Board of Trade 
bulletin on Germany's trade in locomotives gives 
many instances of that country’s successful com- 
petition with usin the matter of price and time. 
If we are to take advantage of the present state of 
affairs, our shops will have to turn locomotives out 
more quickly, if possible, and at 4 price which will 
ensure favourable consideration of tenders when 
Germany re-enters this field. 


TRADE CONDITIONS AND REQUIREMENTS IN THE 
British Dominions. 


Special interest attaches to a series of reports, 
received from our Trade Commissioners in the 
Colonies, regarding the present financial and indus- 
trial condition in British dominions, with particular 
reference to the market requirements of the pre- 
sent moment. As regards Australia, it is pointed 
out that the financial position is strong, the gold 
coin held exceeding 40 millions sterling ; but there 
is a tendency to restrict credit in trade to all 
but the first-class firms, to whom there is little 


likely to continue, although perhaps on a rather re- 
stricted scale. The report from Toronto states that 
the financial conditions generally are rather good, 
but there is an unmistakable spirit of economy 
on the part of the individual, the factory, the 
wholesale house, and the public authority. At the 
same time the Trade Commissioner states that this 
appears to be a good period for a close study of the 
markets by those British houses desirous of doing 
business now and in the future. The importance 
of quoting strictly inclusive prices (to which we 
referred in a previous article) is enjoined in this 
communication from Toronto, and ought to be 
given careful attention. As regards South Africa, 
the Commissioner states that there seems to be no 
doubt that British trade in South Africa will 
receive an enormous impetus as a result of the 


EMERGENCY WORKERS’ HOURS AND 
HUMAN ENDURANCE. 
To THe Epiror or ENGIngERING. 

Sir,—I am one of those who recognised the justice 
of ay + ~ set out in your issue of che 11th inst. (page 
335), t the men in supplying the necessities 
of our forces in constructing munitions of war were serving 
their King and country as effectively as if they volun- 
teered for service in the Army. That the warships now 
in progress, and that the rifles, guns, and other equip- 
ment now being made, should be turned out as rapidly 
and numerously as possible is of vital importance. That 
is beyond dispute. 

But it would be well if those responsible for the 
organisation and management of the factories engaged on 
work for the forces would reflect on the influence of 
unduly stressed human endurance on the efficiency of 
production. Inother words, can work be done as rapidly 
as possible if the men are becoming fatigued or work- 


complications in Europe, although the immediate | ¥'Y 


prospects may not be particularly bright. It is 
worth quoting the imperative conditions which 
must be met by British manufacturers desirous of 
taking advantage of extended possibilities of the 
South African market. These are :—1. The need 
for local representation. 2. The enormous advan- 
tages that, as a rule, follow the visit of a principal 
to South Africa for the purpose of becoming inti- 
mately acquainted with local conditions of trade. 
3. The necessity for meeting foreign competition 
by the supply of articles identical with those being 
exploited by our foreign competitors (e.g., ena- 
melled ware, cheap musical instruments, cheap 
toys, &.). 4. The adoption ofan overhead charge 
in all cases where South African trade custom 
makes it necessary. 5. The study of packing, in 
order that handling, both on the part of the whole- 
saler and retailer, may be reduced to a minimum 
of labour with a maximum of convenience. 6. 
Sympathetic and generous treatment towards 
the local representative, and a strong endea- 
vour to adjust the exporter’s point of view to 
that of the South African merchant. An im- 
portant point, brought out by the Collector 
of Customs at Ceylon, is that in the whole of the 
East cheapness is the main consideration of the 
purchaser. His Majesty’s Consul at Lyons men- 
tions that among the articks for which there is a 
ready market are ironmongery and cycle and motor 
accessories ; and here, again, it is pointed out that 
our competitors have succeeded largely because 
their goods appeal to the mas<es, while English 
makers consider only the better-class buyers, who 
are farless numerous. Again, we have a -uggestion 
that an inferior quality of article, for which there 
is undoubtedly a demand, should be producd to 
meet such conditions. The Director of the Com- 
mercial Intelligence Branch of the Board of Trade 
is ready to give more direct advice on these and 
other matters. 





Tue Jonton InstrruTion oF ENoGingerrs.—We are 
informed that the Council of the above Institution have 
elected the Most Hon. the Marquess of G L., 
C.B., C.V.O., as their President for the year 1914-15, in 
succession to Sir Boverton Redwood, Bart., D.Sc., 
F.R.S.E. The Vickers prize, consisting of a gold medal 
and premium of instraments or books, has been awarded 
to Mr. James Richardson, B.Sc., Asscc. M. Inst. O.E., 
for his paper on ‘‘ High-Power Diesel E ; their 
Development for Marine Service.” Mr. Ri on has 
also been fortunate enough in securing the Institution 
medal for the same paper. The other awards have not 

et been announced. It is interesting to note the excel- 
font progress made with the local sections in Birmingham, 
Manchester and Sheffield. The membership has been 
considerably increased during the year, and the com- 
mittees of each section are arranging a full and interest- 
ing programme for the coming session. 





Tue InstiTvTE or Marine Encrngrrs. —On Monday, 
September 21, at the Institute of Marine Engineers, a 
demonstration was given of the Amalgaline system of 
metal jointing, by Mr. Harden, the inventor of the 


restriction in respect to overdraft. Some of the | Proves’. Before ang Se —— , 
mines, however, are taking steps to work| ofected a coaplete fasion between the surfaces joined. 


short time, and some may even close down. || 


None of the public works in progress are affected, 


but activity in the building trade is falling off. The | used 


report from Sydney indicates an ex tion of a 
severe check in the activity of the industrial and 
commercial community, while that from Adelaide 
states that British shippers of goods to Australia 
in British vessels, who have drawn against the 
documents, need have no fear of the draft not 
being met, as the goods will represent an even 
better value to the consignees now than they 
would under former cuales. Imports are 





n marine work the principal uses to which the system is 
applied are the flanging of pipes, the seaming of lead 
in refrigerating-chambers, and general sanitary 
work. The system all a fw rst adopted by 
Messrs. Doxford, of Sunderland, and the process is now 
in general use meg on the Clyde, the 
the Tees, and the Wear. The system is not con- 
fined to the use of small pipes, but is used in an ordinary 
way on pipes varying in from 3in. to 9 in. Like 
-burning, it is an autogenous process, but instead of 
using an intense local heat the fusion is effected by the 
action of the amalgaline on the surfaces it is in contact 
with, forming an amalgamation between the lead of the 
flange and the lead pipe. 


In many establishments there is absolute continuity of 
manufacture from twelve midnight on Sunday to twelve 
midnight on the following Sunday. No doubt the work- 
men are engaged in shifts—either two or three day ; 
but to continue at high pressure daily, including Saturday 
and Sunday, must have an appreciable effect in reducing 
the amount of work done hour. The men are now 
inclining to absent themselves for a day, in which case 
establishment charges and power-plant expenses are in- 
volved without production on the credit side. In fact, 
I hear of cases where men work on Sunday when an extra 
rate per hour is paid and stay off on a weekday with an 
invented excuse or no excuse at all. Even if they do not 
absent themselves in this way, it is doubtful if, after such 
a long spate of such uninterrupted work as we have had, 
they do more six days’ work in the seven days. 

The idea of writing you on the point and of pressin 
the truth home upon employers occurred to me when 
read of the troops at the front being given much-needed 
rest, notwithstanding the terrible consequence of any 
weakening of our attack on the German lines, or of 
defence against the counter-attack of the enemy. n- 
trast this with the fact that although Monday of this 
week was a public holiday in the Clyde district—designed 
to let men get off from Saturday at midday until Monday 
evening—many of the works continued at work all the 
time. 

An even greater danger than the work-weariness of the 
men is the fatigue of the managers, staff, and the fore- 
men. The men can absent themselves, but the spirit of 
loyalty of the staff and foremen induces them to continue 
uninterrupted service every day, with occasional visits to 
the works at night. The resultant inevitable fatigue 
must have its effect and defeat the main aim—i.e., rapid 
output. Moreover, weariness tends to shorten tempers, 
alike of men and foremen, and there is greater danger of 
disputes and stoppages which may more than wipe out 
the gain of the continuity of working time. 

I hope, in their own interests, the responsible authori- 
ties at all works will at once consider this question of 
the limit of human endurance from the soundly economic 
standpoint ere it is too late. 

Iam, yours traly, 


September 30, 1914. F. W. 


[There is much to be commended in the views ex 
by our correspondent, but there is another side to the 

uestion. Employers, we are sure, would gladly relieve 
the pressure on ‘‘human endurance” if the trade unions 
would recognise their duty to the State by encouraging 
their unemployed members to give their services, or even 
to transfer their services to establishments employed on 
work for the use of the Navy and Army.—Eb. E. | 





THE FINISH OF MACHINE-TOOLS. 
To THe Epitor oF ENGINEERING. 

Sir,—In your article on “ Foreign Trade in Machine- 
Tools,” you refer to the finish of German machines with 
burnt (stoved) enamel and polished steel-work as of no 

anical significance and of a commercial value limited 
to the possibility of favourably impressing an ignorant 
buyer. I venture to suggest that in relation to all 
machine-tools that may be used for fine work that the 
smooth and readily cleaned surface of stoved enamel and 
polished bright work has a distinct and assessable value 
in facilitating cleaning, and that this ie by no means to 
be despised or neglected by machine-tool makers who 
cater for the finer trades in which the uction of 
accurate and highly-finished work ren extreme 
cleanliness essential. The difference peteees peies and 
stoved enamel, and between tooled and poli work, is 
that the former when wiped down retain enough dirt and 
grease to soil the bands, and the latter do not. 

I have the honour to be, Sir, your obedient servant, 

A. H. Surexp. 
10, Richmond-road, Ealing, September 28, 1914. 








GORDON’S FORMULA FOR COLUMNS. 
To Tae Eprror or ENGIngErina. 
a ‘a matter of historical interest, ane ye 
low me to trespass on your space to inquire if any o 
your readers can give me particulars as to where and 
when Gordon published his well-known column formula. 
I am, of course, aware of Rankine’s remark to the effect 
that Gordon revived Tred ’s formula and determined 
the constants from Hodgkinson’s experiments, but 
Gordon’s own work I am unable to find. 

_. Yours faithfully, 





11, Victoria-street, London, 8.W., Sept. 29, 1914. 
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THE FRENCH QUADRUPLE-SCREW 
LINER ‘“ LUTETIA.” 


Tue French liner Lutetia, which we illustrate in 
Figs. 1 to 8 on our two- plate, and on 418 
onl 427, is the latest addition to the fleet of the Com- 
pagnie de Navigation Sud-Atlantique, which is con- 
trolled by the ee Générale Transatlantique. 
She was built by th iété Anonyme des Chantier 
et Ateliers de St. Nazaire, from whose yard at Penhoét 
she was launched in March of last year. Since Novem- 
ber 1, 1913, she has run regularly between France and 
South America as a passenger and mail liner. Her 
dimensions were made as large as was compatible with 
the conditions ruling in the harbours she is destined to 
serve. They are as follow :— 


Length 182.63 m. (599 ft.) 
Breadth 19.50 ” ( 64 ” ) 


She has a displacement of 15,650 metrical tons, and 
is fitted out to carry 296 first-class passengers, 106 
second-claes, 80 intermediate second-class, and 570 
third-class. The crew, including the deck, engine- 
room and saloon hands, numbers 345. 

In regard to speed, the Sud-Atlantique Company 
laid down special conditions in the contract ; their aim 
was to obtaina ship, which, in this respect, constituted 
# material progress upon the other units on the South- 
American lines, and they stipulated that the average 
service speed shou'd be 18 knots for the run from 
Lisbon to Buenos Aires via Dakar and Rio de Janeiro, 
the total voyage to be covered in thirteen days. In 
actual service conditions the runs have been made at 
that speed, and frequently even at higher speede, the 
coal consumption being low, about 0.500 kg. (1.10 lb.) 
per horse-power per hour. 

The first-class cabins are 130 in number, there being 

n addition 32 cabins de /uxe ; these cabins are distri- 
buted as shown in Figs. 4and 5. The ordinary first- 
class accommodation is so arranged as to obviate any 
internal cabins without natural light and ventilation, 
where there are usually two or three cabins, side by 
side. There is in the Lutetia, as shown in Figs. 5 
and 6, a group of three cabins, all having port-holes 
for natural light and ventilation, and opening from one 
vestibule, a central single-berth cabin from the end of 
the vestibule to the side of the ship, and with a double- 
berth cabin on each side of the lobby. The arrangement 
is certainly ingenious. Those on the lower deck (Fig. 6) 
are for one, two, or three passengers each. All the 
cabins are provided with fans and with ducts, through 
which fresh air is delivered by high-capacity fans 
located on the awning deck. Telephones in the cabins 
establish communication with the steward’s quarters, 
and all the toilet basins have a constant supply of hot 
and cold water. 

The saloons, dining-rooms, reading-rooms, smoking- 
rooms, &c., are most comfortable, and are highly deco- 
rated. Their position is shown in Figs. 3 and 4, and 
views in these rooms are reproduced in Figs. 11 to 14, 
on page 427. The ship i4 equipped with a powerful 
wireless telegraphy installation. 

The second-class quarters are claimed to be more 
roomy and better arranged in every respect than those 
on other ships on the South American lines. The 
third-class berth accommodgtion is designed for taking 
570 passengers, there being special quarters for women. 

The f supply storage for a total of 1400 pas- 
sengers during a long sea voyage has been carefully 
arranged. Cold-storage rooms are provided aft, and 
meat, vegetables, fruit, and fish are stored in separate 
compartments (Fig. 8). CO, apparatus maintains the 
temperature in these compartments at about 0 deg. 
Cent. The wine, flour, and other provisions are kept 
in large separate holds, There are galleys for all the 
classes, each fully reg we 

The ship is divided into twelve water-tight com- 
partments. The bulkheads of the forward stokehold 
are provided with rapid-working water-tight doors on 
the Stone-Lloyd system, rated from the bridge, 
which isolate completely the forward part of the 
ship from the aft part. There are eighteen boats, of 
= pues _ ifeboats. ; 

e ho’ or the carrying of ca’ have a capacit 
of 2850 cub. m. (100,65: oa ft.), per b ae don. 
tric cranes, which are fitted on the upperdeck. Special 
—_— - set _— ae carrying the mails, also holds 
of ample capacity for the passengers’ luggage. These 
— holds are served by derricks from the awning- 

eck. 

The electric current for power and lighting is gene- 
rated in a central station, located on the F deck: and 
containing three 120-kw. d os driven by Sautter 
Harlé enclosed engines. The current both for power 
and lighting has a pressure of 110 volts. Hot cold 
sea-water and hot and cold fresh water are distributed 
throughout the whole ship. The greater number of 
the baths are supplied with fresh water. 

We understand that the Lutetia arrived at Bordeaux 
on September 12, and that she bas left again on her 
regul tr service. 


(To be continued.) 
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Norre.—The London Metal Exchange still remains 
closed owing to the European War, so that official 
—— are suspended. Private business of a 
very limited nature has, however, taken place. 
On the 30th ult. the price of English tin ingots 
was 1361. per ton, having fallen from 140l. on the 
4th to 1371. on the 10th, and to 134/. on the 14th. 
Since this time the price has varied from 1341. 10s. 
to 1371. The mt price of Straits metal is 
1351. 10s. a ton for cash. Electrolytic copper stood 
at 541. 10s. on the 30th ult., having ranged from 
541. 15s. to 561. 5s. during the earlier part of the 
month. Best selected was officially quoted at 571. 
to 571. 10s. on the 29th ult., the price having 
gradually fallen to this amount from 591. 10s.-60/. 10s. 
on the 4th ult. Antimony has become rather 
dearer, and English Regulus now stands at 371. 10s. 
to 401. per ton, whereas 35/. was the nominal price 
early in the month. Spelter, on the other hand, 


Fire Parrois ror Factories ENGAGED ON GOVERN- 
MENT Work.—The British Fire-Prevention Committee 
desire it to be known that a certain number of reserve 
firemen (over 35 years of age) of good character and e 
rience, are available from the Committee’s Special Fire 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in ~~ from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Ti 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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SEPTEMBER. 


n-plates are per box of I.C. cokes. 


has fallen in price. American metal only is avail- 
able, and its price on the 30th ult. was 251. 5s. 
per ton, to which figure it has fallen from 291. on 
the 15th ult. Lead has also recently decreased in 
value, the price of English ingots, which was from 
191. 15s. to 201. up tothe 28th, dropping to 191. 15s. 
on the 29th and to 191. 10s. on the 30th. Quick- 
silver is now firm at from 7/. 10s. to 7/. 12s. 6d. 
per bottle. During the greater part of the month 
the nominal price varied from 6/. 12s. 6d. to 
6l. 15s., rising from these figures to 7/. on the 
24th, and to its present price on the 29th. Tin- 
plates vary from 13s. to 13s. 6d. oo box of I.C. 
cokes. e prices of steel « %8 tes and heavy 
steel rails are 7/. 5s. and 61. 15s. per ton respec- 
tively, as shown in the above diagram, which also 
ives the Glasgow settlement prices for pig-iron. 
e Scotch pig-iron warrant markets are open, 
but little business is being done. 





Service Force, to do either part or full-time watch or 
trol service on factories and works engaged upon 
vernment emergency orders. Applications should be 

addressed to the istrar, British Fire-Prevention 

Committee, 8, Waterloo-place, London, 8. W. 
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Fig.3, DECK B. 
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Fg. 5. DECK D. 


























Fig.6. DECK E. 
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THE COMPAGNIE DE NAVIGATION SUD-ATLANTIQUE. 


NTIER pT ATELIERS DE ST. NAZAIRE, ENGINEERS, ST. NAZAIRE. 


escription, see Page 426.) 
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UTILISATION OF HEAT CONTAINED IN 
SLAG.* 
By Watrer L. Jounson (Middlesbrough). 
For many ag past efforts have been made from time 


to time to use heat con in — bye at pre- 
sent is wasted. The late Sir Lowthian evaporated 





brine for the manufacture of salt by means of this heat, 


Fig.1. SECTION THROUGH SLAG STEAM GENERATOR 


the a tus. The steam comes off at G ; at 
first it was intended to use this steam direct in an ex- 

team turbine. After numerous experi ts on 
blades of different metal, it was found that duraluminium 
was affected very slightly, and a 50-kilowatt turbine with 
blades of this material was experimented with. 


The steam produced from ordinary grey Cleveland slag 
contains about 0.5 per cent. by volume of incondensable 
gases, the average analysis of which is :— 




































































































Evaporating Plant 








but it was not a commercial success. Some four years 
ago Messrs. Bell Brothers again began experiments with 
& view to using the steam produced from slag in a low- 
pressure turbine. The slag used was that produced in the 
manufacture of ordinary Cleveland iron, and had an 
average analysis of :— 


Per Cent. 

Silica ... 28.30 
Alumina 24.78 
Ferrous oxide 0.30 
Lime ... ame 32.39 
Sulphide of lime 3.67 
Magnesia... 8.94 
— oxide 0.36 
Alkalies wt 1.26 

100.00 


The apparatus for producing the steam consists of a 
wrought-iron circular vessel B (Figs. 1 and 2). Near one 
of the top plate of Go gnausier BioGe ole through 
which the slag is poured (C) ; on the underside of this top 
te and round the hole a circular ring 4 in. deep is 

, into the water to a depth of 3 in., thus 
forming an hydraulic seal, and preventing the steam from 
escaping ; inside the ulator are :our vanes fixed on a 
vertical shaft D, whic 


xed, which - 


cause the water to rotate. The 
slag comes from the furnace the trough or channel 
A. When the slag drops into water it granulates, 
and ite velocity causes it to sink to a certain depth. Ib 
floats for a a. = the nny of the water causes 
it to come to the ‘ace inside vessel, otherwise it 
would block up the slag entrance ; the granulated 

is then lifted by the elevator E into a second seal F, 

there becomes water-logged, sinks through the seal, and 
is taken by a second elevator and dro into trucks. 
The feed-water is introduced along with the slag at C; 
the surplus water which drains from the truck is also 
pum back to C by a small pump fixed to the side of 





* Paper contributed to the Iron and Steel Institute, 
and now open for discussion by correspondence. 
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Sulph ted hyd — 
ulphuret: ydrogen ie 
Hydrogen ad % 55 
Nitrogen... ie 16 


To deal with these gases a very big air-pump would be 
required, so it was essential pre oe them between the 
condenser and the air-pump. This was done by —- 
first with milk-of-lime, to absorb the sulphure 
bh and then passing the” remainder ha 
tube containing calcined Cleveland ironstone heated to 





@ temperature of about 750 deg. Cent., and recondensing 





Fig.3 


the water produced. The ni was dealt with by the 
air-pump. Under these conditions the plant ran for two 
— - the end of that —_ > ‘one 
out, openings were fo to y blocked 
u vith Go cdaiven which had caused some wear of the 
es. The sulphur, which it was im ible to eliminate 
by filtering the steam, was produced by the reaction :— 








KESTNER EVAPORATOR. 





(4171.4) ° 


, this reaction being the probable cause of the entire 


absence of sulphur dioxide in the steam. The direct 
method was then abandoned, and a water-heater and 
heat-exchanger were introduced between the turbine and 
the primary generator. The water-heater consists of an 
outer casing and tube-plates with tubes 1} in. in diameter 
fixed therein, placed vertically, the total heating surface 
being 156 sq. ft. 

The cne shown in the illustration is an improvement, 
but the ome above described was in order to see 
what action, if any, there was on the tubes. They were 
examined every week, but did not show any undue corro- 
sion; there was, however, a deposit of fine sulphur on 
the shell and tubes. 

The calandria, Fig. 4 (a Kestner single-effect climbing 
film evaporator, Fig. 3) consists of two parts, the calandria 
pepe and the separator. The former is composed of a 
shell or casing containing the evaporating tubes, which are 
about 23 ft. and 1,% in. in diameter, and are fixed in upper 
and lower tube-plates. The water is fed into the lower end 
of the heater H at J, and then passes from the upper end 
by the pipe K into the separator L. The dirty steam 
from the generator B inside the tubes of the 
heater, the clean water being on the outside, and the un- 
condensed remainder enters the calandria at M. 

The water in the tubes is caused to boil by the steam 
with which they are surrounded, and as ebullition takes 
place, a column of vapour rises up in the centre of each 
tube. This vapour travels at a high velocity, carrying 
with it a film of water on the inner surface of the tubes. 
The water does not “‘ climb” by capillary attraction nor 
by the liquid and the steam forming alternate links in 

same way as in a Poble air-lift. The operation is 

iormed in a simple manner; the water begins to boil 
in the tubes, and is gradually drawn up in a complete 
film by the vapour itself. As a result of this action a 
certain amount of water is carried up into the separator L, 
which acts as a steam-drier ; this water and the feed- 
water from the heater, which enter at N, flow down the 
pipe O, entering the calandria at the bottom. clean 
steam is delivered by the pipe P to the turbine, which is 
connected with the condenser in the usual manner. The 
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sulphur deposited in the tubes of the heater is brushed 
out, and thatin the ia is removed by occasionall 
filling the dirty steam space with a dilute solution of 
caustic soda and hea’ with steam. There seems to be 
very little corrosion of the tubes of the heater or calandria; 
vol aes four years of intermittent working the primary 
generator does not show any signs of undue corrosion, the 
shafts of the elevator having a very thin black skin on the 
surface only. 
The on. of the calandria is 548 sq. ft. A 
vacuum of about 9in. of mercury is maintained in the 
separator, so that the water boils at 90 deg. to 91 deg. 
Cent. With steam from the slag at 100 deg. Cent., 
and keeping a temperature in the calandria of 91 deg., 
the mean of twenty-two experiments gave 173 gallons 
of water evapora’ per hour, and the average steam 


per hour condensed in the calandria and heater was | i 


190.2 gallons. The feed-water entered the heater at 
an average temperature of 24.6 deg. Cent., and entered 
the calandria at an average temperature of 89 deg.—that 
is, 91 lb. of clean water was evaporated for every 100 lb. of 
steam from the slag. With the steam from the slag 
at 100 deg. and the temperature of 90.50 deg., the mean 
of twenty-seven experiments gave 177.2 gallons of water 
evaporated per hour, and the total steam condensed in 
the calandria and the heater was 198.3 gallons per hour. 
The average temperature of the feed-water was 26 deg. 
Cent., and of the water entering the calandria 89 deg. 
Cent., or 89.4 lb. of water were evaporated for 100 lb. of 
dirty steam. ° 

As the condensation of dirty steam takes place, the 

rcentage of incondensable gases naturally increases. 
When the percentage gets above 7.5, the calandria ns 
to lose its efficiency, and ib is advisable not to allow that 
percentage to be exceeded. In order to control it a small 
outlet pipe is arranged on the top of the calandria, where 
the incondensable gases are drawn off together with a 
small proportion of steam ; with 0.5 per cent. of gas in 
the dirty steam there will be a loss of 6.6 per cent. of 
steam. 

Experiments were also made to determine the amount 
of available steam from the slag by condensing and 
measuring it. The mean of seven experiments gave 
1017 Ib. per ton of slag, and deducting 6.6 per cent. for 
escape with the incondensable gases, there are left 950 Ib., 
and 90 per cent. of this gives 855 lb. of clean steam avail- 
able for the turbine. Since modern exhaust-steam tur- 
bines with a full load and a vacuum of 28% in. can be 
guaranteed under the above conditions to use not more 
than about 27 lb. per horse-power, this gives 31.6 horse- 
power per hour per ton of slag per hour. . 

Cost.—It is impossible to give the cost of running such 
a plant, because the practice at different works varies 
considerably. Apart from handling the slag, the cost of 
running the electric installation is the same as an ordi- 
nary exhaust-steam turbine ye of a similar size, and 
the attendant can regulate the water in the calandria ; 
there is, however, about 2 = cent. more power uired 
for the greater amount of condensing water per horse- 
power ; where the slag is already being granulated, there 
is the extra upkeep of the second elevator. One man 
per furnace should be able to attend to the primary 
generator and running in the slag, the remainder being 
all mechanical. 





Zincontum Dioxtpr Crucrsies.—Crucibles have been 
prepared by mixing zinconium dioxide with 1 per cent. 
of starch and 3 per cent. of magnesia, and moulding the 
material to the required form. It is then fired, first at 
1450 deg. Cent., and next at 2200 deg. Cent., after 
which it will resist a temperature over 2200 deg. in the 
vacuum electric furnace. 





METALLURGICAL AND ENGINEERING INSTITUTE, WED- 
NESBURY.—A copy of the programme of the County 
Metallurgical and Enginee: Institute, Wednesbury, 
has recently come to hand. Evening classes are held in 
metallurgy, engineering, physics, chemistry, and other 
subjects, in the new buildings, which were informally 
opened on the 2ist ult. These contain a metallurgical 
department with a laboratory capable of accommodatin 
fifty-six students, an engineering laboratory, an appli 
mechanics laboratory, a drawing-office, and a are 
laboratory. The programme gives culars of the 
equipment of these laboratories, and also contains the 
time-table and syllabuses of the classes. 





War Orrice: MgcHanicaL TRransport.—The War 
Oftice, in thanking the Commercial Motor-Users’ Associa- 
tion for its “‘ generous and patriotic offer to assist the War 
Office in the organising and staffing of the mechanical 
transport formations of the army,” has intimated that 
its present need of commercial motors and drivers is 
satisfied. There are a few vacancies for competent 
boiler-makers and skilled artifieers, and highly-trained 
men are nested to communicate at once with Mr. 
Frederick G. Bristow, F.C.1.S., secretary, the Commer- 
cial Motor-Users’ Association (Room 58), 83, Pall Mall, 
London, S.W. The Association is now in a tion to 
concentrate its energies on meeting the situation caused 
by the dislocation of the country’s mechanical transport 
by the present war requirements, and has opened the 
following isters to enable users to secure renewed 
Services and increased efficiency for the tae | of their 
wee :—1. C.M.U.A. Hire Register. 2. O.M.U.A. 

rivers’ ister. 3 C.M.U.A. Motor Transport Ex- 
change. Fully qualified steam-wagon and petrol-vehicle 
—— ot not less than two years’ driving experience, 
and wit 


ployment, should communicate with the secretary at the 
&Dove 


good records, who are available for civil em- | A 





MECHANICAL CHARGING OF BLAST- 
FURNACES.* 
By N. Kapp (Birmingham). 
Part I. 

_ THE enormous increase in the production of pig-iron 
in the world during the nineteenth century is shown by 
the fact that whereas 760,000 tons of pig-iron were 
duced in 1807, the output in the year 1913 had ed 
77,339,000 tons, an increase of nearly 76,579,000 tons 
within a little over a century. To cope with this rapidly- 
increasing output it became necessary to improve the 
methods of ies the furnaces, which up to the 
beginning of the nineteenth centu 
sipping basket or tub containing the charging mixture 
into the open furnace-mouth by hand. echanical 
hoists began to develop, and both inclined and vertical 
elevators driven by water-wheels are recorded in Upper 
Silesia in 1800. In 1839 the first elevator worked by com- 
pressed air was put up at Chatlinot, and in 1892 the first 
steam-hoist was introduced in America. During all this 
time inventors had concentrated their attention on means 
of conveying the material for the charge to the furnace- 
mouth ; but no attempt had been made actually to charge 
the furnace by hanical e Americans were 
the first to realise the necessity for- automatic charging, 
and about 1890 brought out the first automatic tipping- 
skip for a furnace of 120 tons capacity.t The reason why 
America took the lead in mechanical charging appliances 
was twofold. That country, Ban hoy higher rates for 
labour than were customary in Europe, was compelled to 
utilise mechanical labour-saving devices, and, further, 
when the great Mesabi ore-fields were opened out, it was 
found that the particular ore used for smelting was 
reduced so rapidly that it was me human physical 
powers to keep the furnace full. nsequently mechani- 
cal charging devices became a necessity, and the auto- 
matic tipping skip came to be universally adopted in 
Awmerica. @ visit of the German ironmasters to 
Ameria in 1890 paved the way for the introduction of 
American methods into Germany. For several reasons 
it was not possible to adopt these methods uncondition- 
ally. The American ores were of pretty uniform size, 
whereas Germany used a variety of ores which differed 
in size considerably. Also the German coke, especially 
that made in Upper Silesia, was much more brittle than 
the American coke, so that the difficulties of an even 
distribution of the charge were greater in Germany than 
in America. 

The great drawback to tipping the charge into the 
furnace from one point is the well-known fact that 
the larger lumps of coke fall on the side opposite to the 
point of charge, and get separated from the finer 
material. uently the furnace burns more rapidly 
on the side containing the large lumps, and the burning 
out of the lining is the result. The furnace is so delicate 
in this respect that in one case where an attempt was 
made to obtain an even distribution round the furnace 
by charging at four places round the hopper, the lining 
burnt out after a few months at four places. e four 
strips which had been overheated corresponded to the 
positions midway between two points of yey 
where the larger lumps of coke had rolled at each fill- 
ing. This is a very good illustration of the enormous 
importance of thoroughly mixing the charge before allow- 
ing it to slide into the furnace. The introduction of a 
distributor above the hopper, which got over the difficulty 
of uneven charging to a certain extent in America, could 
not be considered in Germany, as the extra height through 
which the material had to fall, when using a distributor, 
caused too much loas in breakage in the brittle German 





coke. 
What this loss may mean in pounds & annum has 
been investigated experimentally by Pohlig. Pohlig 
found that every time coke is recharged into another 
vessel about 1.5 to 2 per cent. of the material is lost. 
If we consider a plant yielding 800 tons of iron per day, 
and using approximately the same quantity of coke per 
day, the daily loss resulting from each recharging opera- 
tion will come to, roughly, from 180s. to per day 
ogre bony at 15s. per ton), or an annual loss of from 
to 4 


The disadvantage of tipping the charge into the furnace 
had not escaped the American designers, and so a new 
type of skip was devised for Dusquesne, near Pittsburg— 
a cylindrical skip with a cone-shaped drop-bottom, which 
was lowered into the furnace-mouth, and the bottom 
dropped, so as to let the charge slide evenly into the 
furnace. This plant was started up about 1897.t The 
year 1902 is usually regarded as the date when this 
new method of c ing was first introduced into Ger- 
many, when F. W. Liirmann exhibited some drawings 
at the Diisseldorf Exbibition, although Professor Aumund 
maintains that Mr. Réchling started the idea of central 
tub-charging in Germany before 1902,§ In 1903 Professor 
Aumund took out a patent, with J. Pohlig, in Kéln- 
Zollstock, for running the cylindrical skip up the incline, 
and dropping it into the furnace mouth, where it auto- 
matically discharged, all in one movement, by hingi 
the rails above the furnace, and holding them in position 
by a counterweight. Later on the Benrather Maschinen 
Fabrik improved this method by the so-called Stiihler- 
Benrath system, in which the counterweight is dispensed 
with, and theskip is lowered by giving the rails a peculiar 
curved shape. These different methods are, however, 





”* Paper contributed to the Iron and Steel Institute, 
and now open for discusion by correspondence. 

+ ‘Pioneer Mining and Manufacturing in Thomas, 
labama.” 


+ American patent No. 579,011. 
§ Stahl und Eisen, No, 16, vol. ii., 1910, 
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so well known that I will not enter into a description of 
I Tariana the veying 
n most usual method of conveying the 
charge is by means of the vertical hvist. This system 
has one great advantage—it does not take up much space. 
so Ee A ye 
so cramped with ore co 8 
blast-hea: &c., that the floor space is very limited 
and vertical hoists can be run up where there may not be 
room for 2 or 3 inclines. Their action is, however, slow, 
and in the case of large outputs they would have to be 
driven at such a rate that the wear and tear would 
become too great to allow of economical working. 
Further, the congestion of men, both at the hoppers and 
w, becomes very awkward: on the one ,» on 
account of the cramped s and, on the other, because 
the conditions are more difficult when a strike occurs. 

_ In recent years, especially in England, the strike ques- 
tion has become a most important one in all trades, but 
in no trade is the danger of a strike such a ‘‘ sword of 
Damocles” as in the coal and iron industry. Every 
improvement which makes the manager more indepen- 
dent of the men employed—that is, reduces the number 
of hands needed in the works—places that works on a 
safer basis, and makes it more immune from the strike 
danger. It would therefore pay an iron works to put in 
modern labour-sa plant even if no saving in mone 
were effected thereby, merely in order to saf 
against the strike danger and obtain a more reliable 
means of working the furnace. But happily the mecha- 
nical charging appliances, as they stand y, do effect 
& saving in the annual expenditure to a considerable 
extent. For these reasons it has been gradually borne 
in on us that the vertical hoist, with its vast amount of 
hand labour, is becoming obsolete, and that in order to 
hold our own successfully against foreign competition 
we must adopt modern methods of charging. 

_Two of these methods have been mentioned : the tip- 
ping-skipand the drop-bottom skip. Both of these, how- 
ever, have their faults. The distributors, which are 
necessary with the American tipping system, besides 
breaking the coke, need a certain amount of machinery 
on the hopper to drive them. Now the furnace mouth, 
with its atmosphere of gases and occasional spurts of 
flame, is a very bad place to insta) machinery which is 
to run manently and without supervision. 

The drop-bottom skip removes the difficulty of mixing 
the — from the hopper to the bunkers, where mixi 
is usually done by revolving the skip as the materi 
flows in. Even then an uneven distribution cannot alto- 
gether be avoided, if the bucket is not well balanced, 
and tips slightly to one side on disvharging.* A great 
draw _to any mechanical system of this kind is that 
one is entirely at the mercy of the ism. As long 
as everything works well this is satisfactory, but if slight 
irregularities occur, there are no means of correcting them 
immediately. In the old a when a barrow of coke 
was tipped into the hopper by hand, the men round the 
hopper could charge the furnace at any place where it 
was most needed, and a very even wor of the furnace 
could be obtained. In fact, it comes to this—that the 
old hand method of charging cannot be beaten as far as 
the working of the furnace and the quality of iron pro- 
duced is r ; only, for reasons already stated, it 
cannot be considered any longer nowada This con- 
sideration gives an indication, however, of the line that 
should be pursued in devising a mechanical ye which 
will satisfy all conditions. Hand-charging should be 
oe rendered automatic. This was pointed out 
already by Messrs. Edgar Richards and Thomas Lewis 
in & paper submitted to the Cleveland Institution of Engi- 
neersin 1910. The authors state :—‘‘ It is almost univer- 
sally admitted that careful filling with barrows conscien- 
tiously carried out p he ey labourers is the most 
successful way to charge, and if a charging appliance 
having the latter functions could be work mechani- 
cally in an efficient manner, the initial objection could be 
removed.” The bucketand ski ing methods depart 
from the hand-charging method in another way which is 
inconvenient, and may even be a source of danger—that 
is, they deal with very large loads at a time. One skip 
or bucket may hold as much as 7 tons and more. This 
means much difficulty in the case of a breakdown of any 
part of the ing apparatus. There is, of course, a 
stand-by, so that the skips can be run up to the hoppers 
another way. Provision is usually made for them to 
be taken up by the elevator of ano furnace, and run 
along the ruse platform by 0 special crane. That 
means that each vator must be designed to take 
twice the load if need be, or that two furnaces are 
wae ot load cums a of repairs, neither 
m very efficient. charging units were 
smaller, but more plentiful, the 
whose gearing had broken down could be distributed 
over several elevators, thereby distributing the risk as 
well as the load. Trusting the whole charge of a furnace 
to one machine is like putting all one’s money in one 
concern—a risky thing to do. 

In order to avoid constantly recharging the skips, and 
thus breaking the coke, the skips are filled at the coke- 
ovens and sent up to the hoppers. In order to get them 
there, however, a crane service is necessary. Taking the 
case of the works of the Gutehoffnu litte at Ober- 
hausen,} which has a daily output of 1600 tons of pig-iron 

over four furnaces, the coke is dealt with in 

* See Dr. R. Grimshaw in Ungarische Montan-In- 
dustrie und Handelszeitung, Augus» 15, 1912. 

+ Actually, furnace managers find that the upkeep of 
the crane “dering en iatioum costs more than it is 
we consi! armaount tting work necessary 
before it can be started up in case of mecl. 

} Iron and Ooal Trades Review, April 29, 1913. 








430 


ENGINEERING. 





[Ocr. 2, 1914. 








the following manner :—Ibt is brought from the coke-ovens 
in the skips, three at a time, on special platform-cars. 
At the foot of the furnaces the skips are lifted on to 
trucks by a crane and run under the elevators, where they 
are hooked to the traveller on the incline. Each ski 
holds 4 tons of coke. The ore is dealt with in muc 
the same way. It is the usual practice to draw the 
ore off into ty from the bunkers, which are 

in | parallel rows. The skips are then taken to a 
gap through the bunkers in line with the elevators on 
special trucks, where they are lifted on to other trucks by 
a crane, and run under the elevator. Now a crane service 
is by no means an ideal method of conveyance, on account 
of the loss of time in hitching the load on and off, and the 
backward travel when running light. In order to convey 
large quantities of material in a given time, the conveyor 
must run continuously in one direction without stopping, 
the empty vessels returning to be refilled. The only way 
to get a continuous stream of charging material from the 
bunkers to the hoppers without recharging is to split up 
the charge into a number of small units, and to run them 
in an uobroken line — the coke-ovens and bunkers, up 
to the hoppers, and back again to the c' ing-stations. 
The most continuous stream is obtained by means of a 
chain-conveyor, and the suggestion has been made to 
use bucket-conveyors for the purpose of blast-furnace 
charging. 

But although such a conveyor could discharge a con- 
tinuous stream at the furnace mouth, and enablea very 
thorough distribution of the charge to be made, it fails 
in the other important point just discussed—namely, that 
of drawing off the material into the same vessel which is 
sent up tothe hoppers. The chain-conveyor is bound to 
one plane. If it travels up to the furnace mouth and 
down to the a -platform, it cannot travel sideways 
as well. But the bunkers or coke-ovens are probab 
situated in quite another part of the ground, and to reac 
them the conveyor would have to round many 
corners. This applies more especially to old existing 
plants, in which new methods of conveyance are to be 
installed. In a new works, where the lay-out plan is 
started on a clean sheet of paper, the floor space available 
and corners do not play such an important part in the 
consideration of the system to be adopted. But in the 
case of old works which are already cramped for room, 
which will be the most usual case in England, the con- 
veying plant must the greatest adaptability to the 
local conditions. e@ advantages of a bucket-conveyor 
can, however, be retained without the disadvantages of 
its inadaptability to corners and curves, by splitting up 
the chain into separate detached links, and supplying 
each link with motive power of its own. Such an 
arrangement is the electric telpher. Here we have a 
means of conveying material from the most distant and 
ee ible places in an unbroken line to the furnace 
mouth. 

Before entering into a discussion of electric telpherage 
for blast-furnace charging in detail, let us consider what 
are the most important functions which a works manager 
demands from his charging plant. 

1. Reliability. 

2. The coke must not be broken up, for which reason 
the skips must be filled at the coke-ovens and taken to 
the hoppers without ayy ; 

3. Vay large outputs must be dealt with. 

4. It is an advantage if small loads can occasionally be 
dealt with by the same plant, in order to enable slight 
corrections to be made in the composition of the charge if 
the furnace is not working satisfactorily. 

5. The charge must be distributed uniformly in the 
furnace. x 

6. The plant must allow of an efficient control of the 
composition of the charge and the organisation of con- 
veyance. 

. In the case of a breakdown of any part, the working 
of the furnace must not be interfered with. 

8. The plant must be very simple to work. 

9. The plant must employ the least number of workmen. 

10. The plant must be economical. 

11. The plant must not take up much room. 

12. Some managers lay great store by a centrally: 
placed gas outlet on the furnace, although there has been 
much controversy as to whether this is of any importance. 
It isan advantage, however, if the charging plant is so 
constructed that a central gas conduit is possible if de- 
sired. Further, in the xse of the modification of bes | 
works, as little as possible should need to be rebuilt, an 
as most furnaces are worked with a cup and bell, it is an 
advantage if the charging plant can be adapted to the 
existing hopper without much reconstructional work. 

Electric telpherage is comparatively new, and the engi- 
neers who have developed this system have therefore had 
the advantage of learning what is needed by the mistakes 
and difficulties encountered by others when mechanical 
charging was first introduced. As the telpher is nolonger 
in its infancy, however (as can be seen on visiting the 
large number of iron work: where a telpher plant has 
been installed for charging blast-furnaces), there is no 
doubt that the supporters of this system are following 
the right principle. As the more recent developments of 
the telpher for blast-furnace pur are not so well 
known as those of the hoists, I will discuss this matter 
more fully. | ’ 

The principle of the plant is the sameas the old miner’s 
tub pushed by hand, the men who pushed them being 
re by small electric motors which act entirely 
without supervision from the moment they are sent on 
their way from the coke-ovens and ore-bunkers to the 
moment they arrive at the hopper platform and range up 
round the hopper. All that is left for the men to do is 
to knock up a catch and empty the skips into the hopper, 
pull a switch and send the empty cars on their way back 
to the bunkers. 


1 am indebted to Messrs. Adolf Bleichert and Co., 
Leipzig-Gohlis, for much valuable information, and for 
their kindness in supplying me with many illustrations 


of ci ing a built by them. As I have personal 
know only of the plants and outfit of this firm, I 
will my description to the Bleichert system of 


electric eae for charging blast-furnaces. 

The telpher consists of a traveller, fitted with an 
electric motor, which receives current (usually direct cur- 
rent at 110 volts) by means of a bow collector and a line 
wire. The skip is suspended from the traveller by a 
couple of hangers, and is slung in pivots in such a manner 
that it is in unstable equilibrium when full, and therefore 
upsets assoon as the catch is knocked up. When empty, 
however, it is unstable in an inverted position, which 
makes it very easy to right the skip and throw in the 


it is necessary for the safety,of the cars to introduce a 
block system, similar to that on a railway, but entirely 
self-acting. 
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current from the section it has just left. 


section behind every car, and no second can approac 
closer than the leng 
output of the line. Greater out 
cars and more sections, so that 
together. 
am the ease with which a telpher plant can be 
tend: 


is ample: 12 metres are, however, 
are points and crossings, to give time for 


before the next car is ready to enter them. 


occur all along the line, 


as illustrated in Fig 





one over the bed. 


catch. The beg amy by the line being entirely automatic, | 


For this purpose the telpher line is divided into a | 
number of sections, each section receiving current over a 
switch. The switches are of a drum type, and are turned 
by the passing of a car in such a manner as to cut off the 
t 0 At the same 
time the switch gives current to the section which was | 
deprived of current before, so that there is always a dead mag - 
h | get stuck in it, whilst the motor is under current. An 
of one block section. The number 
of these sections and block-switches depends upon the 

t means more telepher 
© cars can move closer 
Herein lies a great advantage of this system— 
ex- 
if a greater output be desired. To double the 
output subsequently, all that is necessary is to cut the line 
into twice as many sections, put in twice as many block- 
switches, and run twice as many cars as before. The 
limit to the extension is given by the shortest possible 
distance allowable between two cars. Experience has 
shown that this distance is about 12 metres on an open 
track. At the charging stations or in a siding, 3 metres 
where there 
ese to work 

erwise 
a great deal of unnecessary stopping and starting would 


The working of the block switches, which effect the 
blocking and yy | of the cars, is extremely simple, 


The switches are no different in principle from those 
to be found in every hotel bed-room, one at the door and 
f we switch on at the door, we can 


switch out at the bed, and vice versd. This is just what 
the car does ; it switches off the section it has just left, 
and switches it on again when it reaches the next section. 
By means of this simple switching t oe it has been 
— to solve the most complicated problems of inter- 

locking ab switches and crossings, of automatically 
turning the points, and so forth. 

The principle underlying the block system in a siding is 
as follows (see Fig. 2) :— 

If the line a is cut out by a car turning switch A, it 
must be given current again when the car reaches switch 
B, or, if the points are set accordingly, when it reaches 
switch C. e supply of current to a must therefore be 
controlled from two 2 lh Band C. 

Cisan i reversing switch. Suppose B and A 
are in step, and supposing a current to pass from Bto A 
via C, using the upper lead, then this current will be cut 
off on a car ng switch A, which throws the switch- 
blades on to the lower lead. In order again to supply 
current to A the switch-blades of B may be thrown on to 
the lower lead by the car passing B, or the upper and 
| lower leads may be crossed against each other by the car 
— C. In that case the current will from the 
| upper lead at B through the reversing switch into the 
| lower lead at A and into the line. 

The great advantage of such a mechanically-operated 

| switch system over all forms of electrically-operated 

switches, with their delicate solenoid ap tus, is mani- 
fest. The switch-gear is totally enclosed, and thus 
unaffected by weather conditions. The greatest advan- 
tage of this system, however, lies in its safety. Should 
a switch become defective by breakage or some such cause, 
the contacts can never jam in such a manner as to give 
current to a section that should be blocked. It can only 
fail to release a section which has already been blocked 
by the previous car, and thus cause a stoppage of cars all 
along the line, which will immediately be noticed. 

At the bunkersand charging stations the line is divided 
into a number of short sections, so that a number of empt 
| skips can wait for filling just outside the stations. Each 
| car, a8 soon as it is charged, is sent on its way by giving 
| current to the section on which it stands by means of a 
| pull-switch. As soon as it turns the block-switch at the 

end of this short charging section, all the cars waiting 
outside the station move up by one seetion. 

The most important part of the plant is the ropeway 
incline, and a very neat method of automatically coupling 
the cars to the eg: is the automatic gripping 
device invented by Adolf Bleichert. The —— under- 
lying this invention is that of letting the weight of the 
car act directly on the grip of the rope. Fig. 3 shows 
the principle, omitting constructive details. 

The gripping jaws are like the jaws of a nut-cracker. 

, One arm of the nut-cracker goes to the traveller, and the 
other carries the load. The pressure on the rope is there- 
fore directly proportional to the weight of t the skip. 
| When the rope is to be released, the weight is taken up 
by a couple of rollers in connection with the one lever- 
| arm, and the jaws open and release the rope. With this 
system it is immaterial whether the rope used is thick 
or thin, and therefore the gripping power becomes no 
| smaller when the rope is old and has decreased in 
diameter owing to stretching. 
| At the foot of the incline, where the telpher car is auto- 
| matically attached to the rope, the suspension rail is bent 
slightly downwards, so that the car cannot fail to move 





forwards with the speed of the running rope at the point 
of coupling, which prevents a sudden load coming on to 
the rope. As soon as the latter is gripped, and the car 


starts on its way up the incline, there is no further need 
for electric power, and the line is interrupted until the 
top of the elevator is reached, where tho cars are auto- 
matically uncoupled and run on under cu: rent. It once 
| happened that a car was admitted into the incline by a 
| careless workman before the ropeway had been started 

up ; consequently the car was held back by the > ~ 
and left under current until the armature burnt out. In 
order to safeguard against such an occurrence again, 
the line is now interrupted before the point of coupling, 
and the section at the inning of the incline supplied 
with current over a special fuse, so that the motor cannot 
| burn out. 

Recently a further safety device has been added to 
each car in order to prevent the burning out of an 
armature, which might occur from such causes as over- 
loading the skip, or, in the case of automatic discharge, 
allowing the pile to grow to such a height that the cars 





ordinary fuse is no good in this case, as it would have to 
be large enough to take the full starting current, which 
is about three times the normal current ; but three times 
the normal current continuously would be sufficient to 
burn out the armature. A thermostatic time fuse is 
therefore used, the action of which depends on the 
heating of the motor-casing. The principle is illustrated 
in Fig. 4. 

The current from the negative motor-brush passes to 
earth over a fuse of some metal, which melts at 60 deg. 
to 80 deg. Cent. A good contact is ensured by a spring. 
If the temperature of the motor-casing exceeds a given 
value, the fuse melts, and the plunger-contact drops into 
a well, where it has no connection to earth, and the motor 
current is interrupted. 

The elevator, being the most important of the whole 

lant, must be thoroughly reliable, and in the case of a 
abdows must have a stand-by which can bestarted up 
atonce. In the case of a ropeway incline the stand-by 
consists of a second ropeway driven by an independent 
motor which is always in readiness. i the case of a 
breakdown all that is needed is to start up the second 
machine and move the points at the top and bottom of 
the incline. In this respect the pher system has 
the advantage over almost any other—namely, that % 
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breakdown of the hoisting-gear means a loss of only a few 
minutes in getting ready the stand-by, whereupon the 
work is taken up in exactly the same way as before. 

In all the systems where large units are taken up 
special inclines a breakdown or repair on one of the 
inclines necessitates the charge for that particular furnace 
being taken up another incline and carried back by means 
of a special crane on the ho platform. Apart from 
the fact, which I have y mentioned, of the disadvan- 
tages of working two furnaces at half load until the faulty 
incline is repaired, it is necessary to keep a crane on the 
hopper platform, where it is exposed to the weather, in 

repair, although it may hardly ever be used. As I 
ave already mentioned, most managers prefer to dis- 
pense with a reserve method altogether. 

There is another advantage, which must not be under- 
rated, in the use of only one incline for all the furnaces : 
it allows an excellent control of the charge sent up to the 
hoppers, and facilitates the general arrangement of the 
whole works by separating the different classes of work 
and keeping them apart. The different classes of work 
are :— 

1. Drawing off the ore from the bunkers. 

2. Building up the 

3. } rgsitataee the complete charge to the furnace 
mouth. 

4. Tipping the charge into the furnace. 

5. The return of the hag skip. 

I will endeavour to show the difference in the general 
arrangement of the working of a plant with one incline, 
and of a plant using a separate incline for each furnace, 
by means of a few diagrams. : ; 

In the case of charging by telpher, the ore is stored in 
buakers. These are cross-divided into a number of cells 
from which the ore may be drawn into telpher skips 
running on several lines underneath the bunker. If 
several different kinds of ore are smelted, as is usually 
the case, the different sorts are stored next to each other, 
each kind running across the bunker. Such an 
ment is convenient, as each class of ore is ke 
special portion of the bunker, and not scatte: 
in various places, and charg’ 
facilitated. (See Fig. 5.) , 

At the entrance and exit of the bunkers the various 
telpher tracks join up by points to one suspension-rail, 
which takes the charge to the charge-siding. Each 
furnace has its particular siding, where the c is 
built up by admitting the correct number of skips filled 
with ore and flux, a, 6, and ¢, for each furnace, until the 
charge is complete. This is done by one man, stationed 
in a signal and switch-box at the entrance to the siding. 
As soon as the charge for one furnace is complete, the 
whole train is sent up to the hopper at once. The cars 
automatically grip the rope on the incline, at a distance 
from each other regulated by the block switches. On 
arriving xt the furnace mouth where they are needed, 
they range up in a siding one behind the other, from 
which position they can be brought forward separately 
by means of a pull-switch, and emptied into the hopper 
at any desired point. From here the empty skips are 
sent back to the bunkers on the ‘‘ down” track, thus com- 
pleting the loop. It will be seen that one charge never 
interferes with the working of another, as the motion is 
continuously a or >. y is ye Sas an 
arrangement such as this allows of a very thorough super- 
vision of the composition of the charge thrown into the 
furnace, as building up the charge is in the hands of one 
responsible person, and does not depend in the least on 
the rest of the men. At the bunkers a mistake is not 
possible, as the ores are kept strictly separate. And 
from the moment the charge leaves the siding where it is 
built up, it is open to inspection and control right up to 
the moment when it is thrown into the furnace. : 

Comparing the above general case with a typical 

ment of a works run with separate inclines for 
each cane, it will be seen that the supervision is not so 
easy in the latter case. The example given (Fig. 6) is 
taken from Dr. Lilge’s work on the economic aspect 
of blast-furnace charging,* and represents Case II. in 
his work. 

The bunkers are so arranged that the various kinds of 
ore are stored next to each other transversely, as before; 
but in this case the same kind of ore occurs again at 
—— to be handy for + eg — beret is 

erefore necessary to move theore trucks when c ng 
the bunker, and to drop the ore into the proper cells, 
otherwise the ores will get mixed. 

The elevators are of a using what may be termed 
a drop-bottom skip or bucket, to distinguish it from the 
telpher skip. The bucket is carried under the bunkers 
on platform cars, and filled with the different materials 
in succession. As the ore flows into the bucket, the 
latter is revolved by means of a special mechanism on the 
platform car, and the amount of each kind of ore by 
weight is ascertained by a weighbridge, also built into 
the car. The workmen at the bunkers are therefore 
responsible that the charge in the bucket is built up cor- 
rectly, for as soon as the material has been run into 
bucket, no overseer can check whether the composition 
is correct or whether it is sufficiently evenly mixed. 
Now when it is considered that two buckets are filled 
simultaneously for each furnace—that is, eight filling 
and mixing operations at the same time in different 
places—in the case of a works with four furnaces, it is 
obvious that the control of the charge is entirely in the 
hands of the men instead of in the hands of one overseer. 
When one of the buckets is full, it istaken to the foot of 
the incline on other trucks, on to which it is lifted by a 
crane, as already mentioned. 

A somewhat better general arrangement than this is 


b to 1ts 
over it 
ing the bunker by rail is thus 





*Dr. Fr. Lilge, Hochof 9 wen, 
besonderer Beriicksichtigung threr Wirtschaftlichkeit. 
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the plant described as Case I. by Lilge. In this case the 
ore is dis in the bunkers in long lel rows 
running the whole | of the system (Fig. 7). The 
bunker is cross-divided into a series of pockets, as in the 
previous case, and between every two rows of pockets a 
tunnel runs across the bunker underneath, so that the ore 
La | be drawn off into ing dey from a suspension rail 
and pushed , In front of the tunnels travelling- 
bridges run the whole | h of the bunker, two bridges 
to each furnace. Each bridge can take skips from out of 
any of the tunnels up to the number of cigs t, which con- 
stitutes the charge of one drop-bottom bucket. The eight 
skips are run to the foot of the incline of the furnace to 
be c and emptied into a shoot, which runs the 
material into the bucket below, the latter being revolved 
meanwhile to mix the charge. This system is capable of 
better supervision than the last, as the charge for each 
furnace is weighed and built up in small units on the 
ag aa where it is open to inspection, until it 
is thrown into the bucket. In fact, the greater super- 
vision in this case, as copueeet with the last, is on 
the principle systematically carried out in the case of 
telpher Gone ene. that of splitting up the charge 
into a number of small units, building them up to a 
complete train, and charging them into the hopper. In 
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this case, however, the hopper is movable, and brought 
down to the ground for the purpose of charging. Although 
the travelling-bridges allow of better supervision than 
direct bucket-filling, the work of the overseer is not 80 
thorough as in the case of telpher charging, as there are 
two bridges to every furnace, or eight bridges for four 
furnaces at work at the bunkers, and it is impossible to 
overlook the whole lot, so that to a certain extent the 
composition of the charge is still in the hands of a number 
of men in charge of the bridges, whereas in the case of 
telpher charging the building up of the charge for every 
furnace is controlled by one man. ‘ 

Before leaving the age of hoisting the telpher skip 
from the grouni to the furnace mouth I will descri 
another method besides the ropeway, which has been 
found to be very successful where the height of the 
furnace is not 7 great ; that is, the spiral elevator. 
The principle of this elevator is that of a spirally-bent 
suspension rail, up which the telpher cars are pushed by 
means of a vertical bar, which is made to revolve in the 
spiral and against a roller at the rear end of the 
cars. The revolves continuously, and the cars are 
admitted at the correct moment for the bar to carry 
them to the top. This is done by interblocking in the 
following manner :— h 

The last block section is placed a little before the 
spiral, the line entering the spiral being always under 
current to ensure the car moving right forward into a 
position where it may be caught eo revolving bar. 

In order to prevent a collision between the revolving 
bar and the telpher car entering the spiral, two separate 
pe aaa g devices are arranged for the car and the mecha- 
nism of the spiral respectively. Considering the block 
system for the telpher first: the last block section is 
cut off from the supply on a car passing switch T 


(Fig. 8), and will only be signalled free again when 
the car has passed the switch O—that is, at the foot 
of the incline up the spiral, when it will be carried 
away by the mechanism of the spira), and make room 
for the next car. In order to prevent a car moving 
into the spiral just at the moment when the revolvi 
bar might collide with it, the supply to switch T onl 
the block section ) through a switch worked by 
the mechanism of the spiral, which cuts off the current 
when the bar sweeps through the dangerous zone. By this 
means the entrance for the cars is made safe, for a car 
cannot pass switch T unless the is free, and once 
it is on the live section behind T, it must travel forward 
to O, where it will be caught by the revolving bar. It 
might, however, happen that owing to some accident, say 
@ fuse blowing, the car passes switch T, and then sto 
between T and O in the path of the revolving bar. in 
this case it becomes necessary to stop the spiral automati- 
cally to prevent a collision. The block system for this is 
as follows :—The motor for driving the spiral is provided 
with a no-pressure cut-out, and the current for holding 
up the no-pressure relay is i from two independent 
sources : first, over the two block-switches T and S, and, 
secondly, over a switch L, operated by the spiral a: 
ment. This switch L is always switched in excepting 
when the bar passes through the dangerous zone. During 
this time the no-pressure relay must take its current from 
T over S. If, however, a car happens to be standing 
between T and S at this moment—that is, standing in a 
dangerous position—the two block-switches T and 8 will 
be out of step, and no current can flow. Consequently 
the no-pressure relay will drop out and the spiral mecha- 
nism stop as soon as the bar comes into the dangerous zone. 
The spiral for conveying the empty skips downwards 
needs a special arrangement for drawing the cars forward 
at the right moment, so that they may rest behind the 
revolving bar which guides them down. live wire 
is interrupted about 14 ft. before the entrance to the 
spiral, so that thes of the car will be greatly dimi- 
nished in travelling over this short dead section against 
the brakes. Attheend it is caught by a hook, which 
prevents it running freely down the spiral. The top 
of the revolving mechanism is provided with an out- 
rigger of a uliar curve shape, so constructed as to 
catch a projecting lug on the traveller, and draw the 
car forward as it revolves. The hook, which hitherto 
held the car back, is raised by a saddle-sha angle- 
iron engaging with a roller on the hook. the car 
is guided into the spiral it slides into position behind 
the revolving-bar, and is now ready to start on the 
descent. The curved outrigger is so constructed 
that the pressure on the car is always in the direc- 
tion of motion of the latter, so that there is no 
tendency for the car to jump the rails. Moreover, the 
curve is extremely gentle at the first impact, so that the 
traveller is moved forward only a little for a big move- 
ment of the outrigger, and gradually speeded up on 
entering the spiral. By this means there is no jar on the 
mechanism, nor sudden load on the driving motor of 
the elevator when a car enters the spiral on the descent. 


Parr II. 


In the first part of this paper the general princi 
telpher charging are discussed, and are rte et 
a“ extent = myn > — now describe 
a furnace works using er charging system in 
detail. The works are those of Gebriider Réchiing in 
Volklingen, near briicken. The reason these parti- 
cular works have been chosen is that its charging plant 
is typical of a well-arranged telpher line, and, moreover, 
there are a few recent improvements added to the line 
which are missing in others. 

The works of Réchling is one of the largest in Germany. 
There are five furnaces with a daily output of 240 tons, 
and one of 300 tons. Two further furnaces are in course 
of construction. Both the ore and the coke are conveyed 
‘to the hoppers by an extensive telpher plant, and to 
obtain a thorough insight into the working of plant 
ge will begin at the ore-bunkers and follow the path of 

© cars, 

_ The bunker is divided into 135 cells, each one ending 
in an ore-trap below. The different kinds of ore are 
stored in the bunker in gro Three telpher tracks 
pass lengthwise below this bunker. The bunker is about 
to be enlarged and three further tracks added. The 
empty skips pass along below the ore-traps, and can be 
stopped at any particular one by a pull-switch. Here 
they are filled by Koopa J the shutter in the trap and 
allowing the ore to slide out. As soon as a skip is full, 
it is sent on its way by closing the -switch. After 
running back along the outside of the kers it comes 
to the central weighbridge and switch-house for the ore- 
siding. This position — be called the heart of the 
whole Saving sash. for the foreman in charge here is 
solely responsible for the correct composition of all the 

and any irregularities are traced to this one man. 

The way this important centre is worked is as follows :— 

7 necessary composition for each furnace is deter- 
mined by the furnace manager, and written down on a 
board by the foreman at the weighbridge, so that this 
man has before him a list of the ores and their weights 
for each furnace. As the skips, filled with various sorts 
of ore and flux, pass the weighbridge their weight is 
made up to the correct amount by adding or taking away 
a few lumps of ore, and they are then admitted into one 
of the tracks which form the charge-siding, where they 
wait until the furnace fed from that siding needs a charge 
of ore. The foreman sets the weighbridge to the amount 
corresponding to the figures on the c - , and 
prints this weight on a weighing-card when the correct 
amount has made up in the skip, He cannot print a 
wrong figure, as the printing mechanism will not work 


of 





unless the beam is poised. The weighing-cards are sent up 
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to the office every night as a check on the charge thrown 
into the ico Each furnace has a differently coloured 
card, so that it is easy to keep them a . The number 
of the cards sent to the office must tally with the number 
on an automatic counting mechanism, so that the correct 
composition is checked in every possible way. 

In order to show the switch-men at the subsequent 
stages the furnace for which any train of ore-skips is de- 
stined, a large number, corresponding to the number of the 
furnace, is hung on to the first and last skip of the train, 
at the central weighbridge. Looking down the 
of the charge-siding, rows of ore-trains waiting to be sent 
to the hopper-platform can be seen. The switch-points 
for admi' e cars to the several tracks are worked 
by the man in charge of the weighbridge, which again 
places the correct —— of the charge into the 

ds of the one responsible man. : 

Abt the outlet of the charge-siding is a signal-box fitted 


with pull-switches, one for each The man sta- 
tioned here need know nothing of the a of the 
charge, or of the number of a He merely 


req 
waits for a signal from above that @ particular furnace 
requires ore, whereupon he pulls the switch of the corre- 
sponding siding until the whole train is through. The 
attendant can overlook all the sidings from his window. 
The signal system, by means of which ore and coke is 
ordered from above, will be mentioned later. 

From the charge-siding the train of skips moves towards 
the rope incline, where each car couples itself automati- 
cally to the running rope at distances from each other 
regulated by the block-switches. There are three ropes 
in all on the ‘‘up” track, and three on the “down” 

One of these is used as a stand-by, and the other 
two are used alternately. This is done by means of an 
automatic point, which switches the cars alternately on 
to one or other of the three ropeways. The point is 
thrown over by on electro-magnet — by a couple 
of block-switches, which are turned by the cars on pass- 
ing. These automatic switch-points work very smoothly 
without the least attention. They are, of course, only 

in such cases where the traffic is too heavy to 
be dealt with by one rope alone. At the foot of the 
incline the rail is curved slightly downwards, so that the 
car may run forward and grip the rope without any 
sudden shock * —— peak on — driving Segal - = 
hauling- \ @ rope-gripping device is that explain 
oy The ihe of the skip is taken up by a 
couple of extra rails which cause the jaws of the appa- 
ratus to open and receive the rope, which gently drops 
between them. As the skip is gradually lowered again 
off the secondary rails, the jaws close round the rope and 
firmly hold the skip, which is immediately carried up the 
incline. At the top of the incline it is released in exactly 
the same manner. On the downward path the rope is 
gripped well before the cars come to the descent, so that 
there is no fear of them running away. oi: 

When a car has arrived at the top of the incline it is 
sent down the hopper platform to the furnace requiring 
the charge. ‘ore each furnace there is « siding, in 
which the cars stand until they are wanted. One ski 
after another is brought forward by means of a pull-switc' 
and tipped into the hopper. 

The op skips return to the bunkers to be refilled, 
using the ‘ ee track of ay —e . 

The points for directing the cars to the proper hoppers 
are worked from a central switch-box at the top of the 
incline, just as the points on a railway are set from the 
signalman’s cabin. The switch and signul at the top of 
the incline is, however, important in another respect, as 
it contains the signalling a tus for ordering and 
checking the ore-trains. All the signals are given by 
small lamps ; the system for ordering a charge of ore or 
coke from any of the hoppers is as follows :— 

Each hopper is fitted with a little lamp-board with a 
red light and a green light, and, further, three push- 
buttons: one button for “ ore,” one for ‘‘coke,” and one 
extinguishing button for “lights out.” A lamp-board in 
the switch-box is in connection with all the hopper- 
boards, so that an order for “‘ ore” at furnace No. 3 will 
show a red lamp marked “‘ore” on the third 1 in the 
switch-box, at same time showing a red bg ht at the 
hopper No. 3. The attendant in the switch-house will 
at once check the order by pressing a button marked 
“‘furnace 3,” causing a green light to appear on the 
hopper-board, at the same time showing a similar —_ 
at his own board. These lights are then extinguished by 
the man at the hopper by pressing the “lights out” 
button, as soon as he sees that his order has been under- 
stood and checked by a green light. In the meantime 
the attendant in the switch-house above passes on the 
order to the man in the switch-box below in command of 
the : siding, — charge aa furnace No. 
presumably waiting. system for passing on 
order is exactly thesame. A red “‘ ore” light rs on 
8 No. 3 below, which is checked back with a green 
light and finally extinguished from above. Now the 
attendant below sends off the train waiting in siding 
No. 3, and the attendant in the switch-box on the hopper 
plantform sets the points to admit the whole train into 
the siding in front of hopper No. 3. 

So far the signal system for ordering a charge is very 
simple. But when ail the furnaces are in full swing, the 
traffic on the hopper platform is very heavy, and so the 
attendant wants to know the earliest possible moment 
when he can set the points to send the next charge to 
another furnace—that is, when the whole train is in the 
furnace-siding. hopper platform is too long to ob- 
serve the cars, and by night or in a fog this would be 
impossible in any case. A very ingenious signalli 
mechanism has therefore been fitted, by means of whi 
the attendant can see ata glance where any icular 
car is at any moment without lea the hut. ver, 
the attendant can set his apparatus by pressing a button, 





so that any particular furnace-siding will admit only a 
certain number of cars, and ring a bell when all the cars 
are through, so that the man in charge may know when 
to set his points. 

The coke is brought up to the hoppers over a separate 
incline directly from the coke-ovens. There are 400 
ovens in in two long rows. A telpher track 
is laid down in front of the coke-platforms on either side, 
and, in order to facilitate loading o; tions, four travel- 
ling-brid; sweep over the coke-platforms, so that coke 
may be thrown into theskips at any point. Each — 
can carry four skips, which are sent on their way to 
incline over drag-switches, by means of which the bridge 
is connected to the main track. The skips hold 650 kg. 
of coke each. By this means it is very easy to load the 
coke into the skips without as the coke need 
not be moved to any fixed loading the skips being 
carried by the bridge to any place where the coke happens 
to be. Just before the incline there is an arrangement 
for making up the correct weight of each skip. This 
arrangement consists of a balance-arm in connection 
with a hinged portion of the suspension rail like an arm 
of a weighbridge. The trolley line over this portion of 
the rail is supplied with current only when the balance- 
arm is poised, so that every skip whose weight is not 
correct will come to rest at this point. Ooke is then 
added or taken off until the weight is correct, where- 
upon the skip will move off automatically. The exact 
weight of each coke-skip is registered automatically 
on passing a selfregistering weighbridge on the hopper 
platform. A speeial coke-si ing is provided on the hopper 
platform, so t there may always be a sufficient quan- 
tity of coke in readiness to draw from. Should the coke 
supply from the company’s own ovens not be sufficient 
for any reason, coke may be brought from a storage 

und near by the ore-bunkers, in which case the ore- 
incline is used for the transport of coke as well as ore. 
For this reason the signalling apparatus is arranged to 
order coke from the ore-siding if necessary. 





CATALOGUES. 

Oxy-Acetylene Welding and Cutting Plants.—A cata- 
logue of acetylene-generators, cutting and welding blow- 
pipes, — ee regulators, and other accessories 
and supplies for ae and cutting by the oxy-acetylene 
process, been issued by the Messer Engineering Com- 
pany, of 296-300, City-road, E.C. 

Pattern-Making Machine.—A catalogue illustrating 
and describing their semi-automatic wood-milling ma- 
chine for making patterns and core-boxes has reached 
us from the Pattern-Making Machine and Mechanical 
Tools Company, of 89, Forest-road, W., Nottingham. 
This machine, which is made under Wadkin’s and Scott- 
King’s patents, was illustrated and described in Enal- 
NEERING of July 12, 1912, on page 39, so that we need 
not deal with its many special features here. The cata- 
logue illustrates the great variety of work done by the 
machine, which can be used for plain and ornamental 
wood-working of all descriptions, as well as for pattern- 
making. 


Saws.—Messrs. C. D. Monninger, Limited, 124, Clerken- 
well-road, E.C., have sent us a copy, of their latest cata- 
logue of saws and accessories. Wide band-saws, for band- 
mills and re-saws, are firet dealt with, prices being quoted 
for saws ra ing from 3 in. to 10 in. in width, and these 
are —_¥° yy particulars of stretching hines, 
sw: , Sharpening-vices, brazing apparatus, saw-settin 
oamiiane, and other appliances for the care of hendenue 
Prices are also stated for narrow band-saws, from } in. to 
2 in. wide, as well as for rotary band-saw guides, circular 
saws, groo saws, “‘drunken ” saws, cross-cut saws for 
hand use, and Simonds’ circular saws with inserted teeth. 
The firm undertake the repairs to saws of all kinds, and 
prices for this work are mentioned. 


Driving-Chains.—‘*The Coventry” Chain Company, 
Limited, of Spon End, Coventry, have issued a d- 
book of data relating to their noiseless driving-chains. 
The hand-book first explains the principles of these 
chains and points out their advan imensions, 
weights, and b ing loads are then given in tabular 
form for chains varying from 8 mm. to 24 in. in pitch. 
These are followed by tables of clearances in chain cases, 
data for chain-wheel teeth, dimensions of chain-wheels, 
and hints to users, while the remainder of the book is 
occupied by illustrations of the firm’s shock-absorption 
wheel, examples of chain-drives, and illustrations of 
chain-gear boxes for speed reduction. The book is attrac- 
tive in app ce and conveniently arranged, so that 
it cannot fail to be appreciated by the firm’s customers. 
ota Wa er reeling St Hae 

le a mpany, i of i a 
phlet dealing with then cab-tyre chested tale. 





ese cables are very suitable for wiring work in fac- 
tories, and for sup) ping portable apparatus in work- 
shops where they are likely to be ex hard wear 


or corrosive fumes ; they are also u for house 
They are made in 600 and 2500 megohm grades, with 
uctors varying from one No. 22 wire to 127 wires 
each 0.101 in. in ever, giving an area of 1 sq. in. 
— flat-twin, round-twin, and three-core cables 
are listed, as well as small-twin flexible cords. Special 
corrosion-proof junction-boxes for use with cables 
are illustrated, and some wiring installations on this 

system are also shown. 

Driving-Chains.—A pamphlet, giving prices and full 
particulars of Westinghouse silent rocker-joint driving- 
which they manufacture under Morse patents, 
been issued by the Westinghouse Brake Company, 
Limited, of 82, York-road, s Cross, N. The con- 
struction of these chains, which are made with pitches 





has | L. 





ranging from } in. to3 in., is illustrated and described, 
and instructions for the installation and maintenance of 
chain-drives are also given. The remainder of the pam- 
phlet (rather more than half of it) is occupied with illus- 
trations of typical chain-drives yy from 1 to 
1000 horse-power. The largest drive employs a 3-in. 
pitch chain, 24-in. wide, running at a speed of 1450 ft. 
per minute. It is used for driving the line-shafting in a 
rubber-mill ; another drive, transmitting 500 horse-power, 
is also used in the same mill. 

Cranes, Transporters, 4:c.—We have received from Sir 
William Arrol and Co., Limited, of 56, Victoria-street, 
Westminster, 8.W., an album of illustrations of cranes, 
transporters, and other lifting machinery constructed by 
this firm. Several examples of giant ca:tilever cranes 
are first illustrated, among them being the 250-ton crane 
for Portsmouth Dockyard, which was illustrated and 
descri in our issue of April 17 last, on 514; this 
is claimed to be the largest crane built in this country. 
Numerous examples of floating cranes, wharf cranes, large 
overhead travelling cranes (one having a lifting capacity 
of 200 tons), railway-breakdown cranes, locomotive cranes, 
grabs, Temperley transporters, overhead runways, bridge 
cranes, electric capstans, &c., are also illustrated as 
examples of the firm’s productions. Several pages of the 
album are devoted to tower cranes and other cranes for 
shipbuilding yards, and some examples of shipbuilding 
berths, complete with crane equipment, are also included, 
so that an interesting comparison can be made between 
these and the separate shipbuilding cranes. 


Cables and Joint-Boxes.—Meassrs. Siemens Brothers and 

Co., Limited, of Woolwich, 8.E., have sent us copies of 
two of their latest catalogues dealing respectively with 
alge mony cables and cable-joint boxes. In the 
ormer prices are stated for low-tension cables of the 
single, concentric, twin, and three-core types, suitable 
for pressures a 660 volts, and also for high-tension 
concentric and three-core cables ; the latter are suitable 
for pressures up to 11,000 volts. Extras for armouring 
and serving are also mentioned, and a number of useful 
tables are included in this catalogue. The joint-box 
catalogue, which is probably one of the most complete 
publications of its kind in existence, is divided into sec- 
tions relating to feeder pillars, disconnecting fuse and 
link-boxes, sealing ends and end-dividing boxes, straight 
joints, T and service boxes, house-service fuse-boxes, 
crane connection-boxes, special boxes and appliances for 
use in mines, and general accessories. The catalogue is 
very fully illustrated by means of reproductions from 
drawings and pho phs, and prices are stated in all 
cases. The Home ce Rules relating to the use of 
electricity in mines are also reprinted in an appendix. 

Steam-Engines and Boilers.—We have received from 
Messrs. Ruston, Proctor and Co., Limited, Sheaf Iron 
Works, Lincoln, a catalogue giving full particulars of 
their portable steam-engines. Single-cylinder, double- 
cylinder, and compound engines are listed in sizes 
ranging from 4 to horse-power. Another catalogue 
from this firm deals with engines and boilers specially 
de for use in oil-fields. The engines are of the 
single-cylinder type, and are listed in six sizes ranging 
from 21 to 35 horse-power. The fly-wheels of these engines 
are provided with two detachable rims, which can be 
added or removed as desired. The boilers are of the 
horizontal multitubular type, and are usually mounted 
on wheels to facilitate transport, and to enable them to 
be moved conveniently from one well toanother. They 
have extra large fire-boxes, with water spaces under the 
ashpits, and are also provided with large steam-domes to 
render them suitable for working rotary drilling outfits. 
The catalogue gives full particu including weights, 
dimensions, and capacities, of both mes and boilers. A 
four-page pamphlet relating to boilers heated by the 
exhaust gases from internal-combustion engines has also 
reached us from this firm. It is pointed out that about 
2b. of steam per brake horse-power hour can be pro- 
duced in these boilers with full load on the engine. 





onuperenne Semnes ENGINEERING. —A prospectus 
giving full particu of evening in engineering 
and mechanical science has come to hand from the Poly- 
technic, Regent-street, . These include complete 
courses of lectures and laboratory work in mechanical, 
civil and electrical engineering subjects, as well as special 
courses in motor-ear engineering, aero ineering, 
power - plant design, mathematics, and theoretical 
mechanics. 





Lonpon County Councrt Trapg SCHOLARSHIPS FOR 
Bors, 1915.—Courses of instruction are provided in 
London at day trade schools for boys and: girls who intend 
to enter skilled trades with a view to becoming skilled 
workers, foremen, and managers. The Council offers 
about 231 scholarships for boys and 300 for girls tenable 
at these schools. By means of these scholarships, boys 
and girls may secure free education (with a maintenance 


* | grant) to prepare them on leaving school to take up 


either apprenticeships or employment in skilled trades. 
The Council does not, however, guarantee employment, 
and it is expected that parents will take definite steps 
towards the end of the course of training to secure suit- 
able positions for their boys in the trades in which they 
have been trained. The next school year in the trade 
schools will commence in April, 1915, when successful 
candidates for these scholarships will begin their train- 
ing. Further details of the scholarships and of the 
courses of study at the various schools are set out in the 
.C.C. Scholarships Hand-Book, which may be obtai 
directly or through any bookseller from Messrs. P. 8. 
ao and Son, 2 and 4, Great Smith-street, Westminster, 
S.W., price 1d., or by post 3d. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOCIFI- 
CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 


in each case ; where none is mentioned the Specification is not 
illustrated 
Where i tions are ted from abroad, the Names, &c., 





of the fm me are — in he P Opfee 
Copies o, ifications may tai at ‘atent , Sales 
Soon ne Bon th ton Buildings, Chaneery-lane, W.C., at 





. wo, - 
the uniform price of 8d. 
The date of the advertisement of the ti of a Comp 
Specification is, in each case, given after the abstract, wnless the 
Tatent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
ane oe t of a Complete Specification, 
ive notice at the ‘atent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


GUNS AND EXPLOSIVES. 


19,337/13. Sir W. G. Whitworth and 
Limited, and 8S. M. Murray, Newcastle-on- 

Projectiles. (2 Figs.) August 26, 1913.—This invention relates 
to improvements in fuzes for —— of the type in which 
pivoted arms are employed, whic - out when the projectile 
is fired, and on engaging with a light target, such as a balloon or 
airship, cause the projectile to explode. According to this inven- 
tion, the pivoted arms act on impact positively upon the striker 
and explode the charge. The striker a which carries the needle b 
is normally held stationary by a shearing wire c, and it has in it 
a longitudinal slot d to receive a second shearing wire ¢. The 
striker a has fixed to it a disc or head /, the front face of which 
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gages with g in the pivoted arms A and normally holds 
them in recesses in the nose of the projectile. The shock of dis- 
ch causes the striker a to shear the wire c and to move rear- 
wi , thus releasing the pivoted arms h, which are then caused 
by air pressure and centri force to fly outwards until their 
tail-ends, coming against the rear face of the head f, carry the 
striker a forward again until it is arrested by the shearing-wire ¢ 
coming to the end of the slot d. On impact, the arms A are forced 
further backwards, and their tail-ends force the striker a forwards, 
causing it to shear the eand force the needle b against the 
rr ee i, thus exploding the charge j. (Sealed August 27, 
1914. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


12,735/13, R.H.S. Bacon and W.S. Roe, Coventry. 
Variable-S Drive. (2 Figs.] May 31, 1913.—A ig 
to this invention, the table of a planing or like machine is 
driven at varying and variable speeds on either the forward or 
return stroke by means of a —— of toggle joints controlling 
the action of a variable-speed liquid-power transmission system, 
such as the Hele-Shaw pump and motor or similar power system. 
The togglejoints are operated by reversing and as cams 
attached to the machine table. The toggle joints may be adjusted 
to givea varying range of cutting speeds; and a v: range 
of return s,and to accelerate the machine table during 
part or parts of the cutting stroke. a is a pump driven at a 
constant speed by an electric motor b and delivering liquid to 
a motor (not shown) which drives the table ¢ of a planing 
machine. The exhaust from the motor is returned to the pump 























and the direction and quantity of the flow from the pump to the 
motor is regulated in a manner well understood by the move- 
ment of a rod al. This rod is connected to one of a pair of 
telescopic Spring toggle levers d 
machine. The other of the pair is connected by a link St toa 
quadrant. g pivoted to the frame e, and having fast with it rollers 
which lie in the path of cams on the table. When these two 
levers are in the same straight line, ifto which position they 
may be set b a oy quadrant by a hand-wheel i and 
ng, no liquid passes to the motor, and the 

machine table stops; when they are not in the same ht 
speed of th tti 4 ae i 
o! e cutting stroke eter- 
mined by a stop which consists of another pak of spring tele- 
scopic toggle levers j that can be set by means of a screwed 


voted to the frame ¢ of the 


attached to the engine, or by other snitable means, 





spindle 7° working in a nut j} which slides through but turns 
with a ion j* actuated b vey tp ay aft y 
should it be desired to ascelosete speed above the normal 
the first toggle is forced by means of one of the before-mentioned 
cams further over against the toggle stop until a prolongation 
@ of the first member of the first pair of toggle levers comes 
against another stop k which can be set for this accelerated speed 
by means of a right and left-hand screwed spindle k! actuated 


by ng from a hand-wheel &*. When it is desired to return 
to the normal » another of the cams on the table restores 
the toggles to their normal position. The spindle k! also carries 


a stop k4 determining the return speed of the table. (Sealed | is 


August 27, 1914.) 
MOTOR ROAD VEHICLES. 
13,728/13. Vickers, Limited, and G. H. Chall er 
London. Aeroplanes. (3 Figs.) June 13, 191s this 
invention relates to aeroplanes of the kind that are provided 
with a fixed shield so constructed and arran; with reference 


to the engine that the exhaust gases and oil emanating there- 
from are prevented from reaching and inconveniencing the pilot 


positive current is picked up from the third rail by the contact- 
4 = the other is operative with a negative current. 


third rail is dead, both armatures, 5, 8), are held 
it the contacts 9, 9!, and the circuit of the local 1 
is completed through 


bea lamp, showing that the section upon which 
entering is occupied. n 


current from the third rail, the armature 8! is t 
contact 101, and the local circuit is completed th 
ll, — ma - lamp, that 
section next in advance of that upon which the train is enteri: 
occupied. When a positive current is picked up trom the third 




















by being into the atmosphere through an op 
situated at some suitable part of the plane, as, for inst: . 
at the underside thereof. With aeroplanes of this type the pro- 
peller is sometimes provided with a dome-shaped member secured 
thereto by means of a dished disc, for example, the said member 
revolving with the fn ay in proximity to the aforesaid fixed 
shield, whilst the relative diameters of the adjacent ends or edges 
of the member and shield are such that an annular space or gap 
exists between them to permit a stream of air to pass into the 
shield, during the flight of the aeroplane, to cool the engine and 
carry away the exhaust gases and other matter issuing from the 
engine. According to the invention, the aforesaid annular gap 
between the dome-shaped member (hereinafter referred to as the 
cowl) and shield is dispensed with, and the cowl is so arranged 
and designed that it conforms, as nearly as Tne to the 
ideal stream-line shape of the aeroplane, whilst an opening or 
openings in the nose or crown of the cowl is or are provid 

the admission of air to the interior of the shield during the flight 
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of the aeroplane, By this arrangement the air-resistance to the 
machine is lessened. a indicates the engine and b the propeller 
of the aeroplane, whilst ¢ represents the fixed shield so con- 
structed and ai ed relatively to the engine that the waste 
gates and surplus oil are emitted through an opening cl, by the 
inrush of air into the shield, during the propulsion of the 
machine, The propeller b is mounted in¢ront of the shield c and 
carries the dished disc d and cowl ¢. The nose or crown of the 
cowl ¢ is cut away or formed with a central aperture e! for the 
admission of air, whilst the base of the cowl, which encloses or 
envelops the blades of the propeller near the root, lies in close 
proximity to the front edge of the fixed shield in such a manner 
that the external peripheries of the cowl and shield together form 
& practically continuous surface of tapering form from the nose 
of the cowl to the largest diameter of the shield. The dished 
disc d, which is secured to the boss of the p lier, and which 
also serves to assist in supporting the cowl ¢, is formed with a 
number of openings d!, through which the air passes, after enter- 
ing the aperture ¢!, to cool the engine and carry away the exhaust 
gases other matter. In tion to the openings d!, which 
may be of any desired size, shape, and number, in the disc d, a 
series of vanes, louvres or their equivalent may be provided and 
arranged at suitable angles on the disc to enable it to act as a 
fan, and thereby accelerate the induction of air to the chamber or 
Passage formed by the shield c. (Sealed August 20, 1914.) 


RAILWAYS AND TRAMWAYS. 
19,757/13. =. W. Fart, Gentes ont Ww. 


way Signalling. | (2 Figs.) Sept- 
ember 1, 1913.—The object of this invention is to provide signals 
to indicate the condition of traffic of the two sections imme- 
diately in advance of a train, this being accomplished by means 
of relays connected with insulated sections of the rail, which, by 
means of their contacts yer on whether the relays are 
energised or not), transmit to a third rail a current of one char- 
acter or another—e.g., a ve or a negative direct current— 

di ther either only the next preceding section is 
unoccupied, or the next preceding two sections are unoccupied. 
This current of positive or negative sign is collected b: 2 shoe 





to operate relays; these relays, by means of their contacts, 
giving either of three indications, acco to the condition of 
the two sections ahead of the train. One of indications would 


correspond with a positive current received from the third rail, 
and might indicate that the two next sections ahead were un- 
occupied ; another indication would correspond with a negative 
current received from the third rail, and might indicate that the 
second section ahead was occupied, while the third indication 
would correspond with no current being received, and might 
represent that the first section ahead was occupied. or both the 
first why —_ y . —— ened Cons The invention 
may be to trac! its an: arrangements, 
or to cases in which indicators are carried on the train, or to a 
combination of such systems. The drawing shows the arrange- 
ment when the indicatorsare carried on the train. Two polarised 
relays 7, 7) are included in the 


for ci 
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rail, the armature 8 is brought against the contact 10, and the 
local circuit completed indicator 12, which con- 
ay oa lamp, showing that the two sections in advance 
of that upon which the train is entering are both unoccu . The 
train circuit may also include a non-polarised relay 16 which 
controls by ite armature 17 and contact 18 the circuit which 
holds the brakes off when the armature is attracted by the ener- 

magnet 16 against the contact 18. When the train enters 
a section which is occupied, the failure of the current in the train 
reuit releases the armature 17, breaking the contact at 18 
and automatically causing the brakes to be applied. (Accepted 
June 10, 1914.) 


16,623/13. H. A. 8 and Schmidt's Super- 
Loco- 


heating Company 1910 London. 
motives. (2 Figs.) ay 10, iors. —Ithas her tot P 


been 
in conjunction with locomotive cylinders to interconn 





ect the 
ends of each cylinder by means of a controlled by-pass so that 


under certain working conditions the by-pass is ned and the 
a both sides of the piston equalised. is invention 

for ite object to provide an improved con’ device in 
arrangements, as above, in which the bye-pass valve is 
controlled in a more certain and tive manner heretofore. 


The invention consists in a fluid-operated controlling device for 
the by-pass interconnecting the ends of a cylinder, the device 
being actuated in one direction by steam from the vaive-chest or 
fodapendeatly of the male sheaurgion, end pecboetiy tort pps 
ently of the main -pipe, an ly bya 

lead ng directly from the boiler. r controlling device, as pn 
after described, is provided for each cylinder, and is connected by 


from the front and back cylinder-covers respectively, are disposed 
junication 


ve 
one above the other, comm between —- 
being effected by the operation of a valve, the working face d of 
which co-acts with a valve-seat ¢ di on the ring of metal 
which separates the two stem g of the valve is of 
cylindrical form, and carries at ite upper end a ciroular enlarge- 
ment A, which acte asa piston. The en! end of the valve is 
isposed in a chamber & formed in the con mw oy 2 
or 


main steam-pipe by the 


enlargement is connected to a supply of steam independently of 
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is provided with an outlet to the atmosphere, and is controlled by 
arelief-valve n attached loosely to a short . -¥ formed on the 
described. operation 


under side of the valve before of the 
device is as follows :—When the regulator is in such a ‘tion 
that steam is being admitted to the engi linders, the connec- 
tion / on the top of the device admits steam the main steam- 


pipe or the valve-chest to the side of the 


ae or 
piston h formed on the valve-spindle. Steam from the will 
also be admitted below piston 


face d is forced upon its seat ¢, and no connection 
between the front and back ends of the cylinder by means 
eee. If, however, the regulator is closed, the steam pr: 
on upper side of the piston is withdrawn, and steam 


the 
boiler-cock entering below the by the pipe m, will force 
the piston upwards, lifting the valve-face d ite t ¢, and 
allowing communication to ‘ected between the front and back 
ends of rt ap yy the 
pressure on piston in the engine-cy The device above 
described is especially suitable when used con th 





circuit, one operating when a | ov 
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after circulating through the superheater elements, passes through 
the steam-chest and cylinders, and finally to the atmosphere by 
the relief-valve n. (Sealed August 7, 1914.) 
12,119/13. The Metropolitan Carriage, Wagon, 
Finance Com » Limi a ee! H. C. 
Grigg, Brades Village, and N. Swift, Oldbury. 
Roliing-Stock. [7 Fis] May 2, 1913--This invention 
relates to means for automatically gathering up slack in operat- 
ing mechanism or gear, such as brake-operating hani 
used on cars, wagons, and other rolling-stock, and has for 
ite object to provide means whereby siderable i i 
may be prevented, due to the | ing or slackening of the 
various joints of the brake-operating connections, and the 
consequent rendering thereof out of adjustment, and to provide a 
more efficient and simple device than those heretofore proposed. 
In particular the invention relates to a slack-gathering device of 
the type comprising a moving operating member travelling over 
or across a stationary member, with a series of engaging detents 
or other devices bet the bers adapted co-operate in 
any of a series of relative positions. According to this inventicn, 
the moving member comprises an oscillating arm to which the 
brake-operating rod is directly or indirectly articulated, and 
carrying a ey ne tg plunger which traverses across a qua- 
drant, or other member, having a series of notches, teeth, detent 
or other engaging devices with one or other of which the spring- 
plunger gr according to the amount of slack to 
taken up. The slack-gathering device is arranged upon the 
shaft 1 carrying the ui rocking-lever 2, to which the screw- 
threaded extremity 3a of the rotating brake-operating rod 3 is 
ted, this ti ing made in the known manner by a 
nut 4 loosely mounted in the extremity of the rocking-lever 2. 
Keyed or otherwise affixed to this shaft is another rocking-lever 5 
the end of which is articulated to the second or “‘ tension ” con- 
necting-rod 6 which operates the brake levers. Suitably disposed 
upon or within this last-mentioned lever, hereinafter referred to 


Fig.t. 








incon 












































as ‘‘the rocking-lever,” is the engaging element, which in this 
case takes the form of a spring-pressed plunger 7 mounted at one 
end in a bracket 8 affixed to the rocking-lever 5, and at the 
other end in the rocking-lever 5 itself, the rtion of the 
lunger which projects from the surface of the rocking- 
ever 5 constituting the which engages with the retaining 
element. This plunger is slightly rounded on its forward face, but 
is quite square on the rear face. Loosely mounted upon the shaft, 
and adjacent to the rocking-lever, is a fiat quadrant member 9, 
having a series of radially-cut perforations therein at a distance 
from the rocking-shaft equal in amount to the radial distance of 
the engaging plunger 7 from the shaft 1, 80 that during movement 
of the rocking-lever 5 this plunger 7 will describe an arc over the 
quadrant member 9, which will be the axis of the holes or per- 
forations 10 therein. It will be understood that this quadrant 
member and the perforations therein constitute the ‘“ retaining 
member,” the plunger 7 in the rocking-lever 5 engaging with one 
or other of the holes in this retaining member according to the 
amount of slack in the joints to be taken up. In operation, 
su ng the brake-operating handle 11 to be turned so as to 
bring the brakes into action, the rocking-lever 6 will traverse the 
surface of the quadrant member 9 toa certain extent, this de- 
nding upon the amount which the handle 11 has to be turned 
before the brakes act. if this amount is excessive, the rocking- 
lever will traverse the quadrant member to such an extent that 
the spring-pressed plunger 7 therein will, by reason of ite rounded 
face, ride out of the first hole or notch 10 in the quadrant member 
9, and advance and snap into the next hole therein, and owing to 
its square rear face it cannot return, 8o that upon the brakes being 
next applied undue turning of the handle will not be n tated. 
The quadrant member ¥ is no‘ absolutely stationary, but is 
allowed to rock about the shaft 1 for a certain amount, deter- 
mined by the length of a slot in a fixed plate member 12 in which 
it works. (Sealed Auqust 7, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


26,434/13. J. Gegesn and R. or, Bl iL. 
Valves. (2 Figs.) bruary 24, 1913, —This invention relates 
to that class of, valve having two separate cylindrical bodies 
within the casing, and a concentric cross-sectional area of flow 
between the cylindrical bodies forming the valve and the valve 
casing, which bodies engage with one another, one of which is 
fixed and the other is provided with a seating surface and is 
movable through a spindle to determine the flow of liquid or 
fluid, the object being to provide improved means for operating a 
valve of this type and means for protecting the surfaces of the 
valve and the interior of the valve casing. In accordance with 
this invention, the means for operating the valve comprises a 
stationary tubular casing, within the valve casing, formed with 
an internal screw-thread, a valve externally threaded to fit within 
the casing, a le connected by one end to the inner end of 
the valve, whilst ite other end is supported freely in a bearing 
et auad on ee rebvourtadie, aad on pirat he ae . 
wheel fixed on the v: e, an le in; 
from the outside of the main-valve casing to the inside of the 
tubular casing, where it is provided with a pinion or worm to 
e with one or other of the types of wheel referred to. a 
indicates a stationary casing, while ) isa valve movable within 
it. The casing @ is preferably made in halves, coupled at or 
about the centre, so that the valve 5 may be examined or 
changed when required. Internally it is provided with a 








fixed casing 17 supported by arms 18, the whole formed in one 
with or secured to one half of the outer casing a, but 
leaving passages 19 for the liquid or fluid. The foregoing parte 
are all of usual construction. In acco ce with this inven- 
tion, the inner casing 17 is bored out and chased internally to 
receive the threaded inner end of the valve b, a tight joint being 
formed between the two parts by a stuffing-box 20 and gland 21 
at the forward end of inner casing 17. The valve is a by 
the long bearing formed, and is moved towards and from the 
seating c by a spindle 22 journalled freely at its ends in the valve 
» and inner casing 17 respectively. The central portion of the 
spindle is of hexagonal section or otherwise adapted to have 
firmly fixed on it a crown, spur, bevel or worm-wheel operated 
by a corresponding complementary pinion, bevel pinion or 
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taid. 


worm on aspindle 23 p ig to the of the main casing 
a trom where it can be operated. In place of forming a screw 
connection between the valve b and its inner casing 17, the parts 
may be plain and slidable, and the valve be moved by tapping 
its boss 24 and forming a thread on the spindle 22 to corre- 
spond, The latter would be rotated as before, and the valve be 
held from rotary movement by afeather or other means between 
it and its casing. The external of the valve b and inner 
casing 17, and likewise the interior of the outer casing a and 
flanged ends and joints, are lined or faced with a non-corrosive 
metal or alloy, or other suitable material, or withrubber. Inthe 
latter case, the rubber may be partially vulcanised on to the inner 
casing 17, but be left free to stretch when the valve is bein 
sleeedl, 80 leaving a perfectly tight joint between the valve an 
its casing. (Sealed September 8, 1913.) 


26,769/13. P. St. G. Kirke, and 
Combustion, Limited, London. Fired Steam 
Generators. (2 Figs.) November 21, 1913.—This invention 
has reference to the generation of steam, feed-water heating, and 
the heating of liquids generally by the combustion of fuel 
normally in @ gaseous condition, such as coal-gas, producer-gas, 
blast-furnace gas, natural , hereinafter referred to as gaseous 
fuel. The invention further has relation to a: tus for the 

meration of steam, feed-water heating, and the heating of 
liquids generally of the kind or type in which heat contained in 
the hot ducts of bustion can only pass therefrom to the 
liquid to be heated through the plates or tube-walls comprising 
the heating surface of such apparatus. The invention also has 
relation to the generation of steam, feed-water heating, and the 
heating of liquids generally by the employment of heat due,to 
that process of combustion known as surface combustion. In 
apparatus, according to the present invention, refractory material 
is disposed and arranged adjacent to the plates or tube-walls, 
which comprise the heating surface of the a atus, and in con- 





Bonecourt Surface 
Gas- 





invention, or in combination with a steam generator or liquid 
heater so fired, tubes, flues, ducts, or channels, packed or 
with refractory » may be provided in another liquid 
a to assist in the abstraction of further heat from the 
products of combustion. (Sealed August 20, 1914.) 
211/14. Babcock and Wilcox, Limited, and J. H. 
London. § aGenesntera. (2 Figs.) 
January 3, 1914.—This invention, which is an improvement on or 
modification of that forming the subject of the prior application for 
Letters Patent No. 13,971, of 1913, relates to an improved means 
for effecting the regulation of the superheat of steam by diverting 
the superheated steam, wholly or in part, from ite passage to the 
stop-valve or main, and leading the diverted steam an 
attemperator fitted in the steam-generator drum. With the 
arrangement described in the prior specification, the minimum 
limit of temperature to which the superheated steam could be 
brought was necessarily above that of saturated steam, as the 
temperature of the water or steam immediately surrounding 
the attemperator is no’ fficiently low to provide the requisite 
thermal head for the transference of heat required to convert 
the superheated steam into the saturated steam. According to 
the present improvement or modification, in order to extend the 
range of reduction of the temperature of the superheated steam, 
so that the latter may, if desired, be reconverted into saturated 
steam, and/or to permit of reduction of the dimensions of the 
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attemperator, &c., the attemperator is fitted within a compart- 
ment of the steam-generator drum to which is connected the 
feed-water inlet, and the feed-water in which compartment is 
separated from the main body of water in the drum by dia- 
phragms or partitions. The connection a from the superheater 
diverges at b into two branches, one branch c leading directly to 
the mixing-valve d, and thence to the main stop-valve ¢, and the 
other branch leading to the mixing-valve d by way of the 
attemperator g fitted within the boiler-drum h. Theattemperator 
q is of the form described in the specification of the prior applica- 
tion, being constituted by a long box into the side walls of which 
are expanded cross-tubes, and to the ends of which are coupled the 
limbs f, £1 of the second-mentioned branch of the superheater 

ti The attemperator g is so positioned in relation to 
the feed-water inlets j that inflowing feed-water will impinge 
thereon, and is enclosed within a compartment formed by the 
wall of the drum and diaphragms or partitions k, whereby the 
feed-water is cut off from the main body of water, and the tem- 
perature within the compartment may be maintained consider- 
ably lower than that in the rest of the interior of the drum. At 
the junction of the branches c and /! is fitted the mixing-valve d, 
adapted to control the communication between the branches c 
and f! and the main stop-valve e. (Sealed August 7, 1914.) 


TEXTILE MACHINERY. 


14,654/13. T. Cotton, and T. W. Stead, 
St. as Russia. g-Spinning. (2 Figs.) 








tact with, or in the neighbourhood of, a portion of this refractory 


4, 1913.—In spindles for ring-spinning it has been 





material an accelerated surface combustion of the h "4 
combustible mixture of gaseous fuel and air formed as herein set 
forth takes place, the products of such nae ee over 
or through the inder of said refractory material, so that the 
greater part of the heat contained therein may be more rapidly 
transmitted through the heating surface to the liquid to be 
heated than would be the case if this baffling radiating material 
were absent. There is also provided a mixing-chamber, as herein 
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set forth, which is also papers ee | provided with one or more 
constricted outlets, which accelerate the formation of a homoge- 
neous combustible mixture, and help to localise combustion where 
desired. Combustion of the mixture formed is commenced in 
the mixi hamber, and bustion of the h ig com- 
bustible mixture issuing therefrom is completed in an accelerated 
manner in contact with, or in the neighbourhood of a portion of, 
the refractory material beyond. The gaseous fuel and air are 
introduced to the mixing-chamber in substantially the propor- 
tions required to ensure full and complete combustion. e 
drawing shows the invention applied to a Lancashire boiler, only 
so much of the boiler being shown as is —— a | for the present 
description. 3 is the mixing-chamber, partly within and partly 
without the flue2. 8 is the ges-cupply pipe in connection with a 
gas-chamber 19, from one face which extend a plurality of 
pipes 8a towards the outer end of the mixing-chamber 3. 10 isa 
dise-valve contained within the chamber 19 and d on a 
screw-threaded and rotatable die 11 mounted in the walls of 
thechamber. When the spindle is rotated, the valve 10 is moved 
cing prevented by cngaremiens with s ange in the chamber 18 
preven’ engagement a ge in the r 19. 
18isa ae Pe er | burner, and forms a pilot light. It is pivot- 
ally connected with one end of a gas-arm 14, pivotally connected 
at ite other end with a gas-pipe in communication with the 
chamber 19. On starting up, gas issuing from the jets of the 
burner 13 is ignited, the burner is brought into position in 
front of the outlet ends of the tubes 8@ (there one jet to 
each tube 8a). The gas issuing from the tubes 8a is thus ignited. 
The burner 13 may then be moved out of the way and the proce- 
dure hereinbefore described adopted. The plurality of tubes 8a 
is to get a better preliminary mixing, so that mixing can be com- 
leted more rapidly and in less space. The valve-spindle 11 is 
Rollow, and serves as an in ion orifice. In connection with a 
steam generator or liquid , fired in accordance with this 











customary to employ two pegs on the wharile, and recesses were 
made in the bobbin to fit over these pegs in order that the 
bobbin should be constrained to rotate in unison with the spindle. 
If the bobbin was not correctly adjusted, slack twist resulted ; 
and when the recesses became worn with use the bobbin was 
liable to jump off the pegs. To avoid these disadvan by 
making the correct engagement of the bobbin and spindle depen- 
dent on centrifugal force instead of on the attention of the 
po cet it has been proposed to employ springs on the spindle, 
either flat or spiral ; but in such devices the thickness of the 
springs has been added to the diameter of the spindles, which 
renders them unsuitable for use with small-bore bobbins of the 
ordinary type. Now, according to this invention, the diameter of 
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Fig.4, 
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the portion of the spindle which is in engagement with the bobbin 
is reduced at the part where the spring isapplied. 1 indicates the 
spindle, 2 the wharle, 3 (Fig. 1) a c! tube of spring metal 
passed over the top of the spindle, the bottom edge of this tube 
entering a small recess formed for its reception in the boss of the 
wharte. Vertical slots 4 are cut in the tube. The loose arms or 
strips of metal between the slots, when expanded by centrifugal 

tly so as to bind against the inside of the 
(not shown), and hold the — tly on the spindle 





= mond a is 3. f to ae S a 
a tube bein, on to spindle, a portion of t spind 

Shove the wheels d in diameter, and on this reduced 
part is spirally or ge Beg pt of spring metal 5, the 
expansion with which when the ee ae has the same 
action as before described with to the arms. 
The top of the outer tube 3 or g strip 5 may be pinned, 
brazed, soldered, or cemented to spindle, or otherwise suit- 


ably secu thereto in order to ensure its rotation with the 
spindle. (Accepted May 27, 1914.) 
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Co1st Sund-Dunes, Sand-Spits, and Sund-Wastes. By 
GERALD O. Casz. London: St. Bride’s Press, Limited. 
[Price 5s. net. ] 

FavourrpD by Nature with a long and indented 

coast-line, offering many advantages to industry 

aud commerce, we have entailed upon us the duty 
of resisting the encroaching ocean and of prevent- 
ing the wind-swept sands from carrying destruction 
inland. The Ordnance Survey Department shows 
that in thirty-five years the tireless waves beating 
on our coasts have washed away 6640 acres, and in 
the same time 48,000 acres have been reclaimed 
and added to the superfices of our islands. The 
loss is due to the erosion on the coast, and varies 
according to the nature and form of the shore ; the 
reclaimed land is the product mainly of the accre- 
tion of material brought down in suspension by 
rivers. Little organised attempt has been made 
to set back the high-water line, or even to 
strengthen the natural protection of the coast 
afforded by the accumulation of sand and shingle 
derived from the abraded rocks and cliffs. The 
material eroded travels as it may along the 
coast, in directions governed by the action of 
the winds and waves and tides. This travel will 
depend upon the size of the particles, the charac- 
ter of the material, and the irregular formation 
of the coast. The work of transportation goes on 
continually, and very considerable watchfulness is 
necessary to prevent depletion on the one hand 
and undue accumulation on the other. The amount 
of material available for protection is not un- 
limited, and once carried from the station where 
it was created, is not recoverable. The knowledge 
of the behaviour of the disintegrated rock, and of 
the way it safeguards the coasts, but is capable of 
injuring adjacent lands, can hardly be over-esti- 
mated. Yet the author tells us that no book on 
this important subject has been published in Great 

Britain. We fear he is right ; certainly the Com- 

missioners on Coast Erosion, who have recently 

published a report, believed they were attacking a 

new question, for the subject had not been dealt 

with in any previous inquiry. 

There is therefore room for a comprehensive 
treatise on this subject, but we doubt if the author 
has quite met the want. He offers rather the 
materials for a book than the book itself. There is 
more evidence of the collection of facts than of 
assimilation and comparison. We are carried all 
over the world and told what is being done in 
nearly every country that is washed by the sea, 
but we are not made to appreciate clearly the 
different circumstances that have necessitated a 
different treatment, or have compelled the adop- 
tion of particular methods. If a few typical 
cases had been selected and the peculiarities of 
each discussed with exactness and discrimination, 
the book would have been more instructive and 
better adapted for technical reference than when 
cumbered by the mention of so many instances. 
The author is not altogether to be blamed for the 
absence of instructive details concerning construc- 
tional methods. In many cases the necessary in- 
formation is wanting. Very much haphazard work 
has been done in coast protection ; we may say 
that the want of a well-ordered, definite system 
has been most marked. Local authorities have 
heen left to carry out their plans in their own way. 
Sound engineering has been allowed little scope, 
with the inevitable result that a large amount of 
money has been wasted on groynes, sea-walls, and 
other defensive works, as well as on the main- 
tenance of fairways and harbour approaches. The 
problems involved in erosion and transportation 
often cover a larger area than local authorities 
have recognised, and the narrow outlook has 
operated so adversely that works designed solely 
to afford protection to a particular line of coast 
have led to increased erosion of the coast on the 
leeward side, owing to the stoppage of travel of the 
beach material. If the publication of Mr. Case’s 
book directs more attention to the important subject 
of erosion and protection, and induces experts to give 
systematic attention to the perpetual changes of the 
coast, with the view of securing adequate protec- 
tion or judicious extension of its boundary, he will 
have accomplished a very useful purpose. At pre- 
sent no one seems responsible for the maintenance 
or the enlargement of sea defence. The enterprise 
of frontagers leads occasionally to spasmodic efforts 


property, but it is not yet recognised that the 
adoption of adequate measures against sea en- 
croachment is a national service. Probably we 
shall not get uniform treatment and well-considered 
lans till some central authority, as the Board of 
rade, is made responsible for the preservation of 
our coast-line. 

The general principle underlying the construc- 
tion of sand-dunes is very simple. Sand is carried 
freely over a level surface by the wind, but an 
obstruction, as a wall or a line of trees, causes the 
sand or other incoherent deposits to collect on 
the windward side, where an eddy is formed which 
throws the finer grains to leeward. In this way 
accumulation takes place on both sides of the 
obstruction, the coarse sand lying to windward, and 
the more finely-divided particles to leeward, the 
slope being different on the two sides. This simple 
fact shows what is necessary to be done when the 
formation of a sand-dune is needed, or it is desirable 
to give direction to its continual accumulations, Easy 
access to materials, or the cost of transport, will 
dictate the character and form to give to the 
obstruction. «a continuous row of open-work 
fencing, with movable planks, placed just above the 
high-water line, is frequently adopted, the fencing 
being so arranged that the separate boards of which 
it is composed can be heightened as the sand accu- 
mulates. The sand should be disturbed as little 
as possible when shifting the fence, and various 
contrivances, which can be easily imagined, have 
been sugyested to lift the planks singly without 
disturbing the angle of _— assumed by the sand. 
The regulation of the slope is a matter, too, of 
some importance, and it is usual to erect a second 
fence a short distance inland of the former. This 
device prevents the sand that has passed the first 
fence being carried inland, and allows the slope to 
be nicely regulated. This slope is especially im- 
portant when the next stage is reached—that of 
seeding or cultivating suitable plants on the sand 
that will grow upwards through the slowly-rising 
sand surface, binding the loose sand together by 
the deeply-seated roots. Marram grass is frequently 
used in this country to consolidate the sand, and is 
a very effective agent. An instance is quoted in 
which, during a storm, the seaward face of a sand- 
dune was cut away. After the storm had subsided 
a small cliff of sand, 8 ft. high, was left standing, 
and it was seen that the whole depth was penetrated 
by a thick network of marram roots from top to 
bottom. A dune unprotected by vegetation would 
have been easily destroyed by the winds and waves, 
but when fixed and matted by close-grown roots 
the protection is very efficient, and the sand mass 
can only be eroded by the waves with great difli- 
culty. 

The author is inclined to dwell upon the destruc- 
tive effects of sand, and the necessity of converting 
moving sand into a protecting embankment. In 
this connection his chapter on groynes is satisfac- 
tory. But grievous are the tales he tells of the 
evil consequences wrought by sand when, out of 
control, it is carried inland. His illustrations are 


devastation and havoc due to this cause. Houses 
and cities have been buried under the sand-dune, 
as it has been compelled to travel forward by the 
transference of the accumulated material on the 
gentler windward slope to the steeper leeward 
incline. Certainly, if slowly, the incoherent mass 
advances. A well-known case is that of the burial 
and rea rance of a church in the neighbourhood 
of the Kurisches Haff, as the sand-dune gradually 
enveloped the building and as slowly revealed the 
ruins, as the sand accumulations marched steadily 
landwards towards more distant prey. In that case, 
the sand dune travelled about 500 metres in seventy 
years. It should, however, be remembered that sand, 
driven forward by the wind, can be of great 
economic service, giving rise to a fertile soil. The 
productivity of the Nile Valley is rightly attributed 
in the first place to the fine silt and loam of the 
Nile overflows, but the sands of the desert have 
also added their share to the soil of Egypt. 
Similarly, wind-swept dust has played an im- 

rtant part in the formation of the loess accumu- 

tions of China and the East. The author 
the fertility of Holland as traceable to the long- 
enduring sand-dunes that protect the country 
from inundation. While, therefore, Mr. Case has 


rather in view the evil consequences of unrestrained 
sand motion, he gives attention to possible reclama- 
tion by careful control of sand-dunes. He urges 





to train sand-dunes for the protection of private 





the feasibility of economic farming, and can point 


to satisfactory results. He indicates how it is 
possible to convert sand-wastes or useless belts 
of sand-dunes into pine woods by a system of 
afforestation. We should rather be inclined to re- 
gard such plantations as beneficial by reason of their 
assistance in preventing encroachment on more 
fertile lands, than as a source of revenue in them- 
selves. The author gives figures showing the cost 
of reclamation, but they differ very considerably 
among themselves. The variations probably arise 
from the different degrees of fertility attained. 
Given time, the agricultural result would no doubt 
be satisfactory; but while we are told that on 
reclaimed sand it is possible to maintain one beast 
per acre for five months in the year, we feel that 
the opportunity for profitable farming is remote. 
It will too frequently happen that a layer of rock 
underlying the newly-rescued surface interferes 
seriously with the movement of the soil water, and 
ey a limit upon the possible usefulness of the 
and. Thesmall power possessed by sand and light 
soils of retaining water is a serious disadvantage, 
because such soils become liable to drought, and 
partly also because of the ease with which manurial 
substances are washed away and lost. But with 
the instances of Holkham and Norfolk before us 
there is no need to despair, though we can hardly 
share the author's optimism. 





Trading with the Enemy: The Effect of War on Con- 
tracts. By Leste Scort, K.C., M.P. Second Edition. 
London : Stevens and Sons. [Price 2s. 6d.] 

In October, 1913, Mr. Leslie Scott read a paper at 

the Conference of the International Law Association 

which was held at Madrid. His object was to evoke 
discussion which might lead to the preparation of 
rules of international law as to ‘‘ trading with the 
enemy ” and the effect of war on contracts. He 
has now reproduced his paper, with certain valuable 
additions y mere to assist in the solution of some 
of the problems which have arisen to trouble the 
minds of commercial men in England whose busi- 
ness has been seriously affected by the present war. 

The first of the book deals with relations 
between subjects of belligerent States. Mr. Scott 
reminds us ‘at ge 9) of the celebrated dictum of 
Mr. Justice Willis that ‘‘ the force of a declaration 
of war is equal to that of an Act of Parliament 
prohibiting intercourse with the enemy except by 
the King’s licence.” He reminds us, moreover, 
that it is for the King—or, in practice, the Execu- 
tive—to decide what persons are to be regarded as 
hostile, neutral, or friendly ; but it is for the Courts 
to determine what persons have in fact been put by 
the Executive in the category of enemies. 

In the main it seems that, according to the 
common law, persons who have a commercial domi- 
cile in England are treated as being subjects of 
Great Britain, but the question arises whether 
this rule is modified, and if so, in what respects, 
by the various proclamations issued since the war 
began. Mr. Scott gives his readers the benefit of 
a very full discussion of this question at pages 17 


as effective as his statistics in proving the enormous | to 23 


He has also propounded and answered two ques- 
sions of considerable interest. The first is, what 
is the position of alien enemies who are in the 
British Isles, but have not a civil or commercial 
domicile here, nor any licence from the Crown, but 
have observed the requirements of the Alien 
Restriction Orders? Founding, apparently, upon 
the rule that help to the enemy is the touchstone 
of illegality, he expresses the opinion that ‘‘ such 
aliens are, in English law, under existing pro- 
clamations still enemies, and subject to the dis- 
qualifications of enemies.” 

The second question relates to contracts made 
with enemy subjects before the war. Mr. Scott 
expresses the view that the majority of such 
contracts must be regarded as dissolved, and not 
— suspended. 

It has always been a recognised rule that the 
outbreak of war involves the suspension of contracts 
between subjects of belligerent States. Mr. Scott 
points out (at page 28) that ‘‘in many types of 
contract interruption of performance means so 
radical an interference with the whole essence of the 
business that dissolution of the contract results.” 
As instances, he refers to commercial contracts for 
the sale of goods for future delivery. He is of 
opinion that these are dissolved by the war, and 
his view is, no doubt, a sound one. A contract to 





deliver steel ingots over a series of years at so much 
per ton must inevitably be affected by delay, not 
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to mention the other respects in which war will 
affect those who deal with steel ingots. 

The second part of the work deals with the 
relations between neutrals and belligerents. It has 
not, apparently, been supplemented with any 
notes written since the whole paper was read at 
Madrid. 

The recent Acts of Parliament, proclamations, 
and Orders in Council are printed in an appendix, 
and the work is one which we are convinced will be 
most useful to the lawyer who has to advise his 
client under the novel conditions which now obtain 
in commercial circles. 





THE MANHATTAN BRIDGE, NEW 
YORK. 


By Frank W. Skinner, Member of the American 
Society of Civil Engineers. 
(Continued from page 381.) 
SUPERSTRUCTURE. 

The Towers.—The towers, of one of which eleva- 
tions are given in Figs. 45 and 46, annexed, and of 
which the architectural features will be seen in Figs. 
4 and 5, on Plate XXVIII., published with our 
issue of the 25th ult., weigh about 12,500,000 lb. 
each. They are of acid open-hearth steel made from 
pig or washed Pg containing not more than 25 per 
cent. scrap and having an elastic limit of at least 
33,000 Ib., and an ultimate strength of between 
60,000 lb. and 68,000 Ib. sq. in., a percentage of 
elongation in 8 in. equal to at least 1,500,000 + 
ultimate strength in pounds, and a minimum reduc- 
tion of area of 44 per cent. at point of fracture. 

The towers are single transverse vertical bents 
(see Figs. 45 and 46), each with four tapered 
columns cross-braced in pairs, which are connected 
by three deep horizontal lattice girders with knee- 
braces. The columns are 281.89 ft. high from top 
of masonry to base of cable-saddle, and each has 
a cruciform cross-section made up entirely of plates 
and angles, and having an average sectional area 
of about 1800 sq. in., a uniform transverse width 
of 74 ft., except at the base, which is flared out to 
124 ft., and in a plane parallel with the bridge axis 
has a width of 10 ft. at the top and 33 ft. at the 
base. Typical constructional features of these 
columns are illustrated in Figs. 47 to 54, Plate 
XXXIV., and Figs. 55 to 61, page 437. 

The centre section of each column has uniform 
longitudinal and transverse dimensions of 5 ft. It 
has two solid webs parallel and six transverse to 
the bridge axis, connected by horizontal solid plate 
diaphragms 10 ft. apart, with manholes in the 
centre. The lower part of each column, which is 
illustrated in Figs. 51 and 52, is stiffened by 
twelve additional transverse webs to distribute 
the 21,000,000-lb. maximum vertical load on the 
pier masonry pedestal. Each column was shop- 
riveted in thirteen sections from 12 ft. to 24 ft. 
long, each section being shipped in two or three 
pieces, the heaviest weighing about 64 tons. The 
12-ft. lower section is made up with plates from 
lin. to 1} in. thick, four 8-in. by 8-in. by 1-in., 
twenty-eight 6-in. by 6-in. by }j-in., and 5-in. by 
34-in. by de. main vertical angles, besides many 
pairs of short angles for diaphragm connections. 

The columns are 8 20 ft. and 48 ft. from 
the bridge axis, as shown in the sketch plan, 
Fig. 55, page 437. The upper and lower decks are 
supported on pairs of transverse plate-girders, 
and the bracing-girders and portal struts are very 
massive. Brackets on the faces of the columns are 
bored for the end pins of the lower chords of the 
stiffening trusses. The lower ends of the columns 
are filled solid with concrete to a height of 8 ft. 
The columns are seated on separate pedestals, illus- 
trated in detail in Figs. 56 to 61, page 437, dis- 
tributing their loads across the full width of the 
pier masonry, and reducing the unit pressure on it 
to 64,000 ‘Thies pollestola, ot tht un - maximum 
bending. ese +1 ft. 4 in. lo wm 
to the ‘bridge axis, 21 ft. 10 in. wide, =a t. 6 in. 
high, were originally designed to be made of webbed 
cast steel, about 24 in. thick, weighi about 
780,000 Ib. each. On account of the great difficulty 
and delay in securing similar steel pedestals for 
the Queensborough Bridge, it was finally decided 
to substitute riveted steel estals of the same 
dimensions and outlines, which the contractor 
to build for the same price as the cast steel. Each 
pedestal has a bearing area of 696 sq. ft. and is 
designed for a total maximum stress due to con- 
gested load on half of the main span and the 
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A STUDY OF SOME AUSTRIAN 
LOCOMOTIVE TESTS. 


By Lawrorp H. Fry. 


Ir is proposed to give herewith an account of and 
to discuss a series of tests recently carried out on a 
two-cylinder saturated-steam express locomotive 
on the Austrian State Railway. The first engine 
of the type was put into operation in 1901, and 
now some sixty locomotives are in service giving 
satisfactory and economical results. Dr. Sanzin, 
after carrying out a large number of tests on these 
locomotives, has published* an elaborate study of 
their operation in all its phases. 

This is quite the most extended analysis which 
has been made of locomotive operation without the 
use of a locomotive-testing plant. The information 
4 is of considerable value, but one cannot 

elp being struck by the fact that on a testing 
plant it could have been obtained much more easily, 
and in some cases more accurately, than was pos- 
sible in tests carried out in service. 

The type of locomotive on which the tests were 
carried out is illustrated in Figs. 1, 2, and 3. It isa 
4-4-0 machine, with single-expansion cylinders, 
using saturated steam. The main dimensions are: 


Cylinder diameter 425 mm. (16.8 in.) 


”. stroke sii 600 ,, (23.6,, ) 
Driving-wheel diameter 1700 ,, (67.0,, ) 
°° Re . 2400 ,, (7 ft. Zin. 
Total wheel base -» 6200 ,. os 6 5 
Boiler pressure... pa << ae kg. per sq. cm. 
(177 lb. per sq. in.) 
Tube-heating surface (mea- 
sured on the fire side) ...110.6 sq. m. (1190 sq. ft.) 
Fire-box heating surface (mea- 
sured on the fire side) , 2-—: 4 OR wl} 
Total heating surface (mea- 
sured on the fire side eS . Ge. } 
Grate area - sie so ea oe a 2 
Number of tubes uae aa 
Diameter of tubes outside ... 50 mm. (2.0 in.) 
* » inside. » (1.75,, ) 
Length of tubes between 
tube-sheets ... aie ... 4100 ,, (13 fb. 6 in.) 
Length of grate a . 2142 ,, (84.5 in.) 
Width of te... ia 


‘ ... 1003 ,, (43.0,, ) 
Total weight in working order 47,700 kg. (105,000 lb.) 
Weight on drivers in working 
order ... ie oa ... 28,000 ,, ( 62,000 ,, 
en ay empty... cn ... 48,000 ,, ( 95,000 ,, 
Tender wales in working 
order : m ... 32,500 ,, ( 72,000 ,, ) 


Tender weight, empty -.. 18,400 ,, ( 30,000 ,, ) 
+ ‘Capacity, coal ... ... 4,000,, ( 9,000 ,, ) 
” * water ... 14,000 ,, (3,100 gals.) 


The resistance of the locomotive and tender in 
running condition, when their total weight was 
about 80,000 kg. (say 176,000 lb.), was found to 
be given by the formula :—- 


w= 3.8 + 0.015 v + 0.00075 7? . (1) 


where w is the resistance in kilogrammes per ton 


weight, and v is the speed in kilometres per hour ; 
or, in pounds and miles :— 


w, = 3.8 + 0,024 » + 0.00195 »,2 (1a) 


where w, is the resistance in pounds per 1000 lb. of 
engine weight, and v, is the speed in miles per 
hour. 

The trains of four-wheeled passenger-coaches for 
which this type of engine is used showed resist- 
ances in accordance with the formule :— 

w= 1.6 + 0.184 + 0.00046 v?, (2) 
- (2a) 


where the symbols have the same meanings as 
above. 


and 
w, = 1.6 + 0.296 r, + 0.00119 v,? 


Borrer PerrorMAance. 


The results of the experiments are analysed 
under three headings :—(1) boiler performance ; 
(2) engine performance ; and (3) locomotive per- 
formance, the last standing for the combined 
action of boiler and engine which determines the 
power of the locomotive in actual service. 

The fuel is the first element to be considered in 
studying the boiler ormance. In the majorit 
of the experiments the boiler was fired with run. of- 
mine Ostrauer locomotive coal, consisting of ap- 
proximately equal of lump, nut, and small 
coal, having an ultimate analysis averaging about 
as follows :— 


* Versuche an einer Nass-dampf-Zwillings-Schneli: 
lokomotive. Published by the Verein deutscher I 
nieure as vol. cl. and cli. of Forschuwngsarbeiten aus 





=“9- | pound). 





Per Cent. 

Carbon , 70.00 
Hydrogen 3.50 
Oxygen 4.00 
Nitrogen 4.00 
Sulphur 0.75 
Water... 3.00 
Ash . 14.75 

100.00 


The coal is a long-flame coal, with a slight ten- 
dency to coke in the fire, and in spite of its high 
percentage of ash it gave excellent results in 
service. 

The heating value calculated from the above 
analysis in 6518 cal. = 11,700 B.Th.U.; but the 
calorimetric bomb showed somewhat lower figures, 
so that for the calculations the mean heating value 
was taken as 6250 cal. = 11,220 B.Th.U. 

In firing it was found advisable to carry a greater 
depth of fire at the back of the grate than at the 
front, and to keep the fire deeper at the back 
corners and along the fire-box sides than in the 





middle. Under ordinary conditions the depth of 


Fig.. 



























































from 8 to 5.59 as the rate of firing varied from 
41 lb. to 123 Ib. of coal per sq. ft. of grate per hour. 
As shown in Fig. 4, as the rate of firing increases, 
the evaporation per pound of coal drops more 
rapidly at first than it does later, but the relation 
does not at any time depart greatly from a straight- 
line law. Dr. Sanzin does not give any results 
from individual tests, so that we cannot ascer- 
tain the weight of the evidence which deter- 
mined a departure from the straight-line law 
which has been found to obtain so generally 
in boiler-performance tests. Possibly the upward 
turn of the evaporation line is due to the use of 
larger-sized coal for the tests at the higher powers. 
Dr. Sanzin says that the decrease in the evapora- 
tion as the rate of firing increased was considerably 
less marked with lump coal than with the run-of- 
mine, while the small coal gave an even smaller 
evaporation, although the heating value was the 
same for all sizes. When firing 100 lb. per sq; ft. 
of pe per hour, the evaporation per pound of 
coal was a pound less with the small coal than with 
the run-of-mine, and this rate of firing was the 














































































































the fire was from 12 cm. to 20 cm. (say 5 in. to 
8 in.), with a depth of 30 cm. (say 12 in.) when 
the boiler was forced to the highest power. 

The annexed tables and figures show Dr. Sanzin’s 
results for the boiler performance, compared on a 
basis of coal consumption per square foot of grate 

r hour. The range examined is from 200 kg. to 
800 kg. of coal per square inetre of grate per hour, 
say from 40 lb. to 120 lb. per sq. ft. per hour. 
The lower limit of 40 lb. per sq. ft. per hour is so 
low as to be of little practical importance, while 
the maximum rate of firing obtainable with the 
coal used was from 120 1b. to 135 lb. per sq. ft. 
per hour. The coal has in its favour the fact that 
its low heating value is offset by the high rate at 
which it burns. 

The relation between rate of firing and the water 
evaporated per pound of coal is shown by Fig. 4 
and Table I. The evaporation is from feed-water 
at 10 deg. Cent. (50 deg. Fahr.) to a boiler pressure 
of 12.5 kg. per sq. cm. (178 lb. per sq. in.), corre- 
sponding to 655 cal. per kg. (1180 B.Th.U. per 
On this basis the theoretical evapora- 
tion is 9.55 lb. of water per pound of coal. The 





Gebiete des Ingeniewrwesens, 


actual evaporation per pound of coal fired varied 








highest which could be maintained with the small 
size. 
Taste I.—Combustion and Evaporation. 





Weight of 














s : S 6% |5™ | Draughtin |2¢6 . 
gy 1 g\3 28 |28 Inches of RE on 
3laiesis | $ Water. 8 
2= | j*>s as |§ @ @| Cinders as 
a= & los > £5 S| per Cent. 
S%& 8 (se ies [S| | S| ot Weight 
gs. | | » Ss SSS | @ @ &| oO elg 
|= es i¢ Ske 228) of Coal 
2 2 & zo |a.o 8s ies 4 
ge E | ae a $85 "5 \22&8 Fired. 
sia 28 eB Pease.) & <i); 
B3/ 3 Fe ce | pe ess] 2 Sees |. 
Ef) OS | 8 iducifgices| ¢ 252 \4 
=o @ (a2 SSE\S8E%S#| & gexlbe 34 
5/8 (38 Beesee 25 $28/c8| om 
5°) & |e! Gee peae<<|) ¢ gee) « 
Ib.p.| Ib | Ib. | Ib. | Ibep.) im. | in. rm pc. pe. 
8q. ft. | jeq. ft. | | Fahr. 
41 | 1035 | 8,300 8.00| 6.4 0.87| 0.28) 342/07) 21 
51 | 1295 | 9,850 7.59) 7.6 1.34/ 0.43) 450/10, 4.2 
62 | 1562 11,200 7.22) 87) 1.97 | 063) 540/16) 62 
72 | 1815 (12,500 6.88 | 96 2.64 | 0.87| 630/22) 7.5 
82 | 2075 13,500) 6.53 | 10.4 3.55 | 115) 700/31) 83 
| 28335 |14,600) 6.26 | 11.3 4.87 | 1.50 | 745/44) 9.0 
102 | 2590 15,500 5.99 | 120 5.45 | 189 | 790/57) 93 
113 | 2850 16,430 5.77 | 12.9 6.55 | 236) 815 |7.8| 9.7 
123 | 8110 |17,400 5.59 | 134 7.8 | 296 | 828/92) 10.0 





While the specific ek epee or pounds of 
water per pound of coal falls as the rate of firing 
increases, the total evaporation naturally increases. 
With an increase from 200 kg. to 600 kg. per sq. m. 
—that is, from 41 lb. to 123 lb. of coal per sq. ft. 
of grate per hour, or three-fold—the weight of 
water evaporated per unit of heating surface per 
hour increases from 31.3 kg. to 65.5 kg.—that is, 
from 6.1 1b. to 13.4 1b., or only 2.09 fold. Ex- 
pressed in relation to the grate area, the hourly 
evaporation ranges from 1600 kg. to 3354 kg. per 
sq. m., from 328 Ib. to 685 lb. of water per square 





foot of grate per hour. The higher figure is reached 
with the run-of-mine coal at 600 kg. per sq. m. 


— 
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123 lb. of coal fired per square foot 
hour. It was found that this size of 
the rate of 500 kg. per sq. m. (102 lb. per sq. ft.) 
per hour evapora 3000 kg. per sq. m. (615 lb. 
of water per square foot of grate per hour). With 
the fine coal this rate of evaporation could not be 
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smoke-box. Further, while the loss ascribed to’ 
unburnt fuel is low, the loss by sensible heat 
in the smoke-box gases is 5 ee high. At 
the highest rate of firing, 123 lb. of coal per square 
foot of grate per hour, the quantity of air taken 
through the fire, 13.13 1b. per pound of coal fired, the 
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However the losses be divided as between un- 
burnt coal and smoke-box gases, it must be - 
nised that an over-all efficiency of 58.5 per cent. is 
extremely good, particularly when the quality of 
the fuel available is considered. 








f 
coal Bred at 





obtained, the maximum being only 2500 kg. per 
sq. m. (510 lb. of steam per square foot of grate 
per hour), when the coal was fired at the rate of 
500 kg. per sq. m. (102 lb. of coal per square foot 
of grate per hour). 

Dr. Sanzin does not analyse in detail the reasons 


temperature of the smoke-box, 460 deg. Ce 





mt. = 
830 deg. Fahr. above the atmosphere, and the 
specific heat of the gases given as 0.27, all have 
high values, and as a consequence the heat calcu- 
lated as lost in the gases is so great as to reduce 


| the heat absorbed by the boiler to only 63.2 Se 
e 


for the failure of the boiler to reach the highest| cent. of the heat produced by combustion. 


steaming capacity with the small coal, but for the 
average conditions he gives gas analyses, and 
from these draws u 


are reproduced in Fig. 5 and Table II., and are 











heat balances. The results| 


American testing-plant figures show that 80 per 
cent. is a more usual figure for the efficiency of 
absorption of a locomotive boiler. 

Even on a testing plant it is a difficult matter to 


TABLE II.—Heat Batances anp Smoxe-Box Gaszs. 








Erricrexcy Mean VOLUMETRICANALYSIS ES (SH 
Hear Bavascs. or Smoxs-Box Gases. ‘< g 
Coal og per . 3iy 3 
Square Foot Heat Lost in| Heat of Un- | Heat | | oset' 
of Grate §moke-Box | burnt Com- en bY) Effective in Of —. | wotal ote los 
per Hour. | Gases, in- | bustible in sation, Evaporating Combus-| 1°") | 2° 0. N. | CO». | CO. '€ 33 
- Conduction, Absorb-| Boiler. eg 
eluding that|Cinders and and Soot the tion. | ti | rt rf 
by 60. | Ashes. " Water. — ERO Hao 
omens - —_— —Ss ——_ — — 
Ib. per eq. ft. p.c. p.c. p.c. p.c. .c. | pc p.c. pc pai pe pec Ib. 
- “ul 11.5 0.7 4.0 83.8 0.8 84.4 83.8 7.1 816 113 0.0 14.04 0.256 
51 15.3 11 4.0 79.5 98.9 80.4 79.3 _ -—i- _ -- _- 
62 187 17 4.0 75.6 98.3 76.9 75.6 7.1 81.6 11.3 06.0 | 14.04 0.260 
72 21.8 2.1 4.0 72.0 97.9 73.5 72.0 _ - —_i- — _ 
82 24.6 3.0 4.0 68.4 97.0 70.5 68.4 7.0 81.6 113 0.1 14.04 0.265 
92 26.8 3.8 4.0 65.5 96.2 68.1 65.5 _ = alt Mee _ _ 
102 28.4 } 4.9 4.0 62.7 95.1 | 65.9 62.7 6.4 81.4 11.3) 0.5 | 13.658 0.270 
113 294 6.1 4.0 60.4 93.9 64.3 60.4 _ —_i-— _ _ _ 
123 30.0 | 7.6 4.0 58.5 92.6 58.5 5.7 | 80.9 | 122) 1.2 13.18) 0.270 
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remarkable for the very high efficiency of combus- 
tion and the low efficiency of heat absorption which 
they show. At the highest rate of firing—that is, 
600 kg. per sq. m., or 123 Ib. of coal per eq. ft. of 
grate per hour—the over-all boiler efficiency is 
58.5 percent.; that is to say, this percentage of the 
heat in the coal fired is utilised in producing steam. 
This is good, but not abnormal. The losses are 
given as 4 per cent. by actual radiation and other- 
wise unacccunted for, 2.1 per cent. by the produc- 
tien of CO, 7.5 per cent. by unburnt fuel, and 
27 9 per cent. by sensible heat in the smoke-box 
gases. Of these last two figures the first appears 
extremely small, and the latter unusually high ; but 
in the absence of figuresof individual tests criticiem is 
difficult. It would have been of interest to have had 
individual gas analyses for both the run-of-mine and 
the small coal, so that the heat balances could have 
been compared. It seems certain that if the boiler 
capacity was limited by the small coal to a firing 
rate of 102 Ib. persq. ft. of grate per hour, the loss 
by unburnt coal at this rate must have very con- 
siderably exceeded 7.5 per cent. of the coal fired, 
and it is difficult to believe that this loss was not 
exceeded at the upper limit of firing for the run-of- 
mine coal—that is, when 123 lb. of coal were fired 
per square foot of grate per hour. The figures 
given for the loss by incomplete combustion of the 
fuel were found by determining the heating value 
of the cinders and ashes which were retained in the 
smoke-box and ash-pan at the end of the run, and 
taking this value as the total heat lost by unburnt 
fuel. Now, if the locomotive - testing plants in 
America have shown anything, it is the difficulty of 
entrapping the whole of the fuel which escapes un- 
burnt from the fire-box, and this even when 
elaborate contrivances are provided to catch the 
cinders which pass the smoke-box netting and get 
out of the stack. Therefore in the present tests, 
which were made in regular service, it seems 
highly unlikely that the smoke-box netting retained 
all of the unburnt fuel carried out of the fire-box 
and into the smoke-box by the draught. We 
cannot help thinking that a cacual observation 
from a carriage window would have shown that 
more fuel was lost unburnt than that caught in the 
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run a test under such uniform conditions as to 
obtain analyses of the smoke-box gas which cor- 
rectly determine the amount of air taken through 
the fire, and on service tests the difficulty is very 
greatly increased. It is not unusual to find values 
for the air supply vary by as much as 100 per cent. 
under conditions supposed to be similar, and if, 
as Dr. Sanzin has done, the smoke-box and ash- 

n cinders are taken to be the whole of the un- 

urnt fuel, a heat balance can only be closed by 
favouring the higher values for the air supply. 
If Dr. Sanzin really has an efficiency of absorption 
of only 63.2 per cent., it should be possible 
to obtain considerably better results by re- 
modelling the boiler so as to make it take up 
as large a proportion of the heat as has been 
shown to be possible by the American testing 
plants. When the design of the boiler is examined 
with this in view, it is difficult to see how the 
efficiency of absorption could be greatly increased, 
as all the proportions of the boiler are normal. As 
a matter of fact, instead of considering the boiler 
as deficient in heat absorption, it is much easier to 
sup that the actual air supply was eomewhat 
lees than that indicated by the analyses, and that 
consequently the loss by unburnt fuel was greater, 
and the loss in the smoke-box gases less, than 
shown. The table below shows for the boiler fired 
at 600 kg. per sq. m. (that is, 123 lb. per sq. ft.) 
of grate per hour, the heat balance, as given by 
Dr. Sanzin, together with the figures which the 
present writer considers more probable :— 


Given. Suggested. 
Per Cent. Per Cent. 
Heat used in evaporation 58.5 58.5 


Heat lost by external radiation, 


&e. ee al ai ne 4. 4.0 
Heat lost in producing CO ... 3 2.1 2.1 
Heat lost in unburnt fuel 7.5 19.4 
Heat lost in smoke-box gases 

(sensible heat) ... one «- 27.9 16.0 

100.0 100,0 





Before leaving the analysis of the boiler tests, 
attention nen be drawn to Dr. Sanzin’s use of 
Strahl’s method of connecting the quantity of air 
taken through the fire with the smoke-box draught. 
Strahl has attempted to show* that the relation 
between the air supply and the smoke-box vacuum 


is of the form :— an 
n=K(R) 


h is the smoke-box vacuum in inches of water. 

L is the volume of the air at the smoke-box tempera- 
ture and pressure. 

R is the grate area ; and 

K is a factor representing the resistance of the 
passages traversed by the air from ash-pan to 
stack. 

This total resistance is built up of the resistances 
of the ash-pan openings, of the fire, of the tubes, 
and of the smoke-box netting, so that if h, be the 
vacuum in the ash-pan, and F, the ares of the 
openings into the ash-pan, 

m= h( FS (4) 
Fa 


and if h, be the vacuum in the fire-box, and R the 
grate area, 


(3) 
where 


hy — hy = (RY (6) 


and if h, be the vacuum at the smoke-box below 
the netting, and F, be the area of the passage 
offered to the gases by the tubes, 


L \: 
hy ~ he = hs (F) (6) 
and h being the vacuum in the smoke-box above 
the netting, and F,, the area of the netting, 
L \ 
h—-hy=hy(j) a) 

If the vacua h, h,, ho, and h, are measured at the 
different points for various rates of firing, and if 
the corresponding volume of air L is determined, 
the values for the various resistance factors, 
ky, ka, kg, and K, can be determined. It is Strahl’s 
theory that the partial-resistance factors are con- 
stants with the exception of k, in equation (5), 
which measures the resistance of the fire, and 
which consequently increases with the depth of the 
fire. Dr. Sanzin’s figures confirm this theory, but, 
as has been pointed out above, there is some doubt 
about the accuracy of his determination of the 
amount of air taken through the fire, so that the 
confirmation must be accepted with some reserve. 
In any case Strahl’s theory as simplified by Dr. 
Sanzin is most interesting, and deserves careful 
consideration in any locomotive tests where the 
quantity of air is determined accurately. 


(To be continued.) 








Tue FRANKLIN MepaL.—In addition to the medals 
already at the <— of the Franklin Institute, one, to 
known as the Franklin Medal, has been founded for 
the institute by Mr. Samuel Insull, of Chicago. This 
medal will be awarded twice a year on an average, and 
without regard to nationality, to thore workers in 
eee science or technol whose efforts have, in the 
nomen of the institute, done most to advance the 
owledge of physical science or its applications. In 
awarding the medal, the institute will consider the total 
contributions of individuals to science, or to the appli- 
cations of science to industry, rather than any single 
invention or discovery, however important the latter 
may be. The medal, which is of gold, has been desi 
by Dr. R. Tait McKenzie, of the University of Penn- 
svivania. On the obverse is a medallion of Benjamin 
Franklin, taken from a portrait by Thomas Sully in the 
poseession of the institute, while the reverse side bears 
the words: “‘ Awarded by the Franklin Institute for 
Signal Eminent Service in Science,” with a spece for the 
recipient’s name. The cost of preparing the designs 
and dies for the medal, and for an accompanying diploma, 
has been borne by the founder, who has also provided a 
fund, the interest from which will be used for awarding 
the medal from time totime. Any excess of income from 
this fund may be ured as premiums to accompany the 
m In thanking Mr. Insull for founding the medal, 
the board of managers of the institute expressed the 
opinion that in doing so be had rendered a notable service 
in stimulating workers in physical science and technology, 
and had materially extended the useful activities of the 
institute. We are confident that this opinion will be 
endorsed by ecientists and engineers on this side of the 
Atlantic. 
* Untersuchungen und Berechnungen der Blasrohre und 
Schornsteine von Lokomotiven, by Strah), Kreide), Wies- 


| baden, 1912, 








440 


ENGINEERING. 





[Ocr. 9, 1914. 








THE WALKER GAS-HEATED DRYING-BARREL. 
CONSTRUCTED BY MESSRS. ARNOLD AND LARGE, LIMITED ENGINEERS, WOLVERHAMPTON. 











Thien 


Tue machine shown in the annexed illustrations, 
which is known as the Walker drying-barrel, has been 
developed in one of the largest electro-plating shops 
in this country for the purpose of drying and finishing 
large quantities of small metal objects after dipping, 
burnishing, plating, &c. It is especially useful for dry- 
ss metal cartridge-cases and caps. 

‘igs. 1 and 2 are respectively a part longitudinal 
section and an end elevation of the machine, while 
Fig. 3, which is reproduced from a photograph, 
illustrates its general appearance. The machine will 
be seen to consist of a hexagonal barrel with oak sides 
and cast-iron ends, mounted on trunnions which run 
in bearings carried by a pair of A-frames. As will 
be seen by Figs. 1 and 3, the barrel is driven by a 
belt-pulley connected to one of the trunnions through 
a claw-clutch operated by a hand-lever. An interestin 
feature of the machine is the construction of the barre 
itself, which has been designed so as to enable the oak 
sides to be renewed easily, and also toallow shrinkage 
of the timber to be taken up when necessary. For this 

urpose the timber sections are held in place entirely 

y external pressure. Longitudinal pressure is provided 
by the set-screws a, Fig. 1, which pass through tapped 
holes into plain holes in the cast-iron end-plates, so 
that they press the latter together when tightened 
up. R ial pressure is exerted by the grub-screws b, 
which bear on to clamping-bars c. The latter press 
against the timber sides, and their ends bear on longi- 
tudinal bars d which fit on to the angles of the hexagon, 
and thus hold the sides firmly for the whole Sonat | of 
the barrel. An inspection of Fig. 3 will make this 
arrangement clear. 

As shown in Fig. 1, the barrel is provided with an 
internal heater, which, in this case, consists of a cast- 
iron tube revolving with the barrel and containing a 
stationary Bunsen gas-burner; the machines are, 
however, also made with electric heaters. The gas- 
burner consumes from 20 cub. ft. to 25 cub. ft. of gas 
per hour, and maintains the heater at a temperature 
of about 400 deg. Fahr. The work to be dried is 

laced in the barrel, together with a quantity of saw- 
Just, which is kept hot and dry by means of the heater. 
It has been found that the heat not only greatly expe- 
dites the drying process, but aleo enables a much better 
and more lasting finish to be imparted to the work. 
The heat also enables work to be thoroughly dried 
while the barrel is revolving very slowly, at, say, 
12 to 14 revolutions per minute, so that jewellery and 
other delicate articles are not injured by the barelling 
process. Nozzle-shaped openings, visible in all the 
illustrations, are provided in the end-plates of the 
barrel to allow the vapour to eseape ; but their shape 
is such that there is practically no loss of sawdust. 
When the work is dry, and suificiently polished, it 
may be separated from the sawdust by inserting a 
screen in the door of the barrel, as shown in Fig. 3. 
If the barrel continues to revolve, the sawdust fails 
through the screen, and is directed into a suitable 
receptacle by of the hopper. The screen can 
then be removed from the hentl deen, and the work 
dropped into another suitable receptacle placed to 
receive it. 

The machines described are constructed by Messrs. 
Arnold and Large, Limited, of Derry-street, Wolver- 
hampton, who make several sizes and patterns for 
different classes of work. 
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PoruLaTion Argas.—Europe has an area of 3,860,000 
square miles, Asia an area of 17,000,000 square miles, 
Africa an area of 11,500,000 square miles, North America 
an area of 8,548,000 square miles, South America an area 
of 7,342,000 square miles, and Australasia and Polynesia 
an area of 3,400,000 square miles. Europe has an average 
samp of 1143 per square mile, Asia an average of 

per square mile, Africa an average of 13 per square 
mile, North America an average of 15} per square mile, 
South America an average of 64 per square mile, 
Australasia and Polynesia an average of 2} 
mile. The last-named regions are beginning to fill up a 
little, but only slowly. 


Tue Pows.t-Durrryn Sream-Coat Company, LimITep. 
—This comneny, which was formed in the year 1864, is 
this year brating its jubilee. It has issued an illus- 
trated booklet giving the history of the company since its 
formation. Interesting figures are included in it ; am 
these are statistics showing the output of the company’s 
collieries at different periods. The output in 1864 was 
400,000 tons ; it was 3,874,000 tons in 1913. The various 
installations are described and illustrated. The quantity 
of coal still unworked in the company’s pro) ies is 
calculated to amount to a total of 448,000, —_« 
sufficient to furnish an annual output fof 44 m 
tons for a hundred years. 





Water Suppiy IN QUEENSLAND.—Water supply is a 
very expensive item in starting a station in Queensland. 
Tank-sinking costs about 800/. for a 10,000 cubic yards 
ee. . — less yoy — -_ —— hope of 

olding out for long against the loss through evapora- 
tien. Man of the tanks are nearer 30,000 cubic yards 
capacity. The alternative to a surface tank is an artesian 
bore, and this in involves great risk and expenditure. 
The boring may have to go down to between 1000 ft. and 


and | 4000 ft.; in fact, the deepest bore in Queensland is over 
per square | 5000 


ft. Roughly , boring works out at about 


1l. per ft. 


** Every Briron’s Wak - Boox.”—The Motherland 
League, of 4, Johnson’s-court, Fleet-street, E.C., have 
sent us a copy of “ Every Briton’s War-Book,” which is 
stated to answer — —_ about the war, and which 

tT . 





also contains maps urope, of the North Sea, and of 

is as on. latter is specially interesting, as 
it prints Paris in block plan on a map giving the environs 
of London, and shows all the forts in their relative 
positions. These are widely v— os > = the north 
west is at a position corresponding to Rickmansworth; 
on north-east at Enfield ; on the south-east between 
Bromley and Croydon, and on the south-west beyond 
Kingston. The book contains 93 pages of information, 
arranged alphabetically, and costs sixpence. 
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PORTABLE 


DRILLING AND BORING-MACHINE. 


CONSTRUCTED BY MESSRS. WILLIAM ASQUITH, LIMITED, ENGINEERS, HALIFAX 




















Tue illustration above shows a new 
machine with horizontal spindle for drilling, tapping, 
and studding, also for light boring. This machine is 
of very compact design, and is especially suited to 
work of cumbersome and heavy nature, such as large 
gun-mountings and other armament work, as also 
large turbine and marine-engine work. 

he spindle is 2} in. in diameter in the driving part, 
and is of high-carbon steel, accurately ground. The end 
pressure of the spindle is taken by heavy ball-thrust 
washers, and the spindle revolves in 1-bearings 
to ensure easy running. Self-acting and hand-feed 
motions are provided, in addition to quick hand- 
adjustment and slow hand-feed. The f traverse is 
9 in., and four rates of self-acting feed are available 
for any of the spindle speeds. Single and double gear 
are provided, so as to give a wide range of s s to 
the spindle. Reversing motion is supplied in order 
to permit of tapping and studding ; this is operated 
by a lever on the saddle. 

The saddle is carefully balanced in order to facilitate 





portable | 











Se ly mite, 


easy and quick adjustment on the standard. The tra- 
verse of the saddle on the standard is 3 ft. 6 in., and 
the spindle will go down to 1 ft. 6 in. from the ground. 
The various hand-wheels and levers are all conveniently 
arranged to ensure a quick rate of output. Locking 
arrangement is provided for the saddle on the standard. 

The standard is of strong box section, well ribbed 
to give great rigidity, with wide, accurately-planed and 
sunieal slides to form good bearing for the saddle. 
A broad base adds to the rigidity of the standard, 
which is arranged to traverse a distance of 4 ft. by 
hand motion, along a strong bed of heavy section. 
Secure locking arrangement is provided. All gears 
are machine-cut, in steel, and hardened where neces- 
sary. The drive is y ares electric motor, 
direct coupled, and placed at back of the standard. 
This gives a very compact form of drive, highly suit- 
able a machine that has to be transported about 
the shop to different positions. _ 

The machine is constructed by Messrs. William 
Asquith, Limited, of Halifax. 





FATAL STEAM-PIPE EXPLOSION. 


A FORMAL investigation has been conducted by the 
Board of Trade at the Town Hall, Manchester, with 
regard to the circumstances and cause of the explosion 
of a steam-pipe, which occurred at the works of Sir W. G. 

4 tworth and Oo., Limited, Openshaw, on 
a 16, 1913, by which two men lost their lives, 

R - — og Ms Mr. George Warner, barrister- 
at-law, , an . Maginnis, consulting engi- 
neer. Mr. J. 4 Payne, solicitor, appeared for the Board 
of Trade, and Mr. Acton, barrister-at-law, for Messrs. 
Armstrong, Whitworth and Co., and five of their officials 
who were parties to the inquiry. 

In opening the proceedings, Mr. Payne said that there 
were twenty-six boilers in use at the works, but at noon 
on the day of the explosion only seven were at work. 
The pressure was 150 lb. per sq. in. About 1.45 p.m. an 
explosion occurred, and it was found that a pipe had 
become displaced. Several workmen who were near at 
the time were ee two of them dying from 
injuries received. en the displaced pipe was ex- 
amined, immediately after the explosion, by the fore- 
man millwright, it was found that the shoulder of 
a Sea Sr OS Sees Sane See, o 0 Ce Seda 
it to.a conical form. Beyond that portion of the pipe 
the surface was quite bright, indicating that it had tes 
drawn through the flange, and had been subjected to a 
great deal of friction in the process. It was afterwards 
suggested in the evidence given by one of the witnesses 
that the wearing action at the joint of the pipe with the 
flange was due to the vibration which was uced by 
the working of the armour-plate rolling-mill for 14 or 2 
hours a day. The effect of this vibration was never 
suspected before this explosion ; but afterwards « series 
of vests revealed the fact that the working of the rolling- 
mill caused the range of steam-pipes to oscillate to the 
extent of 4in. The boilers were regularly inspected by 
the Manchester Steam-Users’ Association, but the = 
were not inspected or insured by that firm. Before being 
put into use the pipes were always tested by hydraulic 
pressure to 225 Ib. per sq. in. 

After various witnesses had given evidence, the pre- 
siding Commissioner gave judgment, and said that the 
Court found that the pipe in question was made of suit- 
able material, that it was properly tested before bei 
fitted up ten or eleven years ago, and that the cange o 
steam-pipes generally had been regularly + ya 
competent person. y also found that Messrs. Arm 
wry 3 Whitworth and Co. had taken proper steps to see 
that this particular pipe was in safe and proper working 
condition, and that 1t was efficiently inspected from time 
to time. In these circumstances the Court attached no 
blame to the company nor to any of the company’s 
employees, and considered it would be an injustice if an 
order were made upon them to ey any part of the costs 
of that investigation. The mmissioners ex 
their deep sympathy with relatives of the men who had 
lost their lives. 

Mr. Payne, on behalf of the Board of Trade, and Mr. 
Whitworth (Messrs. Briggs, Crosse and Whitworth), who 
had been instructing . Acton, barrister-at-law, on 
behalf of Messre. Armstrong, Whitworth and Co. and 
their servants, tendered their thanks to the Commis- 
sioners for the courtesy and patience with which they 
had conducted the inquiry. 





Enornegrk Units, Rorat Navat Drviston. — The 
following have received temporary commissions as lieu- 
tenants in the Royal Marines, for pe Ty the magowr 
Units of the Royal Naval Division :—R. G. Aston ; L. H. 
Rugg, A-M. Inst. C.K; G. H. Spittle A.M.LE.E.; 
A. J. D. Chivers, A.I.M.E.; H. Dobell, A.M.1.E.E.; 
R. Grierson, A.M.I.E.E., A.M.1I. Mech. E.; A. William- 
son, A.M. Inst. C.E.; T. C. Aveling, A.M. Inst. O.E.; 
R. ‘Stoltenhoff, Graduate I. Mech. E.; G. W. Revell, 
A.M. Inst. C.E ; and G. E. Morgans, A.M. Inst. C.E. 
It will be remembered that these units consist v 
largely of members of the Institutions of Civil, Electrical, 

echanical Engineers. 


German Exports or Tin-Warke anv Trnror..—Ger- 
man cee of tin-ware and tinfoil amount to the value 
of 662, . per annum, in which tinfoil figures to the 
amount of 480,100/. The largest customer for German 
tinfoil is Great Britain. We purchase from her 193,800/. 
worth of tinfoil per annum, while France, her next best 
customer, only takes to the value of 60,600/. Switzer- 
land ranks third, buying to the value of 31,000. We 
buy spoons, forks, tea-strainers, cans, &c., from Ger- 
many to the value of 13,0001. per annum, while the 
German exports of these goods to the United States are 
valued at 58,400/. per annum. Germany’s more im t 
other markets in this trade are Russia, Spain, France, 
Denmark, &c. 








Tue New Army.—A war relief fund was organised by 
the employees of the India-Rubber, Gutta-Percha and 
 ?_ Works Company, Limited, Silvertown. London, 
E., four weeks ago, since which time 100/. has been volun- 
tarily contributed for distribution to the National (Prince 
of Wales) Relief Fund (50/.), to the British Red Cross 
Society (25/.), and to the um Relief Fund (25/.). The 
intention is to send similar sums at least to each fund 
every four weeks for as long as may be necessary, About 
20 per cent. of the company’s male employees of military 
age have joined the colours.—The ‘‘ Coventry” Chain 
Company, Limited, Spon End, Coventry, inform us that 
130 of their employees have rejoi the colours or 
enlisted since the beginning of the war. They hope to 
— — who re-apply at the conclusion < 

ilities. The company are paying reserviste’ wivee 74, 
per week and 1s. for cock child. 
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INDUSTRIAL NOTES. 


Tue Board of Trade have announced that they are 
now prepared to entertain applications for the pay- 
ment from the Exchequer during the present emerg- 
ency of special grants to voluntary associations which 
provide benefite for their unemployed members. 

These emergency grants will be paid by the Board 
of Trade as an addition to the refunds of one-sixth 
payable under Section 106 of the National Insurance 
Act. The payment of the emergency grant will: be 
subject to the conditions that the association is suffer- 
ing from abnormal unemployment ; does not pay un- 
employment benefit above a maximum rate of 17s. per 
week (including any sum paid by way of State unem- 
ployment benefit) ; and agrees to impose levies over 
and above the ordinary contributions upon those 
members who remain fully employed. 

The amount of the emergency grant (in addition to 
the refund of one-sixth already payable) will be either 
one-third or one-sixth of the expenditure of the asso- 
ciation on unemployment benefit (exclusive of strike 
benefit). The rate of the grant will be determined 
by the amount of the levy in accordance with the 
following scale :— 


Rate of Weekly Levy Required 


Maximum Rate of Unemploy- ; 
ment Benefit Paid by to Obtain Emergency Grant sad 
Association. One-Third 





One-Sixth. 
| d. d 
Not more than 17s. oe 8 6 
a 15s. vé adi 2 4 
1 2 


” 13s. ee . 


Forms of application for associations desiring to 
become qualified for the emergency grant are being 
—— and will shortly be obtainable from the 

oard of Trade Central Office for Labour Exchanges 
and Unemployment Insurance, Queen Anne’s Cham- 
bers, Westminster, 8.W.. to which all communica- 
tions on the subject should be addressed. 





It is announced that the French Government have 
placed an order for 1,500,000 horse-shoes with the 
Scottish Iron and Steel Company, Coatbridge. One 
of the works uired by the company—that of the 
Coatbridge leon Werke eld an exclusive patent for 
Great Britain for the manufacture of horse-shoes by 
mechanical means, and at one period did an enormous 
business. Cumpetition from Germany proved too 
strong, and the making of the shoes had to be discon- 
tinued two years ago. These works were entirely 
stopped. Now that this order by the French Govern- 
ment has been secured, the works are to be re-opened. 





We read in the Yorkshire Post that a prolonged 
stoppage in the Lancashire cotton trade is threatened. 
The Federation of Master Cotton-Spinners and Manu- 
facturers have discussed the present situation, and 
have sent out to their members grave warnings as to 
how they should act during this unprecedented time. 
All the mills running are working short time, and they 
are comparatively few ; many mills closed down shortly 
after the declaration of war, and weekly, since the 
a 
notice of mills — their gates for an indefinite 
period—in all probability until the end of the war. 

The mills are working off old orders, and a general 
closing order will inevitably follow their completion. 
Millions of spindles in Lancashire are already idle. 
The manufacturing side, too, is inactive. Fortunately 
the operatives belong to wealthy trade-union organisa- 
tions, from which they will draw stated sums weekly, 
but there is bound to be considerable distress in the 
cotton districts until the trade revives. The cotton- 
masters are making every effort to get cheaper cotton, 
and if they are successful in this, the position will be 
greatly relieved. But in any event there is a hard 
time ahead, and both the masters and the operatives 
are preparing to meet it as best they can. 

Matters are worse still with the German and Austrian 
cotton trade, for, according to German journals, owing 
to the —T service of the men, production has 
been reduced by about 50 per cent., and the greater 
part of the output is required to meet the needs of 
the army. A number of mills are maintained in 
operation solely to provide work, which means accu- 
mulating stocks under unfavourable conditions. The 
price of cotton has risen considerably. Cotton of the 
new crop cannot be imported, and in order to keep 
going in the interests of the workpeople, the necessa 
supplies of the old cop are purchased at very hi 
prices in Bremen in so far as the cash required for 
payment can be provided. 

n Austria, an inquiry instituted by the Cotton- 
Spinners’ Association showed that at 79 manufacturing 
concerns the reduction in working hours was 41.5 per 
cent., and the shrinkage in the production 44.7 per 
cent. The number of workpeople fell from 28,836 to 
15,519, aluhough only 1270 had been called up for 


of August, the Federation have received | q 





military service. Lack of cotton will soon make 
matters worse still. 





The average cash selling price of hematite iron 
warrants, according to the quarterly ascertainment 
under the sliding scale in force in Cumberland, has 
risen from 61s. per ton to 63s. 10d. per ton, owing to 
the present increased demand for Cumberland hems- 
tite iron. The furnacemen’s wages are accordingly 
advanced by 5 per cent. to 30 per cent. above the 
standard. 


The text of the arrangements adopted by the North 
of England coal-trimmers aud teemers for week-end 
working during the continuance of the war, copies of 
which have been forwarded to the Admiralty and the 
Board of Trade, has been officially issued ; it reads as 
follows :— 

‘* That this representative conference of the North- 
East Coast Trimmers and Teemers (Warkworth Har- 
bour to the Hartlepools) decide to notify the Govern- 
ment that they are prepared during the period of the 
war crisis to respond to the call of the nation at all 
times, including Sundays, but request that means be 
devised to notify and assure the men concerned that 
such work is on behalf of the Government. 

“That on Government work the rate for overtime 
shall be as per agreement dated August 7, 1913 :— 
Saturdays, 12 noon to 4 p.m., 9d. per man per hour ; 
4 p.m. to 12 p.m., all day Sunday, and up to6am. 
Monday, Is. ba. per hour per man, these conditions 
to cover all men concerned— Warkworth Harbour to 
the Hartlepools inclusive. 

‘“*That, with the exception of Government work, 
we recommend our men on the North-East Coast to 
adhere to the agreement of August 7, 1913.” 





A meeting between representatives of the railway 
companies and of the National Union of Railwaymen 
and the Associated Society of Locomotive Engineers 
and Firemen was held on the Ist inst., when, in view 
of the national crisis, it was decided that the existing 
Conciliation Board scheme and all agreements there- 
under should continue in force for the present and 
until such time as either of the parties gave notice to 
determine otherwise. 

It was further decided that the present members of 
the men’s side of the Board should continue in office, 
and that no fresh elections should be held during the 
suspensory period. 





The accountant to the Board of Conciliation and 
Arbitration in the manufactured iron and steel trade 
of the North of England certified at the end of last 
month that the average net selling price of iron bars, 

lates, and angles for the two months ended August 31 
ast was 6/. 14s. 2.15d. For the previous two months 
the average net selling price was 6/. 13s. 1.91d. In 
accordance with the sliding-scale arrangements the 
wages for October and November will be the same as 
those for the preceding two months. 





According to the result of the ascertainment of the 
average net selling price of steel plates at Consett 
uring May, June, and July, the wages of the steel- 
mil] men will be reduced by 24 per cent. in the quarter 
commencing on the Ist inst. The wages will still be 
124 per cent. above the standard. Three months ago 
the Consett men suffered a similar reduction. 





On September 30 the second ascertainment under 
the new sliding scale for regulating wages in the 
Northumberland coal trade was made known. It 
covers the three months ending August 31, and 
applies to the wages for the three months begin- 
ning with October. The ascertained selling price is 
0.21d. higher than in the previous three months, but 
wages will remain unaltered. Wages rise and fall under 
the sliding scale by 1 per cent. for each 1d. change in 
the selling price. The last ascertainment showing, 
as above stated, a rise of only about a fifth of a penny, 
wages for the next three months will remain as they 
now stand. 





On Monday last the Board of Trade issued a state- 
ment dealing with the present state of ——. 
According to this, in the trades compulsorily insured 

ainst unemployment—building, works of construc- 
tion, engineering, shipbuilding, vehicle-making—the 
percentage of unemployment on October 2 was 5.1, as 
conenel with 5.4 a week previous and 6.3 a month 

revious. These figures relate to the whole of the 
nited Kingdom, and include all unemployed work- 
men in the insured trades. 

As regards the uninsured trades, the number of 
men and women on the registera of the Labour Ex- 
changes on October 2 showed a decrease on the figures 
of the previous week, being 64,916 as compared with 
66,954. For men alone the corresponding figures were 
29,278 and 30,336, and for women 35,637 36,618. 





THE DECARBURISATION OF STEELS IN 
THE SALT-BATHS USED FOR HEATING 
PRIOR TO HARDENING.* 

By A. M. Portevin, Paris. 

THE use of baths of molten alkaline salts for heating 
steel parts prior to hardening is becoming more and more 
widespread in industry. They allow, indeed, of the 
much more rapid heating of small parts, and of adjust- 
ing, as accurately as possible, the temperatures of heat- 
ing. It is, as a matter of fact, easy to secure uniformity 
of temperature in a liquid bath, and to ascertain that 
temperature to any ——— degree of accuracy and pre- 
cision by means of a Le Chatelier thermo-couple or of a 
platinum resistance pyrometer. Besides this, super- 
ficial oxidation is avoided, or at any rate considerably 
reduced. But—and in the author’s opinion insufficient 
attention has hitherto been paid to this fact—super- 
ficial decarburisation occurs, and this becomes strongly 
marked in cases where the heating is prolonged. 


TaBLE I.—Decarburisation of Stecls in a Molten 
Potassium Chloride Bath at 1000 Deg. Cent. 


Steel employed :— Per Cent, 
Carbon .. os . 1.46 
Manganese 0.28 
Silicon .. 0.10 
Phosphorus 0.025 


Results of the Micrographie Examination. 





Duration Thickness of the Thickness of the! Percentage of 


ot | Hypo-Eutectic Eutectic Carbon at 
Heating. Layer. Layer. Surface. 
hours | mm. mm, 
0} 0.0 0.18 0.9 
2 i 0.48 1.00 | 0.4 
5 0.84 1.50 | 0.2 


Results of the Hardness Tests after Quenching 
at 750 deg. Cent 








Duration of Brinell Test, Ball Shore Test, 
Heating, 10 Mm. in Diameter, Average of Five 
Hours. Pressure 3000 Kg. | Rebounds. 
0} 2.39 79.8 
2 2 94 41.0 
5 2.89 32.0 





A second test yielded similar results. 
The —— were small cylinders, 20 mm. in diameter and 
10 mm. in depth. 


Tasie II.—Decarburisation in a Bath of Molten 
Potassium Chloride at 900 Deg. Cent. 





Steel employed :— Per Cent. 
Carbon a 0.78 
Manganese .. 0.28 
Silicon 0.37 
Sulphur... 0.013 
Phosphorus 0.011 

Duration of | Thickness of Percentage of 
Heating, Decarburised Layer, | Carbon at 
Hours. vo Mm. Surface. 
0} 1 0.5 
2 2 0.3 
6 3 0.15 





ecarburisation in a Brayshaw Bath of Molten Salts 
: at 900 deg. Cent. 


Same steel as above. ° 
" Potassium chloride 





mixture :— 


0.56 
Sodium chloride .. 0.39 
Soda = 7 i 0.5 
Potassium ferro-cyanide 0.2 
Duration of Thickness of Percentage of 
Heating, Decarburised Layer, Carbon at 
Hours. Ys Mm. Surface. 
0} 1 aes 
2 | 3 0.20 
5 4 0.15 


No carburisation occurred. 
TasLe IIIl.—Decarburisation and Carburisation at 
Deg. Cent. in a Bath of Potassium Chloride to 
which 10 per Cent. of Ferro-Cyanide has been Added. 
Steel Containing 0.78 per Cent of Carbon. 








Duration of Thickness of Percentage of 








Heating, Decarburised Layer, Carbon at 
Hours. Yo Mm. Surface.* 
oar" Ob ey 2.0 0.5 
2 4.0 0.35 
5 6.5 0.25 
Lancashire /ron. 
0} 2.5 0.25 
2 3.5 0.3 
5 4.5 0.3 





* Estimated microscopically. 

The author has carried out a series of nee with 
the object of investigating this decarburisation, the 
ST. ~~ will be —_. oo 

of a hyper-eutectic steel containing 1.46 per 
cent. of carbon, glts the form of little cylinders 20 mm. 
* Paper contributed to the Iron and Steel Institute, 


and now open for discussion by correspondence. . 
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in diameter and 10 mm. deep, were maintained for vary- | shown in Table IV., where the results are given, it will| of steel. On the 
ing periods in molten potassium chloride at 1000 deg. Cent. | be seen that the decarburisation is increased, 


but that, | experiments are carri 


samples thus pared the 
al out, call hee Ot to 


Found, on 


For each period of remaining in{the bath a sample was/on the other hand, no carburisation of the iron was | examining under the microscope, a section perpendicular 


examined, after heating without quenching, under the 





Fie. 1. 


ErcHeD witH Picric Acip. 
Maeniriep 250 DIAMETERS. 


microscope ; another was heated to 750 deg. Cent. and 
quenched in water. This served for the hardness deter- 
minations. The results have been tabulated in Table I. 

It will be very clearly seen that with an increase in 
the length of time the sample remains in the bath 
there is an increasing decarburisation, marked both by 
an increase in the depth of decarburised layer and by the 
lowering in the carbon percen of the surface, which 
falls to 0.2 per cent. This decarburisation is most notice- 
able after rae being revealed more icularly 
by testing with the Shore sclerometer, which is readil 
explained by the fact that this test applies only to a onal 
depth, whereas the result of the Brinell test is influenced 
by the hardness of the subjacent layers. 

By experimenting at 900 deg. Cent., instead of at 
1000 deg., the decarburisation is naturally less deep, but 
almost as great, so far as the superficial lowering of the 
carbon percentage is concerned, as shown in Table II. 
It should, however, be no in the comparisons that 
may be drawn from these results that the steel em- 
ployed in the experiments at 900 deg. Cent. contained 
only 0.78 per cent. of carbon (manganese, 0.28 per cent.; 
silicon, 0.37 per cent.). 

Experiments were made with this same steel in the salt 
bath described by Brayshaw for use in his hardening fur- 
naces. The composition of the salts and the results 
obtained at 900 deg. Cent. are summarised in Table II. 
The degree of carburisation is, so far as its importance is 
concerned, quite comparable with that found with the pure 
sodium-chloride bath ; in any case the influence of the 
small amount of ~~ added with the object of 
counteracting the decarburisation does not appear very 
efficacious. It seems improbable, however, that the 
ferro-cyanide can have no action, and besides, the experi- 
ments were made over again after the addition of a larger 
proportion of ferro-cyanide to the potassium chloride (10 
per cent.). 

By working under the same conditions as those for the 
experiments described in Table II.—that isto say, at a 
temperature of 900 deg. Cent. on the same steel (0.78 per 
cent. of carbon)—and with the periods of remaining in 
the bath of one quarter, two, and five hours, a decar- 
burisation is again found which is even deeper, but less 
intense, in the sense that the superficial car percent- 
age does not fall so quickly (Table III.). Care had been 
taken to place in the bath, at the same time, samples of 
carbon-free iron (Lancashire iron), which remained im- 
mersed for similar periods, and it was found that these 
TaBLe 1V.—Decarburisation at 900 Deg. in a Bath of 

Potassium Chloride to which 10 per Cent. of Potassium 

Cyanide and 3 per Cent. of Potassium Cyanate have 

been Added. 


Steel Containing 0.78 per Cent. of Carbon. 








Duration of Thickness of the Percentage of 
Heating, Decarburised Layer, Carbon at 
Hours. to Mm. Surface.* 
0} 2.5 0.25 
2 4.5 0.2 
6 | 6.5 0.1 





Lancashire iron. No carburisation. 
* Estimated microscopically. 

samples had simultaneously undergone carburisation. 
The interesting point is that the depth of this carburisa- 
tion increases with the duration of the heating, whereas 
the percentage of superficial carbon appears to remain 
very nearly constant. Unfortunately, the phenomenon 
becomes complicated by the decomposition of the ferro- 
cyanide, which is evidenced uction of a 
revs An at a bottom of at Ne amen, 
5as followed up the investigation is phenomenon by 
replacing the ferro-cyanide by cyanide, and it is therefore 
~olely with mixtures of potassium chloride and potassium 
cyanide that he will at present concern himself. He 
would like, however, before giving the results obtained, 
to point out the influence of a pt | addition (3 per cent.) 


Ol cyanate of potassium on the preceding salt bath; as 





observed. 


Fie, 2, 


Mixtures of Cyanide and Cyanate of Potassiwm.—The 
employment of these mixtures has enabled the author to 
establish equilibria of carburisation between the steel 
and the bath, equilibria which he has described in a 
note to the Académie des Sciences,* and of a nature that 
it is ible to observe, simultaneously, in the same bath, 
the decarburisation of hard steels and the carburisation 
of dead-soft steels. Todo this there were added to the 
potassium chloride increasing quantities of potassium 
cyanide up to a proportion of 75 per cent. of the total 
weight of the mixture, and there were immersed in the 
molten mixture at 900 deg. Cent. samples of hard steel 
(0.78 per cent. of carbon, 0.37 per cent. of silicon, and 0.28 
per cent. of manganese) and of carbon-free iron, which 
were left for varying periods. Subsequently the depths 
of decarburisation and of carburisation were ascertained 
under the microscope, together with the percentage of 
carbon su — 

Table V. gives the principal results obtained. 


Taste V.—Decarburisation and Carburisation in 
Mixtures of Chloride and Cyanides of Potassi 


Steel Containing 0.78 per Cent. of Carbon. 














of s Sic | os Sat o- 
Zz cw i: oS. © §3 : 
sz * 3s H he = ets Ps = = ees 
“<< $4 a =e 2: = mu @ & 
8 ZS £3 Ses 8 L Senne 8 
sa | eSo4| Sa5 £828) 5 24 
£s a gs 22 E> go 
hours mm | mm. 
25 ; 0.09 | 0.25 0.18 0.25 
2 0.37 | 0.30 0.37 0.25 
5 0.75 | 0.25 0.62 0.30 
50 } 0.12 0.35 0.10 0.15 
2 0.87 0.20 0.37 0.20 
5 0.68 0.25 0.50 0.25 
75 ; 0.06 0.25 0.12 0.25 
2 0.41 0.20 0.44 0.25 
5 0.69 0.25 0.44 0.25 





It will be seen that under the same conditions, decar- 
burisation and carburisation occur simultaneously, 
according to the grade of steel ; and if the longest period 
of heating (five hours) be taken into consideration, there 
will be found, as the average superficial percentage of 
carbon in the steel, for all three mixtures, in the car- 
burised layers, 0.26 per cent. ; in the decarburised layers, 
0.25 per cent. 

The two phenomena appear, therefore, to tend towards 
a common limit which would be the carbon concentration 
of the steel, which remains in equilibrium at 900 deg. 
Cent. in the chloro-cyanide bath. This limit appears, in 
the mixtures experimented on, to be independent of the 
quantity of potassium cyanide present in the bath. 

Incidentally it has been noted, microscopically, that 
very frequently, when these baths contain cyanide of 
potassium, and likewise when they contain ferro-cyanide 


of potassium, there appear, in the ferrite, subjacent to | R: 


the carburised layer, needles of an appearance similar to 
those described by Braunet in his researches on the 
influence of nitrogen on iron and steel. Fig. 1, above, 
gives an example taken at the boundary of carburisa- 


tion. Some areas of pearlite are still distinguishable on | F; 


one side of the figure, but the ferrite grainsare traversed 
by needles. These needles are present in too small a 
number for it to be possible to ascertain whether, within 
one and the same grain, there may be (which is improb- 
able) more than, at most, four directions. 

This phenomenon of carburisation equilibrium can be 
brought out in an even more striking manner as follows: — 
A lighly case-hardened iron is taken, and a section 
made at right angles to the case-hardened surface. By 
these means there is obtained in the section a ve 
decrease in the percentage of carbon, or, in ten words, 
a complete and continuous scale of the different shades 





* Comptes Rendus, vol. clviii., 1914, page 1025. 
+ Revue de Méallurgie, 1905, vol. ii., page 497. 





to the surface just referred to, the simultaneous decar- 





burisation of the zones rich in carbon, and the carburisa- 
tion of the zones low in carbon. This is brought out very 
clearly and very strikingly in Fig. 2, herewith, which is 
given by way of a commentary on and a conclusion to 
this paper. 





Prrsonat.—We are informed by Mr. A. G. Cloake, 
54, Holborn Viaduct, E.C., that the important works of 
La Société du Familisttre de Guise (Colin and ~~ 
France, ironfounders, stove-makers and enamellers, well 
known in England on account of the fine quality of their 
iron castings, have esca) destruction, although the 
town of Guise itself, which is situated in the Aisne De- 

rtment, was taken and retaken by the enemy, after 

eavy bombardments, and is reported to be entirely devas- 
tated. All offices, show-rooms, and available warehouses 
in the ‘ Familistére” have mn transformed into 
hospitals. Their works in Brussels are intact, but have 
been closed since the Germans entered the town. 





THe PaNnama-Paciric INTERNATIONAL Exposition. — 
We have recently received a pamphlet setting forth some 
of the attractions which California will offer to a visitor 
to the Panama-Pacific Exhibition in 1915. This pam- 
phlet is attractively illustrated and printed. Iv has a 
coloured-picture cover, the front representing a gigantic 
male figure engaged in forcing apart a rift in the hills at 
the Isthmus, a legend endvemneth thitien that the con- 
struction of the Panama Canal is the thirteenth labour 
of Hercules. The contents of the pamphlet consist in a 
brief history of the Canal undertaking, followed by a 
description of the forthcoming Exhibition, its scope, 
buildings, grounds, decorative schemes, &c. Many of 
the important buildings are already completed, and the 
general progress promises well, it is said, for the opening 
in February next. The latter half of the pamphlet con- 
sists of a description of the city of San Francisco and 
some of the chief points of interest in California. The 
selection of views reproduced, with the accompanying 
notes, will, we feel sure, arouse in many a desire to visit 
this most interesting State, while those — acquainted 
with its beauties and pleasures will surely find themselves 
longing to visit it again. 





Forgicn Trape in Cast-Iron Goops.—The Commer- 
cial Intelligence Branch of the Board of Trade has 
recently issued a bulletin dealing with Germany’s and 
Austria’s export trade in cast-iron goods, principally 
cooking and other stoves, baths, cooking-utensils, lamps, 
Xe. In these classes Germany’s total exports amount to 
2,208,300/. in a year ; those of Austria are comparatively 
amall, amounting to less than 44,000/. The largest class of 
the German trade is that comprised within the classifica- 
tion “‘ cooking-utensils, baths, lamps, and other wares of 
cast iron, worked.” Her total exports of these lines are 
valued at 1,578,100/., the dealings with four countries 
having a value of over 100,000/. As in other trades, 
ussia is one of Germany’s best customers, taking goods 
of this type to the value of 124,300. Belgium, the 
Netherlands, and Switzerland each import from Germany 
just over 100,000/. worth per annum, while our imports 
from the same source are valued at 96,000/. per annum. 
rance takes rather more (98,100/.), while nineteen other 
countries buy these goods from Germany to a value 
of more than 10,000/ per annum. In the matter of 
cooking-stoves, ovens, boilers, &c., cf cast iron, Germany 
does a total export trade valued at 610,000/.. her 
principal customers being the Netherlands (82,700/.), 
and Switzerland (75,3000 ). Italy comes next, taking 

to the value of 61,100/.; but Russia, in this instance, 
1s not so good # customer, purchasing only to the value 
of 35,500/. The total imports of this character into Great 
Britain from Germany and Austria are valued yearly at 
about 113,000/., the Austrian contribution, however, being 
negligible. From the foregoing figures it will be evident 
that the bulk of our imports from Germany consist of 
cooking-utensils, baths, &c., though stoves also contribute 
to an appreciable amount. 
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HIGH-SPEED FLOORING AND MATCH- 
BOARDING MACHINE. 


A WOOD-PLANING machine adapted for dealing with 
any sections up to 9 in. wide by 4 in. thick is illus- 
trated in Figs. 1 to 5, on pages 445 and 448. The 
machine planes all four sides of a board and tongues 
and grooves floor-boarding or ye ew at one 
operation. Beadings may also be cut at the same 
time. The work may be carried out at various rates 
of feed between 30 ft. and 250 ft. per minute. The 
machine is constructed by Messrs. A. 
Co., Limited, of Stanley Works, Newark-on-Trent. 
In connection with it there is a patent ogg 
table recently introduced by Messrs. e. is 
table is & most interesting part of the complete tool, 
but before dealing with it we will describe the details 
of the planer. Of our illustrations, Figs. 1, 2,and 3 
show the planing-machine proper, while Figs. 4 and 5 
are views of the feeding-in table. This latter ap- 
pliance stands a short distance from the front end of 
the planer. It would lie to the right-hand side if 
included in Fig. 3. 

The planing-machine consists of a box-frame planed 
throughout its entire length, to form a bed on which 
the timber is held down, and provided with openings 
for carrying two pairs of feed-rollers, a bottom 
revolving cutter, and side, top, and beading cutter- 
blocks. The frame is provided with the necessary 
planed facings and seatings. The feed-rollers are at 
the front end of the machine, shown to the right hand 
in Figs. 1, 2, and 3. They are 12 in. in diameter, and 
the first pair is grooved to ensure a grip of the wood. 
All are driven by spur-gearing, with machine-cut 
teeth. The train of wheels is indicated by broken 
circles in Fig. 1. As will be clear from this figure 
and Fig. 3, the upper rollers are mounted on swingin 
levers pivoted at the centre of the spur-wheel which 
drives the roller-spurs. This arrangement allows the 
rollers to be moved ~~ down to adjust for varying 
thicknesses of wood. The outer ends of the swinging 
levers are connected by vertical rods to a cross-bar 
carried in the lower part of the frame. This cross-bar 
carries & gun-metal nut, and by means of a steel screw 
and worm gearing the bar may be raised or lowered, 
carryin e rollers with it. The arrangement is 
actuated through a mitre gear from the hand-wheel, 
which can be seen at the side of the machine in Figs. 1 
and 3. Pressure is applied to the rollers by a lever 
with an adjustable weight, which bears upon the 
cross-bar. ‘The arrangement is fixed inside the lower 
part of the frame. The upper rollers and gearing are 
provided with guards, as shown in Fig. 3. The 
bottom rollers have a slight vertical adjustment, being 
carried on screw supports. 

The drive of the feed-rollers is through a variable 
cone friction-gear, which is fixed below the floor. The 
arrangement is shown in outline in Figs. 1 and 2. As 
will be seen, there is a countershaft at the back end 
of the machine, which drives the various motions 
through a series of belts. The feed-belt is the top one 
(Fig. 2). It has fast and loose pulleys on the counter- 
shaft, and drives on to a second short countershaft 
fixed below floor level at the front of the planer. 
This shaft carries one of the variable friction-cone 
members of the chain-belt friction-drive, the other 
member being fixed on a further short shaft directly 
above it. From this shaft a crossed belt transmits 
the drive to a pulley on the planer-frame, and so 
to the qeering driving the rollers. The rate of feed is 
varied by moving the cone-pulley members in or out, 
these being operated from a hand-wheel fixed above 
the floor on a pedestal, as shown in the figures. 
ny is meg Sa from the —— shaft to the 

t carrying the operating screw of the cone-pulle 
members, by a chelehets. The feed is starved pA 
oe by moving the main belt from the loose to 
the fast pulley or vice versd. This operation can be 
carried out, or the rate of feed can be altered, while 
the machine is running. At the front of the machine 
there is a flat spring which presses the board against 
the guide-fence as it enters the rollers. 

The machine has five revolving cutter spindles. 
(There are no fixed cutters.) Of the five spindles, one 
operates on the top of the work, two on the sides, and 
two on the bottom. All the spindles are of forged 
steel, and the top and bottom cutter-blocks are solid 
with their spindles. The spindles run in ball-bear- 
ings, and have adjustable phosphor-bronze end plugs 
to take the thrust, The cu'ter-blocks are ff the 
circular type, and are each titted with six knives. 
Taking the various cutter-spindles in their order from 
the feed-roller end ef the machine, we must first 
deal with the bottom one which carries the block for 
truing the underside of the work. This has a cutter- 
track 8 in. in diameter, and runs in three ball, 
bearings, 45mm. in diameter, at 3400 revolutions per 
minute. The spindle pulley can be seen in Fig. 2 
driven by a crossed belt from the counter-shaft at 
the left-hand end of the machine. The belt runs 
at 4800 ft. per minute. The spindle is carried 
in a movable drawer fitted into the main frame of the 
machine, so that the whole can be pulled out sideways 


Ransome and | and 





to examine the cutters. The arrangement can be partly 
seen in Figs. 1 and 2. A loose pulley is carried on the 
main frame of the machine, and the belt remains in 
position on this pulley when the drawer is withdrawn; 
this — is not shown in Fig. 2. The vertical 
position of the block determining the thickness of the 
cut may be regulated by a wedge and screw arrange- 
ment, which may be adjusted without stopping the 
feed. Directly above the bottom cutter there are pres- 
sure rollers which press on top of the work and prevent 
it lifting. These rollers are clearly shown in Figs. 1 
3. They are carried on hinged arms and are 
pressed down by spiral sprin, The arms are pivoted 
to aslide which can be moved up and down by a screw 
and hand-wheel. This allows the necessary adjust- 
ment for different thicknesses of work, and the rolls to 
be raised for jointing the cutters. 

The revolving side spindles for planing to width 
are fitted with steel cutter-blocks and have cutter- 
tracks 8 in. in diameter. They are arran to take, 
when required, a pair of Bolinder or Wood’s patent 
disk cutter-heads for tongueing and grooving at a 
high rate of feed. Each of the spindles runs in two 

1-bearings 45 mm. in diameter, the one nearest the 
cutter being of the double-row type. The spindles 
are not placed immediately opposite one another, one 
being 6 in. in advance of the other. This ensures a 
better class of work. This disposition can be seen in 
Figs. 1 and 2. These figures also show the individual 
belt-drives from the counter-shaft to the two vertical 
spindles. The side cutter-blocks are adjustable trans- 
versely by means of horizontal screws operated by a 
loose handle from the side of the machine. The 
squared end of these screws, with the handle in place 
on one of them, can be seen at the centre of Fig. 3. 
Each cutter-block has also a vertical adjustment by 
means of a screw and hand-wheel. The cutter-blocks 
are provided with hoods to facilitate the removal of 
chips, the hoods being hinged to allow easy access to 
the cutters. The front hood, alongside which is the 
hand-wheel for vertical adjustment, is clearly shown in 
Fig.3. These parts can also be seen in Figs. 1 and 2. The 
work is firmly held in the neighbourhood of the side- 
cutters by two top and one side-pressure rollers. 
These rollers are mounted on levers with adjustable 
weights. The hinged hood over the front-side cutter- 
block also acts as a side-pressure on the work. 
Pressure is obtained from a weighted lever which 
bears against the hood. Where the hood bears against 
the work it has a curved face and carries a steel 
projection acting as a chip-breaker. 

he top cutter - block, which has a cutter - track 
8 in. in diameter, and runs in three 45-mm. diameter 
ball bearings, is carried by a slide actuated by a screw 
and hand-wheel to adjust for thickness. The arrange- 
ment is clearly shown in the figures. A hinged pres- 
sure-block, backed by a spring, holds the work down 
at the front of the cutter, while a similar pressure-block 
carried on # steel rocking shaft holds it down behind. 
Both pressure-blocks rise and fall with the slide 
which carries the cutter spindle. The beading-block 
spindle, for cutting a bead or moulding on the face of 

e boards, is carried on brackets at the back end of 
the machine. This fitting is not an essential part of 
the planer, and may be omitted if beading or mould- 
ing are not required. The spindle is 1¥ in. in dia- 
meter, and is suitable for cutters having a cutter track 
of 7% in. in diameter. The cutters are fixed by set- 
screws. The spindle runs in two ball-bearings 55 mm. 
in diameter, carried in a carriage capable of vertical 
adjustment by means of a wedge and screw. Three 
steel pressure-shoes, which hold down the boards, are 
fixed above the spindle. They have a screw and hand- 
wheel adjustment. 

Before leaving the machine, we may say something 
of the way in which the cutters in the cutter-blocks 
are set up. In each block there are six cutters, and 
to ensure that each shall do its fair share of work it is 
clear that very accurate setting is n . The 
process is carried out by means of what in America 
is known as a “jointing device.” This consists of 
two round rods ground very true, and carried by 
adjustable bearings across the bed of the machine 
opposite the cutter-heads. On the rods there runs a 
little carriage carrying a small piece of material of 
the same nature as that used in emery-wheels. This 
piece can be adjusted like a tool in a slide-rest. When 
the cutters are put in place and set rotating, this 
emery-tool is fed up to them until it just touches 
them as they revolve. It is then traversed across the 
full width of the cutters by hand. The result is that 
it trims off the whole of the edges to an absolutely 
straight line, such that each cutter is of precisely the 
same radius as all the others, and therefore does the 
same amount of work. The fact that the emery- 
tool touches each cutter, and that none are too short, 
is adequately provided for by the fact that a small 

k is Pp uced at each contact, and the absence of 

e 8 at any time shows that the tool concerned 
should be set a little further out. Any little burr 
which may be left on the cutters by the ee 
process is removed by an oil-stone before work is 
commenced. In concluding this description of the 





machine, we should say that it weighs 6 tons, and 
requires 47 horse-power to drive it at the maximum 
rate of feed in material 54 in. by 1 in. 

We may now turn to the feeding-in table, which is 
illustra in Figs. 4 and 5. This table, which is 
ee is a very simple device, and requires but 
ittle description. Its purpose is to feed continuously 
the planing-machine, and its action is so automatic 
that one man can maintain a constant supply of boards 
to the machine at rates up to 300 ft. a minute. As 
we have already stated, the table is fixed in front of 
and in line with the planer. A pile of planks is placed 
alongside, and a man simply takes them one by one 
and throws them on to the table with their ends 

inting approximately towards the planing-machine. 

e planks do not require to be adjusted to position 
after they alight on the table, except that if one falls 
on its edge, it must be pushed over. It does not 
matter if the planks lie one on top of another. As 
the planks lie on the table they come under the 
action of a series of continuously-running rollers, 
which can be seen in Fig. 4. Each of these rollers has a 
coarse spiral thread cut round it, and the effect of the 
thread gripping the underside of the planks is to feed 
them towards, and lay them parallel with, the guide- 
fence which lies above the back side of the table. At 
the front end of the table there is a gauge opening 
just large enough to one plank, and the spiral 
rollers, after bringing the planks into position along- 
side the guide-fence, feed them forward through the 
gauge opening one at a time to the planing-machine. 

The rollers on the feed-table are geared to a higher 
— than the rollers of the planer, with the result 
that the stuff which is being fed in is constantly over- 
taking that in the machine, and butts hard up 
against it. The advantage of this is that no space is 
left between the board which has just been planed 
and the one that is following. With the boards butting 
hard against each other, as is ensured by the feeding-in 
table, boards of perfectly even thickness throughout are 
produced. For feeding the boards, one by one, into 
the correct position in front of the gauge opening 
there is, in addition to the main rollers, a further 
roller fixed above the entrance to the opening. This 
roller can be seen in Fig. 4. It is known as the 
‘* pine-apple ” roller, and, as will be clear, is of conical 
form, with a deep spiral thread. The special purpose 
of the roller is to hold the plank firmly against the 
guide-fence as it travels through the gauge-opening, 
and so ensure that it arrives at the planing-machine in 
the correct position. If a plank on the table falls on 
top of another, the two simply travel together up to 
the fence, and the upper is then held back, while 
the lower travels through. The upper then falls on 
to the table and passes through in turn. 





University or Lonpon, Universiry Cotiece.—The 
Goldsmid Entrance Scholarship, tenable in the Faculty 
of Engineering, of the value of 90/., has been awarded to 

r. John Sinclair Fraser, of Dulwich College. Mr. 
Patrick Alexander Curlett was placed proxime accesstt. 





GepMan CapiTAL IN Russia. — The te of 
German capital invested in the electro-technical industry 
in Russia increased from 20,600,000 roubles in 1911 
to 41,000,000 roubles in 1914. Of this sum, 7,000,000 
roubles has been found by the Russian Si Schuckert 
Company, and 12,000,000 roubles by the Russian Allge- 
meine Elektricitiits Gesellschaft. 








Tue Copper Market.—In the monthly report dated 
the 1st inst., Messrs. James Lewis and Son state that 
during the past month the London Metal Exchange has 
remained closed, and no transactions in Standard copper 
have been officially recorded. Private purchases and 
sales had, however, been made at prices varying from 
541. 5s. to 52/. per ton for cash, and about 1/. more for 
three months prompt, the value of cash being 52/. 5s. on 
the Ist inst. American electrolytic copper sold from 59/. 
down to 54/. 10s. per ton for prompt delivery, ex quay 
or warehouse, closing at 55/. c.i.f. to arrive. It was 
freely offered in New York at 12 cents und. Best 
selected ingots were quoted 60/. on the ist ult., and 
57/. 5s. on the 1st inst. A Considerable yap refined 
copper had been ex , and there had m large 
delivasten to the British Government. 





GERMAN Exports oF WIRE AND WIRE-Ropg Goops.— 
The exports of Germany of manufactures of wire or wire- 
rope amount to a yearly value of about 783,300/. In this 
figure, wire-rope, &c., figure for 196,200. ; wire-netting 
and gauze, 315,100/.; and wire brooms, hooks, handles, 
springs, &c., for 272,000/. Our own exports in these 
lines aggregate about twice those of Gounnae. The 
German exports to this country are valued at about 
28,300/. per annum, the bulk being manufactured articles 
such as brooms, baskets, hooks, &c. In the matter of 
wire-rope, &c., Germany’s t) x are Belgium 
{28 200%.) Roumania (23,100/.), Russia (18,700/.), the 

etherlands (16,800/.), &c. e largest purchaser of 
German wire-netting in 1912 was Australia, whose 
pene from this source amounted in that year to s 
value of 147,0002. In no other country did any’s 
trade amount to more than 24,000/. in this class of goods. 


ge ¥ ition 2 this class in pone § very 
een, whi here her competition in mosquito gauze 
has been very much alive. - 
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NOTES FROM THE UNITED STATES. 

PHILADELPHIA, September 23. 
Tne volume of domestic business in iron and steel 
has not increased during the week. The railroade 
remain out of the market for rails, rolling-stock, and 
structural material. The financial stringency holds 
back general structural buying, and contracting for new 
work is at a standstill. The most encouraging fact in 
the otherwise serious situation is that most manu- 
facturing shops have enough work on hand to keep 
them busy to the end of the year. Hence the com- 
parative indifference for new work at the present time 
and the confidence prevailing. Prices are firm, not- 
pve apy Seng production is under 60 per cent. of 
capacity. ere is, however, more or less con- 
tracting done for the first quarter of next year, and 
it is to be noted that on most of this business 
rices are 1 dol. per ton higher than for delivery 
in the last quarter. Rather exaggerated anuticipa- 
tions prevail as to certain foreign business. he 

two difficulties in the way are the lack of shi 
and the lack of exchange facilities which banks could 
afford in countries with which business might be done. 
The Government and the private banking interests 
are vigorously ergaged in meeting these two diffi- 
culties. Arrangements are practically completed to 
furnish 100,000,000 dols. of gold to meet European 
obligations. The shipping problem has not yet been 
adjusted. The pla. of the Government to purchase 
ships, mainly from Germany, is being and will be 
vigorously opposed. Private enterprise is cautious, 
and hesitating to step into the breach, owing to 
several apparent uncertainties. At present the steel 
industry is merely holding on, looking to foreign 


demand for relief. 
September 30. 

Another week of watchful waiting has 
without a single encouraging development in iron or 
steel. Mills and furnaces have slowed down. 
Several more furnaces will blow out. Local steel 
requirements are restricted to business of which no 
notice would be taken in ordinary times. More 
foreign steel business could be done if manufacturers 
accepted prices offered. There are even more inquiries 
from abroad, especially for billets and sheet bars, 
with sales for 125, tons pending. Also boat- 
are asked for, with trifling orders placed. 

here are very few large projects now looking for 
steel, but many have been stowed away until the 
situation warrants action. The Government is lec- 
turing the hard-fisted banks which refuse to loan 
money on ample security. It is a case of excessive 
caution. Decreasing output may be expected until 
there comes a radical change or until foreign demand 
returns. Prices this week show nochange. From all 
quarters a very heavy demand for basic steel is looked 
for. Manufacturers regard the present situation as a 
lull before the storm. ith such possibilities in view 
there is scarcely any effort made to contract ahead. 
At present rate of decline it will be a very short time 
before 60 per cent. of mill and furnace capacity will 
be idle. 





Pia-Iron SHIPMENTS FROM MIDDLESBROUGH. — The 
latest circular issued by Messrs. William Jacks and Co. 
shows that the shipments of pig-iron from Middlesbrough, 
ineluding Skinningrove, amounted to 29,573 tons coast- 
wise (as against 47,154 tons in September of last year) ; 
29,350 tons to foreign ports (70,660 tons in September of 
last year); making a total of 58,923 tons, equal to about 
half the total shipments of September of last year, but 
an improvement on the total for Augusd last, which was 
31,870 tons. No shipments whatever of pig-iron were 
made last month to France, Belgium, and Germany. 
The total shipments from Middles h and Skinnin- 
grove in 1913 were 1,246,884 tons; they amounted to 
783,439 tons for this year down to September 30. 





Tur M&oHANICAL ENGINERRING COLLECTION aT SOUTH 
Kenstneton.—The authorities of the Science Museum at 
South Kensington have published a fifth edition of 
Part I. of the catalogue of the m ical engineering 
collection under their charge. This collection is worthy 
of much wider recognition than it obtains, for it includes 
a great number cf models and objects of great engineer- 
ing and educational value. The subjects included in 
the present volume are steam-engines and other motors ; 
locomotives and railways ; mechanical measuring appli- 
ances ; pumps and lifting ——T and power trans- 
mission. Part IT. refers to mininz and metallurgical appli- 
ances ; chemical manufacture plant; textile machinery ; 
paper-making and printing inery ; agricultural imple- 
ments; machine-tools ; lighting appliances ; telegraphic 
apparatus, &c. Part I. begins with a brief history of 
stationary engines, and then gives descriptions of 129 
exhibits in this section. Then follows the section on 
locomotives, with 97 models. Steam-engine details and 
accessories are re ted by 85 objects and models, 
boilers by 32, boiler fittings by 46, heat engines (other 
than steam) by 42, and so on, the total number being 1046. 
There is a supplement filled with photographic en- 

vings, in which the more important exhibits are 
illustrated. Both teachers and students will find it 
advantageous to know what is to be seen in the collection. 
The price of each part (including supplement) is 1s. 6d. ; 
post free, 1s. 10d. 





DURABILITY OF CONCRETE IN 
SEA-WATER. 


In Science Conspectus, a publication of the Society of 
Arts of the Massachusetts Institute of Technology, we 
find some particulars of an interesting series of experi- 
ments now being carried out by the A Ww iC- 
tion Company in order to disprove the theory that the 
combined effects of sea-water and frost rapidly destroy 
concrete structures. 

With this object in view, twenty-four concrete columns, 
16 ft. long, 16 in. square, and reinforced with bars near 
the corners, were constructed in January, 1909, and 
immersed in the water at Boston Navy Yard. They 
were suspended in such a manner that at high tide the 
water reaches nearly to the top of the column, and falls 
at low tide nearly to the bottom. In cold weather the 
columns are thus alternately thawed and frozen as the 
tide rises and falls. The columns were made with various 
—— of concrete mixec dry, plastic, and very wet. 

ifferent ——— of cement were used, and the effects of 
waterproo' materials, clay, and other additions to the 
concrete are 
with salt water, but this was unfortunately lost in handling. 

No final conclusions are, of course, possible yet; many 
years must, in fact, elapse before it will be possible to 
say which kind of concrete is most permanent. When 
examined in December last many of the imens were 
practically unaffected, but others were ly eroded. 
As might be expected, the best results were given by the 
specimens richest in cement and mixed wet. For in- 
stance, of two columns made with 1 part of cement to 
1 of sand and 2 of stone, the one mixed dry was badly 


eroded over the whole of ite length ; whereas the other, | 59,. 


which was mixed very wet, was only slightly pitted. 
Again, of two specimens made with slag cement in the 
ratios of 1:1:2 and 1:3: 6, respectively, and both 
mixed wet, the former was in excellent condition, with 
only very i pitting, while in the latter all the corners 
had gone and the reinforcement was exposed in places. 
The part of this specimen which was continuously im- 
mersed was, however, in very fair condition. The experi- 
ments are being continued, and doubtless some very 
interesting results will be obtained in time. 





British TRADE WITH ARGENTINA.—British engineer- 
ing manufacturers desirous of increasing their business 
with Argentina are invited to send copies of their cata- 
logues to the Institution of Engineers of the River Plate. 
The catalogues, which will be filed for reference, need not 
be printed in Spanish, as the majority of the members of 
the Institution are English king. The address of the 
Institution is Calle 25 de ahee o. 195, Buenos Aires, 
and the catalogues should be directed to the secretary, 
Mr. George Cooke. 





SHIPBUILDING IN GERMANY.—The German yards are 
said to be well employed again. The Imperial dock- 
ards, naturally, are very busy, but the private yards also 
fave plenty to do, and could work with full force if only 
the necessary contingent of engineers and skilled work- 
men could be obtained ; but in this connection the war, of 
course, has made a serious difference. Overtime and 
Sunday work is the rule at the dockyards, and the Vulcan 
yard at Stettin, the Schichau yard, and that of Bléhm 
and Voss, Hamburg, are all fairly busy and are expecting 
increased activity. 





Fire Tests witH PARTITIONING MarTeEriAL. — Red 
Book No. 192, published by the British Fire-Prevention 
Committee, of 8, Waterloo-place, Pall Mall, S.W., con- 
tains a report on two tests of ‘‘Culno” boards, supplied 
by Fire f Fibre Building Boards, Limited, of London. 
In the first test three openings in the side of one of the 
Committee’s testing-huts were filled in with ‘‘Calno” 
boards, 2 in. thick, held in place by teak fillets. The 
object of the test was to record the effect on the boards of 
a fire of 45 minutes’ duration, the temperature to reach 
1500 deg. Fahr., and not to exceed 1650 deg. Fahr. One 
minute after lighting the gas (which, it will be remem- 
bered, is used to produce the heat in these tests) the inner 
surface of the panels was burning, and the outer layer 
was peeling off. The surface of the panels continued to 

1 off on the fire side, and burnt in continuous layers ; 
it remained incandescent until the end of the fire test 
(45 minutes). After this, water at a pressure of 60 Ib. 
per sq. in. was applied to the fire side for a period of two 
minutes. The water did not pass through the panels 
(all of which remained in position), and only slightly round 
the edges. The test was therefore considered satisfactory, 
and the material was accordingly classified as affording 
Ban ~ pony! Protection” (Class A). Another test was 
carried out, under similar conditions, to ascertain at what 
period the fire would break through boards of different 
thicknesses. Three o_o were accordingly filled with 
boards 1 in., 4 in , and } in. thick respectively. Flames 
appeared on the outside of the }-in. panel 18 minutes 

ter the commencement of the test, and with the 4-in. 


panel flames passed through after 22 minutes. After 24| Fred 


minutes the test was stopped, and the 1-in. panel had not 
then burned through. It, however, continued to burn on 
the fire side, and after a further 22 minutes flames 
appeared on the outside. No water was applied to the 
panels in this test, and eventually the }-in. and }-in. 
panels were completely consumed ; the 1-in. 1 was 
mostly, but not entirely, destroyed. ‘‘Calno” fibre boards 
are made by the Thames Paper Company, Limited, of 
Purfleet, under licence from Fireproof Fibre Buildin 

\ Limited. A fire-proofing solution is appli 
during the course of manufacture, so that the fibres are 
thoroughly impregnated, and the different layers are 
combined with a mineral cement. 


ing studied. One of the columns was mixed | ¢) 





NOTES FROM THE NORTH. 
. Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was steady, and 1000 tons of Cleve. 
land warrants were done at 51s. 3d. one month, with 
sellers over at that figure, and at 51s. cash and 5ls. 10d. 
mon In the afternoon there was nothing 
doing, and the quotations for Cleveland warrants showed 
little change at 51s. cash, 51s. 34d. one month, and 
51s. 10d. three months sellers. On Friday morning the 
market was idle, but Cleveland warrants were fractionally 
firmer, with closing sellers naming 51s. 0}d. cash, 5ls. 4d. 
one month, and 5ls. 104d. three months. The afternoon 
session was also idle, and sellers of Cleveland warrants 
uoted $d. down for cash and one month, and 1d. down 
or the three months position. The market opened with 
a weak tone on Monday morning, and some 4000 tons of 
Cleveland warrants were put through at from 51s. 74d. 
to 51s. 64d. three months. At the close sellers named 
50s. 10d. cash, 51s. 2d. one month, and 51s. 7d. three months. 
In the afternoon the business was limited to one lot of 
Cleveland warrants at 51s. 44d. December 16, and the 
closing prices were nominally unchanged from the morn- 
ing. On Tuesday morning the market was quite idle, 
and Cleveland warrants were called 50s. 10d. cash, 51s. 1d. 
one month, and 51s. 74d. three months sellers, but 
buyers only offered 50s. 6d., 50s. 9d., and 51s. 3d. re- 
spectively. In the afternoon there was no change in the 
state of the market, and while buyers of Cleveland war- 
rants were a shade firmer, sellers’ prices were nominally 
unaltered. When the market opened to-day (Wednes- 
day) Cleveland warrants were very weak, and buyers 
still held off. The closing quotations were down to 
cash, 50s. 9d. one month, and 5ls. 3d. three 
months sellers. The afternoon session was also quite 
idle, and although sellers’ prices for Cleveland warrants 
were the turn firmer at 50s. 6d. cash, . one month, 
and 51s. 3d. three months, buyers’ quotations were nomi- 
nally easier. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia does not yet show much sign of improvement, 
although a fair business is going through. Prices are 
practically unchanged. 


Malleable-Iron Trade.—No change can be reported in 
connection with the malleable-iron trade of the West of 
Scotland, but there is a slightly better home demand for 
iron bars. On export account the business passing is of 
very moderate dimensions. Rumours have recently been 
circulated of the placing of some very nice lines, but 
unfortunately confirmation is still lacking. 


Scotch Pig-Iron Trade.—The past week has been rather 
a quiet one in the Scotch pig-iron trade, as the inquiry 
has been limited. Orders for lots booked forward are 
not coming in as satisfactorily as they might, with the 
result that some storing has had to be resorted to, although 
not heavily. Furnaces in blast number sixty-seven, and 
prices are called a trifle easier. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 
69s. 6d.; Calder, Gartsherrie, and Summerlee, 70s. ; 
and Langluan, 72s. (all shi at Glasgow); Glengar- 
nock (at Ardrossan), 71s. ; Shotts (at Leith), 70s. ; and 
Carron (at Grangemouth), 70s. 6d. Hematite iron is dull. 


Scotch Steel Trade.—The Scotch steel trade continues to 
move along on quiet lines, and buying is certainly not oneof 
the strong features at present. The scarcity of specifica- 
tions for ship-plates is rather marked and is keenly felt, 
but as there is little new tonnage being ordered, the 
demand for material must necessarily be slow. Makers 
of black and galvanised sheets are quieter, and there is 
little activity except for a moderate request for the 
heavier gauges. © position of sectional material has 
not altered and makers are slack. The general home 
inquiry, while keeping within narrow limits, is quite en- 
couraging, and commendation cannot be withheld from 
those who are leavouring to ‘‘keep the flag flying” 
by placing orders for new work at the earliest vas. 
tunity. Export business is inclined to quieten down, but 
this 1s only expected to be a temporary lull. 
nominally unchanged. 


Prices are 








How To Ipgentiry British Suips.—One of the prin- 
cipal characteristics of ‘‘Jane’s Fighting Ships” is the 
number of silhouettes published of warships and of such 
merchant ships as are likely to be employed by any 
nation in war service. ‘‘ Jane’s Fighting Ships” is, how- 
ever, @ volume of a size suitable only for the desk, and, 
in view of the intense interest in all warships at the 

resent time, the publishers of that compilation (Messrs. 

pson Low, Ses and Co., Limited, London) have 
done well to issue a book, suitable for the pocket, of sil- 
houettes of all British fighting ships. he intention 
obviously is to follow it with volumes of the silhouettes 
of ships of other nations. This publication, which 
is issued at 1s. net, is entitled ‘‘ Naval Recognition 
Book : How to Identify Ships at Sea,” the first issue being 
British ships. The series is under the editorship of Mr. 
T. Jane. In addition to charts of the various naval 
harbours of Britain, and of the distinguishing stripes 
of the various officers of the Fleet, and views of the 
naval flags, a silhouette is given of the ships of every 
class in the Navy, along with a note of the names of the 
ships belonging to each class, and their fighting qualities. 
There is wade an alphabetical index or all the ships. 
Anyone possessing this book, and noting the particular 
characteristics disclosed by the silhouette of a ship at 
fea, can at once determine, at least, the class to which she 
belongs, and, further, the fighting qualities of the class. 
We think a few more iculars might have been given of 
merchant cruisers. e hope that a corresponding book 


for the German and other navies will soon be issued. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The South Yorkshire 
coal-owners who wished to enlarge the usual October 
advances, so as to cover the extra cost of timber 
and other pit material, found themselves in a very 
small minority, and were obliged to abandon their pro- 
posal, the almost general opinion being that the tone 
of the market was not strong enough to warrant 
anything out of the ordinary in the way of ad- 
vanced selling prices. As a result, the actual increases 
adopted average not more than 9d., and in no case 
exceed 1s. Steam hards have lost some of their firmness, 
owing to difficulties of financial settlement, and for indus- 
trial purposes consumers are able to obtain full supplies 
without any difficulty. The house-coal section maintains 
an even tone, though the brisk inquiry for winter stocking 
purposes has somewhat abated with the upward move- 
ment of values. A big tonnage of gas fuels is 


ing away 
under contract, outside sales are , and there is an 
improvement in the general outloo The closing of 


additional mills in the Lancashire cotton area has brought 
about in weakness in the market for slacks. The 
output is much in excess of the demand. Special lots are 
selling at low rates. Both steel coke and blast-furnace 
coke are easier, the former selling at 25s. 6d. per ton 
delivered, and the latter at about 12s. 6d. otations :— 
Best branch hand-picked, 16s. to 16s. 6d.; == best 
Silkstone, 12s. 6d. to 13s. 6d.; Derbyshire best brights. 
12s. 6d. to 13s. 6d.; Derbyshire house, 11s. to 12s.; bes 
large nuts, 11s. to 11s. 9d.; small nuts, 9s. 3d. to 10s. 
Yorkshire hards, 11s. to 12s. ; Derbyshire hards, 9s. 
to 10s. 9d.; best slacks, 7s. to 8s. ; seconds, 6d 
5s. 6d.; smalls, 1s. 9d. to 2s. 9d. 


Iron and Steel.—Government orders are still supplying 
the bulk of the work in the South Yorkshire iron an 
steel industries, and are assisting works to maintain an 
appearance of great activity where otherwise they would 
have difficulty in keeping open half the week. far as 
the raw-material market is concerned there has been no 
diminution in the number of inquiries, but the gross 
amount of business done has on & ler scale. 
This is accounted for by the fact that the nage A of 
users have now acqui substantial stocks upon which 
they are working until prices assume a more reason- 
able level. Forge iron has already declined to 56s. 9d., 
and foundry brands are weaker. Hematite 
are also feeling the effect of the consumers’ attitude. 
Some sharp declines are reported. East Coast mixed 
Bessemer numbers, for instance, have during the latter 
part of the week shed as much as 4s., the latest quota- 
tion being 76s. Makers, however, are not greatly per- 
turbed at the trend of events, being satisfied that prices 
will be readjusted when further heavy buying is neces- 
sitated by the rate at which consumption is proceed- 
ing The position at the bar-iron mills is not very 
satisfactory. New business is slow, and makers are 
disappointed at the amount of trade that has 
been diverted into local channels. An improvement in 
rolling-stock construction would brighten the outlook. 
The heavy steel es continue busy. The future is 
regarded with great confidence, though there are certain 
sections where a somewhat gloomy view is held. Crucible- 
steel departments, for instance, could handle a much 
greater volume of business, but, on the other hand, a 
marked improvement is evident in the demand for heavy 
forgings and castings for shipbuilding name ote and for 
special steels for army motor and aeroplane construction. 

me orders are being booked for implements and 
machinery for South Africa and other mining parts, but 
as regards the replacement of Germany’s trade in inferior 
grades of steel goods, this is being very ‘ de ge 
in other districts, principally m the Midlands, where 
makers have specialised in cheap output. One of the 
most hopeful signs of revival in the heavy trades is the 
increased number of inquiries for railway tyres, wheels, 
and axles Export business has been on a r scale 
= the United States, South Africa, and C a. Bd 
mand for tools for engineeri poses is one of ti 
most satisfactory features of the fighter trades. Work at 
the armament factories proceeds night and day at the 
highest pressure. Basic-steel departments are regularly 
employed, but new business is scarce. ices are con- 
sidered prohibitive. The rolling-mills are running short 
time. 





Conversion OF A Moror Fire-Tenper To A Moror- 
Pump.—A petrol motor-tender belonging to the Bath 
Fire-Brigade has just had its sphere of usefulness ex- 
tended, a ‘‘ Hatfield” pump having been fitted to the 
chassis by Messrs. Merryweather and Sons, who built the 
tender five years ago. The work has carried out at 
Bath by one of the firm’s mechanics, the new pump being 
geared to the 7 propelling engine through silent 
chain transmission. The engine is a 50 horse-power four- 
cylinder, and the capacity of the pump is 350 to 400 

ons per minute. Tests were carried out to show the 
jumping power of the converted machine, the tender 
ing run into Spring Garden’s-road and asupply of water 
drawn from the River Avon, with a suction lift of 15 ft. 
A 14-in. jet was shown at work and was sent well above the 
Empire Hotel, which is the tallest building in Bath. 
The pump pressure obtained was 150 Ib. to the square 
inch, and the memhers of the tp em Committee, 
who watched the tests, were very p with the results 
obtained. The teats were directed > Fire Brigade’s 
chief officer (Mr. W. A. England). is is the first occa- 
sion on which Merryweather have fitted a fire- 
Pump to an existing machine of their own make, but 
examples of “‘ Hatfield ” pumps fitted to other makers’ 
chassis are in service at Huddersfield and Radoliffe, 


sales. 
3| far as is known no sales of moment for early delivery 
- | have occurred, but forward business has been done, 


makers | creased 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippiessrouGH, Wednesday. 
The Cleveland Iron Trade.—The market is quiet, and 
pig-iron quotations are falling. Such a movement was 
quite expected, and, indeed the wonder is that values 
have been so well upheld under the conditions that have 
prevailed. The busi 


so far as Cleveland pig is concerned, it is confined almost 


entirely to transactions in small lots for early delivery. 
Pig-iron ucers hope to keep furnaces working, but 
they dec that current quotations for Cleveland 


are unremunerative, the cheapening of raw tell 
having been nothing like to the fall in Pig. If 
pig values are reduced much below the present level, 
manufacturers intimate that they will have to = 
more furnaces out of operation. The total num 
of blast - furnaces blowing on the North-East Coast 
stands at 69. Messrs. Pease and Partners have trans- 
ferred a furnace from Cleveland pig on to hematite 
iron. No. 3 g.m.b. Cleveland pig is now on sale at 
50s. 9d. f.o.b.; No. 1 has become ; No. 4 foundry, 
50s. 6d.; No. 4 forge, 50s. 3d.; and mottled and white 
iron, each 50s.—all for early delivery. The foregoing 
quotations are the lowest that have ruled for the past 
six months. Values of Hast Coast hematite pig have 
been sovfficiently lowered to tempt buyers into the 
market. Producers are now burdened with ra‘ — 
stocks, owing to consumers failing to take out fu 
supplies, and they have been rather pressing So 


three 
firms of makers having made contracts with Sheffield 
consumers for delivery of mixed numbers over periods 
next year. The price paid is understood to be in the 
neighbourhood of 64s. 6d., which is now regarded as the 
market quotation for either early or forward 
delivery. Foreign ore shows a downward tendency. Some 
business is understood to have occurred at 17s. 6d. ex-ship 
Tees for best Rubio, and that is now the basis of quota- 
tions. Coke is rather plentiful and weaker. Durham 
bee hive blast-furnace coke of average quality is 17s. 6d. 
to 17s. 9d. delivered at Tees-side works. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 105,446 tons. 
Since the beginning of the month the stock has been in- 
by 2482 tons. Shipments of pig-iron from the 
Tees are on only a moderate scale. To date this month 
they average 1386 tons per working day, the total des- 
—- being returned at 8320 tons, 6655 tons of which 

ave gone from Middlesbrough, 1670 tons from 
Skinningrove. To the same date last month the loadings 
were given at 15,285 tons, or a daily average of 2547 tons, 
and for the corresponding part of ber a year ago the 
clearances reached 21,166 tons, or an average of 3527 tons 
per working day. 


Manufactured Iron and Steel.—There is little new to| A 


report concerning the different branches of the manufac- 
tured iron and steel trades. A good deal of work is 
being turned out. ee quotations stand :— 
Common iron bars, 8. ; bars, 82. 7s. 6d.; best best 
bars, 82. 15s.; packing iron, 6/. 10s.; iron peat, 
7l. 5s.; iron ship-angles, 8/.; iron ship-rivets, 9/.; iron 
a. 71. 5s. ; steel bars (basic), 67. 15s.; steel 

(Siemens), 6/. 15s. ; steel ship-plates, 7/. 5s.; steel 
ship-angles, 7/.; steel boiler-plates, 82. 5s.; steel joists, 
7l. 2s. 6d.; steel strip, 6. 10s.; steel hoops, 6/. 15s.—all 
less the customary 24 per cent. discount; light iron rails, 
7l. 15s. ; heavy steel rails, 6/. 15s. ; steel 
7l. 15s.—all net at works. 


Cleveland Blast ’s Wages.—The ascertained 
average net selling price of No. 3 Cleveland pig-iron for 
the months of July, August, and Sep been 


way sleepers, 


tember has 
certified at 5ls. 4.13d. per ton, as compared with 
5ls. 0.70d. per ton in the preceding three months, and 
57s. 8.08d. for the a year ago. In accord- 
ance with the sliding-scale arrangements will be 
advanced by 0.25 (a quarter of one) per cent., bringing them 
from 23.75 per cent. above the s to 24 per cent. 
above the standard. 





AGRICULTURAL MAacniIngeRY.—The war is likely to 
reduce the demand for British agricultural machinery 
in Europe, but the results established to August 31 were, 
upon the whole, satisfactory. The value of the ship- 
ments in all directions in August was 54,939/., as com- 
pared with 135,917/. in August, 1913, and 116,411/. in 
August, 1912. The value of the deliveries to European 
countries sank in Au 
93,2912. and 61,005/. C) value of our exports of 
agricultural machinery to August 31, this year, amounted 
to 1,073,860/., as compared with 967,983/. in the corre- 
sponding eight months of 1913, and 930,486/. in the 
corresponding eight months of 1912. 





rene eg Se States Sopeagnens of 
Agriculture reported upon the production of tim 
—or, asthe Americans style it, ‘‘lumber”—in the United 
States in 1913. The cut for the year is returned at 
,009,000 ft., as com with 39,158,414,000 ft. in 
1912, and 37,003,207,090 ft. in 1911. There was, accord- 
ingly, a reduction of 771,405,000 ft. last year as compared 


with 1912. There was an increase in production in 
Washi , Oregon, and the Lower Missiesippi Valley, 
while t was a decrease in the northern, central, and 


Atlantic States. The cut of yellow pine last year was 
14,839,363,000 ft.; of Douglas fir, 5,556,096,000 ft.; of oak, 
3,211,718,000 ft.; of white pine, 2,568,636,000 ft.; of hem- 
lock, 2,319,982,000 ft.; of western pine, 1,258.528,000 ft. ; 
of cypress, 1,097,247,000 ft.; and of spruce, 1,046,816,000 ft, 


ness passing is on a limited scale, and, | ha 


st to 29,626/., as compared with | rags, &c. 





NOTES FROM THE SOUTH-WEST. 
Cardif.—There has been no increase of activity in the 
steam-coal trade, buyers holding back in anticipation of 
obtaining easier terms; while, on the other hand, abun- 
c ha offering. In some 
instances sellers have been willing to make concessions 


made 22s. 
dary qualities have t 186. to 19s. ; 
descriptions, 17s. Pt. BAT. x 
and cargo smalls, 5s. to 6s. 6d. per ton. The best house- 
hold coal has been quoted at 18s. to 20s.; good households 
have made 17s. to 188.; No. 2 ype brought 
13s. to 13s. 9d.; and No. 2 smalls have ised 63. 6d. to 
7s. 6d. per ton. Patent fuel has brought 17s. to 18s. per 
ton. Special foundry coke has made 22s. to 29s.; 
foundry 24s.; and furnace coke. 17s. 6d. 


i 


Newport.—The steam-coal trade has shown little change. 
The best Newport black vein large has made 17s. to 
17s. 6d. per ton ; Western Valleys have brought 16s. 6d. 
to 17s. per ton ; and Eastern Valleys, 15s. 9d. to 16s. 3d. 
per ton. 
Tirdonkin Collieries.—Mr. D. Howells, under- 


The 
manvager of the Efaldau Collieries, Pont mer, has 
been appointed manager of the Tirdonkin ieries, near 


Swansea. Mr. Howells commenced his career as a 
labourer at Messrs. D. Davis and Sons’ collieries, Bod- 
ringallt, in 1883. Later he became a collier and worked 
at the Ocean Collieries, Nantymoel. At the Gelli Steam 
Collieries, Rhondda Valley, he was repairer and shotsman ; 
and subsequently fireman. While employed at Gelli he 
ualified for a first-class certificate as colliery —— 
e then removed to fulfil an appointment in the an 
cite coal-fields, and chereuste he the post of 
under manager at the Efaldau Collieries, a position which 
he held for the past ten years. 





BritisH Rat Exports.—The di isation of British 
trade occasioned by the war was adverse in August to 
our rail exports, the shipments for the month amount- 
ing to only 22,763 tone, as compared with 44,637 tons in 
August, 1913, and 31,315 tons in A t, 1912. Shipments 
to British South Africa amoun to only 180 tons in 
August this year, as compared with 5372 tons in August, 
1913, and 4748 tons in August, 1912. There was also a 
contraction in shipments to Australia. The exports to 
Argentina in w -Y were 3225 tons, as compared with 
4060 tons and 4 tons. In the eight months ended 
August 31 this year we shipped 24,048 tons of rails to 

rgentina, as compared with 36,662 tons in the first eight 
months of 1913, and 31,804 tons in the first eight months 
of 1912. The falling off observable is explained by the 
depression existing in tine railways and in the 
Argentine Republic gen y. The Colonial demand for 
British rails in the first eight months of the last three 
years was as follows :— 


Colonial Group. 1914. 1913. 1912. 
Tons. Tons. ‘ons. 
British South Africa 43,706 44,210 $1,772 
British India -- 138,286 04,4651 69,271 
Australia .. 95,030 89,108 74,720 
New Zealand 4,971 26,053 15,288 
Canada oe - 120 380 
Our aggregate rail shipments in all directions to August 31 
this year amounted to 326,754 tons, as com witb 
352,822 tons and 262,035 tons in the ing periods 


of 1913 and 1912. The most satisfactory features in this 
year’s business has been a good demand for British rails 
in India and Australia ; the shipments to Australia nearly 
equalled those made to India. 





Tests or Fire-Extinecuisners.—A record of some 
tests carried out by the British Fire-Prevention Com- 
mittee on two pm ey, Be yy supplied by 


the Great Western Railway y is contained in 
Red Book No. 191, recently issned by the Committee. 


One of the appliances was a cylinder capable of holding 
from 2 to 24 gallons of a solution of calcium chloride, 
which is ex by CO, gas contained in a steel cart- 


ridge Several tests were made to try the effect of the 
appliance on different kinds of fires, including boxes 
loosely filled with wood wool, heaps of straw, pyramidical 
stacks of wood filled in with wood wool, heaps of oily 
The results of the tests clearly demonstrated 
that, when properly handled, these appliances were 
efficient in extinguishing or checking fires in their early 
The liquid used also vented the fire from 

easily re-kindling in several the tests. The other 
appliance was in the form of a hand-cup from which a 
liquid (calcium chloride solution) could be thrown on to 
the fire. It was tested in « similar manner to the pres- 
sure extinguisher, and was shown to give excellent results 
in experienced hands. These ._—— ha con- 
structed for the Great Western pany for installation 
on trains, in order to extinguish fires which frequently 
occur in railway accidents. re extinguisher 
is considered by the Committee to be rather too heavy to 
allow of its being conveniently handled for ordinary pur- 
poses. The > appliance could, however, be 
easily used. In an — the results of some tests 
made to ascertain the effect of calcium chloride solutions 
on solder are given. These teste show that the lead is 
slightly attacked by pure water, but very much more so 
weak solutions of calcium chloride. Tin is also 

tly attacked by stronger solutions, 
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HIGH-SPEED FLOORING AND MATCH-BOARDING MACHINE WITH PATENT FEED TABLE. 
CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, ENGINEERS, NEWARK-ON-TRENT. 
(For Description, see Page 444.) 
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Fic. 4. Generat View or Frepine-In Taste rrom Front Sips. 























Fie. 5. Rear View or Feepine-In Taste suowrne Roiier-Drive, 
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AUSTRALIA: see gg ns Gotch, Limited, Melbourne; 8; ; Brisbane ; 
Turner and Henderson, Sydney, XSW. T. Willmett and 
her Townsville, North Queensland. W. Rigby. Adelaide, 
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PURIFICATION OF PUBLIC WATER 
SUPPLIES. 


Some five-and-twenty years ago we reviewed a 
book on water supply in which it was gravely 
urged that the London water companies should be 
expropriated, on the ground that they were ay ly- 
ing purified water, while they had received their 
powers on the understanding that they should 
provide pure water. The suggestion that it is 
possible to supply pure water raises a smile at the 

resent day. Even for scientific purposes in a 
Shenabeny it is difficult to obtain pure water. When 
the new remedy, salvarsan, was first introduced, 
the method of use was to mix it, immediately before 
injection into the blood-stream of the patient, with 
distilled water which had just been boiled to ensure 
its sterilisation. Very often the injection was 
followed by a serious rise of temperature, which 
lasted a day or two. This was ascribed to the 
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tried the effect of injecting the water alone. Even 
then fever often supervened, and it seemed as if 
pure water was capable of giving rise to a danger- 
The experiment was then tried of 
B preg the water immediately before it was in- 
jected, and all the trouble ceased. It was found 
* | that although the distilled water usually employed 
was rendered sterile by boiling before injection, 
yet it contained the dead bodies of bacteria, and 
these gave rise to the unpleasant symptoms that 


55 | had been noted. Freshly-distilled water, map 


through sterile pipes, would ensure a pure supply 
to the public ; but that is a consummation not likely 
to be attained. All that we can hope for is fairly 
purified water. 

Purification, being a comparative quality, can 
never be defined with exactitude. It is little 
more than sixty years ago that the chairman of a 
London water company declared before a Parlia- 





cellent water for domestic Scientific 
tests in those days were far | decisive, but an 
outbreak of cholera carried conviction, at least 
to the public, that the water was not what was 
claimed for it, and that the pumping-stations needed 
to be moved upstream, and supplemented by filters. 
to- | For years after that we had to rely on the chemists 
for our knowledge of the qualities uf potable waters, 
and they could tell us little beyond the proportion 
of organic matter they contained. Instinct warned 
us against the use of badly-coutaminated supplies, 
although we knew little of the real cause of the 
danger experience showed them to involve. Mean- 
while engineers achieved great successes in purifica- 
tion by methods of the action of which they had no 
real understanding. It was only when the science 
of bacterio’ began to be established that we 
comprehended how disease was spread by potable 
water, and how the death-rate was affected by its 
degree of purification. Koch announced that 
100 bacteria in a cubic centimetre of water, as 
demonstrated by incubation for three , he 
= a reasonable standard of purity, and water 
ineeers were well pleased if they could keep 
be ow this limit. This was evidently only a 
quantitative measure of purity, and as there are 
about 580 cub. cm. in a pint, the number of 
bacteria was by no means inegligible. Of course 
it was well known that the great majority of 
bacteria were perfectly harmless, and that it was 
only a few which were the cause of epidemic 
disease. If 95 or 99 per cent. of the bacterial 
population of the water could be removed, the 
chances of infection from that source were reduced 
in that proportion, at least. It was not known, 
and it is not known now, in what numbers our 
microbic foes must attack us in order to establish 
themselves. Probably there is no standard even 
for a given individual, the pm a of resistance 
ae oe from day to day, and gradually increasing 
But there is a consensus of opinion 
that the attack must be in force, and that incur- 
sions in feeble numbers can only produce serious 
results when they meet with a debilitated constitu- 
tion. Hence the risk of disease may be reduced by 
pores urification in a greater degree than is sug- 
y the percentage of elimination of bacteria. 

oO castlenaticen of public health demand that we 
should not rest satisfied with protecting only the 
robust members of society. on sufferer from 
epidemic disease is a potential centre of virulent 
infection, and, even apart from that, the weaker 
portion of the community have the right to demand 
that protection should be afforded to them as far 
as is practicable. Water engineers have always 

this, and have never ceased to strive 
for a greater degree of purity, although the intro- 
duction of the slow sand filter was such an immense 
improvement as to produce a general feeling of con- 
fidence and content in the public mind. Side by side 
with the increase of sand filtration there have been 
great strides made in mechanical filtration, which 
fulfils an important function, especially in relation 
to acid and stained upland waters which are not 
seriously a poy with sewage ; while great success 
has attended the attempt to improve the efficiency 
of sand filters by the use of roughin - pre-filters 
to take out the r impurities, tes the sand 
filter to deal with the remaining a e organic 
matter and bacteria. Absolute sterilisation on a 
considerable scale has also been attempted by the 
aid of chlorine, of ozone, and even of ultra-violet 
rays, and more or less encouraging results have 
been attained; but it cannot be said that these 
methods promise, as yet, a final solution of the 
problem. The great magnitude of all important 
water a precludes the use of any but the 
most simple means of purification, in which the 
chances of breakdown, either from accident or care- 
lessness, are extremely remote. 

It is quite possible for a pessimist to cast a cloud 
of suspicion even upon the integrity of the sand 
filter, for it works in cycles, during which its 
efficiency as a remover of bacteria constantly in- 
creases, while its permeability gradually declines 
until it becomes nil. When its output has fallen 
below a reasonable limit—in other words, when it 
has become commercially inefficient—the surface 
has to be removed, and then the filtering efficiency 
falls very low indeed, and remains in that condition 
until a new surface has formed. At such a time it 
is conceivable that a careless attendant might pass 
a quantity of practically unfiltered water into the 
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mains, with serious results. Experience shows that 
this does not happen, but, nevertheless, it is a 
danger that all water engineers and chemists would 
like to see removed. In the London area the crusade 
for greater purity of water has been consistently 
and ably preached by Dr. A. C. Houston, the 
Director of Water Examination to the Metro- 

litan Water Board. Among the inhabitants of 
Looten there is a general feeling of confidence and 
pride in the water supply, but in spite of this the 
officers of the Board are constantly endeavouring 
to raise the standard and to eliminate all source 
of accidental contamination. This is in itself a 
remarkable feature, for we know that official 
bodies usually need the stimulus of popular dis- 
satisfaction to rouse them to incr effort, and 
do not generally strive for an ideal which is higher 
than that held by the public. In this instance the 
contrary is the case, and this is the more noticeable 
since the situation and the size of London would 
justify the contention that a moderate degree of 
purification is all that can be attained. The chief 
sources of supply—the Thames and the Lee—are 
badly contaminated with sewage, and must always 
remain 80, since they drain highly-populated dis- 
tricts, and the increase of inhabitants will probably 
negative any improvements in the processes for the 
treatment of sewage. In spite of this, water of a 
high degree of purity is delivered through the 
mains, and if we could guard absolutely against 
failures in connection with filtration and supply, 
the officers of the Board would have good reason 
to rest satisfied with the present condition of affairs. 

Unfortunately, neither mechanism nor the human 
machine is exempt from failure, and therefore 
engineers who are responsible for the public health 
continue to seek for further safeguards, Even if 
they are satisfied with the filters, there is the 
possibility of accident in connection with drainage, 
with the h-alth of workmen, with the suction of 
impure water into the water-mains, with the laying 
of new mains and alterations to existing mains, 
and with service reservoirs. Evidently another 
link in the chain of defences is needed, and this, 
in the case of London, was added for quite a 
different reason. Originally the rivers offered a 
fairly ample supply, even in time of drought. But 
as the population increased, this became insuffi- 
cient, and it was evident that storage must be 
resorted to, as is customary in gravitation supplies. 
Gradually reservoirs were built, and of late 
years the rate of construction has been accele- 
rated until, at the present time, the amount of 
storage and subsidence reservoirs’ capacity in 
use is 1982 acres, of which 1026 acres are in the 
Thames Valley, and 956 in the Lee Valley. There 
are in all 49 reservoirs, of a total capacity of 
12, 907,700,000 gallona. Three other reservoirs at 
Littleton and Stanwell are in immediate contempla- 
tion, and these will afford capacity for 10,300,000,000 
gallons. It is estimated that these will meet all 
requirements for the next. twenty years, and in 
that respect will be of great advantage. 

The purpose of a storage reservoir is, of course, 
to enable water to be re ah from the river when 
it is full, to supplement the supply when the 
stream is low. But experience shows that storage 
fulfills other most important functions, so that it 
would be worth while to construct reservoirs for 
London even if the rivers gave an adequate supply 
in the dry season. In the first place, storage x a 
time for subsidence, and thus prevents bad coloured 
water being delivered to consumers. A slight dis- 
coloration is probably of little consequence as 
regards health, but it always leads to complaint on 
the part of users, and is therefore to be avoided. 
Concurrently with subsidence there takes place a 

rocess of we pe polls | which water taken in 

uring a period of sev days becomes mingled 
and averaged until it attains something approach- 
ing uniformity. As we have already suggested, it 
takes an appreciable dose 0; pathogenic bacteria 
to set up active disease in an individual ; we none 
of us lie at the mercy of a single microbe Further, 
the number of typhoid patiente—whether in the 
acute or chronic stage—is not so great at any time 
that the sewage of a district is uniformly pervaded 
by the typhoid bacillus. Probably these sources of 
contagion come down in gulps or freshets, and 
although they may spread in the river somewhat, 

et the degree of pvllution will vary very much 
onc place to place. If water from such a river be 


umped directly into the mains, and thence to the 
filter bed, it is only the latter that opposes an 
obstacle te some members of the community getting 





a concentrated dose of bacteria. If, from any cause, 
the filter should fail, there will be probably an 
outbreak of disease, attacking possibly one person 
in a thousand. But if, between the intake and 
the filter, there is interposed a reservoir of several 
days’ capacity, then the inequalities of supply will 
be smoothed down, and the strength of the patho- 
genic pollution reduced many hundredfold, so much 
indeed that it ceases to be seriously dangerous, even 
if the filters are not as efficient as they might be. 

If this subsidence and equalisation represented 
the full result of storage, apart from uniformity 
of supply, a most valuable outer defence would 
have been erected around the public hea'th, supple- 
mentary to the inner ring of the filters. But it 
has been shown by Dr. Houston that another most 
important action takes place in a reservoir, and 
this he names ‘*devitalization.” It must be re- 
membered that the habitat of pathogenic bacteria 
is in the animal body, and that it is only there that 
it finds the best conditions for life and reproduction. 
It can exist in water for some time, but the condi- 
tions are not favourable for its continuance or its 
multiplication. How fatal are the effects of con- 
tinued sojourn in water is shown by a series 
of experiments made for the Metropolitan Water 
Board during the year 1907-8 at Hampton. 
During that year the raw Thames water at Hamp- 
ton was tested about twice a week, and was found to 
contain on an average 4465 microbes per cub. cm. At 
more than half the tests typical B. coli were found in 
jy cub. cm., and on nine occasions in ;45 cub. cm. 
On the same dates tests were made of water that 
had been stored on an average 15 days in the 
Chelsea reservoirs, with the result that the average 
number of microbes per cubic centimetre was 208, 
and only on two occasions were typical B. coli found 
in quantities of ,4, cub. cm., and on nine occasions 
in 1 cub. cm. Very often none was found at all 
in 100 cub. cm. In effect, the number of bacteria 
per cubic centimetre developing on gelatine at 
20 deg. to 22 deg. Cent. was reduced 95.3 per cent. ; 
and the number developing on bile-salt agar—prac- 
tically all intestinal—was reduced 87.8 per cent. 
Further, under the same conditions, the chemical 
impurities were reduced as follow :—Ammoniacal 
nitrogen, 63 4 per cent.; and albuminoid nitrogen, 
29.4 per cent. 

These figures show that storage provides the 
necessary supplement to the filter. In spite of 
its wonderful success and its proved ability to 
remove some 98 per cent. of the bacteria from 
water, the filter is certainly open to the accusation 
of being dependent upon the skill and vigilance of 
those in charge, and if either of these fails, the 
results may be serious. So far there has been no 
disaster to chronicle, but it must be remembered 
that the ‘long arm of coincidence” has to be very 
long before negligence can be brought home to the 
man in charge of a filter. He may let insufficiently 
treated water into the mains many times without 
ill-effects, for the bacillus typhosis is, as already 
explained, by no means evenly disseminated in a 
tiver even when it is entering the sewers in con- 
siderable numbers. It may not reach the filter at 
the moment when the film is inefficient, and even 
if it does it may be delivered to consumers who are 
more or less immune. It must be remembered 
that it is very difficult to assign a cause to a slight 
outbreak of typhoid fever. ‘There are so many 
avenues by which infection can travel, and it leaves 
so few traces on the way, that detective abilities of 
a high order are needed to track it to its source. 
It is only when the outbreak is severe and localised 
that the origin can be definitely assigned either to 
milk or water. It may be a defect in a filter, or it 
a arise from many other causes. 

tis therefore a matter of congratulation to us 
that a second ring of defences has been erected 
around the water supply of London, and that it 
will be completed in the near future. The period 
of storage may not be as long at all times of the 
year as may be theoretically desirable, but storage 
even for two days exercises such a valuable influ- 
ence that no one will cavil at the authorities if 
they cannot attain to their ideal. They will prob- 
ably attain to something in excess of twenty days 
at the worst, and that in itself is such an immense 
advance in security that the pride London feels in 
its water supply will deepen into an assurance 
which nothing will disturb. It is a most fortunate 
coincidence that the measures which were forced 
on the Board by the necessity of providing for the 
growing population have at the same time added 
to the security. We might otherwise have had to 





wait long before attaining our present condition of 
safety. There are other means by which we could 
secure something approaching sterility in our 
supply, but none quite so certain and simple, and so 
well adapted to the needs of the largest city in the 
world. They all need vigilance in their operators, 
and we know by experience that the most careful 
men are apt to suffer from lapses of mind when 
repeating the same proceedings day by day and 
year by year. With storage the processes are 
carried out by Nature, and need little or no super- 
vision. Given the condition, the result follows as 
a matter of course, and the bacteria disappear with 
greater certainty than a regiment under the fire 
of a machine-gun. Fortunately the pathogenic 
varieties are among the most feeble when taken 
out of their proper environment, and are among 
the first to perish. 





THE DEVELOPMENT OF THE 
MILITARY SMALL ARM. 

Ir is, perhaps, too soon to form stable conclu- 
sions as tothe relative values of the different arms 
as established by the war now in progress, but it 
appears to be pretty definitely settled that many 
theorists have over-rated the ibilities of artil- 
lery and under-rated that of the rifle. Napoleon’s 
battle tactics culminated in a furious attack by 
massed artillery on what he considered to be the 
decisive section of the enemy’s line, this was fol- 
lowed by an attack by columns of infantry, who 
were seldom called upon to take their arms from 
the slope, but merely ‘‘ presented the cheque ” 
against the assets already placed by the artillery. 
It has been argued that the enormous improve- 
ments in artillery would render possible a repeti- 
tion of these Napoleonic tactics, and that infantry 
were needed merely to protect the guns and take a 
position already won by the fire of the latter. 
Hence, was argued, the relative unimportance of 
training in markmanship, or with the white arm. 
Given adequate artillery, it was asserted infantry 
could capture any position practically without 
fighting, if only pressed forward in sufficient 
numbers, since, the professors declared, the de- 
fending infantry would be easiJy reduced to 
a state of panic by the attacking artillery. As 
matters have turned out, this theory of the class- 
room has been falsified in practice, and, as proved 
to be the case 100 years ago, properly trained in- 
fantrymen cannot be easily reduced to a state of 
helplessness by hostile artillery, and smash up 
attacking columns even more readily than they 
did in the Peninsula War. The military small 
arm is, accordingly, very far from being a back 
number, and is no doubt still capable of much 
further improvement. 

An interesting record of the development of this 
class of weapon is to be found in a paper printed in 
the Transactions, just published, of the Barrow 
Association of Engineers. In this paper Mr. C. C. 
Humphris states that the portable firearms 
appear to have been first used about 1375. The 
sa was fired by means of a slow mutch ap- 

rently much in the fashion of ancient ordnance. 
it is difficult to believe that any reasonable 
accuracy of fire was possible under these condi- 
tions, and it is perhaps a little remarkable that 
so crude a device should have even found a trial 
in competition with relatively accurate weapons, 
such as the long-bow and the eross-bow. Presum- 
ably it must have been the p-netrative power of 
the new weapon that caused those interested to 

rsevere. A cock and trigger were introduced, Mr. 

umphris states, in 1485, the ignition still being 
by slow match, which was fitted to the cock, and 
brought into contact with the priming on pulling 
the trigger. The wheel-lock, in which the priming 
was ignited by sparks generated by revolving a 
roughened steel wheel against a piece of iron 
pyrites, dates from 1517. The flint-lock was 
introduced in 1635, and held the field till the 
invention of percussion ignition by the Rev. A. J. 
Forsyth in 1807. This was probably the greatest 
improvement ever made in small arms, but came 
very slowly into favour with military authorities, 
although sportsmen were less conservative. 

The early introduction of rifling is very note- 
worthy. r. Humphris says that straight 
grooved rifling was tried before 1520, in which 
year spiral grooving came into use. Others, how- 
ever, state that the oldest existing specimens of 
the rifle have all spiral grooves, and that their 
makers seem to have fully understood that spiral 
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rifling led to more accurate shooting. The great draw- 
back was, of course, the slowness of fire owing to 
the necessity of driving the bullet into the grooves, 
so as to make certain that it should take the rifling 
when fired. Napier, if our memory serves, says 
that the rapidity of fire was three times as great 
with the smooth bore as with the rifle, and declared 
the musket the queen of weapons accordingly. The 
difficulty of loading the rifle rapidly was surmounted 
by Greener, who invented the expanding bullet in 
1835, an invention for which the British Govern- 
ment paid Minié 20,0001. in 1852, though they were 
ultimately badgered into giving Greener a solatium 
of 10001. 

It was the success of the needle-gun in 1864 that 
led to a general adoption of military breech-loaders. 
Most of the earlier forms were more or less make- 
shifts, such as the Snider, which was the resulc of 
converting existing muzzle-loading weapons into 
breech-loaders. It was with the Snider rifle of 
1867, Mr. Humphris states, that the metallic cart- 
ridge-case was first used. This was undoubtedly an 
innovation of very great value, as perfect obturation 
was secured. In the chassepot, we believe, a rubber 
obturator was employed. The Martini-Henry dates 
from 1871. This breech action Mr. Humphris holds 
to be the best yet devised for a non-magazine weapon, 
and it is still largely used for miniature rifles and 
the like. 

The necessity of adopting the magazine principle 
led, however, to its abandonment in favour of the 
more clumsy and less mechanical bolt action, as 
exemplified in the Lee-Metford and its successors. 
This rifle was originally used with compressed 
black powder, and unfortunately its breech is not 
as strong as is desirable with the propellants now 
available. As a consequence, with the new pointed 
bullet, the muzzle velocity of the short Lee-Enfield, 
which is the standard arm of our Expeditionary 
Force, gives a muzzle velocity of 2440 ft , as com- 

red with the 2882 ft. of the German Mauser. 

he latter is, however, hel somewhat by its 
longer barrel, that of the k ILI. Lee-Enfield 
being but 2 ft. 1} in. long, and also by its lighter 
bullet. The difference in initial muzzle velocity gives 
the Mauser a much flatter trajectory. Thus when 
sighted to 1000 yards, the culminating point of 
the short Lee-Enfield is 18.1 ft. above the line of 
sight, as against 12.6 ft. in the case of a Mauser. 

Mr. Humpbris states that the barrels for the Lee- 
Enfield are drawn down from round steel bars, 
originally 10 in. long, the forging being finished in 
dies. The larger details, such as body bolt, nose-cap, 
&c., are all drop-forgings, on which a very small 
allowance is made for cleaning-up. The barrels are 
drilled with a hollow D.drill, fed with oil under 
pressure. Both barrel and drill rotate, the former 
rapidly, and the latter slowly in the opposite direc- 
tion. The hole is started from the breech end, and a 
finishing drill follows the roughing drill, after which 
the barrel is chambered, reamered and polished 
inside, and turned and screwed outside. The rifling 
is, Mr. Humphris says, accomplished with a single 
cutter, which makes five passes to each groove, and 
the grooves are made a little deeper at the muzzle 
end. After finish machining the barrel is lapped, the 
lap being formed by pouring molten lead into the 
muzzle, this lead setting round a jagged rod intro- 
duced at the breech end. This lap is fed with oil 
and emery, and the grooves are lapped out by 
working the rod up and down. 

Many charges have been made on both sides 
during the present campaign of the use of unfair 
bullets. With the old weapons of 300 years 
ago the results must have been serious, some 
of the Spanish fire-srms taking balls weighing 
24.0z. each. The Snider also made very bad 
wounds, though the penetrative power of the 
builet seems to have m small. At any rate, 
Sir Samuel Baker mentions the case of a rhinoceros 
being fired at by a whole company of Sniders, 
without suffering material damage, the bullets fail- 
ing to penetrate the animal's thick hide. With 
the Martini, however, and the original Lee-Enfield 
bullet, very clean wounds resulted Mr. Humphris, 
however, states that this is not the case with the 
new pointed bullet introduced by the Germans, 
which, unless it hits absolutely perpendicularly to 
the surface struck, is liable to turn round and 
a flatlong. He showed at the meeting a 

lock of oak fired at by Mark VI. and by Mark VII. 
ammunition, the latter having the new pointed 
bullet. The former made a clean whole 30 in. deep, 
whilst the latter turned round after entering the 
block, leaving a lacerated hole. This experiment 





confirms similar experiences by Mr. Roosevelt, 
recently described in the papers ; but, according to 
Mr. Roosevelt, the tendency for the sharp-pointed 
bullet to turn this way is only notable at short 
ranges. The sharp-pointed Lee-Enfield bullet has, 
Mr. Humpbhris states, a solid-drawn envelope of 
an alloy m 80 parts copper and 20 nickel. This 
envelope is slightly thickened at the point, where it 
is backed by a core of aluminium supported by a 
mass of almost pure lead. As compared with the 
Mark VI. bullet, it weighs 174 as against 215 grains, 
and gives a muzzle velocity of 2440 in place of 
2060 ft. per second. The corresponding German 
bullet weighs 154.5 grains, and has a muzzle velo- 
city of 2882 ft. per second. Mr. Humphris ex- 
presses the opinion that ultimately the Lee breech 
will be abandoned in favour of one similar to the 
Canadian ‘‘ Ross”’ rifle. The bore will, he thinks, 
be reduced to 0.276 in., and rifled with four or five 
Enfield grooves. It will be wood-cased as at present, 
and will have a blade foresight and an aperture 
sight placed close to the eye. . 





THE NEW SOUTH WALES GOVERN- 
MENT RAILWAYS. 

WHEN commenting some time ago on the ups 
and downs of the State railways of Australia we 
referred to the large reduction in the net revenue 
which some of the systems experienced between 
the years ending in June, 1912 and 1913. The 
State of New South Wales was one of the sufferers, 
its railway surplus having fallen from 415,5131. for 
the year ending in June, 1912, to 186,904I. for the 
succeeding twelve months. The figures for last 
year, for which the report has recently been 
issued, show that the position has been main- 
tained, with, indeed, a slight improvement, the 
surplus for the twelve months ending June, 1914, 
amounting to 209,3671. The year has seen con- 
siderable changes, both in earnings and expenses, 
and the small expansion of the net revenue, is, 
under the circumstances, rather disappointing. 

The earnings of the system increased in the 

ear by just about 1 million sterling, to 7,742,2411., 
bat the working expenses at the same time in- 
creased by nearly 800,000/. to 5,409,820/., and, 
with increased interest charges, the net result, 
as shown above, is only slightly better than in 
the previous year. In the report for 1913 it was 
shown that a large part of the expansion of the 
working expenses was due to increased wages 
and ies. Part in the last year has been 
caused by a considerable increase in train-mileage, 
but again a large amount is due to wages and 
salary awards, the effect of which has been felt 
fully in this twelvemonth for the first time. 
No less a sum than 555,306/. in the working 
expenses for the year 1913-14 represents extra 
cost of wages, of which 253,0361. is purely due to 
increased scales of pay. The awards made, to 
which the Railway Commissioners have to conform, 
are continually placing additional burdens upon 
the system. During the year under review an 
additional sum of 144,578]. was due directly to 
new awards of wages boards. A sum of 18,4391. 
was disbursed in compliance with an industrial 
arbitration Act of 1912; 23,2031. went in pro 
motions to higher grades ; 37,5941. to classification 
advances to drivers, &. ; 21,8701. in merit 
advances, and soon. Recently the hours of duty 
have been the subject of review, with the result 
that though this year the effect is small, next year 
the cost to the system will be about 64,000/., and 
in the year following to 130,0001. Next year also 
will be affected by awards made in connection with 
locomotive labourers and iron-workers, while other 
claims are constantly coming forward. 

In face of these increases it is not surprising 
that the State railways have had recourse to 
measures similar to those adopted elsewhere. Rates 
and fares have been increased on a scale which, it 
is estimated, should bring in additional revenue to 
the sum of 350,000/. A 10 per cent. increase has 
been made on various classes of goods traffic rates. 
AS passenger traffic, season-ticket rates 
have m raised 20 per cent., outer suburban 
fares 5 per cent., and cheap excursion fares and 
workmen’s-ticket rates have both been advanced. 
The estimated sum of 350,0001. is about equally 
divided between goods and passenger traffic. These 
advances will probably do something to bring home 
to the public the inevitable effect of making constant 
concessions. The railways are public property, and 
awards made by the public authorities have to be 


met at the expense of the public. In part the 
beneficiaries have to contribute, directly or in- 
directly, to the sum required. The remainder is 
contributed by people who do not benefit. Much 
the same thing ~ re here, though the public 
usually flatters iteelf that the ‘‘ companies” have 
to meet the bill. This they do, of course, either 
by — the expense directly to their thousands 
of shareholders, or by transferring the burden to 
their patrons. 

The increased train-mileage of about 1,465,000 
miles on the figure for 1913, bringing the total, 
last year, to 20,549,695 train-miles, was due 
primarily to an all-round increase of traffic. The 
number of passengers travelling showed an increase 
of 7,000,000 on the year before, while the goods 
traffic increased by 1,579,592 tons. This was nearly 
all accounted for by increased intensity of traffic, 
the new lines opened during the year only totalling 
about miles. The number of miles open for 
traffic at the end of the last financial year (June, 1914) 
was 39674, but though the building programme is 
large, little appears to have been done recently in 
adding to the mileage, since attention has been 
concentrated on completing some of the dupli- 
cations which are considered essential to a satis- 
factory service. New lines are constructed by 
the Public Works Department, and then handed 
over to the railways. We understand that new 
work was largely suspended in 1913-14, and the 
staff transferred to the Railways Department, by 
which it was employed last year on duplications 
equivalent to 49 miles of line completed, another 
122 miles of duplications and deviations being in 
hand. These, for the most t, are on the lines 
converging on Sydney and Newcastle. 

he programme of new work involves lengths of 
railway aggregating about 907 miles in hand, and 
a further 516 miles in prospect. The most impor- 
tant works in hand are the North Coast Railway, 
of which about 149 miles remained to be opened 
at the close of the financial year, and a line from 
Dubbo to Werris Creek, 1574 miles in length. The 
latter is a cross-country line, running roughly 
north-east and almost parallel to the coast, from 
Dubbo, which is 283 miles from Sydney on the 
western system, to Werris Creek on the northern 
system, a few miles less from Sydney. This line 
will be crossed by another line now in progress from 
Dunedoo, 239 miles from Sydney on the north- 
western system. The first 76 miles of this line is 
in hand, but it is planned ultimately to push it 
right on to Burren Junction, on the northern 
system, and 403 miles from Sydney. Another line 
of considerable length in hand is that from W: 
to Tumberumba, a distance of 76 miles, stretching 
towards the Victoria border and the Murra 
River, into a district hitherto poorly served. 
One of the most interesting lines in hand, 
or perhaps by now completed, is that from 
Finley to Tocumwal, which has been called 
for for long years past. Other lines are exten- 
sions of existing branches, in many cases opening 
up districts far inland. We have frequently 
pointed out that much of the New South Wales 
railway traffic is long-distance traffic, and as 
time goes on the distances will tend to become 
longer. This is clearly evident from figures in 
the various yearly reports. For instance, the 
report for 1903 showed the average mileage per 
ton of grain, flour, &c., to up-country stations 
was 177.47 miles ; to-day the corresponding figure 
is 252.57 miles. In the case of wool, the average 
distance per ton used in 1903 to be 243.76 miles ; 
to-day it is 304.13 miles. Live stock has not in- 
creased its distance to quite the same oxtent, but 
instead of 243.76 miles, the average is now 251.16, 
and soon. Of course, not all the development is 
proceeding in the back blocks. Changes have come 
over some of the earlier settled districts, which 
have resulted in more traffic, but of an altered 
character, so that the increase does not always show 
up in figures. The general tendency, however, is 
very evident. 





NOTES. 
Unpartriotic British WorkKMEN. 

We have on several occasions referred gladly to 
the splendid patriotism of all classes of workmen 
engaged in providing the war munitions for our 
fighting forces alike in the Navy and the Army ; 
but we regret now to learn of some who continue 
to pursue tactics of questionable equity in peace 





times, but specially unjustifiable and reprehensible 
in the present great national emergency. All classes 
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of workers, with the co-operation of the executive 
councils of their unions, have agreed to waive, — 
the progress of the war, all matter of dispute whic 
vex and annoy most men and all employers in normal 
times, and to meet the call of Mr. Churchill and Lord 
Kitchener to work as continuously and diligently 
as possible in order to provide all requirements 
of the fighting forces, and to complete without 
delay ships, guns, &c., in progress and ordered. 
They have been doing nobly, and their work, we 
hope, will be recognised as abounding in patriotism. 
We however, to learn that in many of the 
naval shipbuilding yards serious delay is being 
involved by the action of drillers, and that, too, 
without the full sanction of the executive officers 
of their union. As is well known, the high-tensile 
steel used in modern ships has to be drilled instead 
of punched, and it can be understood that if there 
is delay in this work the fitters and riveters, who 
are showing commendable loyalty, are kept waiting, 
and the whole progress of construction delayed. 
With modern appliances of t. precision the 
work requires little training and less physical effort. 
The remuneration is satisfactory, the time rates 
enabling a man to earn between 50s. and 60s. per 
week ; at present piece-work rates this can easily 
be exceeded. Unfortunately, however, the men 
are taking advantage of their inflated earning 
power, and in some cases are working for only 50 
to 75 per cent. of the time. A still greater difficulty, 
however, is that the unionist workers refuse to 
allow non-unionists to be engaged, although there 
is not a sufficient number of trade-union drillers 
available. Thus ships would be delayed evenif those 
in the unions did a full week’s work every week. It 
will be recognised that the attitude taken up by the 
men is untenable as well as highly unpatriotic. Our 
Fleet to-day is supreme ; but no one knows when 
an action may take place, and then there are bound 
to be losses. The First Lord of the Admiralty has 
given great satisfaction by indicating that there 
are many new ships approaching completion. It 
may be that in the ultimate issue these new ships 
will turn the balance in our favour. In any event, 
it is of the most vital importance that nothing 
should be left undone by the great industrial army 
to support the efforts of our brave sailors and 
soldiers in the hour of our national emergency by 
iving them the best and latest munitions of war. 

en who fail in meeting this call of King and 
country, notwithstanding liberal consideration by 
employers, are, to say the least, selfish and un- 
patriotic, and are unworthy to-day to be ranked 
with their fellows who are doing so well. 


Tae French aNp GerRmMaN FIe_p ARTILLERY. 

The French journal Le Génie Civil gives the fol- 
lowing comparison of the French 75-mm. (2.953-in.) 
field-gun with the German one, 77-mm. (3.032-in.) 
in calibre :— 


French Gun. German Gun. 
Length of the gun - 2475 m, 2.400 m. 

(8 ft. 1gin.) (7 ft. 107, in.) 
Maximum range .. 6500 m 5300 m. 


“” (7110 yards) (5800 yards) 
; 6.850 kg. 





Weight of the projectile ° . k; 
ay o > 
Weight of the gun charge 0.700 kg. 0.570 
° , (1.540 Ib.) (1.250 16.) 
Muzzle velocity .. 529 m. 465 m. 
(1735 ft.) (1525 ft.) 
Velocity at 1000 metres 413 m. 369 m. 
(1856 ft.) (1210 ft.) 
Velocity at 2000 metres 334 m. 310 m. 
(1095 ft.) (1017 ft.) 
Velocity at 3000 metres 290 m. 275 m. 
(950 ft.) (902 ft.) 
Kinetic energy at muzzle 108.5 T.-m. 76 T.-m, 
(340 fc.-T.) (247 ft.-T.) 
Kinetic energy at 2000 metres 40.9 T.-m. 33.6 T.-m., 
(184 ft.-T.) (110 ft.-T.) 
Number of balls in the shrapnel 300 3800 
Weight of each shrapnel ball. . rs 10g 
(0.423 oz.) (0.353 oz.) 
Thickness of gun-shield 3 mm. 5 mm. 
(0.118 in.) (0.197 in.) 
Weight of gun in battery 1100 k, 950 kg. 
(2424 Ib.) (2094 Ib.) 
Weight of and limber (lees the 1.00 kg. 1800 ke. 
nnere fin Germany, 3in France) (4:87 Ib.) (3967 Ib.) 
eight of caisson with charges (less 1950 kg. 1850 kg. 
the men) (4297 Ib.) (4077 1b.) 


Field artillery has to be sufficiently mobile to 
travel over all ground, and in order to meet this, 
it is considered that the weight to be hauled by 
each horse should not exceed from 350 kg. to 
360 kg. (780 Ib.). The weight of a unit drawn by 
six horses should therefore be in the neighbour- 
hood of 2000 kg.(44001b.), which is the case for both 
the above French and German guns. If the ers 
be reckoned in the weights given in the above table, 
both the French and the units have prac- 
tically the same total weights; the weight of the 








French ammunition wagon filled with shrapnel is 
comparable to that of the German wagon, but the 
French one contains 96 rounds as inst the 90 
rounds of the German. When carrying high ex- 
losive shells, the French wagon weighs 200 kg. 
440 Ib.) less than the German one similarly loaded. 
It is wrong therefore to state, as is sometimes done, 
that the mobility of the German field armament is 
greater than that of the French. The German arma- 
ment, on the other hand, is much inferior to the 
French in regard to stability, facility for aiming, 
sweeping action, rapidity of firing, and ballistics. 
The superiority of the French field armament more 
than compensates for the lesser number of guns in a 
French army corps compared with the number in a 
German army corps—.¢., 30 batteries of four guns, 
or 120 guns, in France, as against 144 guns divided 
over 24 batteries of six guns in Germany ; or five 
guns in France per 1000 infantrymen, as against 
5.7 in Germany. The French projectiles and their 
bursting charge are superior to the German. 


British AND GERMAN TRADE AND THE War. 


The Italian journal L’ Industria gives publicity 
to data prepared by Professor Einaudi on the 
international commercial relations of Great Britain 
and Germany. These figures refer to the year 
1912, and show that in value the imports to Great 
Britain from the British Colonies were 20.5 per 
cent. of the total; from the United States they 
were 19.5 per cent.; from Germany, 10.4 per cent. ; 
from France, 6.3 per cent. ; from the Argentine, 
6.2 per cent. ; from Russia, 6 per cent. ; and so on 
in decreasing proportions from other countries. In 
the same year the exports from Great Britain to 
the British Colonies were 36.3 per cent. of the 
total; to Germany they were 8.2 per cent. ; to 
the United States, 6.1 per cent.; to France, 
5.2 per cent.; to the Argentine, 4.2 per cent., 
&c. During the same year Germany imported 
from Great Britain and her Colonies, in value, 
18.6 per cent. of her total imports; 14.8 per 
cent. from the United States; 14.3 per cent. 
from Russia; 7.8 per cent. from Austria-Hun- 

ary ; 5.2 per cent. from France ; 4.2 per cent. 
ben the Argentine ; 3.6 per cent. from Belgium ; 
and so on from other countries in decreasing pro- 
portions. On the other hand, Germany exported 
to Great Britain and her Colonies 16.9 per cent. 
of her total exports ; to Austria-Hungary, 11.6 per 
cent.; to the United States, 7.8 per cent.; to France, 
7.7 per cent.; to Russia, 7.6 per cent.; to Holland, 
6.8 per cent.; to Switzerland, 5.8 per cent.; to 
Belgium, 5.5 per cent.; to Italy, 4.5 per cent.; to 
Denmark, 2.8 per cent., &c. From these figures, 
adds our contemporary, it is easy to see that the 
war is much more damaging to German com- 
merce than to British commerce. Taking Great 
Britain, Russia, France, and Belgium, and leaving 
out Servia and Japan, for which separate figures are 
not available, the above figures show an annual 
rate of loss to Germany of 41.7 per cent. on her 
imports, and of 37.7 per cent. on her exports. 
Great Britain, by reason of the war, directly loses 
only at the annual rate of 10.4 jper cent. on im- 
ports and 8.2 per cent. on exports, or about 
one-fourth of Germany’s loss. Seeing, moreover, 
that the British Fleet is completely blockading the 
German ports, Germany's commercial loss is much 

ter than is shown by the above proportions. 
hould the war, says fessor Einaudi, leave 
Germany without any further commercial efficiency, 
Great Britain and her colonies would lose their 
best customer, since Germany imports from them 
annually at the rate of 18.6 per cent. of her total im- 
ports, and sells to them at the rate of 16.9 per cent. 
of her total exports. Dealing with the point, our 
contempo asks : ‘‘Is it not possible that Great 
Britain may, eventually, easily find a buyer to take 
the material which she could no longer sell to 
Germany?” To this our contemporary replies in 
the affirmative, adding the following :—‘* Without 
resuming to divine people’s thoughts, we may 
me the opinion that if, besides the political 
motives, Great Britain entertained an economical 
one for taking part in the present conflagration, 
this was precisely the hope not so much to destroy 
her best customer as, in some measure, to take the 
breath away from the most troublesome of her 
competitors.” In a recent drawing in Punch, a 
German sailor is represented tied up close to 
packages marked ‘‘ German Trade.” In — 
to shoulder these, John Bull remarks: ‘‘ Well, 
didn’t start out for this; but there can’t be any 


harm in picking up a good thing.” 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. VI. 

By Freperick Wii11am Lancuester, M. Inst. C.E. 

Tue Princiete or ConcenTRATION—(continued ). 


In the preceding article it was demonstrated that 
under the conditions of modern warfare the fighting 
strength of a force, so far as it depends upon its 
numerical strength, is best represented or mea- 
sured by the square of the number of units. In 
land operations these units may be the actual men 
engaged, or in an artillery duel the gun battery may 
be the unit ; in a naval battle the number of units 
will be the number of capital ships, or in an action 
between aeroplanes the number of machines. In 
all cases where the individual fighting strength 
of the component units may be different it has been 
shown that if a numerical fighting value can be 
assigned to these units, the fighting strength of the 
whole force is as the square of the number multi- 
plied by their individual fighting strength. Where 
the component units differ among themselves, as 
in the case of a fleet that is not homogeneous, the 
total fighting strength of a force will be the square 
of the sum of the square roots of the strengths of its 
individual units. 

Before attempting to apply the foregoing, either 
as touching the conduct of aerial warfare or the 
equipment of the fighting aeroplane, it is of interest 
to examine a few special cases and applications in 
other directions and to discuss certain possible 
limitations. A convenient graphic form in which 
the operation of the n? law can be presented is 

iven in Fig. 7; here the strengths of a num- 

r of separate armies or forces successively 


f>~b 





mobilised and brought into action are represented 
numerically by the lines a, b, c, d, e, and the suc- 
cessive added fighting strengths of these armies 
are given by the len: of the lines A, B, C, D, E, 
each being the hypotenuse of a right-angle triangle, 
as indicated. Thus two forces or armies a and b, 
if acting separately (in point of time), have only 
the fighting strength of a single force or army 
represented numerically by the line B. Again, the 
three separate forces, a, b, and c, could be met on 
equal terms in three successive battles by a single 
army of the numerical strength C, and so on. 
From the diagram given in Fig. 7 arises a special 
case that at first sight may look like a reductio ad 
absurdum, but which, correctly interpreted, is 
actually a confirmation of the n? law. Referring 
to Fig. 7, let us take it that the initial force (army 
or fleet), is of some definite finite magnitude, but 
that the later arrivals b, c, d, &c., be very small 
and numerous detachments—so small, in fact, as 
to be reasonably represented to the scale of the 
diagram as infinitesimal quantities. Then the lines 
b, c, d, e, f, &c., describe a polygonal figure ap- 
ximating to a circle, and which in the limit 
omen a circle, whose radius is represented by 
the original force a, Fig. 8. Here we have graphic- 
ally represented the result that the fighting value 
of the added forces, no matter what their numerical 
aggregate (represented in Fig. 8 by the circum- 
ferential line), is zero. The correct interpretation 
of this is that in the open a small force attacked by 
one of overwhelming magnitude is wi out of 
existence without being able to exactia toll even com- 
parable to its own numerical value ; it is necessary 
to say in the open, since, under other circumstances, 
the larger force is unable to bring its weapons to 
bear, and this is an essential portion of the basic 
hypothesis. In the limiting case when the dis- 
parity of force is extreme, the capacity of the 
lesser force to effect anything at all becomes negli- 
gible. There is nothing improbable in this con- 


clusion, but it manifestly does not apply to the 
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case of a small force concealed or ‘‘ dug in,” since 
the hypothesis is infringed. Put bluntly, the con- 
dition represented in Fig. 8 illustrates the com- 
plete impotence of small forces in the presence of 
one of overwhelming power. Once more we are 
led to contrast the ancient conditions, under which 





the weapons of a large army could not be brought 
to bear, with modern conditions, where it is 
physically possible for the weapons of ten thousand 
to be concentrated on one. acaulay’s lines 


** In yon strait path a thousand 
May well be stopped by three,” 


belong intrinsically to the methods and conditions 
of the past. 


THe »? Law 1x Navat WaRkFARE. 


We have already seen that the n* law applies 
broadly, if imperfectly, to military operations, on 
land ; however, there frequently exist special con- 
ditions and a multitude of factors extraneous to 
the hypothesis whereby its operation may be sus- 

nded or masked. In the case of naval warfare, 

owever, the conditions more strictly conform to 
our basic assumptions, and there are comparatively 
few disturbing factors. Thus when battle fleet 
meets battle fleet, there is no advantage to the 
defender analogous to that secured by the entrench- 
ment of infantry. Again, from the time of opening 
fire the individual ship is the mark of the gunner, 
and there is no phase of the battle or range at which 
areas are searched in a general way. Ina naval 
battle every shot fired is aimed or directed at 
some definite one of the enemy’s ships; there is 
no firing on the mass or ‘‘ into the brown.” Under 
the conditions of the sailing - ship and cannon 
of some 1000 or 1200 yards maximum effective 
range, advantage could be taken of concentration 
within limits; and an examination of the latter 
18th century tactics makes it apparent that with 
any ordinary disparity of numbers (probably in no 
case exceeding 2 to 1) the effect of concentration 
must have been not far from that indicated by 
theory. But to whatever extent this was the case, 
it is certain that with a battle-fleet action at the 
present day the conditions are still more favourable 
to the weight of numbers, since with the modern 
battle range—some 4 to 5 miles—there is virtually 
no limit to the degree of concentration of fire. 
Further than this, there is in modein naval 
warfare practically no chance of coming to close 
quarters in ship-to-ship combats, as in the old 


days. 

Thus the conditions are to-day almost ideal from 
the point of view of theoretical treatment. A 
numerical superiority of ships of individually equal 
strength will mean definitely that the inferior fleet 
at the outset has to face the full fire of the superior, 
and as the battle proceeds and the smaller fleet 
is knocked to pieces, the initial disparity will 
become worse and worse, and the fire to which it 
is subjected more and more concentrated. These 
are precisely the conditions taken as the basis of 
the investigation from which the n? law hus been 
derived. e same observations will probably be 
found to apply to aerial warfare when air fleets 
engage in conflict, more especially so in view of 
the fact that aeroplane can attack aeroplane in 
three dimensions a preset instead of being limited 
to two, as is the case with the battleship. is will 
mean that even with weapons of melanie range 
the degree of fire concentration possible will be very 





great. By attacking from above and below, as well 
as from all points of the compass there is, within 
reason, no limit to the number of machines that can 
be brought to bear on a given small force of the 
enemy, and so a numerically superior tleet will be 
able to reap every ounce of advantage from its 
numbers. 

The factor the most difficult to assess in the 
evaluation of a fleet as a fighting machine is (apart 
from the personnel) the individual value of ita 
units, when these vary amongst themselves. There 
is no possibility of entirely obviating this difficulty, 
since the fighting value of any given ship depends 
not only upon its gun armament, but also upon its 
protective armour. One ship may be stronger than 
another at some one range, and weaker at some 
longer or shorter range, so that the question of 
fleet strength can never be reduced quite to a 
matter of simple arithmetic, nor the design of the 
battleship to an exact science. In practice the 
drawing up of a naval programme resolves itself, 
in great part at least, into the answering of the 
prospective enemy’s programme type by type and 
ship by ship. It is, however, generally accepted 
that so long as we are confining our attention to 
the main battle fleets, and so are dealing with ships 
of closely comparable gun calibre and range, and 
armour of approximately equivalent weight, the 
fighting value of the individual ship may be gauged 
by the weight of its ‘‘ broadside,” or moreaccurately, 
taking into account the speed with which the diffe- 
rent guns can be served, by the weight of shot that 
can be thrown per minute. Another basis, and one 
that perhaps affords a fairer comparison, is to give 
the figure for the energy per minute for broadside 
fire, which represents, if we like so to express it, 
the horse-power of the ship as a fighting machine. 
Similar ‘means of comparison will probably be 
found applicable to the fighting aeroplane, though 
it may be that the downward fire capacity will 
be regarded as of vital importance rather than the 
broadside fire as pertaining to the battleship. 


APPLICATIONS OF THE n? Law. 


The »? law tells us at once the price or penalty that 
must be paid if elementary principles are outraged 
by the division of our battle fleet into two or more 
isolated detachments. In this respect our present 
disposition—a single battle fleet or *‘ Grand” fleet— 
is far more economical and strategically preferable 
as a defensive power to the old-time distribution 
of the Channel Fleet, Mediterranean Fleet, &. 
If it had been really necessary, for any political or 
geographical reason, to maintain two separate battle 
fleets at such distance asunder as to preclude their 
immediate concentration in case of attack, the cost 
to the country would have been enormously 
increased. In the case, for example, of our total 
battle fleet being separated into two equal parts, 
forming separate fleets or squadrons, the increase 
would require to be fixed at approximately 40 per 
cent.—that is to say, in the relation of 1 to J/2; 
more generally the solution is given by a right- 
angled triangle, as in Fig. 9. It must not be for- 
gotten that, even with this enormous increase, 








Surgle or Grand Fleet of Equal Strength 
fawoc) (Lines gwe Numervcal Values) 


the security will not be so great as appears on 
paper, for the enemy’s fleet, having met and 
defeated one section of our fleet, may succeed in 
falling back on his base for repair and refit, 
and emerge later (possibly even reinforced by 
a few prizes put into commission), with the 
advantage of strength in his favour. Also one must 
not overlook the demoralising effect on the personnel 
of the fleet first to go into action, of the know- 
ledge that they are hopelessly outnumbered and 
already beaten on paper—that they are, in fact, 
pe imag by their King and country as ‘‘ cannon 
fodder.” Further than this, presuming two suc- 
cessive fleet actions and the enemy finally beaten, 
the cost of victory in men and matériel will be 


greater in the case of the divided fleet than in the om 


case of a single fleet of equal totel fighting strength, 


in the proportion of the total numbers engaged— 
that is to say, in Fig. 9, in the proportion that the 
two sides of the right-angled triangle are greater 
than the hypotenuse. 

In brief, however potent political or geographical 
influences or reasons may be, it is questionable 
whether under any circwmstances it can be con- 
sidered sound strategy to divide the main battle 
fleet on which the defence of a country depends. 
This is to-day the accepted view of every naval 
strategist of repute, and is the basis of the present 
distribution of Great Britain’s naval forces. 

The question of fire concentration is again found 
to be paramount when we turn our attention to 
the consideration and study of naval tactics. It is 
worthy of note that the recognition of the value of 
any definite tactical scheme does not seem to have 
been universal until quite the latter end of the 
18th century. It is even said that the French 
Admiral Suffren, about the year 1780, went so far 
as to attribute the reverses suffered by the French 
at sea to ‘‘the introduction of tactics " which he 
stigmatised as ‘‘the veil of timidity ;’* the prob- 
ability is that the then existing standard of sea- 
manship in the French Navy was so low that 
anything beyond the simplest of manceuvres led to 
confusion, not unattended with danger. The sub- 
ject, however, was, about that date, receiving 
considerable attention. A writer, Clerk, about 
1780, pointed out that in meeting the attack of the 
English the French had adopted a system of defence 
consisting of a kind of running fight, in which, 
initially taking the ‘lee * they would await 
the English attack in line ahead, and havi 
delive their broadsides on the leading Englis 
ships (advancing usually in line abreast), they 
would bear away to leeward and take up position, 
once more waiting for the renewal of the attack, 
when the same process was repeated.t By these 
tactics the French obtained a concentration of 
fire on a small portion of the English fleet, and 
so were able to inflict severe punishment with 
little injury to themselves. { ere we see the 
beginnings of sound tactical method adapted to 
the needs of defence. 

Up to the date in question there appears to have 
been no studied attempt to found a scheme of attack 
on the basis of concentration ; the old order was to 
give battle in parallel columns or lines, ship to ship, 
the excess of ships, if either force were numerically 
superior, being doubled on the rear ships of the 
enemy. It was not till the ‘‘ Battle of the Saints,” 
in 1782, that a change took place; Rodney (by 
accident or intention) broke away from tradition, 
and cutting through the lines of the enemy, was 
able to concentrate on his centre and rear, achieving 
thereby a decisive victory. 

The accident or experiment of 1782 bad evidently 
become the established tactics of the British in the 
course of the twenty years that followed, for not 
only do we find the method in question carefully 
laid down in the plan of attack given in the 
Memorandum issued by Nelson just prior to the 
Battle of Trafalgar in 1805, but the French Ad- 
miral Villeneuve confidently asserted in a note 
issued to his staff in anticipation of the battle 
that :—‘* The British Fleet will not be formed in 
a line-of-battle parallel to the combined fleet 
according to the usage of former days. Nelson, 
assuming him to be, as represented, really in com- 
mand, will seek to break our line, envelop our 
rear, and overpower with groups of his ships as 
many as he can isolate and cut off.” Here we have 
a concise statement of a definite tactical scheme 
based on a clear understanding of the advantages 
of fire concentration. 

It will be understood by those acquainted with 
the sailing-ship of the period that the van could 
only turn to come to the assistance of those in the 
rear at the cost of a considerable interval of time, 
especially if the van should happen to be to leeward 
of the centre and rear. The time taken to ‘‘ wear 
ship,” or in light winds to *‘ go about” (often only 
to Be effected by manning the boats and rowing to 
assist the manceuvre), was by no means an incon- 
siderable item. Thus it would not uncommonly be 
a matter of some hours before the leading ships 
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could be brought within decisive range, and take 
an active part in the fray. 

In order further to embarrass the enemy's van, 
and more effectively to prevent it from coming into 
action, it became part of the scheme of attack that 
a few ships, a comparatively insignificant force, 
should be told off to intercept and engage as many 
of the leading ships as possible ; in brief, to fight 
an independent action on a small scale ; we may say 
admittedly a losing action. In this connection 
Nelson’s memorandum of October 9 is illuminating. 
Nelson assumed for the purpose of framing his 
plan of attack that his own force would consist of 
forty sail of the line, against forty-six of the com- 
bined (French and Spanish) fleet. These numbers 
are considerably greater, as things turned out, than 
those ultimately engaged ; but we are here dealing 
with the memorandum, and not with the actual 
battle. The British Fleet was to form in two main 
columns, comprising sixteen sail of the line each, and 
a smaller column of eight ships only. The plan of 
attack prescribed in the event of the enemy being 
found in line ahead was briefly as. follows :—One 
of the main columns was to cut the enemy’s line 
about the centre, the other to break through about 
twelve ships from the rear, the smaller column 
being ordered to engage the rear of the enemy's 
van three or four ships ahead of the centre, and 
to frustrate, as far as possible, every effort the van 
might make to come to the succour of the threatened 
centre or rear. Its object, in short, was to prevent 
the van of the combined fleet from taking part in 
the main action. The plan is shown diagram- 
matically in Fig. 10. 


Fig. 10 


-46 
British Totol - 40 


(1@00) Combured - 46 


An examination of the numerical values result- 
ing from the foregoing disposition is instructive. 
The force with which Nelson planned to envelop 
the half—i.e., 23 ships—of the combined fleet 
amounted to 32 ships in all; this according to the 
n? law would give him a superiority of fighting 
strength to the nearest integer,* almost exactly 
two to one, and would mean that if subsequently 
he had to meet the other half of the combined 
fleet, without allowing for any 7 done by the 
special eight-ship column, he would have been able 
to do so on terms of equality. The fact that the 
van of the combined fleet would most certainly be 
in some degree crippled by its previous encounter 
is an indication and measure of the positive advan- 
tage of strength provided by the tactical scheme. 
Dealing with the position arithmetically, we have :— 

Strength of British (in arbitrary n? units), 
322 + 8? = 1088 

And combined fleet, 
237 + 23% 

British advantage ... 30 

Or, the numerical equivalent of the remains of 
the British Fleet (assuming the action fought to the 
last gasp), = 30, or 54 ships. 

If for the purpose of comparison we suppose the 
total forces had engaged under the conditions 
described by Villeneuve as ‘‘the usage of former 
days,” we have :— 

Strength of combined fleet, 46? 
British 402 


1058 


= 2116 
= 1600 


Balance in favour of enemy ... B16 

Or, the equivalent numerical value of the 
remainder of the combined fleet, assuming com- 
plete annihilation of the British, = ,/516=23 ships 
approximately. Thus we can appreciate the com- 
manding importance of a correct tactical scheme. 
If in the actual battle the old-time method of attack 
had been adopted, it is extremely doubtful whether 





* 23 x 4/2 = 82.53. 





the superior seamanship and gunnery of the British 
could have averted defeat. The actual forces 
on the day were 27 British sail of the line against 
the combined fleet numbering 33, a rather less 
favourable ratio than assumed in the Memorandum. 


THE LATE MR. WILLIAM ROBERT 
GALBRAITH. 
WE regret to have to announce the death, which 
occurred on the 5th inst., at 91, Finchley-road, London, 
N.W., of Mr. William Robert Galbraith, M. Inst. 


In the battle, as it took place, the British attacked | Gp 


in two columns instead of three, as laid down in 
the Memorandum; but the scheme of concentra- 
tion followed the original idea. The fact that the 
wind was of the lightest was alone sufficient to 
determine the exclusion of the enemy’s van from 
the action. However, as a study the Memorandum 
is far more important than the actual event, and 
in the foregoing analysis it is truly remarkable to 
find, firstly, the definite statement of the cutting 
the enemy into two equal parts—according to 
the n? law the exact proportion corresponding 
to the reduction of his total effective strength 
to a minimum ; and, secondly, the selection of 
a proportion, the nearest whole-number equiva- 
lent to the J2 ratio of theory, required to 
give a fighting strength equal to tackling the two 
halves of the enemy on level terms, and the de- 
tachment of the remainder, the column of eight 
sail, to weaken and impede the leading half of the 
enemy’s fleet to guarantee the success of the main 
idea. If, as might fairly be assumed, the foregoing 
is more than a chance coincidence, it suggests 
itself that Nelson, if not actually acquainted with 
the n* law, must have had some equivalent way 
of figuring his tactical values. 








ELEcrRICAL ENGINEERS AND THE Wark.—The London 
Electrical Engineers (Territorials), of 46, Regency-street, 
Westminster, have now received permission to recruit. 
An opportunity therefore uccurs for members of the 
electrical profession to join a corps where their technical 
abilities will prove a valuable asset to their country. 
Application is to be made personally or by letter to the 
commanding officer at the address given above. 


GERMAN PaTENTs IN GREAT BritTain.—On Monday last, 
the 5th inst, at the Patent Office, the ex-Comptroller (Sir 
Cornelius Dalton) had before him an application for the 
suspension of twoGerman patents. One of these patents 
was owned by a Berlin manufacturer or financier named 
Braun, and covered a crowbar on wheels used for moving 
heavy objects. The applicant, Mr. Robert Lasch, a 
naturalised Englishman and a freeman of the City of 
London, proposed to pay to the Treasury or to a trustee 
for the patentee a royalty of 6d. to 9d. on each article 
sold, ——. the size. Mr. Tennant, who appeared 
on behalf of the alien owner of the patent, suggested a 
royalty of 9d. to 1s. He further urged that there 
should be a minimum royalty of 100/. a year to pre- 
vent the ‘“‘locking up” of the patent. Sir Cornelius 
Dalton said that as the applicant had been negotiat- 
ing for the exclusive rights of sale, and would prob- 
ven | expect to get them after the war, it would be 
to his advantage to push the patent, and he did not 
think there was any danger of it not being kept alive. 
The second application, which will be reported to the 
Board of Trade, was that of Mesers. Witting, who claimed 
the suspension in their favour of the patent of an air-filter 
used for cooling in connection with turbine plant. It was 
stated that applicants had hitherto obtained the apparatus 
from the German patentees; but this was no longer 
possible, and it was necessary to enable them to carry out 
existing contracts that they should be allowed to under- 
take the manufacture of the article. Mr. Tennant, on 
behalf of the patentees, said that the offer of a 10 per 
cent. royalty on the selling price made by Messrs. Witting 
was entirely acceptable. 


INDUSTRIAL CHEMICALS.—The trade in industrial or 
heavy chemi is one in which the United Kingdom 
holds a rer | position. This is, however, no reason why 
efforts should not be made further to improve it. In a 
White Paper just issued by the Commercial Intelligence 
Branch of the Board of Trade it is stated that the exports 
of such chemicals from the United Kingdom in the year 
1913 were of a total value of 6,684,900/, The figure is a 
large one, but when it is stated that the similar exports 
from Germany (for 1912) had a value of 4,066,600/., it will 
be seen that there should be plenty of opportunity of 
increasing our already very important export. ese 
figures exclude artificial manures, and cover aluminous 
sulphates, arsenic compounds, ing materials, coal 
products (not including dyes), sulphate of copper, cyanide 
of potassium and sodium, soda compounds, and sulphuric 
acid. The ing total for Austria-Hu 
is relatively very small, and amounted only to 164, 4 
for 1913. competition has apparently made 
comparatively little progress in our home markets, 
our imports from this country amounting only to 
255,1007. in 1912. This figure is very small in compari- 
son with the value of the total annual production of the 
United Kingdom. In Colonial and neutral markets, 
however, there is ample scope for all our ible efforts 
to secure business up to present in Goomen bende, 
and it is to be hoped that our manufacturers will stud 
and make all possible use of the White Paper, whi 
gives of the various exports to different 
markets in considerable detail. * 





Mr. W. R. Galbraith was born in 1829, and was 
the son of William Galbraith, solici:or, of Stirling, 
town clerk of the burgh, and sheriff clerk of the 
county. On completing his education at the Stirling 
Academy and at Glasgow College, he was articled at 
the age of seventeen to Messrs. Locke and Errington, 
railway engineers. Whilst serving his apprenticeship 
and down to the year 1855, Mr. Galbraith was en- 
trusted both with office work and outside work ona 
number of British railways, among which we may 
mention the Aberdeen Railway, the Scottish Central 
Railway (now a part of the Caledonian Railway), the 
London and North-Western Railway. the East Lan- 
cashire Railway, and the London and South-Western 
Railway. 

From 1855 his services were mostly given to the latter 
railway’s extensions westward of Yeovil ; in 1856 he 
was — resident engineer to the Yeovil and 
Exeter Railway, then to the Eexeter- Exmouth Railway. 
Tn 1862, on the death of Mr. Errington, the London 
and South-Western Railway appointed him their engi- 
neer for new works, and entrusted him with the care 
of their Parliamentary business. For the next forty 
years following the latter date he had charge also of 
the construction of the greater part of their new lines 
in the counties served by the system, also of a number 
of branch lines and extensions promoted separately 
and ultimately acquired or worked by the company. 
Among the branch lines in question we may mention 
those to Swanage, Seaton, Sidmouth, Ilfracombe, the 
extensions being those west of Exeter to Okehampton, 
a Devonport, and several others in rn- 
wall. 

In the year 1892 the railway company acquired the 
Southampton Docks, where work was later on carried 
out under Mr. Galbraith’s supervision, including 
warehouses, deep-water quays, and graving docks. 

Besides his activities as briefly enumerated above, 
Mr. Galbraith acted as consulting engineer from 1880 
to 1890 for the North British Railway in the matter 
of their Parliamentary work. During the same period 
he built that company’s Inverkeithing and Burntisland 
and their Glenfarg railways, and prepared and carried 
through Parliament the plans for the enlargement of 
the Waverley Station, Edinbur h. 

In 1892, and during the following years, he was 
with Mr. Greathead, and, later, with Sir Alexander 
Kennedy, engineer of the Waterloo and City Railway, 
with Sir Benjamin Baker and Mr. R. F. Church on 
the Baker Street and Waterloo Railway, also with 
Sir Douglas Fox on the Charing Cross, Euston, and 
Hampstead Railway. 

Mr. Galbraith became a member of the Institution 
of Civil Engineers in 1865; he was elected on the 
Council of that Institution in 1894, and became senior 
Vice-President in 1906. Owing to a serious illness he 
was unable to accept the nomination for the Presi- 
dency in 1907, and again in 1908. He retired from 
active business in 1907. 





Tue Deoimat AssociaTion.—The metric system of 
weights and measures gee in the great majority 
of neutral countries with which hitherto Germany has 
carried on a very large trade, and the Decimal Associa- 
tion states that if the efforts to capture that trade are to 
be successful, British manufacturers and shippers must 
adapt their methods to those of their customers. This is 
made quite clear, adds the Association, by the recent 
Board of Trade reports. The Decimal Association will be 
glad to do its best to help manufacturers and merchants 
who need advice on this subject, and if sufficient support 
is wor wsage 5 series of lectures, under the auspices of 
Chambers of Commerce, will be held during the winter. 


Contincous PuHoro-Printinc MAcHINE: ADDENDUM. 
—We illustrated and described, on page 274 ante, a 
machine for printing, washing, and drying photo-prints, 
constructed the OC. F. Pease Company, of Uhicago. 
The firm have since sent us some further particulars of 
the machine, and from these particulars we gather that 
the system of rollers previously referred to as being used 
for removing wrinkles are not for this purpose, but for 
carrying a series of elastic bands, which run in opposite 
directions, and form part of a device for rolling up the 
finished prints. These are nob wound up on 4 t, 
but the end of the paper, as it descends from the roller 
at the top of the machine, is formed into a loose roll, 
and this roll, being placed upon the bands, continues to 
roll itself up automatically until the operator chooses to 
cut it off and start a new roll. The makers inform us 
that no device for removing wrinkles is necessary, as the 

ing takes place so evenly that none is formed ; the 
paper, in fact, comes down to the rolling-up device as 
smooth as when it first entered the printing-machine. 
When the roll of finished - prints is o out on the 
trimming-table they lie quite flat, without wrinkles or 
distortions, and owing to the fact that they are dried 
while in tension, the shrinkage is very much less than 
would otherwise be the case. 
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ELECTROLYTIC IRON. 
To THe Eprror or ENGINEERING. 

Sir, —Mr: Cowp »r-Coles has asked me to give publicity 
to the enclosed communication, which he has drawn up in 
reply to statements made by Mr. Guillet in the paper on 
“Electrolytic Iron: Its Manufacture, Properties, and 
Uses,” a copy of which has already been sent to you for 
publication. 

Yours faithfully, 
G. C. Luoyrp. 
The Iron and Steel Institute, 28, Victoria-street, 
London, 8.W., October 5, 1914. 


The paper in question was reproduced in our columns 
last week on page 413, and the following is the enclosure 
received from Mr. Lloyd :— 


Corresp-ndence on Paper by Mr. L. Guillet. 

““*Mr. Sherard Cowper-Coles, Sunbury.on-Thames, 
wrote that he had read the paper by Mr. Guillet and 
considered it very misleading in regard to some of its 
stitements. In 1908 he (Mr. Cowper-Coles) read a paper 
before the Iron and Steel Institute, entitled ‘‘The Pro- 
duction of Finished Iron Sheets and Tubes in One 
Operation,” describing in considerable detail his electro- 
lytic process for the direct production of irun tubes, 
cylinders, and sheets. In that process a mandrel revolv- 
ing at a critical speed, so as to give sufficient skin 
friction between the electrolyte and deposited metal, was 
employed to obtain a close homogenous deposit, and at 
the same time enable a high-current density to be em- 
ployed, the solution being kept neutral by bringing it in 
contact with iron oxide, as described in Mr. Guillet’s 
lena: In the following year Mr. Boucher approached 

im (Mr. Cowper-Coles) regarding the process, and asked 
if he would grant him a licence to work the process in 
France and Switzerland. This was done, and a small 
trial was thereupon set up in Switzerland, and Mr. 
Boucher produced a number of tubes. A company was 
ultimately formed, called ‘‘Le Fer,” to acquire the licence 
that had been granted to Mr. Boucher. 

“*Mr. Cowper-Coles’s object in setting out these facts 
was to show that all the preliminary work was carried 
out in Great Britain, at great expense and much labour. 
That that was so could hardly be gathered from the some- 
what ungenerous statement which constituted the only 
reference to the process in Mr. Guillet’s paper:— __ 

**In 1907 Mr. Cowper-Coles took out a patent involving 
the use of a 20 per cent. solution of sulphocresylate of 
iron and endeavoured to manufacture weldless tubes, 
using @ rotating cylindrical mandrel. This process, which 
was analogous to the Elmore process for making copper 
tubes, has not yielded results of much importance.’ 

**His (Mr. wper-Coles’s) process was in no way 
analogous to the Elmore copper process, which, as most 
people knew, consisted of using an agate burnisher. He 
thought it should be known that the process described in 
Mr. Guillet’s paper had been worked out in England, and 
that works were to be erected in the Midlands to carry 
out the process on a commercial scale. He (Mr. Cowper- 
Coles) had all the necessary documents for proving the 
statements he had given.” 





BRITISH MANUFACTURERS AND GERMAN 
TRADE. 
To THE Epitor oF ENGINEERING. 

Sir, —There are endless letters on this subject, but few 
with any tendency to improve existing conditions. In 
the first place, to depose the Germans after the war we 
must be prepared with cheap and good articles to take 
the place of their specialities, and above all the British 
manufacturers must revolutionise their methods of sale. 

In the past British manufacturers have made little 
effort in their selling organisations as compared with Ger- 
many and America, and under — conditions the 
people who will mostly benefit will be the Americans, as 
they appreciate and are prepared to make good use of this 
opportunity. 

t is unfortunate in this country that with many manu- 
facturers there is continual friction between the salesmen 
and the working staff, arising chiefly from the cause that 
British firms have in many cases not admitted the 
superior position salesmen should occupy and the atten- 
tion their expression of opinion should receive ; this fric- 
tion is aggravated by the continual employment of corre- 
spondents at the works who have never — salesmen, 
and who never knew or will never appreciate the difficulty 
of developing and promoting trade. Immediate efforts 
should be made to improve in this direction if we are to 
succeed. 

We have also the growing system of manufacturers 
short of funds, or who pay no heed to their sales 
organisations, or, having none, seek to employ a |} 
number of agents on commission only, to make up the 
discrepancy. Here — there must be complete change; 
good salesmen should only be employed on this very 
important work of promotion and extension, and they 
must be provided with reasonable and ample funds to 
carry out what is expected of them, being rewarded by 
commission or in other ways for their success; payment 
by commission only for such a purpose is a system of 
sweating important labour, completely destroying the 
sympathies thas should exist between salesmen and the 
works staff. 

Again, we have the want of confidence existing between 
commission salesmen or agents and their —— 
arising, perhaps, in the first stages at the works, from 
neglect or want of method, but, it must be said with 
regret, in many cases from other reasons, and froma com- 
plete failure to a i the position of 
sulesmen to achieve their object. It would be of great 
interest to know the proportion of good salesmen 





ENGINEERING. 
jorced to sell foreign 


agents that ier or have been f 
goods for this reason alone, although their natural 
instincts are patriotic in the extreme. \ 

ly, we have the payment of salesmen. It is an 
admitted fact that the works employees must be paid 
weekly or monthly ; not so the salesmen and agents on 
commission, 8s many firms seem to think weeks, months, 
and years may elapse before they are paid; and by this 
shortsighted policy they send, in hundreds of cases, trade 
and the salesmen’s sympathies abroad. 

Yours faithfully, 
’ Victor H Coates. M.I. Mech. E. 
121, Victoria-street, London, 8.W., October 9, 1914. 








BRITISH WOOD-WORKING MACHINERY. 

To THE Epitor oF ENGINEERING. 
_ Srp,—Directors of the British wood-working engineer- 
ing firms whose signatures are appended to the letter 
enclosed have recently held conferences with a view to 
arriving at some concerted course of action to combat the 
unfair competition which has and still exists in 
stocks of German machines being held by certain firms 
who before and since the outbreak of the war have sold 
German-made machines as of British manufacture. At 
a recent meeting of the above-mentioned directors it was 
unanimously decided to ad the enclosed letter to 
the editors of the trade Press with a request for its in- 
sertion. 

We have no doubt you will render all the assistance in 
your power to endeavour to ex what constitutes 
undoubted injustice to British trade. 

Yours faithfully, 
For and on behalf of the signatories, 
T. Rosrnson. 

Railway Works, Rochdale, England, October 6, 1914. 

The following is the enclosure in the above letter :— 

British Wood-Working Machinery. 

We believe no other class of British mechanical engi- 
neering has suffered so much during the last ten years 
from persistently unscrupulous German competition as 
wood-working machinery. This competition been 
unscrupulous ‘in that such machines made in and im- 
ported from Germany to this country, and to which 
name-plates bearing English addresses have been attached, 
have not only been sold in considerable quantities to 
users in the British Isles, but have also been exported to 
overseas markets as ostensibly of British manufacture. 

Now that it is of supreme importance to the welfare of 
the United Kingdom that we should have work to keep 
our workpeople, not called away in the defence of the 
country, fully employed, we to warn our clients that 
there still exists in this country for sale stocks of German 
made machines, which, under the protection of name- 
plates bearing English addresses, may still be offered as 
of British manufacture. Contrary to declared + 
tion of such so-called English concerns, we are not able to 
supply renewal parts for such German machines, as we 
do not stock them. 

There is no German capital or German influence in an 
way whatever connected, with the undersigned Briti 
firms, neither are there any persons of an nationality 
on the directorates, offices’ or works’ staffs. 

T. anp R. Lxxs, Hollinwood. 

J. MoDowatt AanpD Sons, Johnstone. 
JOHN PickLEs AND Son, Hebden Bridge. 

A. Ransome anp Co., Lrurrep, Newark. 
T. Ropinson anp Son, Limrrep, Rochdale. 
J. Sagar anv Co., Halifax. 

WabpkgIN AnD Co., Leicester. 





Tue Late Mr. Georce Finpitay Loupon.—We regret 
to have to place on record the death of Mr. George 
Findlay Loudon, of the well-known engineering firm of 
Messrs. Loudon Brothers, Limited, of Glasgow and 
Johnstone. He died at his residence Orangefield, 
Monkton, Ayrshire, on Sunday, the 4th ins». 


ENGINEERING IN DenMARK.—The Elsinore Iron-Ship 
and Engine Company has issued its —— for the last 
financial year, showing net profits of 504,827 kr., of 
which 340,000 kr. were applied to various funds and 
writings-off, the shareholders receiving 6 cent. 
Last year’s dividend was 7 per cent.; but al gh the 
year been very good, the board found it advisable, 
under the existing circumstances, further to consolidate 
the company. 





CoLoNIAL ENGINEERING ProJject.—According to the 
Board of Trade Journal, the Imperial Trade Corre- 
spondent at Toronto reports that the construction of a 
concrete roadway between the cities of Toronto and 
Hamilton has practically been decided ss by the public 
authorities involved. he length of the road will be 
a ximately 40 miles, and the estimated cost is 

,500 dols. (about 121,200/.). Further information con- 
cerning this work can be obtained from the i 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, London, E.C. 





APPLICATIONS TO THE LicHT Rarway Commis- 
sioneRS.—The Board of Trade has issued an additional 
rule with regard to applications to the Light Railway 
Commissioners under the Light Railways Acts, 1896 and 
1912. This amends Rules 1 and 33 of No. 1111 Statutory 
Rules and Orders, 1913, by the addition of the words ‘‘or 
in any other month with the consent of the Light Rail- 
way Commissioners,” to be inserted therein after the 
words “in the month of May or in November.” Copies 

the sohased 


of rule can be pu through Messrs. Wyman 
and | and Sons, Limited, Hytter-lane, E.C., at the price of 1d. 





THE TRANSVERSE TESTING OF CAST 
IRON.* 


By Gzorce Hatstong, Birmingham. 
INTRODUCTION. 

TueE object of this paper is to suggest the cast-iron test- 
bar that should be to obtain the most reliable and 
consistent results with breaking load and deflection, also 
the relation that exists between the two English standard 
test-ba Some engineers in their specifications for cast 
iron give the contractor the option which test-bar he sha! 
cast—namely, the bar 2-in. by 1-in. section tested on 
36-in. centres, or the 1l-in. square bar tested on 12 in. 
centres. They also state the load and deflection each size 
of bar should stand. An example of one of theee speci 
fications is as follows :— 

Test-Bar. 


Deflection. Breaking Load. 
b. 
2-in. by l-in. bar tested 


n. Cw 


on 36-in. centres 0.375 28 
l-in. square bar tested 
on 36-in. centres 0.070 21 


From these figures it will be observed that the 1-in. 
square bar, tested on 12 in. centres, is required to stand 
three-quarters of the load of the 2-in. by 1-in. section bar 
tested on 36-in. centres. 

Professor Turner states, in his ‘‘ Metallurgy of Iron,” 

235-236, second edition :— 

** For transverse tests many shapes and sizes of test-bar 
have been adopted, and, for scientific purposes, the 
results so obtained are converted by calculation into 
values for a bar 1 ft. long and lin. square. The common 
test-bar in use by founders is 3 ft. long, 2 in. deep, and 
lin. broad. By multiplying hundredweights recorded 
with such a bar by 84, the results may be converted into 
pounds on the standard bar, Or, conversely, divide 
pounds on the standard bar by 84 to obtain hundred- 
weights on the ordinary 3-ft. bar.” 

An example of this is as follows :— 


a bar, 2 in. by 1 in. in section. Breaking load, 
cwt. 
28-cwt. x 84 = 2352 lb. = 21 cwt., being the calcu- 
lated breaking load of a 1-in. equare bar tested on 
12-in. centres. 

From the two examples given a simple calculation 
shows the breaking load of a cast-iron bar 2 in. by 1 in. 
in section tested on 36-in. centres is 1.333 times as great 
as a l-in. by 1-in. bar tested on 12-in. centres. 

The author has made a series of tests, the results of 
which do not appear to bear out this relation. 

Experimental.—The material used in this investigation 


-| was cast iron of fairly good quality, but of the non- 


chilling type, melted in the cupola. Two sets of two 
test-bars, 24 in. by 14 in. in section, and 50 in. long, were 
ured from the same ladle in immediate succession. The 
were cast in green-sand moulds horizontally, the 
down- and in-gates being of the same size in each case. 
Fig. 1, page 456, illustrates the method of casting the bars 
and also the method of ‘“‘ gating.” After casting, the 
bars were allowed to stay in the sand until the follow- 
ing morning, when they were fettled aud machined 
down to 2 in. by 1 in. in section, and marked A, B, ©, 


and D. A and B were cast in one mould, and C and D 

_ - - er special type of machi 
‘esting- Machine.—As a ype of machine was 

designed and used for these transverse tests, it will be as 


well to point out its principal features. The machine 
shown in Fig. 2 is Geligued tor ascertaining the trans- 
verse ing strength and deflection of rectangular 
cast-iron bars 2in. by lin. in section at 36-in. centres, 
14 in. by 1 in. and 1 in. by 1 in. in section at 24-in. cen- 
ty lin. by 1in. im section at 12-in. centres. The 
ine consists generally of a cast-iron frame carrying 
a steel-yard and poise for indicating the strain, and a 
hand-wheel and screw for applying the strain. 

The test-bars are pulled up by the central strain- 
ing stirrup, the ends of the press against two turned 
case- ened steel pins which can be inserted in holes in 
the frame of the machine at either 12-in., 24-in., or 36-in. 
centres. The steelyard is graduated from zero up to a 
capacity of 40 cwt. in 28-Ib. divisions. The travelling 
poise runs upon turned rollers, and is propelled by means 
of a handle carried u the main column, through 
machine-cut gearing and a screw. : , 

In this improved arrangement the meeting-point of the 
gear-wheel upon the steelyard and that upon the frame 
is at the fulcrum, thus avoiding the pressure of the hand 
u the poise, and therefore eliminating the possibility 
of the specimen being broken ew. and of the 
poise moving after fracture. The quick return of the 
poise to zero after a test is obtained by raising a knob at 
the top, which disengages the nut of the = from the 
screw, so that the poise can then be pushed back by hand. 

The straining-screw is actuated by a hand-wheel, the 
lower end of the screw formed into a hardened. 
steel conical point, which bears upon asteel bearing-block 
resting upon the rear knife-edge of the steelyard. 

A mild-steel stirrup is threaded on to the straining-screw, 
and has a loop at its lower end, having a blunt knife-edge 
which comes into contact with, and ies the strain to, 
the specimen. - The deflection scale consists of two parts 
—namely, a brass drum attached to the straining-screw 
and a vertical scale fastened to the stirrup. The drum is 
accurately turned, and bears an engraved circle, which is 
divided into one hundred parts. scale is sub-divided 
into 0.1-in. divisions, this also being the pitch of the 
straining-screw. 

Each revolution of the hand-wheel which applies the 


* Paper submitted to the Iron and Steel Inst.tute, and 
now open for discussion by correspondence. 
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strain produces a deflection of the specimen of 0.1 in. It | attached to the left-hand end of the steelyard, also one 
will be seen, therefore, by combining the rotary move- | to the carrier pillar, the position of these p natal showing 
ment of the drum with a vertical movement of the ver- | if the machine is in equilibrium under any given load. 

tical scale deflections of 0.001 in. can be : . For| Method of Testing.—The test-bars A, B, O. and D were 
observation purposes during a test an index finger is | tested in the following manner on 36-in. centres :—Each 


A and B were machined to 1 in. by 1 in. in section, 
on 24-in. centres. ese bars are marked 
BB. Two of the broken halves of the two 
were machined to 1.5 in. by 1 in. in section 
and tested on 24-in. centres, and these bars were marked 











Taste Il.—Test-Bars A, B, C, and D, Machined to 2 In. | 
by 1 In. in Section and Tested on 36-In. Centres. | 





























































































































Load | Test-Bar A, Test-Bar B, Test-BarC, Test-Bar D, 
in | Deflection in | Deflection in Deflection in Deflection in | 
Cwts. ; Inches. Inches. Inches. Inches. | 
4 0.011 0.009 0.018 0.011 | 
6 0.022 | 0,020 0.023 0.022 
6 0.0385 | 0.033 0.0385 0.038 
7 0.049 0.044 0.047 0.945 
8 0.061 | 0,056 0.060 0.068 
9 0.074 0.070 0.073 0.070 
10 0.087 | 0.081 0.086 0.084 
11 0.101 0.095 0.100 0.095 
12 0.115 | 0.108 0.112 0.108 
13 0.130 | 0.121 0.125 0.122 
14 0.143 | 0.135 0.141 0.137 
15 0.162 | 0.149 0.154 0.160 
16 0.173 0.164 0.168 0.165 
17 0.188 0.179 0.183 0.180 
18 0.206 0.195 0.200 0.395 
19 0.221 | 0.211 0.216 0.212 
20 0.237 0.227 0.284 0.229 
21 0.255 0.242 0.249 0.246 
22 0.278 0.261 0,267 0.264 
28 0.292 0.279 0.286 0.288 
24 0.812 0.289 0.805 0.303 0.3 TRANSVERSE STREN. 
25 0.382 0.317 0.326 0.323 Fug. GTH AND DEFLECTION 
26 0.352 0.340 0.347 0.346 on OF CAST IRON TEST ~ BARS. a 
27 0.878 0.363 0.871 0.369 = To # 
28 0. 0.887 0.896 0.395 § - aD oat 
29 0.415 4 .4 0.4 
29.5 - Test-bar Test-bar Test-bar z 2 Aa ae 
broken broken broken S fA” L—— tT 
80 Test-bar _ <a os 
broken § 20 Va ZA ZA 
| 3 7 A 
Tasie III.—Test-Bars A A and BB. iy _ y, 
Machined to 1 in. by 1 in. in section, and tested on 12-in. centres. 5 ¥ jAAA 
" a | 
inc Test-Bar A A, Test-Bar B B, E 10} ta ft I 
Load in Cwts. — neflection in Inches. Deflection in Inches. z ~“ ee a 
b = — “ ——| 4 
6 0.001 0.002 % =a 
7 0.004 0.006 
s 0.009 ©.010 AAA)" “BBB 
p ry 4 one 0 O05 OF oS 02 0% 0S O35 04 045 0% 
11 0,022 0.023 4164 C) Deflection in Inches. 
12 0.026 0.028 
13 0.031 0.082 TABLE I.—Cuemicat ANALYsIs oF Trst-Bars. 
14 0.086 0.037 = . Em <= ~ 
15 0.041 0.042 ; 
16 | 0.047 0.049 _- A. | B. AA, BB. AAA. BBB. C. D. cc. DD. 
17 0.052 0.055 — a a oa The Bion 
18 0.058 0.061 per cent. | per cent. r cent er cent. | per cent. r cent. r cent. r cent. r cent. | per cent. 
19 0.064 9.068 Total carbon ‘ ies | 3.16 Ppt Peiez |e 3.165 “ 163 Pre P78 Pars | P5176 
20 0.07 0.074 Graphitic carbon 2.556 2.650 | 9.551 2.597 2.551 2.548 2.563 2.566 2.563 2.563 
21 | 0.078 0.083 Combined carbon 0.612 0.616 | 0613 0.615 0.614 0.615 0.609 0.612 0.610 0.618 
22 0.08 0.092 i «9s 1.612 1.616 1.613 1.612 1.613 1.614 1.615 1.613 1.612 1.613 
23 0.091 0.101 Sulphur .. 0.110 0.108 0.111 0.108 | 0.110 0.109 0.108 0.109 0.110 0.111 
24 0.102 0.112 Phosphorus 0.876 0.873 0.874 0.873 | 0.875 0.873 0.875 6.876 0.876 0.873 
25 0.109 Test-bar broken Manganese 0.510 0.510 0.513 0.511 | 0.510 0.512 0.511 0.512 0.512 0.513 
25.75 Test-Bar Broken - | | | = 
bar was placed in the machine, and the hand-wheel of | © C and D D. Drillings were taken from each of the bars 
TaBLe 1V.—Test-Bars AAA and BBB. the straining screw rotated until the test-bar was rigid. | after test, a hole being drilled right through the bar. 
Machined to 1 in. by 1 in. in section, and tested on 24-in. centres. | The deflection scale was set at zero, and poise pro- | Table I. gives the chemical analysis of the bars. 
———___— - led until the er was just floating as observed| It will be observed that they are all of the same 
Test-Bar AAA. | Test-Bar BBB tom the position of the index fingers, when the first load ee ee composition, which would be expected, con- 
Load in Owts.! nesection in Inches. | Deflection in Inches. was taken and recorded. The poise was then | sidering that they were cast from the same ladle, and that 
anions | kone pro another hundredweight, the steelyard brought | the smaller test-bars were machined from the large ones. 
1 | = iste into equilibrium again, and the deflection taken; a| The actual figures obtained from these tests are given 
2 0.008 0.010 further hundredweight load was put on the test-bar, the | in the Tables Nos. II., III., IV., and V., and are also 
3 0,082 0.033 steelyard again brought into equilibrium, and the deflec- | plotted as a curve in Fig. 3. 
: oo -— tion taken, and so on hundredweight by hundredweight| From these tests it will be observed that the bars A, B, 
6 0.322 0.117 until the bar finally fractured. The load was applied in | C, and D give the most consistent and com ble results 
> 0 155 | 0.150 each case at the rate of 1 cwt. per 15 seconds—that is, | both in breaking strain and deflection. e bars A A 
8 0.195 0.187 5 seconds for propelling the poise, 5 seconds for putting | and BB, and also the bars A A A and B BB give widely 
9 0.239 | 0.228 the strain on the specimen, and 5 seconds for taking the | different results with regard to the deflection, the bars 
10 0.288 0.277 deflection reading. CC and DD also showing the same fault. 
7 oan ome The results of the tests on bars A, B, C, and D tested| Actual Relation between the Two English Star.dard Test- 
: 0.445 on 36-in. centres will be discussed later. Two of the| Bars.—A number of test-bars were cast from mixtures of 
1250 | = { Test-bar broken. broken halves of the two bars A and B were machined | very weak to strong cast iron, 24 in. by 1% in. section 
18 | { 0.475 _ down to 1 in. by 1 in. in section, and the two bars thus | 42 in. long, in the same way as previously described ; they 
Test-bar broken. ~ obtained were tested on 12-in. centres, and were marked | werethen machined to 2 in. by 1 in. in section and tested 
A Aand BB respectively. The other halves of the bars | on 36-in. centres. The results are given in the first column 
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of Table VI. It will be noted there is a good range of 
strengths. One of the broken halves of each of the broken 
test-bars was machined to 1 in. by 1 in. in section and 
tested on 12-in. centres, the result of which is given in 
the second column of Table VI. The ratio of the 2-in. 
by 1-in. bar, tested on 36-in. centres, to the 1-in. by 1-in. 
bar tested on 12-in. centres is given in the fourth column, 
which, it will be noticed, only varies from 1.142 to 1.162 
in the whole series, as against 1.333 mentioned in the 
introduction to this paper. 
TaBLe V.— Test-Burs CC and DD. 

Machined to 1.5 in. by 1 in. in section and tested on 24-in. centres. 











P Test-Bar C OC. Test-Bar D D. 
Load in Owts. | p. fection in Inches. Deflection in Inches. 
4 0.0015 0.005 
5 | 0.600 0.014 
6 0.017 0.023 
7 0.026 0.032 
8 0.034 0.041 
9 0.042 0.061 
10 0.052 0.059 
ll 0.060 | 0.069 
12 0.069 | 0.078 
18 0.080 | 0.088 
14 0.089 | 0.098 
15 0.100 0.109 
16 0.111 0.120 
17 0.123 0.133 
18 0.136 0.146 
19 0.148 0.159 
20 0.161 | 0.174 
21 0.176 0.190 
22 0.191 | 0.206 
23 0.206 0.224 
24 0.223 0.245 
25 0.240 0.266 
26 0.260 0.291 
27 0.281 0.312 
2 0.310 0.331 
28.5 aa 0.352 
29 0. Test-bar broken 
os Test-bar broken - 





TasLe Vi.—Actual Relation betwen Cast-iron Test-Bars 
2 In. hy 1 In. in Section, Tested on 36-In. Centres, and 
Vest-Bars 1 In. by 1 In. in Section, Tested on 12-In. 
Centres. 

Cast-iron test-bars machined to 2in. by Lin. in section and tested 
on 36-in. centres, one of the broken halves then machined to 
1 in. by 1 in. in section and tested on 12-in. centres. 








Ratio of 2-In. by 
1-In. Bars Tested 
j — | Difference | on 36-In. Centres 


Breaking Load in Cwt. 





2-In. by 1-In. | 1-In. by 1-In, | in Owts. | to 1-In. by 1-In. 

Bars Tested on | Bars Tested on Bars Tested on 

36-In. Centres. | 12-In. Centres. 12-In. Centres. 
23.00 20.00 3 00 1.150 
23.25 20.25 3.00 1.148 
24.00 20.75 3.25 1.156 
24.26 21.00 3.50 | 1 154 
24.60 21.00 | 3.60 1 166 
25.00 21.50 | 8.60 1.162 
25.50 22.00 3.50 1.159 
26.00 22.75 | 8.26 1.142 
26.50 23.00 | 3.50 1.151 
27.75 | 24.00 3.75 | 1.156 
28.00 24 25 : aa 7 1.154 
28.75 25.00 375 1.150 
29.00 25.25 3.75 1.148 
29 75 25.75 4.00 1.154 
30 00 26.00 4.00 1.151 
40.50 26.25 4.26 1.161 
380.75 26.50 4.25 1.160 
81.26 27.00 | 426 1.157 
31.75 27.50 | 4% | 1 154 
82.00 27.76 425 =| 1.153 
32.25 28.00 4.25 | 1.151 
33.25 29.00 4.25 1.146 
33.50 29.00 4.50 = | 1.155 
34.00 29.75 4.25 1.142 
34.50 30.00 4.50 | 1.150 
35.00 30.50 4.50 1.147 











Mean ratio of 2-in, by 1-in. bar, tested on 36.in. centres, to 1-in. 
oy l-in. bar, tested on 12-in. centres, equals 1.153 times the 
breaking load. 

TaBLe VII.—Actual Relation between Cast-Iron Test-Bars 

2 In. by 1 In. in Section, Tested on 36-In. Centres, and 


Test-Bars 1 In. by 1 In. in Section Tested on 12-In. coves 


Centres. 


Cast-iron test-bars cast to size 2-in. by 1-in. bar, and 1-in. by 1-in. 
bar cast out of same ladle in different boxes in each case. 


























Breaking Loads in Cwte. Ratio of 2-In. by 
\-In. Bars Tested 
Difference | on 36-In. Centres 
2-In. by 1-in. 1-In. by 1-In. in Cwts. to 1-In. by 1-In. 
Bars Tested on | Bars Tested on Bars Tested on 
36-in. Centres. | 12-In. Centres. 12-In. Centres. 
22.75 19.5 3.25 1.166 
23.25 20.5 2.75 1.134 
24.76 21.5 2.25 1.161 
26.25 21.75 5 1.160 
26.75 23.00 3.75 1.163 
28.00 24.50 3.5 1.142 
28.50 25.50 3.0 1.117 
29.50 26.00 3.5 1.184 
31.00 27.26 3.75 1.137 
32.00 28.0 4.0 1.142 
33.00 28.75 4.25 1.147 
33.25 28.75 4.5 1.156 
34.00 29.5 4.5 1,152 
35.25 30.5 4.75 1.156 
36.75 32.0 4.75 1.148 
a. > of 2-in. by oa Lang on a centres to 1-in 
-in. tested on 12-in. centres, 1 
a A eq 1.146 times the 





To ascertain whether the skin on the test-bar influenced 
this ratio the author cast another series of test-bars of 
i but to standard sizes. In each test 


Give, Sie stat exsiniotens asia senapasetto seniiin hete Ss 

gene ob Settetion, & Ce enn aash an ahewaiee 
Fig. 1, 24 in. by 14 in. in section, 42 in. long, machined 
down to 2 in. by lin. in section, and tested on 36-in. 


centres. The rate of testing should not exceed a load of 


As there has been some little controversy during the 
last few years on the transverse testing of cast iron, the 
author ught the few observations made would be of 
interest, and may be of some help to those whoare work- 


ing at the standardisation of me for testing castiron. 





THE BY-PRODUCT COKING INDUSTRY. 
The By-Product Coking Industry and its Relation to the 
Manufacture of Iron and dteel.* 

By G. Stantey Cooper, B.Sc. (Lond.), Sheffield. 

Tue standard of efficiency which has been reached in 
connection with iron and steel works at the present time 
is a result of the more economical application of existing 
resources rather than of anything entirely new. Perhaps 
the most striking development has been in connection 
with the fuel side of the industry, and it is to this ques- 
tion that the present paper isdevoted. As is well known, 
until about the year 1880 the whole of the coke required 
for furnace-work was made in bee-hive ovens, and the 
wasteful character of this method of manufacture bas 
already been exhaustively dealt with, and does not need 
reiteration here. In the present paper the author ex 
poses to confine himself to the development which 
involves the production and use of coke-oven gas for 
metallurgical purposes. Fora long time the waste-heat 
type of coke-oven was predominant, but on account of 

many disadvantages attending the operation of this 
type of oven, the regenerative coke-oven gradually came 
to the front, and at the present time comparatively few 
waste-heat ovens are built. The regenerative oven 
the advantage that the surplus m7 ees in the 
coal is produced in the form of a com ible gas which 
can be used anywhere and at any time without appre- 
ciable deterioration. It can be used for a variety of pur- 
poses, such as town-lighting, steam-raising, development of 
wer by means of gas-engines, and also as a fuel for open- 
cesoth furnaces. The author does not propose to go into 
very great detail concerning the use of coke-oven gas in 
iron and steel works, as much information has been pre- 
sented to the Institute by those actually engaged in using 
coke-oven gas for these purposes. Until com tively 
recent times, very little attention was paid to the surplus 
coke-oven gas, and although it was generally assumed that 
50 per cent. of the total quantity of gas evolved from the 
coal was available over and above that required for 
heating the ovens. yet very little of this 50 per cent. was 
actually used. When it came to be realised that coke- 
oven gas could be used asa fuel for open- hearth and other 
furnaces, more attention was paid to the question of gas 
uction in by-product coke-ovens, and consequently 
tter efficiency was obtained from the ovens—at any 
rate, so far as gas-yield was concerned. In some cases 
the whole of the surplus coke-oven gas was diverted for 
use in the iron works, and efforts were made to increase 
the amount of available gas. 
In this connection the regenerative type of oven was 
ie and many improvements ht about. At 
the Allerdale Coal Company’s colliery a battery of fif 
Koppers’ regenerative ovens was set to work in 1911, and 
the following figures, kindly supplied by Mr. F. D. 
H , the manager of the plant, serve to show what 
results may be expected using this type of oven. The 
coal used is compressed before carbonisation, and usually 
contains about 10 to 12 per cent. of added moisture :— 








Coal carbonised per oven per annum (wet) 2574 tons 
on - ow RSS on os “ aun — 
e on we r cen 
Gas yield per ton of coal . 10,600 « cub. ft. 
= we et et onal Om ae 13,0) -- 6,906 o 
it wet 10 per cent. per 
oven charge .. - es ee os 9.5 tons 
Time of carbonisation per charge .. 29.0 hours 
Before Extraction After Extraction 
Gas Analysis. of Benzol. of Benzol. 
005 . ~ 2.4 
OnHm _ 2.8 
o:, ne _ 0.2 
‘ie _ 48 
CH,.. = 31.5 
ee ~ 55.2 
No .. a 
Calorific value 


> 3.1 
560 British thermal 611 British thermal 
units unite 





* Paper submitted to the Iron and Steel Institute and 
now open for discussion by correspondence. 





The natural consequence of the efforts to increase the 
suplus gas yield was the provision of other means for 
su the heat to carbonise the coal in the 
-ovens, and thereby to allow the whole of the gas pro- 
duced from the coal to be available for extraneous pur- 
An exactly similar position, but one looked at 
ons ansther polntel view had arisen in connection with 
the gas industry. It had been realised that chamber 
carbonisation had many advantages to offer as a means 
of gas production for town purposes. In such case, as 
the gas is the principal object, coke being only a 
secondary consideration, it was important to have the 
maximum ible quantity of available gas per ton of 
coal. With this in view, ber carbonisation was 
mas oy ped Seng bre the whole of the gas 
ight be available for town consumption, ucer-gas 
was resorted to for ing the chambers. As producer- 
ap px value of only about one-fourth to one-fifth 
various rearrangements were 
in order to of the production of a sufficiently high 
tem and eventually it was found that by pre- 


ing the ucer- and supplying iv with pre- 
heated air in the way, suitable temperatures could 
be with economical consumption of the pro- 
ducer-gas. 


Working on these lines, a neggonr of que ovens 
was erected at the City Gas Works of Vienna. The 
ovens were heated by means of producer-gas generated in 
Kerpely producers. This experimental plant was a com- 
plete success from the and numerous other installa- 
tions have since been erected working exactly on this 
principle. In order to make the dev: t of this type 
of oven more clear, a detailed description of the Koppers 
regenerative coke-oven as installed at Allerdale, also 
of the regenerative chamber-oven, of the type installed at 
Vienna, may be of interest. 

© main points of difference between the several 
systems of coke-ovens now in use may be summarised as 
follow :—(1) The arrangement of the heating-flues ; (2) 
the facilities for inspecting all the working parts of the 
ovens ; (8) the method of regulating and controlling the 
heating of the ovens ; (4) the preheating of the air required 
for combustion. e essential features of a good coke- 
oven may be generally stated thus. The heating of the 
ovens must be easy to regulate and control. The tempera. 
ture should be the same throughout the whole length of 
the oven wall in order to uce a homogeneous coke. 
All working parts of the oven should be easily accessible 
for inspection and regulation, and without discomfort 
tothe workmen. The amount of gas required for heating 
an pa — be —- h. the ay a ay the 
argest possible amount of surplus energy pro- 
duced without decreasing the output of by - products. 
The ovens should be simple in design, and great care 
should be bestowed upon the foundations. Ib is parti- 
cularly nevessary to study the nature of the foundations, 
and totake precautions against the — effects of the 


has | heat of the oven structure on the su 


The Ki 3s Regenerative Coke-Oven.—The Koppers 
regenerative coke-oven is of the vertical.flued type, and 
possesses many special features, more particularly as 
regards the pay of the heating-flues and regene- 
rators, and the facilities for inspection. Figs. 1 and 2, 
page 458, show sections through the oven chamber and 
the heating-fiues. The oven is a chamber 10 metres long, 
2 metres high and about 0.5 metre wide. The height and 
width somewhat according to the class of coal to be 
coked. h oven is capable of taking a ~)- of about 
8 to 10 tons of coal. ovens are ted by the gas 
— — ogee durio ee and the — 

opted for distributing and regulating supply of gas, 
together with the method adopted for Ad the air 
oy for combustion, are special features. The gas 

air for combustion are onaey distributed on each 
side, and along the whole length of the oven, and combus- 
tion takes place in each vertical flue. Each oven-wall is 
formed of about thirty vertical flues, and there being a 
jet in each flue, each oven is heated at about 60 points 
Fig. 1). At the topof =. ey: and over = the eoal 
ues, openings are provi or inspection regulation. 
——- means are provided for 8 the regulation of the 
com ion in each flue, which is such that it is easily 
= for the walls of the oven to be absolutely uni- 
ormly heated from end to end. This uniformity not only 
results in the production of a homogeneous coke, but 
enables the charges of coal to be burnt off more quickly 
than is the case when such uniformity does not prevail ; 
besides which it effects 4 economy in the consumption 
of the heating gas. e air for combustion is heated to 
a high degree in regenerators designed on Siemens’ prin- 
cip! 

The distinguishing feature of the Koppers regenerative 
oven lies in the employment of separate re tive 
chambers for each oven, so that every oven is entirely 
independent of its neighbour (Fig. 3). This construction 

its of the air for combustion and the chimney 
raught being separately regulated. In the older type of 
regenerator oven there is a regulating damper over the 
leading from the regenerator chambers to the 
air-distributing channel. This damper has to be set to 
serve the dual purpose of regulating the admission of air 
when the ovens are burning in one direction, and of 
regulating the chimney draught when the ovens are 
burning in the reverse direction. It is not easy to effect 
a satisfactory regulation of both the air and the draught 
pm fey 217’, and to Fig. 3; the air f 
erring again to Figs. 1, to Fig. 3; air for 
combustion flows along the passage-ways A, at the front 
and back of the oven, and thence into the regene- 
rators through the inlets. In the sypaees 
temperature of the air rises to 1000 deg. t. (1832 deg. 
Fahr.). The highly heated air passes out of the regene- 
ratore into the vertical heating flues through the openings 
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©. Part of the gas evolved from the coal is used for cast-iron damper fitting into the chimney fiue. At the 
heating the ovens, and, after being purified, this gas is| base end of the cast-iron fittings there is a third slide, 
returned from the by-product plant to the ovens by | which can be set in any desired ition to regulate the 
mains D running along the whole length of the ovens on | draught on each oven. _It will therefore be seen that, by 
each side. Branch-supply ae H conduct the gas into | the new arrangement, the quantity of air for each oven, 
the gas-distributing hoses E, which are situated | and the chimney draught on each oven, can be separately 
directly beneath the oven-walls ; thence it | ge through | regulated, which is not possible with ovens working 
the gas-nozzles F into each vertical flue, where it| with the older form of regenerators. A very disad- 
ignites with the hot air entering through the pas- | vantag feature has thus been removed in the new 
sages C previously referred to. A jet is therefore | system. 

formed on a level with the oven-floor in each of The automatic changing gear is a simple arrange- 
the heating flues of the oven chamber. The gas is sup-| ment, and is placed at one end of the battery of 
plied to each oven by the branch-pipes, which are each | ovens. It is operated electrically or by hand, and 
provided with a regulating-cock, as well as with a second | requires the least — attention. It may be added 
cock fitted with a lever. All the levers are attached to | that the gear is so designed 

one of the wire ropes, which communicate with the auto- | act an electric alarm is set in action, and does not stop 
matic changing gear. The air is admitted to each oven until the gear is again at work. 





SCALE, IINCH=10 FEET. 































that should anything fail to | 





serve not only to provide means for regulating the 
neo but more particularly to give access to the 
e*. The gas-nozzles are furnished with oval orifices 
to enable them to be taken out by a rod having a 
tee end. The orifices in the nozzles vary in size ac- 
cording to their position in the flues, and it will be 
readily obvious, even to those who have had no previous 
knowledge of the design and working of coke-ovens, that 
the means thus | eeery for controlling the admission of 
the oy to each flue at all points along the whole length 
of the oven must of necessity render it easily ble 
to heat the walls of the oven absolutely uniformly from 
end toend. This has been the great aim of all coke-oven 
builders. It may be added that the removal and replace. 
ment of a gas-nozzle can be effected in a few moments 
without the slightest trouble or discomfort. 
The Koppers Regenerative Gas-Oven.—In coke works 
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—A°u A oa GS amon BW AU GY Aon 4 Yu gy the principal aim is, of course, to produce the best pos- 
in B©a AA GS A BFA AA 4 YG A OFA fF Y AY sibte qualizy of coke suitable for soctalinesienl purposes. 
BOtirtiht Fy Beegprtar AaABREAGA GS The gas obtained is used principally for heating the coke- 
A AH AG GF AYAAHH AG zZAaAaAnuauaeae gg ovens, for boiler-firing, and for gas-engines. In gas 
j j j 4 Y Y j 4 Y Z Y q y j j y y 4 y Z Y works, on the other hand, the principal object is the pro- 
Aun AA Gh Baan aa av AAA “aA as duction of the greatest possible amount of illuminating 
J} Doe Y Y mihtly Y y Y Y Y) Y iY Y NYIG Yin AY gas, and the coke obtained is regarded more or less 25 & 
Y, Y/ Gy j Gi }, j Y j J j Y Y WY IY \ Y use as & gas-oven, and as such is capable of producing & 
Yy, Yy Yj —AUA AAG Uf Af y Yf y Y high yield of illuminating gas of good and even quality. 
Hf Yf Y AY Y Ry Y 4 Y ”Y 4 Vr FZ Y Uf, At the same time the coke obtained does not deteriorate 
GY U), Uf, y nf yj i] j Y, y iV “"y v/ y Y, in quality, and is far superior to ordinary retort coke. 
Y, =U) Y aR _V y =Y yey a iy) y Z The important point is to secure that the whole of the 
j=|=7=|=7—(-7 Z— Y= =G =! = gas evolved from the charge should be available for illu- 
Seisaies Y Bese SE Y G= Y= =7 minating purposes, and hence some other means has to 
V/ : Day ii = / pa =) — =] 1 Y = VS =Y be found for heating the ovens. This can best be done 
Vy ee Te ag 2 Tt Ar 
Ar Ar Ar Avr Ar Gas Air Gas Air FSS Air | before combustion, just as the air is preheated in the case 
“”" Asa Coke Over AsaGas Oven, | Of the regenerator coke-oven, and the design of the oven 
A ee B cross REGENERATIVE "C” CROSS REGENERATIVE is —— to — these ~ —- In — ; 
(eres) GAS OVEN main, however, i as s the arrangement o 
ae aw the heating Gam, fo cumainn unaltered. ; 
, , , It was found necessary to ensure the thorough cleansing 
by means of the cast-iron damper fitting, which also| Theemployment of regenerators renders it necessary to|of the producer-gas from dust and tar before it was 
serves to conduct the waste to the chimney flue. | reverse the heating process after a period of time, usually | allowed to enter the heating flues, otherwise the tar is 


These dampers are each fi st the top with a slide, | about thirty minutes, and the heating flues are divided 
connected, like the levers of the gau-cocks, with the second | into two sections, so that cuubenthea Gam take sieaoeiinn- 


wire rope ; and the whole arrangement is such that, when | nately in each half of the oven wall. When the gas is | fi 


the automatic changing gear operates, the gas-cocks and | burning in one half of the wall, the products of combus- 
damper-slides on one side of the battery are closed simul- | tion pass up the flues and enter the top horizontal flue G, 
taneously with the opening of the corresponding whence they make their way down the flues in the other 
on the other side of the battery. ‘When the gas is burn- | half of the oven wall, and enter the regenerator through 
ing on one side of the ovens the air-damper is open, and | the same passage ©, by which the air is admitted to the 
the air passes into the regenerator, the main chimney | flues when the direction of combustion is reversed. On 
damper being closed. A little below the damper-slide | issuing from the regenerator the waste gases pass into 
there is a second slide, which can be set in any | the flue leading to the chimney, after having given up 
desired position, and serves to regulate the quantity of | their heat to the firebrick cheqaer-work. hen the 
air required for each oven. When the gas is burning on | next half-hourly reversal is made, the heat is given up 
the opposite side of the oven—that is, when the waste | to the air entering for combustion. 

gases are passing to the chimney—the gas-cocks and air-| Two of the principal features of this ‘ype of oven are 
dampers are closed, but the main chimney dam is| the sliding bricks, and the i in the top of the 
open. The waste gases are therefore drawn through the ovens which give access to them. The epenings (Fig. 4) 
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deposited in the valves, which eventually become clogged 
up, whilst the dust is carried forward into the heating- 
ues, and damage is caused there by fusion of the dust 
and slagging of the flue-bricks. The gas is first cooled in 
order to remove tar, and is then thoroughly washed with 
water by means of centrifugal sprays, the whole of the 
dust being thereby removed. 

The K 3 Combination Oven Operated on Blast- 
Furnace .—From the two foregoing types of ovens 
what is known as the Koppers combination oven was 
developed. As its name implies, this is an oven which 
can act either as an ordinary regenerative coke-oven or 
as a regenerative gas-oven. In the former case it is 
heated by means of a portion of the gas evolved from the 
coal carbonised, whilst in the latter case it is heated by 
some other gas, such as producer or blast-furnace gas. 





The arrangement of the oven is such that it can be 
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operated at will either as a coke-oven or as a gas oven. 
Blast-furnace gas resembles almost exactly producer-gas 
as far as its production and calorific value are concerned, 
and therefore what had been done with producer-gas it 
was naturally expected could also be done with - 
furnace gas. This idea of employing blast-furnace gas, 
as far as the writer is aware, was first mooted at the 
annual meeting of the Iron and Steel Institute, held in 
London in May, 1899, in a paper read by Mr. Enrique 
Disdier (Bilbao), on ‘“‘The Use of Blast-Furnace and 
Coke-Oven Gases.” This oe contains the following 
paragraph :—‘‘Third Method: There is another new 
course open for consideration. In this the coke-ovens are 
heated the blast-furnace gases, and the oven gases are 
used for driving gas-engines.” rear 
At a later date Mr. Adolph Wirtz, of the Friedrich 
Wilhelmshiitte, Miilheim-Ruhr, Germany, suggested the 
employment of blast-furnace gas for heating coke-ovens 
at bis works. At these works it had already been found 
that surplus coke-oven gas could be disponed of with great 
advantage. At the same time the whole of the blast- 
furnace gas was not being satisfactorily utilised. The 
suggestion was therefore carried into effect, with sages. 
tant resulting economies, for the Friedrich Wilh - 
hiitte no longer depended only on the surplus gas pro- 
duced in their ordinary type of regenerator coke-ovens, 
but by the employment of blast-furnace gas for heating 
purposes they were able to command a much | 
surplus, and at the same time, in the event of there being 
any shortage of blast-furnace gas, due to the stoppage 
of the furnaces, the ovens were not rendered idle, but 











Combination Oven C.—This oven is a combination 
of the coke-oven and the gas-oven, and can be used as 
either at will. The difference lies, of course, in the 
manner in which the oven is heated. If uired as a 
coke-oven, it is heated by coke-oven gas; whilst if re- 
yews as & gas-oven, it is heated by producer or blast- 

urnace gas. In the latter case the gas must be subjected 

toa os A yy to wae 2 See tar -— dust, > 
process adopted is descri elsewhere in the paper. It 
will be seen from the illustration that the ccnglipatien 
oven is provided with divided regenerators similar to 
those adopted in the gas-oven. At the same time - 
vision is made by means of the distribution-channel G 
for the utilisation of coke-oven for heating as in 
the coke-oven. If the oven is to worked as a coke- 
oven, all the regenerators are used to preheat the 
air. The coke-oven gas, freed from its by-products, 
enters the distributing-flue G, and the oven works in 
exactly the same manner as described above for the 
working of the coke-oven. If the oven is to be worked as a 
gas-oven, one pair of regenerators are used for preheating 
the air, and the next pair for preheating the producer or 
blast-furnace gas. The hea gas and air meet in the 
vertical flues E, and combustion takes place, the oven 
now working in exactly the same manner as described 
above for the working of the coke-oven. 

The temperature of the oven can be maintained just as 


arger | easily in one case as in the other, and the change from a 


-oven toa coke-oven, and vice versd, can be made almost 
instantaneously, and without interfering with its working 
in any way. 


DIAGRAMMATIC SKETCH OF KOPPERS DIRECT-RECOVERY PROCESS FOR AMMONIA. 
(AMMONIA RECOVERED DIRECT FROM GAS AS SULPHATE) 
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could immediately be transformed into ordinary regenera- 
tive coke-ovens, the only difference being that the quantity 
of surplus coke-oven gas was reduced by about 50 per cent. 
As each oven is an entirely independent unit, the amount 
of coke-oven gas available could be lated between 
very wide limits, either according to the demand for coke- 
oven gas in the iron works or the amount of blast-furnace 
gas available from. the furnaces. The system also pos- 
sesses a still further advantage. By the utilisation of the 
blast-furnace gas the time of carbonisation was actually 
reduced, thereby allowing of an increased output from the 
ovens. The plant of the Friedrich Wilhelmshiitte con- 
sists of eighty Koppers combination ovens arranged in a 
single battery. 

In order to understand fully the design and working of 
the combination oven, it is necessary to refer to the 
descriptions previously given of the regenerative coke- 
oven and the regenerative gas-oven. For the purpose of 
comparison, drawings are produced showing cross-sections 
through (A) the Koppers regenerative coke-oven, (B) the 
anpPere gas-oven, (C) the Koppers combination oven 

ig. 5). 

Coke-Oven A.—In this type of oven a portion of the gas 
evolved from the coal is used for heating the ovens, about 
40 to 50 per cent. of the total quantity evolved being 
required. After passing through the nH ym plant, 
the required portion of the gas is returned to the ovens 
through a series of distribution-pipes G. through nozzles 
N, into the vertical heating flues rr. Here it meets air 
which has been heated to a bigh degree in the re- 
generators R, and combustion takes place, In this way 
the charge of coal is carbonised, and all the gas not 
required for heating purposes is available for outside con- 
sumption. The operation of the oven has already been 
—— ee 

- B.—The Koppers gas-oven was desi for 
the production of the maximum quantity of illuminati 
gas, and hence none of the gas evolved from the coal is 
for heating pu es. The ovensare heated by producer- 
gas generated in a central producer plant, and usually 
manufactured from inferior fuel. In this type of oven 
both the producer-gas and the air for its com- 
bustion are preheated. For this purpose the generators 
are divided Into two sections. © producer-gas is pre- 
heated by passing through the regenerators GR, and 
the air by passing ‘through regenerators AR. The gas 
and air then meet in the vertical flues F, where combus- 
tion takes place as in the coke-oven, 
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The Carbonisation of Coal in Coke-Ovens.—As long as 
the primary object is the lege of metallurgical coke, 
so must the selection of a suitable coal for use in the 
coke-ovens be of prime importance. Many investiga- 
tions have been carried out with the object of deter- 
mining what constitutes the coking property of coals, 
and what are the reasons for the varying behaviour of 
different classes of coal on carbonisation. Finality in 
the matter has by no means been reached, but it is pos- 
sible, as a result of collected experiences, to lay down 
certain general rules concerning the relationship between 
the composition of coal and its coking capacity. Per- 
haps the most important of these is that as the oxygen 
content increases the coking power decreases, and it is 
generally assumed that a coal with more than 8 per 
cent. of oxygen on an ash-and-moisture-free basis is a 
non-coking, or at any rate a poor coking, coal. This view 
is further borne out by consideration of the results 
obtained in the distillation of various classes of coal. 
The oxygen in the original coal is distributed on distilla- 
tion in the form of H,O (ammoniacal liquor), CO,, and 
CO. The following results were obtained by the author 
with different classes of coal, and it will be seen that, 
speaking generally, the res for H,O, COs, and CO are 
a good guide as to the coking property of the coal. The 
— all. performed with dry coal under the same 
conditions, 





Coal. 


Coke. Hy,0. CO. 





| Co. 





Remarks. 
per cent per cent per cent per cent 

Cumberland -| 69.8 5.84 0.94 6.0 coke 
Durham .. --| 70.6 4.11 1.02 | 46 | - 
Warwick 62.0 12.98 860 | 10.6 |Poor coke 
Monmouth 80.0 8.37 0.51 8.2 coke 
Stafford | 710 7.58 1.08 4.9 pm 
Yorks 70.0 6.66 1,28 7.8 a 
Lancashire 70.0 6.80 1.48 6.2 pas 

nark | 65.0 8.09 245 | 107 Fair coke 
ae a %12 | 1.99 | 7.6 (Good coke 
Northumberland | 67.0 8.55 2.46 7.8 (Fair coke 
Forest of Dean ..| 68.0 6.73 1.58 7.6 o0 
Brown coal, Aus-| 

tralia .. -| 48.0 12.78 8.22 23.0 Poor coke 
Leicester ..| 680 10.52 2.74 12.4 o 
Lancashire cannel| 63.0 6.19 0.56 5.6 
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In a large number of tests carried out by the author, 
the genera] conclusion arrived at is that if the yield of 


H,0 from the dry coal on distillation is more than 7 or 
8 cent., the coke produced is of an inferior character. 

are a few exceptions to this generalisation ; but, 
on the whole, it is quite a satisfactory guide. The majority 
of Scotch coals behave in a very peculiar way. If the coal 
be ground up and carbonised immediately, a good coke is 
obtained. If, however, it be allowed to be exposed to 
the air for any length of time, and, particularly, if it be 
in a finely-divided and moist condition, its coking power 
deteriorates very considerably. Indeed, the _ or = 
coke w 


found that a coal which produces a 

treated immediately after grinding will scarcely cohere 
on being carboni after a day or two’s exposure, the 
reason probably being that the coals absorb oxygen from 
the air on exposure, and this view is borne out by the 
fact that the yield of liquor on distillation is greater after 
exposure than before. Consequently, it is important 
with such coals to take —— against the effect of 
atmospheric exposure, and to carbonise the coal as soon 
as possible after it comes from the mine. 

Many attempts have been made to convert non-coking 
into coking coals, but as far as the author is aware these 
—— have not been commercially successful. It is 
possible, by the admixture of a Lange 2 of pitch. to pro- 
duce a passable coke from a r coking coal, but this 
method is expensive and could hardly be carried out on a 
large scale. The deleterious effect of weathering on the 
coking property of coals has already been mentioned, but 
the p hae. from a coking to a non-coking coal may be 
brought about by other very simple means. If a coking 
coal in a fine state of division is exposed to a tempera- 
ture of about 200 deg. Cent. for, say, two hours, it is 
found that the coking power has ae dis- 
appeared. Coal under such conditions gradually in- 
creases in weight up to a certain maximum—the percen- 
tage increase varying with the class of coal—and then 
begins to decrease again. en the maximum weight 
is reached, the coking property is generally completely 
destroyed. In the case of the best classes of coking 
coal, these still retain a little oases power even after 
long heating. For each coal also there appears to be a 
limit or critical yy and when heated above this 
temperature the coking property is seriously impaired. 





For the ordinary classes of coking coals, such as those of 
South Yorkshire, this temperature is about 150deg. Cent., 
| but the effect is much more pronounced at 209 deg. Cent. 
| The size of the coal carbonised has also a marked effect 
| on the quality of thecoke produced, especially with those 
| coals which possess only moderate coking properties. 
The author performed experiments with a Scotch coal, 
divided into four portions, one through a 90 mesh, one 
through a 60 mesh, one through a 30, and one below 30. 
The samples were arranged in order in a distillation tube, 
and separated by a thin cotton-wool plug. They were 
then carbonised in the usual way. The resulting coke 
was different in each case, and the larger grain coal pro- 
duced the best coke, the quality of the others deteriorat- 
ing as the sizes decreased. With such classes compression 
of the charge is necessary in order to produce a suitable 
coke; and with compression it is possible to treat many 
— — in coke-ovens which otherwise could not be so 
utilised. 

Different coals behave in different ways when carbonised 
under the same conditions, and consequently the method 
of treating the coal has to be adapted to the particular 
class of coal to be dealt with. The average Durham coal 
is charged into the ovens in a normal state—that is to 
say, containing about 2.5 per cent. of moisture, and 
crushed to a degree of fineness of about # in. to 0in. The 
coal is not compressed in any way, and a good, hard 
dense coke is prodnced. The coke is of about the same 
volume as that of the coal, and no —_ ny experienced 
in pushing the coke from the ovens. In South Wales the 
coal is charged into the ovens in a similar way, but has a 
tendency to swell on being carbonised. Unless care is 
taken, therefore, the oven-walls might be damaged, 
and difficulty will also be experienced in pushing 
the coke from the ovens. In Cumberland still another 
variation is met with. There the coals contain 
about 30 per cent. of volatile matter, as against 
about 25 = cent in Durham, and 15 to 20 per cent. 
in South Wales. If the coal is charged into the ovens 
as in Durham, the coke produced is soft and friable, 
and will not stand much handling. In order to pro- 
duce a harder and denser coke, the coal is compressed 
into the form of a cake containing about 10 per cent. of 
added moisture, and so charged intothe oven. Thecoke 
obtained by treating the coal in this manner is quite 
suitable for furnace work. 

Preparation of the Coal for the Ovens.—Most of the 
coal used in Great Britain for coking purposes is sub- 
jected to a washing operation before being carbonised, 
so as materially to reduce the ash content of the coke by 

rating the shale, and also to eliminate some of the 
sulphur compounds which occur in the coal, such as 
6 ba With a coal of only moderate coking power a 

h ash content is undesirable, apart from other con- 
siderations, because it helps to nullify the caking power. 
With a first-class coking coal the ash content Fa not 
have much effect, coals containing as much as 30 to 40 
cent. of ash yielding quite a good class of coke. 
ulphur is an undesirable constituent in metallurgical 
coke, especially in that used for foundry purposes. "Boal 
in certain districts contains an appreciable amount of 
salt, and this should be removed as far as possible, as the 
salt eventually produces a corrosive effect on the brick- 
work inside the oven, causing it to crumble, and thereby 
necessitating frequent repairs. After washing, the coal 
is crushed so that it ranges in size from about @ in. 
down to 0 in., and it is then deposited in astorage bunker, 





where the excess of water is allowed to drain off. Two 
methods of charging the crushed coal into the ovens are 
employed—namely (1), from above, the coal pasging 
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through the holes in the roof of the oven ; and (2) through 
the door, the coal being fed into the oven in the form of 


@ com cake. n the former case is 
levelled in the oven by means of a beam, which travels 
backwards and forwards through the oven. The method 


of c ng adopted depends u the nature of the coal. 
fon Pp’ pends upon 


speaking, a coal containing above 25 cent. 
of volatile atten Kes to be compressed, whilst Se with 
less than 26 per cent. is c in the normal state. 


These methods are adopted with all types of ovens, as the 
principles of coking involved are the same in all cases. 
Recovery of the By-Products.—Until about the year 
1903 the method adopted on coke-oven plants for the 
recovery of the by-products was similar to that which 
is still in existence in gas works. The gas, after leaving 
the ovens, was passed through coolers, and its tempera- 
ture reduced to about that of the atmosphere, thereby 
removing the heavier tars and also the moisture con- 
tained in the gas. The moisture which was deposited 
dissolved out of the gas a proportion of the ammonia 
salts which it contained. The gas was then passed 
through scrubbers, and was well washed with water until 
the whole of the ammonia was eliminated and obtai 
in the form of ammoniacal liquor. In order to recover 
the ammonia from this liquor it had to be treated in a 
separate apparatus, and was distilled with milk of lime. 
The ammonia gas liberated from the liquor passed into 
the sulphuric acid when sulphate of ammonia was formed. 
Obviously this process is a roundabout one, as the 
ammonia is first dissolved in water and then expelled 
therefrom. In the Journal of the Iron and Steel Insti- 
tute for 1883 there is an abstract of a paper by R. Tervet, 
in which he predicted the ultimate abolition of this 
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.7. TEMPERATURES AT THE REGENERATOR OUTLETS. 
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The products of condensation which are extracted in 
the cooling and tar-eliminating operations are drawn off 
from the condensers, tar-extractors, &c., and are conveyed 
into a separating-tank, where the tar and ammoniacal 
liquor separate owing to their different densities. The 
tar flows into one storage-tank, and the liquor into the 
other tank. The liquor is pumped to the ammonia- 
still, where the ammonia is driven off steam and 
lime in the usual way. The vapours of distillation are 
conducted from the still, and are delivered into the 
main, where they mix with the heaved gas, and the whole 
then passes into the saturator. 

It is important to note that no live steam is required 
in the process, either for distilling the liquor to li te 
the ammonia, or to reheat the gas after cooling and tar- 
extracting. For both these purposes the exhaust steam from 
the engines driving the exhausters is more than suffi- 
cient. The gas passes out of the saturator by a main, by 
which it is conducted back to the ovens and other points 
where required. In cases where benzol is required to be 
recov: it is necessary for the gas to be cooled down 
after leaving the saturator, after which it is subjected to 
the scrubbing operation described below. 

The sulphate produced by the above process is far 
superior to that obtained by the old system, and owing 
to the fact that the gas is thoroughly free from tar before 
entering the saturator a perfectly white salt is invariably 

uced. This portion of the paper would not, however, 
complete without reference to the latest type of 
ammonia- recovery systems of Burkheiser and Feld. 
Crude coal-gas, as it leaves the ovens, contains sulphur 
in the form of sulphuretted hyd Now sulphur is 
the basis of sulphuric acid, and the ideal process is there- 
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system, and forecast what is known throughout the world 
as the direct-recovery . It was not until about 
1905, however, that the direct-recovery process was satis- 
factorily operated on a commercial scale. In this process 
the gas is passed directly into sulphuric acid, thus obviat- 
ing the necessity of washing out the ammonia by means 
of water. Several t of direct-recovery process are 
now in operation, al the first to meet with commercial 
success was that designed by Mr. Koppers. This process 
has since been largely adopted, and at the present time 
deals with the gas hem upwards of 20,000,000 tons of 
coal per annum. Strange to say, in spite of the marked 
advan’ which this offers over the old system, 
and the fact that it has largely adopted on coke-oven 

lants in Great Britain, not a single gas works of any size 
in this country has yet discarded the old system in favour 
of the new one. A start has, however, been made on the 
Continent, and at the new works of the city of Budapest 
the me process is in operation, dealing with the 
make of 9,500,000 cub. ft. of gas per day. é 

The illustration (Fig. 6, page 459) shows a diagram- 

matic representation of the Kopvers system. The hot 
direct from the ovens enters the where 
its temperature is reduced to about 25 deg. Cent. The 
gas is then drawn by an exhauster, by which it is 
delivered to the tar-extractor. Afver having been freed 
from the tar, the gas is led into the reheater, where it 
becomes heated to a temperature of about 50 deg. to 
60 deg. Cent. The heated gas is then conducted along 
the main, to the saturator, in which the ammonia gas is 
extracted by direct absorption in sulphuric acid, and is 
recovered in the form of sulphate. 

The saturator is of the totally-enclosed t and the 
sulphate is continuously removed therefrom by means of 
an ejector working ei with steam or compressed air. 
The salt is delivered on to a collecting-table, and thence 
into a centrifugal dryer, where it is completely freed 
from mother-liquor. 





fore one which will utilise the sulpbur in the gas to com- | 
bine with the ammonia instead of having first to convert | 
itinto acid and then neutralise it by the ammonia to form 
sulphate of ammonia. It is this shortening of the 

which is the object of both the Feld and Burkheiser 
systems. At present both these systems seem to be some- 
what too complicated for general adoption, but the 
author believes that ultimately such a process will obtain. 

The recovery of benzol has received much attention 
of late, owing to the fact that a large quantity of refined 
benzol is now being used in place of petrol as fuel for 
motor-engines. The majority of coke-oven ts now 
have benzol-recovery plants, but very few uce refined 
spirit, what is known as “crude” or ‘‘65 per cent.” 
benzol being army made. 

The benzol can be extracted from the gas without 
affecting the amount of energy obtained from it when 
used for boiler-firing purposes, or for combustion in gas- 
engines. by more than about 5 to 10 per cent. The quan- 
tity of benzol obtainable differs, of course, according to 
the nature of the coal. In South Yorkshire, Derbyshire, 
the Midlands, and Cumberland the yield is about 24 to 
3 gallons of crude spirit ton of coal ; in Durham it 
is about 2 to 24 gallons, w in South Wales it is usually 
only about 1 to 1} gallons. 

he recovery of benzol from coke-oven gas is now 
universally effected by means of absorption in creosote oil— 
a uct obtained in the distillation of coal-tar—and the 
difference between the various systems on the market 
lies principally in the in arrangement of the 
apparatus employed, and the temperature and steam- 
pressure at which the various parts are worked. In some 
cases rotary washers are substituted for the tower 
scrubbers mentioned in the following description. 
for benzol con- 





required for the efficient extraction of benzol. The 
cooled gas then enters a series of tower scrubbers, inside 
of which are a number of boards, in order to ensure an 
even distribution of the scrubbing oil and complete extrac- 
tion of the benzol. The oil is circulated by means of 
pumps, and is fed into the scrubbers at the top through 
sprays. The oil flows in counter-stream to the gas, and 
by the time the gas has passed through all the scrubbers 
the benzol is completely extracted from it. Theenriched 
oil containing the 1 passes to a storage tank, whence 
it is pumped into a preliminary heater, where its tempe- 
rature is raised to about 60 deg. Cent. It then goes to 
the superheater, where it is heated to a temperature of 
about 135 deg. Cent., after which it rons over into the 
still. By means of live steam the whole of the benzol is 
driven off, the debenzolised oil then flowing out at the 
bottom of the still. This weak oil is cooled, and used 
again for scrubbing purposes. 

The benzol vapours, together with some water vapour, 
leave the still and enter a heat-exchanger. In this appa- 
ratus the heat contained in the vapours is transmitted to 
rich oil, and the vapours are thereby cooled down con- 
siderably, led into a final cooler, and condensed to the 
liquid form. The benzol and water thus obtained pass to 
a separator, where, by reason of the difference in specific 
gravity, the two are entirely dissociated. The benzol so 
obtained is known as crude spirit, and is usually of about 
65 per cent. strength. When a refinery is available, the 
crude benzol is not produced higher than 50 to 60 per 
cent. Upto this point the process is continuous, and can 
proceed without interruption for any length of time, 
a little fresh scrubbing oil being added occasionally and 
some of the old oil removed. 
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If it is desired to produce a refined spirit, it is neces- 
sary to submit the crude benzol to processes of redistilla- 
tion and purification. The crude spirit runs from the 
separator into a storage-tank, and from thence is pumped 
into a still of large capacity. This is heated by means of 
steam-coils. The benzel vapours pass into a dephlegma- 
tor, in which se tion of the various constituents takes 
yy owing to the different temperatures at which they 
il. In order to uce the higher boiling homologues 
of benzol, further distillation under a partial vacuum by 
means of live steam is reso to. The vapours leaving 
the dephlegmator are condensed and run into the various 
tanks. e ucts so obtained are benzol, toluol, 
xylol, &c., and each of these is now heated separately in 
order to produce a refined spirit. A pump delivers the 
spirit to an agitator, where it is washed with sulphuric 
acid. After allowing an interval for separation, the 
acid is run off, and the spirit is treated with caustic 
soda and finally with water. By finer dephlegmation 
and slower distillation in another still the washed spirit 
is fractionated, and the products known as 90 per cent. 
benzol, 90 cent. toluol, solvent naphtha, &c., are 
obtained. In order to produce pure benzol, toluol, &c., 
for chemical purposes, further fractional distillation is 
necessary, but these products are seldom, if ever, manu- 
factured in coke-oven plants. : 
In the stills from which the crude benzol 1s first redis- 
tilled a certain quantity of hydrocarbons, consisting 
mainly of naph settles out and is brought to a 
centri machine and dried. The oily matter remain- 
ing is run back into the scrubbing oil and used for scrub- 


bing pu 

"The cuighesle acid used for washing the crude spirit 
can, after a time, no longer be used for that purpose. It 
is run into lead-lined pots and heated by live steam, 
thereby being freed from hydrocarbons. The cleaned 
acid is then used in the saturator for the manufacture of 
sulphate of ammonia. 
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Coke-Oven Gas in Iron and Steel Wi -— - 
om isnow very Sener wad as o feel yoy B= 9 TABLE II.—TueoreticaL Comparison OF THE Waste Gas. 
steel works, but the author prefers to leave detailed pe ae 
statements with regard to the suitability of coke-oven 1 Cub. M. Coke-Oven Gas + 25 per Cent. 1 Cub. M. Furnace Gas + 25 per Cent. 
py tt ric ro ceananeene Mesermezteecmcee sats Guten n_nenencetls Semaratmerdaoer smc 
gas is increasing very rapidly indeed, and the tendency | Volume. | Grammes. | Volume Weight Volume. | Grammes. | Volume. Weight. 
coming more mars Pronounced fox jro.omd etl | Papeme | way | Pemgt | eet | Pace | reccese | Popes 
own coke-oven gas in the steel works. Oo: | qon40 282.20 3.65 | 4.18 "3800 ‘ase: | ‘ass it 
Ooke-oven gas has been used in open-hearth furnaces | yo’ 3860.50 | 4825.60 71.385 | 7334 | 1860.90 | 167610 | 76.25 | 67.5% 
— ; Am emed 1 am ni ee #30 | 1025.00 820.00 1896 | = 12.54 10.00 .00 0.56 0.38 
e whole of the coal formerly used. e Huber e -- - _ _ _ — _— — 
i ‘ by Mr. Amende show that —- 
penton series of Coe fae poe dy whee Total 5400.90 | 6580.50 | 100.00 | 100.00 | 175890 | 2477.90 | 100.00 | 100.00 
o% 10 per cent. ae — ome oate I, that of = —_— — - ——— ~ == . $$ 
chequers increases about 50 per cent. 1s 18 In gene! 7 : 2s . . oe . 
od with the experience a other inctellations, end|. Tasie III1.—Comparison of the Waste Gas. the disintegration of the fire-brick material, is avoided, 
acco : - and depositions of dust in the chambers and heating-flues 
in an appendix to the paper reference is made to | has not occarred.” 
the effect ¢ be ~~ oor as gas on Fy __” at the Coke-Oven Gas. | Blast-Furnace Gas. ° 
furnace at Friedric ilhelmshiitte. At the Hubertu- | oo iti Sry Rawr fecrrrn ay 
shiitte 550 to 660 heats were run before it was necessary || Obtained | Calculated | Obtained | Calculated APPENDIX IL. 
to repair the bulkheads and roofs, and as high as 1050 on : ’ PPR sores Detailed information concerning what goes on inside the 
the same chequers. The quality of the steel was not per cent. percent. | percent. | percent. | coke-oven during the carbonisation of the charge of coal is 
affected at all—a point which is particularly emphasised | Co, .. 7.20 | 7.45 19.80 | 21.10 naturally difficult to obtain. The writer has pleasure in 
in the statement of the working results at Friedrich |: .- 5.40 4.45 1.20 | 2.22 reproducing two temperature charts embodying results 
Wilhelmshiitte. The consumption of coke-oven gas was = Si 98.10 73.00 76.68 obtained in a Koppers coke-oven plant. Pyrometers were 
about 2,000,000 cub. ft. per twenty-four hours, and the | “2 inserted at different points in the of coal, num- 
coal consumption per ton of steel was reduced from 31.8 = 100.00 100.00 | 100.00 | 100,00 bered 1, 2, and 3 respectively (Figs. 9 and 10). Tempera- 
pated yd cent. by h.. « use < a “ In 4 yg Pepe oye _were pp Be hour throughout 
ce the co was poor ity, nom ETS mae IRE FRE OS gree isati 
chan 45 per cent. of surplus gas Cohan avel oy Accord-| Taste 1V.—Draught Measured in Millimetres Water oe 2 SES SEED, Se She Cateas 


ing to another authority, coke-oven gas, with a calorific 
value of 500 British Samed units per cubic foot, will 
displace coal as a fuel for various furnaces in the follow- 
ing ratios :—In billet-heating furnaces 1000 cub. ft. of gas 
displace 64 lb. of coal used in gas-producers ; in rod-mill 
heating furnaces 1000 cub. ft. of gas ye 58.9 lb. of 
coal used in gas-producers ; in bolt-rod heating furnaces 
1000 cub. ft. of gas displace 67 lb. of coal fired direct. 
In the foregoing ratios the coal displaced contained 
8.5 per cent. of moisture, and evaporated 5.8 lb. of water 

r pound of coal when fired under boilers. In ingot- 
eating furnaces, 48 ft. long, no trouble has been experi- 
enced in obtaining a uniform tem ture throughout the 
entire length of the hearth. The gas is introduced at 
each end of these furnaces, and the air is preheated by 
regenerators. Anaverage temperature of 1425 deg. Cent. 
(2600 deg. Fahr.) is se mdb ee with an average gas con- 
sumption of 1700 cub. ft. per ton of metal heated. 

In a communication from the Dominion Iron and Steel 
Company, Limited, of Canada, the author is informed 
that the surplus gas from the coke-ovens of the company 
is used entirely in the steel de t. One hundred 
tons of lime per day for use in basic Bessemer and open- 
hearth furnaces is burnt, and the mixer into which all 
the iron from the blast-furnaces is pub before going to the 
steel plant is entirely heated by coke-oven gas. e 
dolomite for open-hearth and Bessemer work is calcined 
by coke-oven gee. and all ladle drying is done by the 
same means. Coke-oven is also used to a certain 
extent in reheating ingots before rolling, but this is not 
constant practice. Any surplus gas not required for 
the above purposes is used in the open-hearth furnaces 
for steel-melting. The calorific value of the gas is about 
525 British thermal units per cubic foot, benzol not being 
extracted. The communication further states: ‘‘There 
is no question but that the greatest economy ible in 
steel works practice is through the —r option of 
by-product coke-ovens, and not the least of these is in 
the proper utilisation of the quantities of surplus 
gas.” In this connection it will be remembered that the 
President of the Institute, Mr. Adolph Greiner, em- 
phasised particularly, in his presidential address at the 
May meeting, the enormous economies possible through 
by-product coke-ovens and the great opportunities for 
the development of the by-product industry. 

In conclusion, the writer hopes that he has succeeded 
in emphasising the importance of the by-product coking 
industry in connection with iron and steel works, and 
that the information contained in the paper will be of 
some little assistance to those who have under contem- 
plation schemes for utilising their blast-furnace gas, and 
of linking up more closely the coke-oven industry with 
the manufacture of iron and steel. 





APPENDIX I. 

At the Friedrich Wilhelmshiitte, Dr. Rudolph Bier- 
mann has carried out a number of experiments on a 
battery of combination ovens, part of which was being 
heated by coke-oven gas and ams by blast-furnace gas. 
The capacity of the ovens is about 8.05 tons of dry coal ; 
uncompressed coal is used, charged into the ovens from 
above, and it has been found that with coke-oven gas the 


TasLe I.—Comparison of Heating Gases. 
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. . Machine 
Coke Side. Side. Coke Side. Side. 
Regenerator | 13-2 2-24} | 3} 4 
Exit pipe , 10-12 2-14 10-12 12-14 


Chimney... | 





TaBLe V.— Temperature in the Heating Flues. 
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Oven Number. | Blast-Furnace Gas Coke-Oven Gas 











Heating. Heating. 
51 | 1200 1170 
62 1285 1180 
53 1250 1220 
64 1230 1220 
55 1250 1230 
Ae | 1225 1180 
67 1240 | 1250 
58 1250 123¢ 
59 | 1240 1180 
60 1300 1210 
61 12F0 1200 
62 | 1220 1175 
63 1275 1220 
64 | 1260 1210 
Average 1200 


1253 
TABLE | VI.—Tabulated Comparison of the Values of 
Coke-Oven and Blast-Furnace Gas. 














Coke-Oven (Blast- Furnace 
as } Gas. Gas. 

Gross calorific value of the gas . 4200 calories | 936 calories 
Oalorific value of 1 cub. m. gas and) 

air mixture .. a me a ae“ 541i, 
Calorific value with 25 per cent. 

excessair .. oe --| 740 490 - 
Specific heat of the waste gas | hae « 0.58 4, 
Air taken up by 1 volume of gas ..| 3.76 volumes) 0.73 volumes 
Air taken up with 25 per cent.| 4.70 - 0.91 - 

excess air oe 30 - oa] 
Volume of waste gasfor l cub. m. gas| 5.4 oo 1.76 e 
Heating gas per 1000 calories re- 

quired .. - - oe ..| 0.238 cub. m| 1.067 cub. m. 
Yield of waste gas per 1000 eatesten, 1.28 volumes | 1.88 volumes 





time of carbonisation per ay is 29 hours, and with 
blast-furnace gas 27 hours. Dr. Biermann explains this in 
the following way : To produce 1000 calories, 0.24 cub. m. 
of coke-oven gas is required, or 1.007 cub. m. of blast- 
furnace gas: the volumes of the waste 


gases re- 
spectively _—— are 1.28 and 1.88 times these 
volumes. greater volume effects a better dis- 


tribution of the heat, and therefore gives more even 
heating of the oven. Further, although sy 
gives a greater amount of waste gas reckoned per 1 
calories, on account of its specific heat, 0.58 less heat 
is lost through the is the case with coke- 
oven gas with a specific heat of 1.75. A complete ac- 
count of Dr. Biermann’s investigation a in the 
Gas World (Coking Section), June 6, 1914, and the above 
tables are taken from this publication. 

Various opinions have ex with regard to 
the effect of the coke-oven gas on steel, butat Fried- 
rich Wilhelmshiitte no deleterious effect has been noticed. 
The life of the furnace, too, has been found to be in- 
— b on a yo se 2 cceee- 

wit! ucer- e following is Dr. Bier- 
mann’s aaneaiiiien of blast-furnace gas for heating 
coke-ovens :— 

‘In addition to the great economical ad vantage accom- 

nying the use of blast-furnace gas, it is also to be pre- 
faesd rom the practical point of view. Sto of the 
gas-mains through naphthalene or tar is avoided. On 
account of the flameless combustion, choking of the jets, 
such as occurs easily with coal-gas, is impossible, and 
therefore the troublesome regular cleaning of these is not 
recessary. The formation of hot local flames, and thereby 
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reproduced indicate the temperatures obtaining at dif- 
ferent points during the period. The marked effect on 
the temperature of an increase of 3 per cent. in the 
moisture content of the coal will be noted. 





Menpinc MALLEABLE Castines.—The Jron Age gives 
the following method of mending malleable castings. 
The fracture is chipped away in the form of a V-groove, 
and the part surrounding the fracture is then heated with 
an oxy-acetylene torch to a bright red and sprinkled with 
a bronze flux, followed by a few drops of Tobin bronze 
melted from the welding-rod. If the bronze remains in 
a little globule, the work is not hot enough; but if iv 
spreads and adheres to the surface, the temperature is 
right, and the groove should be quickly filled, and at as 
low a temperature as possible. 





TRANSACTIONS OF THE INSTITUTION OF NAVAL ARCHI- 
TroTs, 1914.—Mr. R. W. Dana, the Secretary of the 
Institution of Naval Architects and editor of the Trans- 
actions of the Institution, is to be congratulated, not 
only on the accuracy with which the Proceedings of the 
Institution have been prepared for publication, but also 
on the promptitude with which the volume of this year 
has been blished. The Institution very properly 
prides itself on the quality of the work in the volume, 
and particularly in so far as it affects the reproduction 
of the extensive diagrams. This year there are thirby- 
one folding plates, and the volume itself extends to 
394 printed p»ges. It is enhanced by a portrait of Dr. 

} . Thearle, one of the Vice- Presidents of the Institu- 
tion, wbose name is prominent in the obituary roll of 
the year. The pr of both the spring and summer 
meetings are included in this one volume, and it is a 
remarkable fact that many of the papers bear « very 
direct relation to the present crisis. For instance, there 
is much ing the design of warships and the rela- 
tionship of design to modern strateg tactics. Inthe 
variety of the subjects dealt with the year’s volume 
comes up to the best records, and we note that in many 
cases there are included written communications, in 
addition to the discussions which took place at the meet- 
ings. Such written communications are not obtainable 
except in the Transactions of the Institution. 





Business Lirz.—One by one the various occupations 
are being systematised and ey by the profe sor, 
the last to be dealt with being that of buying and se'ling. 
Already, however, colleges exist solely for giving inst: uv- 
tion in commercial matters, and universities even grant 
academic degrees testifying to the candidates’ know- 
ledge of the principles underlying finance and ex- 
change. At Birmi there is a course on business 
desi specially for engineers, a class who hitherto 
have had to trust to their native sense when they 
stepped outside their technical pursuits. On all hasos 
the attempt is being made to put business on a 
more scientific footing, and to instruct the younger 
men in the principles by which efficiency can be attained. 
A book now before us is a modest contribution to the same 
end. It deals, however, more with the subject uf character 
and behaviour than with methods, and would scarcely fall 
within the scope of our columns were it not that thw 
position of its author, Mr. W. J. Parkins, a» director and 
secretary of Tangyes, Limited, Birmingham, is a useful 
reminder that technical knowledge does not count for 
everything with the officials of a modern go-ahead firm. 
The book cemprises five chapters, addressed re-p- ctively 
to the office-boy, to the clerk, to the departmental chief, 
to the secretary, to the chairman, the managing director, 
and the director, in addition to an introductory chapter 
and one on principles of business. Each chapter is 
replete with common-sense and full of advice, deal- 
ing largely with conductand motives. The business world 
would be the better if this advice were taken to heart, not 
alone by the office-boy, but also by those above him, for 
the commercial magnate sometimes needs to be reminded 
that buying cheap and selling dear does not re nt the 
whole duty of man. The book is published hy Mesere. 
H. R. Allenson, Limited, of Racquet-court, Fleet-street, 
E.C., at the price of 1s. net. 
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CATALOGUES. 


Wood- Working Machinery.— A small sectional catalogue 
of mortising and eg tae py BP eee, ” saws, and 
saw-benches has been issued by the Carron Company, of 
Carron, Stirlingshire. 


Bolts, Nuts, Studs, 4&c.—We have received from Messrs. 
James Wiley and Sons, Limited, of le Works. Dar- 
laston, acopy of their latest price-list of and bright 
bolts, nuts, studs, washers, set-screws, spanners, 
Useful tables showing the weight of bolts and nuts per 
=, — the num per hundredweight are also 
included. 


Machine - Tools. — The Judson - Jackson Compray. 
Limited, of 50, Marsham-street, Westminster, S.W., 
have sent us a copy of their monthly list of machine-tools 
in stock. The list includes lathes, milling-machines, 
drilling-machines, ey = ge cold saws, and 
other tools, as well as chucks, vices, &c. Prices are 
stated in all cases. The lists are issued in various 
languages for distribution abroad. 


Steam. Hammers.—Messrs. Davy Brothers, Limited, of 
Park Iron Works, Sheffield, have sent us a copy of their 
latest catalogue of steam-hammers for smith-work, forging, 
and other purposes. Particulars are given of hammers 
of the overhung frame type, with and without slides, in 
sizes ranging from 2 cwt. to 40 cwt., and of double-arch 
frame hammers from 24 cw. to 40 cwt. The catalogue 
also deals with a special type of hammer for steel tilting, 
and illustrates examples of hammers with riveted steel 
standards, stamping-hammers, and tyre-becking hammers. 


Electric Winches.—A very attractive catalogue contain- 
ing specifications and prices of worm-g and spur- 
geared electric winches has reached us from the London 
office of the Sunderland Forge and Engineering Company, 
Limited, 31, Budge-row, Cannon-street, E.C. The cata 
logue was accompanied by a list of ships on which these 
winches have been instajled. We understand that a large 
number of these machines have been supplied to home 
and foreign dockyards for hauling purposes, and that 
they are also used for pile-driving. 


Oil-Filters.—Messrs. A. C. Wells and Co., 102 to 104, 
Midland-road, St. Pancras, N.W., have sent us a new 
list of their filters for waste oil. The list illustrates and 
describes the principle of these filters,which are too well 
understood by engineers to require any explanation here. 
Prices and particulars are then given of six standard sizes 
capable of treating from 2 to 250 gallons of oil per week ; 
much larger filters, with capacities up to 500 gallons a 
day, can, however, be supplied. Prices are also quoted 
for cylindrical and rectangular tanks and cabinets for 
storing lubricating oils. 


Steam-Engines and Botlers.—Messrs. Marsball, Sons 
and Co., Limited, of Gainsborough, have sent us a copy 
of an attractive pamphlet they have issued to illustrate 
some of the special engines and boilers they have con- 
structed for educational purposes | 
show experimental ines they have supplied to the 
Heriot-Watt College, Edinburgh ; the Municipal School 
of Technology, Manchester; the em wag Tustitute, 
Regent - street, London; the Darlington Technical 
College; the Poona College, India; the University of 
Hong Kong; and several other important institutions. 
General particulars are given of all the installations, and 
the special features of each are pointed out. 


Double-Helical Gearing.—Two small pamphlets issued 
by the Power Plant Company, Limited, of West Drayton, 
Middlesex, deal with the use of their double-helical gears 
in connection with machine-tools and motor-cars respec- 
tively. The first pamphlet deals generally with the appli- 
cation of the to machine-tool drives, and illustrates 
examples of lathes, boring-machines, milling-machines, 
and other tools on which they are employed. It also gives 
rules and data for determining the sizes of gears, dimen- 
The other pamphlet, relating to 
motor-car work, also oe the necessary data for deter- 
mining the sizes of double-helical spur-gears ; it also refers 
to the use of double-helical bevel-gears for back axles. 


Hydraulic Machinery, Cranes, 4&c.—The Leeds Engi- 
neering and Hydraulic Oompany, Limited, of Oaklands 
Works, Rodley, near Leeds, have sent us an attractive 
loose - leaf catalogue of hydraulic machinery, cranes, 
&c., constructed by them. Illustrations and specifica- 
tions are given of hydraulic-pressure pumps driven by 
belt pulleys, steam-engines, or electric motors, also 
of hydraulic accumulators, intensifiers, stationary and 
portable riveting-machines, fanging and forging presses, 
bonding-machines, wheel-presses, and other hydraulically 
operated machine-tools. Particulars are also given of 
hydraulic cranes, electric cranes and hoists, electric 
traversers, and electric winches and hau gears. 


Pumps.—Messrs. Dawson and Downie, of Elgin Works, 
Clydebank, Scotland, have recontly issued a catalogue of 
marine pum 
tions, of which the first relates to Dawson direct-acting 
boiler-feed pumps, ballast-pumps, air-pumps, and com 
bined air and circulating — The next section deals 
with vertical and horizontal duplex pumps for boiler 
feeding, ash-ejector work, ballast-pumping, hydraulic 
service, and general purposes, while the last section in- 
cludes vertical steam-driven fire and bilge-pumps, air- 
pumps, and combined air and circulating pumps of the 
crank type. The catalogue, which is nicely printed and 
well illustrated, gives full particulars of all the standard 
sizes made of each typecf pump. It is also fully coded, 
to facilitate inquiries. 

Engineers’ Sundries. — Messrs. Wallach Brothers, 
Limited, Royal London House, Finsbury-square, E.C., 


sions of teeth, &c. 


&e. | other articles. 


The illustrations | mad 


The catalogue is divided into three sec- | fi 


have issued a new catalogue of goods made or sold by 
them. The articles included in this catalogue are so 
numerous, and of such a varied nature, that we cannot 
possibly mention them all, but in looking through its 
pages we noticed pressure-gauges, stop-valves, gauge- 
glasses and protectors, steam-traps, oil- filters, machine- 
tools and accessories, hoists, jacks, safety-helmets and 
face-masks, respirators, eye-protectors, fire-fittings and 
appliances, rubber goods, power-transmission accessories, 
small tools, forges, spraying-macbines, pumps, and many 
The catalogue is very fully illustrated, 
and prices are stated for all the goods listed. It is also 
vided witb a good general index, so that it will doubt- 
ce be found very useful to engineers and others. 
Forging-Machines.—A catalogue of Ryder forging- 
machines reached us from Messrs. Thomas Ryder 
and Son, Limited, of Turner Bridge Iron Works, Bolton. 
These machines are too well known to require a general 
description here, but we may, perhaps, remind our readers 
that they are of the type in which the ae swages are 
operated by a rapidly-rotating eecentric ft, while the 
lower swages are ra as required by means of screws 
and wedges. A power elevating motion has recently 
been applied for the ——— of raising the bottom swages, 
and this device greatly increases the usefulness and effi- 
ciency of the machine. The catalogue illustrates and 
briefly describes the construction of the machines, and 
gives.a general specification and instructions for working 
them. Full particulars of the different sizes made are 
also given, and some examples of work done are illus- 
trated. Hot-sawing machines and coke-breaking machines 
are also dealt with in this catalogue. 


Acid-Resisting Iron Vessels.—We have received from 
the Lennox Foundry Company, Limited, Tantiron 
Foundry, Glenville Grove, New Cross, 8.E., a catalogue 
giving particulars of an acid-resisting alloy known as 


"| ** Tantiron,” and illustrating examples of vessels and appa- 


ratus made of this alloy. ‘‘ Tantiron,” it is stated, does 
not rust or oxidise, and is not attacked to any significant 
extent by any ordinary corrosive chemical. Its resistance 
to corrosion is said to be 1000. times ter than that of 
ordinary cast iron, so that, although ‘‘Tantiron” costs 
about four times as much as cast iron, a very great 
economy is effected by its use. ‘*Tantiron” is lighter 
and not so strong as cast iron, but is some 60 per cent. 
harder, so that it offers considerably more resistance to 
erosion. With a few precautions, which are mentioned 
in the catalogue, it can be cast into any form, and can be 
machined with very little difficulty. The catalogue 
illustrates examples of nitric-acid plant, sulphuric-acid 
plant, nitrating vessels and other plant for the manu- 
facture of explosives, as well as pampe, cocks, valves, 
pipes and pipe-fittings, pans, basins, dishes, and other 
vessels made of this very useful alloy. 


Steam-Turbines.—Messrs. R. 8. Price, Limited, 12, 
Norfolk-street, Strand, W.C., have sent us a catalogue 
illustrating and describing the construction of the ‘* Iona” 
steam-turbines, and giving particulars of the various sizes 
e. These turbines are of the single-wheel impulse 
type, and the steam is first expanded in one or more 
divergent nozzles down to the pressure of the exhaust. 
After passing through the blades in an axial direction, 
the steam enters a U-sha: guide-passage, which directs 
it back again on to the wheel, so that it through 
the blades in the opposite direction. It then enters 
another guide- , which directs it on to the wheel 
for a third time, and it finally away to the exhaust. 
The number and type of nozzles used, of course, depend 
on the conditions under which the turbine is to run. 
They may be constructed so that the ratio of the areas of 
the throat and outlet can be varied, or they | be pro- 
vided with a throttle-valve, for the pur; of varyin 
the speed and output of the turbine. The sizes lis 
have outputs ranging from about 2 to 240 horse-power. 
They are suitable for direct coupling to centrifugal 
pumps, fans, blowers, electric generators, &c., as well as 
for driving machinery by belts. 


Cascade Induction Motors.—From Messrs. Sandycroft, 
Limite’, of Chester, we have received a catalogue giving 
ptices and full particulars of their single- cascade 
induction motors. In these motors, which are made 
under Hunt’s patents, the windings are equivalent to 
those of a pair of ordinary induction motors connected in 
cascade, so that the starting resistance can be connected 
to the stator windings instead of to the rotor. The use 
of slip-rings is thus avoided, and the motor has the high 
starting torque and s -regulating properties of a slip- 
ring motor, combined with the simplicity and robustness 
of a motor of the squirrel-cage type. © motors are 
thus especially suitable for rough work in dusty situations ; 
they have been extensively adopted for mining work. 
Another important advantage is that, owing to the 
special type of winding adopted, cascade motors can be 

e for slow speeds much smaller in diameter than 
ordinary induction motors. The catalogue briefly de- 
cribes the principles involved, and gives a general speci- 
cation covering the construction of the machines. The 
remainder of the catalogue is occupied by tables oo 
weights, and other particulars of three-phase 50-cycle 
motors with 12, 18, 24, and 30 poles, and with capacities 
varying from 5 to 960 horse-power. Prices for bed- 
plates, slides, bolts, pulleys, flexible couplings, and liquid 
starters are also mentioned. 


Steel Works Plant.—An interesting catalogue, illus- 
trating and describing examples of fixed and tilting 
open- furnaces, metal-mixers, and reheating fur- 
naces recently constructed by Messrs. Wellman, Seaver 
and Head, Limited, of 47, Victoria-street, Westminster, 
S.W., has come to hand from this firm. The catalogue was 
practically completed before the outbreak of the war, 





it is interesting to note that the plant illustrated has in 


several cases been supplied to works in places which have 
figured prominently in the war news. For instance, one 
furnace and charging-machine illustrated was supplied 
to Messrs. Japy Fréres at La Fére, and an installation of 
rolling-furnaces at the Aciéries de Longwy is also shown. 
A metal-mixer supplied to the Esperance Company, 
Louvroil, near Maubeuge, is another instance of this 
kind. We also notice that the firm obtained orders for 
tilting- furnaces from German and Austrian works, 
including the Dortmunder Union and Messrs. Krupps, 
although those at the latter works were not completed at 
the time the war broke out. Among much other interesb- 
ing matter, all of which is printed in both English and 
French, may be mentioned a brief article setting out 
the special advan of tilting-furnaces. ong these 
advantages it is claimed that time is saved in making and 
breaking tap-holes, the furnace can be more fully charged 
and tilted wards during the boil, fettling is done 
more quickly, there is less cooling of the furnace between 
charges, the excess of slag can be removed or changed if 
required, and the top metal, which is hottest, is poured 
first, so that there is less ‘*skulling.” 


Drying-Machines.—A pamphlet illustrating and de- 
scribing Ruggle’s  —?. rotary drying - machines has 
issued by the Drying partment of Electro- 
Metals, Limited, 94, Union-court, Old Broad-street, 
E.C. These machines can be used fer all kinds of 
materials, and several different types and patterns are 
made. They are, however, generally constructed on the 
following principles: Two concentric cylinders sup- 
ported on friction-wheels, in a position slightly inclined 
to the horizontal, are made to rotate slowly about their 
longitudinal axis by means of gearing. The material 
to be dried is fed into the space between the two cylin- 
ders at the upper end, and during its passage through 
the machine it is mene up by pockets formed on the 
internal surface of the outer cylinder, and dropped several 
times on to the outer surface of the inner cylinder, which is 
also provided with pockets. Theinner cylinder isconnected 
at its upper end toa furnace, the hot gases from which 
are drawn through the machine by means of a fan. They 
first pass through the inner cylinder and then back again 
through the space between the inner and outer cylinders, 
so that on their return journey they come into direct 
contact with the material to be dried. The temperature 
of the gases is, of course, considerably reduced during 
their through the inner cylinder, but in order to 
cool them still further they are mixed with cold air, 
which is allowed to enter at the lower or outlet end of 
the machine. In this way the temperature of the gases 
is reduced to about 250 deg. Fahr. before they come into 
actual contact with the drying material, and their final 
exit temperature is only about 100 deg. Fahr. It is 
pointed out that with this construction the cold, wet 
material first comes into contact with the hottest part of 
the inner cylinder, so that the water is rapidly evaporated, 
and the vapour produced is quickly carried = Also, 
radiation losses are very slight, because the temperature 
of the outer cylinder is low, and very little heat is 
carried off by the dried material, since the latter is cooled 
by the incoming cold air. It is claimed, in fact, that the 
actual over-all thermal efficiency of the machine is 75 per 
cent. ; that is to say, 75 per cent. of the heat in the fuel 
supplied to the furnace is usefully —. The 
pamphlet fully describes the construction of these dryers, 
and gives particulars of the different sizes made. It also 
illustrates portable and semi-portable drying-plants, and 
other types of drying-machines for use with materials, 
which would be injured if allowed to come into direct 
contact with the products of combustion. A steam- 
heated drying-machine for brewers’ grains, cotton-seed, 
corn germs, and other organic materials is also dealt with. 





Cana. Finance.—The half-yearly meeting of the Leeds 
and Liverpool Canal Company was held at Liverpool on 
Friday, September 18, Mr. W. E. Willink presiding. The 
chairman said the results of the: past half-year’s working 
were not good. The losses in receipts—almost entirely 
in freights—in comparison with the corresponding period 
of last year, were 4655/. There had been, however, a 
saving in expenditure of 2454/., the net decrease “| 
thus 22011. The company’s old enemy, drought, hb 
begun to make itself felt, and their traffic had been 
stopped over the summit, but heavy rain had fallen, and 
they had been able to resume their ordinary services. 
Mills and works were closed owing to the war, partly 
from financial difficulties, — from want of men, and 

rtly because of the difficulty of obtaining raw materials. 
The time before the company had, accordingly, much 
anxiety in store. 





GERMAN AND AUSTRIAN Exports OF FirEspicks, &c. 
—Germany exports firebricks, crucibles, &c., to the 
amount of about 644,000/. per annum, while Austria- 
Hungary’s exports of this class amount to about 248,300V. 
Of these exports, goods to the value of over 30,000/. come 
to Great qo the —— com compeinins ay 

esite, xite, ani phite bricks, weighing up 
5 kllos. each, These sn er nearly two-thirds of the 
total value of these imports from the two countries, 
the bulk coming from Austria-Hun . InColonial and 
neutral markets, Germany’s trade in small and large fire- 
bricks is very considerable. Russia is her largest pur- 
chaser, buying to the value of about 150,000/. In some 

of Russia our trade is dec ing and Germany’s 
increasing. Recent reports state that the attempt has 
been made by German firms to secure Russian trade by 
imitating the marks of well-known Scotch brands. France 
buys firebricks from Germany to the value of nearly 
129,000/. per annum. Belgium is also a good market, 





and | taking to the value of about 79,000/. Austria’s principal 


customers are Russia, France, and Italy. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

The date of the ateertie f the acceptance of a Complete 

°, vertisement of the mee of a Com 
Specification is, in each case, given after abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 





Any person may, at any time within two Srom the date of 
advertisement of the pt of a Complete Specificati 
give notice at the Patent Ofice of opposition to 


the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 
714/13. Firm Siem: e,G.m.b.H., 
Ger “Stoves. (1 Fig.) 


many. tric 
December 28, 1912.—The heating-plates of cooking - stoves in 
certain cases are fixed, whilst in others they are removable. In 
the latter type of stove the heat losses are less than in the 
former, and further the heating elements are more easily repaired. 
Some cooking-stoves have removable heating-plates supported 
by the Funes: the provision of a channel for collecting any 
liquid which may boil over having been proposed in connection 
with such stoves. In the majority of cooking-stoves having 
removable heating-plates, these plates are not supported by the 
top plate, but by bridge-shaped carriers or supports 
b th the opening provided for the heating plate. 
case the current-supply leads must be specially protected inst 
wet, dirt and mechani damage by the dropping of 
articles through the apertures when the heating-plates have 
been removed. To reduce this possibility, the bridge - pieees 
have been so formed as to form covered conduits for the 
accommodation of the current-supply | The invention 
consists in an electric cooking-stove in which removable hot 
plates, when in position, are each supported by an inset plate, 
preferably made from sheet-metal by eee or stamping, the 
said inset plates being so formed that the current-carrying parts 
and the interior of the stove are entirely covered in. One method 
of carrying the invention into effect is shown by way of 
example in the drawing. a@ denotes the top plate of the 
stove or range, b the sheet-metal inset plate, c the socket for 
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completing the circuit, which socket is attached to the inset 
plate b,d indicates the heating-plate in connection with the 
socket c, while ¢ denotes the current-supply leads. These inset 
plates, besides possessing the advantages of the previously- 
known devices, also possess the advantage that they may be 
manufactured simply and cheaply on a large scale from sheet 
metal. Further, they have the advantage that it is possible 
to construct them in various forms—i.e., to modify and develop 
them to a great extent. So, for instance, they may firstly be 
provided with a gutter for catching any liquid which may 
have boiled over or been splashed. Such a gutter is shown at / 
in the drawing. Further, wart-like projections g may be 80 
arranged that the heating-plate d, after having been inserted in 
the socket c, finds a support on the said projections. By this 
means the liquid is permitted to escape into the gutter f even 
after the cooking-plate has been inserted, whilst the weight of 
the latter is supported by the inset plate. A further result of 
this particular method of supporting is that the escape of heat 
is only slight; further the efficiency of the heating apparatus 
is improved even when compared with stoves or ranges using 
bridge-shaped heating-plate supports or carriers. In order to 
increase the cleanliness of the stove or range, escape-openings h 
for the liquid may be provided on the gutters f. To these open- 
ings draining conduits of any suitable type may be attached, 
which lead to the waste-pipe of the kitchen, or to éasily-acces- 
sible collecting vessels k, which are emptied from time <o time, 
and which may be arranged inside or outside the cooking-stove 
orrange. (Accepted July 1, 1914.) 


14,699/13. A. F. Be , Ealing. Electric H 
Apparatus. (9 Figs.) June 25, 1913.—This invention has 
reference to electric heating apparatus of the kind wherein the 
resistance conductor or heating element, in a crenellated, zig-zag, 
folded spiral or other shape, is held within a metal casing or con- 
tainer between layers of insulating material, such as sheet mica, 
that is of a refractory nature, but will allow of conduction and, it 
may be, of radiation of heat therethro to the metal casing. 
In arrangements of this kind as heretofore constructed, when 





the resistance conductor has been of crenellated, zig-zag or 
folded shape, and made from plain fiat sheet or strip resistance 
material, as distinguished from wire of ci 
to shape, it has had sharp edges, usuall 

the conductor out of a flat sheet or wale of resistance me 
alloy. Such sh are, however, very objectionable in 
practice, because in the use of the jus embodying such 
& resistance conductor wg HH by continued use to 
weaken or cut through the layers of insulating material, which 
‘re necessarily thin, and short-circuit the conductor, or portions 


reular section, bent 
produced by stamping 
tal or 


thereof, and make the metal casing or container alive. Now 
this invention has for its object to produce electric heating 
apparatus of the kind herein referred to, wherein the resistance 
conductor or heating element, formed of plain flat sheet or 
strip material, as distinguished trom wire of circular shape, is 


a) plicd thereto, so as to form therein, at parts thereof from 
wnich the bitumen has been scraped or otherwise removed, 
a comparatively wide slit or slot a to the straight or 
diametrical side c of the sheet, extending nearly to the 
curved edge d of the sheet at each side; and at eacn side of 
such wide slit and at right ang es thereto a series of narrower 
slits ¢ that terminate alternately at the wide slit b and at the 
curved periphery d of the sheet or straight diametrical side c 
thereof, according to the side of the wide slit at which they 
are situated, the centre slit f extending from the wide slit b to 
the straight edge of the sheet, being made much wider than 
the others, and the two next slits ¢l adjacent to and parallel 
with such wide sht /, being arranged sutficiently far from the 
wide slit as to form wide terminal portio.s g, g! that can be 
bent at right angles to the heating element thus formed. The 
arrangement is such that the sheet is formed into a long resist- 
ance conductor of crenellated or zig-zag shape that starts at 
one terminal g and extends, say, to the right, to one side of 
the curved periphery d of the element, then crosses over at one 
end }! of the wide slit ), then extends backward to the left- 
hand side of the element, then crosses over at the oppcsite 
side b? of the slit 6, and continues to the right until the other 
terminal portion g! is reached. By this construction, ts of 
the conductor, between which there will be considerable differ- 
ence in voltage when the element is in use, will be separated 
by an air-space of considerable width. Two resistance or heating 
elements a thus formed may be mounted between thin sheets 
of mica, and rigidly held within and between two metal cover- 
plates that entirely enclose them, and which will be heated 
thereby when current is passed through such heating elements, 
termixal portions g, g! of which, suitably insulated, extend 
through holes in one of such plates. The two resistance or 
heating elements a may be arranged to be connected up in 
series or parallel as described and in a manner well understood. 
(Sealed September 10, 1914). 


14,518/13. Allgemeine Elektricitats-Gesellischaft, 
Germany. Electricai Solde of Metals. 

{1 Fig:] June 21, 1912.—Hitherto it has been difficult electrically 
to solder metals by a process such as the resistance welding pro- 
cess. The difficulty arose from tl.e presence of the soldering flux 
between the solder and the metal parts to be soldered, which did 
not permit of electrical contact being secured between the solder 
and the metal to be soldered. According to the present 
invention, — of soldering, by means of an auxiliary elec- 
trode, is elec ly heated by conduction to such a degree that 
the flux is affected, and contact is made between the solder and 
the parte to be soldered, and the soldering is then completed by 
the resistance heating which is thereupon set up at the soldering 
point. The drawing shows an apparatus for carrying out this 





method. The metal parts to be soldered, a and ), are spread over 
at the joing faces with a soldering flux, and are clamped 
between the gripping electrodes c and d. A piece of solder / is 
then placed between a and b, and the latter are pressed together. 
A movable auxiliary electrode g, which is, for example, attached 
to the gripping electrode d, is then pressed against a, so that the 
flow of the current takes place from a to g, and heats the point of 
contact, and, by conduction of the heat, the point of soldering. 
As soon as the heat is sufficient, contact between the parts a and 
b is established at the soldering point, the auxiliary electrode g is 
removed, the solder f commences to flow, and soldering takes 
place by the pressing together of the partsaand b. (Accepted 
July 1, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


29,704/13. Crossley Motors, Limi Manchester, 
and A. W. Reeves, le. Inte -Combustion 
{1 a December 24, 1913.—This invention relates 

to improvements in and in connection with the valves of internal- 
combustion engines, and ticularly to the type used for the 
propulsion of motor vehicles ; but which may also be used in the 
construction of light engines for marine, aerial and stationary 
rposes. An internal-combustion engine is, according to this 
Ceuation, provided with a sliding, hollow cylindrical inlet-valve 
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having its seating or seatings formed within and upon the main 
cylinder-casting, and a sliding, hollow cylindrical exhaust-valve, 
within which the inlet-valve slides, such exhaust-valve having its 
seating also upon a bevelled face formed in and upon the main 
casting, both valves being concentric with a stationary 
ing the os fixed concentrically also 

r, and ei the inner or the outer valve bein, 

used as the inlet-valve. The power cylinder 
embodies at ite upper end the arrangement of valves peculiar to 





this invention. A hollow cylindrical form of inlet-valve A, with porte 
C formed within or upon its circumferential shell, is employed. The 
| 4 — valve A slides upon a fixed b hamb 

, suc carrying the sparking- F for the ition 
of the working c' The vie rye o = 





rmed upon it two 
so made that the slits or openings therein have rounded edges. | bevelled seatings at Y and Z respectively, for which accommo- 
A.sheet @ of resistance material is taken of ximately | dating seatings are formed upon the ani cylinder casting O, as 
semi-circular shape, covered with bitumen and etc liquid | shown. yo | concentrically with, and outside, the inJet-valve A 


is a similar hollow cylind: exhaust-valve H, having a bevelled 

ng K. A bevelled face is also formed upon the main ey lhnder 
casting O in the manner illustrated. For the admission of the 
explosive-fluid mixture, a circular passage L is cast in the main 
ey’ r passage, as shown, such passage being in direct connec- 
tion with the fluid-mixture supply. For the exit of the exhaust 
gases a circular M is similarly formed, such passage con- 
necting with the atmosphere. (Accepted July 1, 1914.) 


5190/14. P. Raynerand G. H. T. Rayner, Sheffield. 
Air-Compressors. [10 Figs.) February 28, 1914.—The object 
of this invention is to provide an improved construction of inlet 
and outlet-valves for vertical air-compreesors, whereby the friction 
in the valves is reduced and their efficiency for admission and 
exhaustion increased, whilst at the same time the manufacture of 
such machines may be simplified and rendered more economical 
than is the case in such machines as ordinarily designed. In the 
design to which this invention is applicable the admission-valve is 
situated in the top of the compression piston and opens to admit 
air on the downward stroke as soon as a very slight reduction of 
pressure occurs below that of the atmosphere. It closes by 
gravity nt finishes the down stroke. The discharge 
of the com air takes place as the piston nears the top of 
the cylinder, as soon as the pressure slightly exceeds that in the 
receiver or pressure main, and the discharge-valve is closed b 
+ p when the discharging stroke of the piston is comple 

he invention consists in the arrangement of inlet-valve appa 
ratus, aoe J Py gravity, consisting of concentric ring-plate 
valves formed without projecti in any direction, each admitting 
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air past outside and inside peripheries mounted on the piston 
and moving with same, such valves being guided and spaced off 
from each other by renewable spring-washers or the like held in 
position by the screws securing the valve-guard plate to the 
piston. Atmospheric air passes into the cylinder at 1, and is 
admitted to the interior of the J pene by annular recess 2, porte 3, 
all in the cylinder casting, and annular port 4 in the piston wall. 
The inlet-valves are formed as concentric rings 5 and 6, and admit 
air past their outside and inside peripheries, and past bo:h the 

of the guard-ring 7, and throu the holes 9 in the 
same, thereby giving large area of inlet with minimum lift and 
free passage to the air. The guard-ring is held in position by 
screws locked by renewable spring-washers, which serve also as 
distance-pieces to keep the valves in their proper tion, and 
also as guides ensuring correct rise and fall of the valves. The 
discharge-valve 11 dischar, air past both inside and outside 
SS and is closed by sprin The valve travel upwards 
is restricted by disc -plate 18, formed in one piece with the 
cylinder-cover, and when closed the valve is seated on valve- 
guard plate 14, through which the air passes to the discharge- 
valves by port 15. (Accepted June 10, 1914.) 


RAILWAYS AND TRAMWAYS. 


9324/14. F. J. Talbot, Sheffield. Metal Keys for 
Rails. (16 Figs.) April 15, 1914.—This invention relates to 
that type of key for securing railway rails which is used in 
conjunction with an ordinary chair, and which is Yr -Y-Y u 
and adjusted so as to secure a tight, elastic fit with the rail 
chair by means of a bolt and nut, the bolt being passed Gam 
apertures in the key and located parallel to the web of the rail. 
According to the present invention, the key has a central flat 
or approximately flat portion which reste against the inner 
vertical face of the chair. This central flat portion is connected 
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(324) 
by curved with end parte which are roximately at right 
angles to the central flat portion, but are htly ed out at 


their ends, which come into contact with the web of the rail. 
The curved parts are located on each side of the jaws of the chair. 
These end _— are provided with feet which fi nst the web 
of the rail, and they are formed with apertures receive the 
bolt. Upon the nut being screwed on to the bolt, these end parts 
are bent towards each other until they are at A angles, or 
more nearly at right angles, to the web of the than their 
original condition. These end parts thus act as compression 
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lates, the being applied in the planes of the plates. 
: is the rail and bisa Chait of ordinary construction. c is the 
central flat or imately fiat portion, which is located 
contact with the inner face of the jaw of the chair b. At each 
end this central flat jon c has curved parts cl, by which it is 
connected to the parte c2, These latter are thicker than the 
parts c and c!, and act as feet at their ends, which are in contact 
with the web a! of the raila. The curved parts c! prevent the 
key becoming displaced longitudinally, and by ng they act 
somewhat as pivots for the end ec and aff 

of elasticity. As shown in Fig: , the end parte c® are at right 
angles to the web a! of the rail, but before the key is tightened 
by the bolt d and nut d! they are slightly splayed apart. With 
hed elastic stiffening-piece 4 which is 


the key shown, an arc! 
slotted to accommodate the bolt d, may be 
piece bears against the centre of the flat or approximately flat 
part c, and its ends, as shown at Fig. 1, fit into recesses in the 
parts c2. (Sealed September 10, 1914. 

27,849/13. G. H. Sheffield and McKerrow and Co., 
Limi } {6 Figs.] December 3, 


1913.—This invention relates to improvements in my 
for railways and like rolling-stock of the kind in which two 
coil springs, a lighter one and a heavier one, are — in 
series, the light spring coming into action under light loads, 
and the heavier spring for heavier loads. ch an arrangement 
has been in connection with the suspension of under- 
trucks for tramway vehicles, the springs being arranged above 
and below the side beam of the truck and at the sides of the 
axle-box. The invention consists in a bearing-spring system for 
railway and like rolling-stock, comprising one or more sets of 
superposed volute or other coil springs of different strengths, 
the springs being arranged between a casting or like fitting 
secured to the underframe of the vehicle and a similar fitting 
arranged wholl ae and restin open a... —. — 
superposed ngs being separat y ating washers. 

canting or like fitting b is secured to the sill a of the under- 
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frame of a wagon, and upon the crown of the axle-box a similar 
casting c is mounted, a certain amount of clearance being 
allowed between the base of the casting and the axle-box. 
Between the castings b and c are two sets of volute springs, the 
upper springs d of each eet being more flexible than the lower 
springs /, while the washer g separates the springs of each set 
from one another. For the purpose of retaining the springs in 
position, each casting or like fitting may be formed or provided 
with a boss h, while each washer g is conveniently formed with a 
flanged edge, as shown, if this be found to be necessary, and for 
the purpose of holding the om in position when the axle-box 
for any reason, is dropped, a bolt or the pet bn Fy ae h the 
centre of the dividing-washer when a single washer is employed, 
or which may pass bet the two hers, as shown in the 
example illustrated in the drawings, the bolt or the like being 
of sufficient length to allow of the necessary movement of the 
device while being of such a construction as to — the parts 
from falling out of place when the axle-box is dropped. (Sealed 
August 20, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


28,479/13. T. Sugden, London. Steam 8 heaters. 
(6 *#igs.] December 10, 1913.—This invention relates to steam 
superheaters for vertical boilers. It is known to arrange in the 
uptake of a boiler a superheater of the type com ing bent 
tubee rising from a steam-box ; also it is feone to introduce 
such superheater through a door. According to this invention, 
the superheater-tubes, which extend to a considerable height in 
the u e funnel or chimney (hereinafter referred to as the 
funnel), are arr to be withdrawn through a longitudinal 
opening in the side of the funnel, which opening is closed partly 
by the steam-box and partly by a separate plate when the super- 
heater is in position. An opening of suitable le: is made in 
the side of the funnel A, and the olges of this opening are turned 
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outward at B, B 
verse angle-irons ©, O, 
superheater. The su) 
and lower chambers F, 


strengthened by longitudinal and trans- 
D, D, which form a fean:ing to carry the 
comprises a box E having upper 


and 
CG, 


in | sw 


This bolt is shown furnished with a sleeve M to protect it from 
wear, The upper sy of the opening in the funnel above the 

perheater-box E is closed by a removable plate O bolted to the 
framing C, D. This plate can be removed to allow inspection of 
the superheater-tubes or to allow of the complete removal of the 
superheater, if desired. Should it be required to work the boiler 
while the superheater is removed this can be done. In such cases 
a second plate is bolted to the framing to cover the opening left 
by the removal of the box E. (Sealed August 20, 1914.) 


48/13. H. Mensforth, Manchester. Steam- 
[2 figs.) October 1, 1913.—This invention relates 
to steam-turbines, and has for object to 


je an improved 
method of attaching the blades or vanes of such machines to the 
edge of a disc by which they are supported. According to this 
invention, the is provided with a groove having substantially 
p rallel sides in which the ends or roots of the blades or vanes are 
received, radial movement of the blades or vanes being prevented 
by means of two rows of pins in such a manner 

each pin is adapted to en with the roots of two adjacent 
blades or vanes, and each le or vane is held in place by two 
pins, one on each side. Referring ly to Fig. 1, the turbine 
disc or wheel 1 is provided with a groove 2 having substantially 
parallel sides, and adapted to receive the ends or roots 3 of 





Fug.1. 
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(22.448) 


the blades or vanes 4. The roots are enlarged in the circum- 
ferential direction so that adjacent blades will be properly spaced 
_— This a is shown at 5 (see . 2) as being on 
the convex side of the blade, this being preferable, but obviousl 
the enlargement may occur on the concave side of the blade if 
desired, or it ma vided on both sides so as to secure 
central support, e blades are secured in position in the groove 
2 by means of two rows of pins 6 which are alternatiye 
80 that => engages with the roots of two adjacent blades 
and each blade or vane is held in place by two pins, one on each 
side. The invention is limited in its application to cases in which 
the turbine-wheel carries one row of es, as shown in Fig. 1, 
or in which at most two rows of blades are secured to the said 
wheel. (Sealed August 17, 1914.) 


15,413/13. D. B. Morison, Magtiepest. Feed-Watcr 
Heaters. (2 Figs.) July 4, 1913.—Tne object of this invention 
is to — improvements in or modifications of the apparatus 
described in fication No. 3499, of 1912, for use on board ships. 
—— to this invention, the heating-steam supply is connected 
to the primary heater and to a loaded valve, called the ‘‘ control- 
valve,” which is in communication with another loaded valve 
connected to the condenser, and called the “deflecting valve,” 
a branch being provided between the valves for the reception of 
exhaust steam from deck machinery, and means for holding the 
control-valve open, whereby, when in port, a preferential supply 
of steam is deflected to the primary heater, the remainder ng 
through the deflecting valve to the condenser, and when at sea 
the closed control-valve acts as an escape at a predetermined 
for the surplus steam into the condenser. The primary 

ter a is connected to a condenser c through a valve g, called 
the ‘‘ control-valve,” which controls the pressure at which the 
surplus exhaust steam from the auxiliaries to the con- 
denser c when the main propelling engines are working at sea, 
and which may be maintained in an open position by the device 
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u under conditions when the deck machinery is in operation in 
port. On the condenser side of the control-valve g is the exhaust- 
t from the deck machinery such as is used in port. Between 
pipe and the condenser is a valve o, termed the “ deflecting 


be of the deadweight, ng-loaded or other 
, that the valve may be held open or 
may be closed down by collars on the wanes qtede, or ciay avs 
freely as a non-return valve. The lower on of the a 
is connected by the pipe p and valve I to secondary heater b, 
into which the surplus steam from the heater a may preferen- 


jae control-valve A a the maximum ee ad 
esired to carry in heating system, available 
exhaust steam, such 2 Sielight = gl -  B. oo 
pumps, eva . electric-light engine, r ing engine, 
ae Eee me and the like, together, it may be, with a 


tially flow. Under normal conditions of working. as on a voyage, | 
5d 4 which it 


from the receivers of the 
44° lines, heating 
to the pipe e between the 
a, and pass into the 
5 oe Eeaees, the drain- 
’ may » & portion of 
= heater. — the 
predetermined it, th 
= thr the deflecting-valve 
machinery is at work i 
not in operation, the exhaust 
than can be bed by the feed- 
conditions the control-valve g is maintained 
» the deflecting-valve o is so loaded 
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to the secondary heater b thro the 
preventing any accumulation of air in the 
r. By the ar t ding to this invention, 
tially sufficient supply of exhaust steam is 
primary heater, the lay-out of valves and pipes is 
the size of the pipes and connections to the 
and from the primary heater to the condenser, 

mi —* The 
ith 


eater a shown is generally in 

that set forth in Specification No. 3499, of 

1912, a! being the steam-cleanser, and n a discharge-pipe to the 
heater 6, or suitably elsewhere for the air separated 

from the feed-water. The connection between the 
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the discharge of the drainage-water together with the excess 

, the resistance to flow being determined by the head of 
water over the submerged nozzle r, together with the influence 
of the valve /. This resistance determines the working pressure 
in the primary heater, and therefore the maximum temperature 
of the heating steam, and when both heaters are in normal 
— _ Cg + E- .j oe necting favourably affects 
e a gz Cay ity 0 e system. (Sealed 
September 17, 1914.) 


SHIPS AND NAUTICAL APPLIANCES. 


15,583/13. Limited and James McKechnie, 

-in- jubmersible (3 Figs.) 
July 5, 1913.—This invention relates to submersible boats, and 
has particular reference to the mechanism employed for operat- 
ing their hydroplanes or horizontal rudders. These hydro- 
planes, which, as is well understood, ject laterally from the 
sides of the boat, and are adapted to be adjusted to any desired 
angle to cause the boat during its propulsion to rise or descend, 
have heretofore been ted in one or more horizontal bearings 
fixed to the shell or superstructure of the boat. According to this 
invention, the bea: or bearings of the hydroplanes are mounted 
upon a rotary member or turntable, which is capable of movement 
in a horizontal plane, and means are provided whereby the turn- 
table can be angularly d’ to bring the hydroplanes from 
their operative lateral position to a ition substantially parallel 
to the axis of the boat, and within the superstructure. Fig. 1 is a 
transverse section through the superstructure of a submersible 
boat, showing a constructional form of the improvements, and 
Fig. 2isa plan. A is the shell of the boat, and A! the superstruc- 
ture. B, B are the hydroplanee, and B!, B! their bearings. © repre- 
sents the rotary member or turntable. In the example shown, 
the turntable OC is arranged within the superstructure A!, and is 
suits bly supported on a ey | A2 carried by the shell A of the 
boat. Passing through the axis of rotation of the turntable isa 
vertical shaft B2, which is 
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g forming part of, 
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or attached to, the turntable ©, and this shaft is formed with or 
with a worm-wheel a B, 








upper end by & transverse 





supplementary supply from one or more receivers of the main 
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CALCIUM CARBIDE AND NITROGEN 
PRODUCTS. 
(Concluded from page 408. ) 
Tue MecuanicaL APPLIANCES FOR MANUFACTURING 
CYANAMIDE. 

WE propose now to describe the mechanical 
appliances for preparing the calcium carbide for 
the absorption in electrical furnaces of the nitrogen 
recovered from the air, as described in our previous 
article. Not only have these been greatly increased 
in capacity, but important changes have been made 
in the mechanism for some of the processes since 
the factory was formerly described, and in this 
work the design and supervision are due in great 
measure to Mr. G. W. Sinclair, the general 
manager of the company; while Mr. A. E. Malpas, 
Wh. Sc., M.I. Mech. E., has acted as his chief engi- 
neering assistant, and Ingenieur Helmar Dishington 
prepared the designs and details of the building. 

the geen of manufacture of cyanamide at the 
works is illustrated by the diagram, Fig. 50, while 
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in sacks weighing 2 cwt. gross, or in steel drums 
of approximately the same gross weight, the nitrogen 
content being guaranteed 18 per ceni. For the 
German market two qualities are supplied—namely, 
15 to 16 per cent. nitrogen and 17 to 20 per cent. 
ni m. In both cases the supply is made in 
double sacks of 100 kg. gross. The works since we 
last described them have been rearranged, and 
many new mechanical features introduced, and to 
these we propose to devote special attention. 

The cooled ingots of carbide are transported by 
means of travelling-cranes from the Alby Company's 
cooling-house (Fig. 52) on heavy iron trays and 
dropped from a considerable height into a large 
storage-bin of massive steel construction, having an 
inclined floor. The lower part of the floor is fitted 
with discharge-gates arranged at a convenient height 
for filling the carbide into wagons. In cooling the 
carbide blocks become intersected with cracks which 
cause them to break into pieces of convenient size 
when they are dropped into the storage-bin. On 





the floor immediately below the discharge-gates a 


CARBIDE 







TRAVELLING CRANES 


operation is controlled by a chain-gear placed con- 
venient to the bya oe The load discharged 
from the wagons is delivered by means of inclined 
chutes to the breakers. This is an entirely new 
arrangement of delivery at the Odda Works. 

The carbide-breaking machinery consists of two 
independent units, each designed to crush at a 
maximum rate of 16 tons per hour, so that each 
unit is capable of dealing with the full production, 
the other meanwhile standing in reserve. Each 
unit consists of a large steel-frame jaw crusher, 
supplied by Messrs. Edgar Allen and bo. Limited, 
Sheffield, a second crusher by Messrs. Marsdens, 
Limited, Leeds, and a heavy roller-mill by Messrs. 
Broadbents, Limited, Stalybridge. The crushing 
machinery (see Fig. 53, page 478) is erected on a 
massive concrete foundation strengthened by steel 
beams on the floor-level. The broken carbide is 
transferred from one machine to the other by 
special elevators, from which it is conveyed into 

e fine-grinding department. This arrangement 





of crushers and elevators has the advantage that 
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Fic. 50. Diracram ILLusTRATING THE Process OF MANUFACTURING CYANAMIDE AT THE OppA Works, Norway, or THE NITROGEN 


Fig. 51, page 466, gives a general view of the factory. 
Calcium carbide in saab pieces is delivered from 
the nory, Po of the Alby United Carbide 
Factories, Limited, to wagons on an inclined rail- 
way. Fig. 52, on page 478, shows the cooling- 
house in the carbide factory, as described in a 
previous article (page 353 ante). At the foot of 
the railway (Fig. 50) the wagons and content are 
weighed, and samples taken periodically for analysis. 
The wagons are then hauled by electric winches to 
the top of the incline and tipped into chutes 
communicating with the crushing machinery. In 
the crushers and subsequent grinding-mills the 
carbide is reduced to a fine powder. In this 
state it is filled into the electrical furnaces, 
where it is subjected to electrical heating in the 
presence of nitrogen. The chemical reaction which 
takes place in the furnaces changes the brown 
powdered carbide into a hard, grey-black stone- 
like mass—calcium cyanamide. This substance, 
after cooling, is crushed and ground to a fine 
powder, and in this state is treated with water to 
remove the last traces of calcium carbide, and is 
subsequently mixed with a small proportion of 
mineral oil, in order to prevent the formation of 
fine dust. The product is packed in double sacks, 
of which the inner is lined with paper. For the 
English and colonial markets the product isdelivered 
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system of lines and turntables is arranged to accom- 
modate the wagons for the transport of the carbide 
to the crushing department of the cyanamide works. 
From the filling-floor the carbide wagons, contain- 
ing a normal load of 1000 kgs. each, are hauled on 
an inclined plane, to the tipping-platforms. The 
inclined plane is provided with two lines, each with 
independent haulage. At the foot of each incline isa 
tram-bridge weighing-machine, supplied by Messrs. 
Averys, Birmingham. The loaded wagons are 
hauled up the incline of 1 to 6 by electric winches 
at the rate of 300 ft. per minute. The winches are 
furnished with an automatic switch, which stops 
the ons in a rotating tipping-cage. 
On saiing the lev at the top of the incline, a 
catch on the side of the wagon automatically 
with a hook attached to a counterweight, 
which is drawn up as the wagon enters the tipping- 
cage and serves to draw it out of the cage after 
tipping and to start it upon the return journey 
down the incline. The hauling and counter-balance 
ropes remain attached to the wagon during tipping, 
and the operator manceuvres the wagon entirely by 
means of the controller on the electric hauling- 
winch. The a tipping-cages are operated by 
means of independent electric motors, which are 





coupled through friction mechanism and cause the 
cages to make one complete revolution. This 


the heavy machines are all carried on solid founda- 
tions instead of being supported upon a more or 
less flexible structure, as is usually the case when 
they are arranged in series one above the other. 
Further, all parts are accessible to the travelling- 
crane, and repairs can be effected more expedi- 
tiously and without interference to the other 
machines. Each of the crusher units above de- 
scribed is served by an independent system of 
shafting driven by belt by an electric motor. The 
fine dust arising from the crushing is collected by 
a system of piping and conveyed to a large dust- 
filter working in conjunction with an exhaust-fan. 
The crushed carbide, reduced to pieces approxi- 
mately of 4 in. cube, is conveyed from the elevators 
in the crushing department to a system of ten 
hoppers. This is effected by two independent 
transporters constructed upon a novel principle, 
the features of which will be clearly seen from thé 
drawings reproduced in Figs. 66 and 57, on 
467. The transporters consist of steel troughs to 
by means of links from a framework provided wi 
wheels. These wheels run upon rails, which form 
part of the structure of the storage hoppers already 
mentioned, and permit of a longitudinal movement 
of the framework and trough. By means of a crank 
and connecting-rod, driven S an independent motor, 
the framework receives a longitudinal movement of 
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approximately 8 in., at. the rate of fifty double 
strokes per minute. As the framework moves to 
and fro it imparts a corresponding but increased 
movement to the trough, which is suspended from it 
by means of the links above mentioned, giving the 
trough a total movement of approximately 18 in. 
Between the frame and the trough a pneumatic 
buffer-cylinder is fitted, and so arranged that the 
trough moves forward with a slow and returns 
with a sharp movement, thereby causing its con- 
tents to progress from one end to the other. 
These transporters, which have been supplied by 
Messrs. Amme, Giesecke and Konegen A.-G., 
Brunswick, present many advantages over screw 
conveyors where gritty material is to be handled. 
The conveyor-troughs are fitted with valves corres- 
ponding to each of the ten storage-hoppers. 

The storage - hoppers, each of approximately 
2 tons capacity, are placed at a level above the 





Each motor is of 50 horse-power, of the vertical 
three-phase induction A.E.G. type, and runs at 960 
revolutions per minute (Fig. 54, page 478). The 
windings are enclosed, but ventilated. The driving- 
pulley is supported in two vertical bearings in a 
separate housing, which forms a substantial base 
for the motor proper, and the pulley shaft is con- 
nected to the rotor spindle through a flexible 
leather band coupling. The weight of the motor 
is taken on a special thrust-bearing arranged in 
the top of the frame. The drive with these ver- 
tical motors gives no trouble whatever when a suit- 
able tension is preserved, but with a heavy load 
an insufficient tension there is a tendency for the 
belt to slip down. To obviate this, the motors are 
slightly inclined towards the mill. 

The retorts are constructed in the form of cylin- 
drical baskets from flat iron strips, and hold about 
450 kg. of ground carbide. Before filling they 





nace cover and bottom respectively. The electrode, 
which is connected to an alternating-current circuit 
of 70 volts, quickly heats up the carbide in the 
immediate neighbourhood of the hole to the tem- 
perature necessary for the chemical reaction to 
take place, and nitrogen being at the same time 
supplied, the heat rapidly rises until the whole 
mass omes incandescent. The reaction, which 
is strongly exothermic—namely, 


CaO, + Nz = Ca ON, + C, e 


results in an average temperature of 1100 deg. to 
1200 deg. Cent. being reached, and, for a mass of 
450 kg. of carbide, requires some 30 hours for 
completion. After a short period of cooling the 
retorts are removed at a dull-red heat to the cool- 
ing-house. The operations of filling and dis- 
charging the furnaces are performed with the aid 
of electric travelling-cranes, of which there are two 








Fig. 51. 


fine-grinding mills, and connected to the latter by 
means of automatic feeding mechanism, which is 
so arranged that it can be swung clear of the 
grinding-mills in order to permit the travelling- 
crane to operate freely. The fine-grinding mills 
are of the vertical ball type, known as ‘‘ Roulette” 
mills, and supplied by Messrs. Amme, Giesecke 
and Konegen, Brunswick. They consist of a ver- 
tical driver carrying six large steel balls, which 
are rotated within a heavy steel ring. The outer 
casing of the mill is provided with fine and coarse 
sieves and the driver with fan-blades, by means of 
which the finely-ground material is projected, first 
against the coarse sieve, and finally through the 
fine sieves. The rapidly-rotating driver promotes 
a circulation in the inter:or of the mill, which 
brings the coarser stuff continually in contact with 
the balls, and drives the fine particles through the 
sieves. 

In order to avoid danger from explosion 
through the evolution of entiine from the finely- 
ground carbide, the mills are completely closed and 
kept filled with nitrogen supplied through a gas- 
meter with which each mill is provided. The 
finely-ground carbide is collected in closed screw 
conveyors under the mills, and delivered to a 
duplicate system of elevators and screws, which 
transport it to the retort-filling machines situated 
in the furnace-house. 








are lined with corrugated paper. 
machines consist each of a large rectangular steel 
hopper mounted upon a framework. To the mouth 
of each hopper a feed-screw of fine pitch is fitted, 
to transfer the ground carbide to a distributor, 
which delivers it evenly through eight vertical tubes 
into the retorts placed below. In this manner a 
perfectly uniform and level filling of the retorts is 
secured. 

The furnace-house is divided into three sections, 
containing in all 604 furnaces. One of these 
houses is illustrated by Fig. 55, on page 478. The 
furnaces are mounted upon steel framework, so as 
to provide head-room underneath for the furnace 
operators. On the top of the framework a con- 
tinuous platform is provided a few inches below the 
furnace tops. The furnaces consist of cylindrical 
steel shells lined with firebrick, and provided with 
external heat insulation. The removable covers, 
which are of sheet-iron lined with firebrick, rest 
in a sand lute. Each furnace is provided with an 
independent nitrogen connection and an electric 
circuit communicating with a switchboard placed 
under the platforms above mentioned. 

The retorts, after being filled, are placed in the 
furnaces and the covers secured. A carbon 
electrode is then fitted through a vertical hole left 
for the purpose in the centre of the powdered car- 


bide, and is secured in terminal clamps on the fur-' 


The two filling- | 
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in each furnace-house. On removal from the fur- 
naces the retorts are placed upon small wagons. 
The cooling-house consists of a long alleyway 
running parallel with the furnace-houses, and is 
fitted with five lines of rails—four for the accom- 
modation of hot reverts, and one for the return of 
empty retorts to the filling-machines. On each 
line some ninety hot retorts can be placed. The 
wagons upon which the retorts rest are coupled 
together with short-link couplings, and the trains 
are pulled forward periodically by means of wire 
ropes: attached to electric winches. In order to 
assist the cooling of the retorts, two powerful fans 
are fitted about midway at the side of the cooling- 
house, and, while serving to cool the retorts, pro- 
vide an adequate ventilation for the furnace-houses. 
At the end of the cooling-house the retorts and 
wagons are weighed, and the former lifted by 
means of an automatic device and the contents dis- 
charged into a hopper communicating with the 
mouth of a powerful breaker. The retort is then 
returned to the wagon and the tare is weighed. 
The cyanamide-crushing machinery is of exactly 
the same construction and arrangement as that for 
the carbide-crushing, but has a slightly greater 
capacity. After crushing, the cyanamide is trans- 
ferred to the fine grinding department, by means 
of elevators and screw conveyors. For the grind- 
ing four rou'ette mills are employed, but in this 
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department the machines are driven from two in- 
dependent shafts instead of by vertical motors. 
Two extra foundations and hoppers are provided 
for extra roulette mills with vertical motors. 

From the roulette mills the cyanamide is de- 
livered into duplicate elevators, and transport 
screws provided with reversing gear, so that the 
cyanamide may be transported in either direction. 
At one end of this system of screw conveyors is a 
large elevator reaching to the top floor of the 
storage silo, and arranged to deliver into a dupli- 
cate system of transport screws, by means of which 
an even distribution of the cyanamide in the silo is 





secured. The floor of the storage chamber is pro- 
vided with hopper openings communicating with a | 
system of Gules screws delivering into an: 





where, as already stated, a certain proportion of 
mineral oil is added, to render the product dustless. 
From this mixer the finished cyanamide is raised 
to a storage-hopper, connected to an automatic 
packing-machine, by means of which the sacks are 
automatically filled with the weight desired. 

The entire production of the factory is packed 
in double sacks, the outer of strong jute, and the 
inner of a thinner and looser material lined with 
paper. This method of packing has the advantage 
of protecting the cyanamide against damp, and at 
the same time prevents loss of the finely-ground 
powder from the sack. The transport of the 
packed cyanamide from the warehouses to the 





export quays is at present effected by means of an 
electric railway, but the installation of an auto- 


< 


formers. For the furnaces the ratio is 12,000 volts 
to 75 volts, but the high-tension windings are 
arranged with tappings so that the secondary 
voltage may be varied within a considerable range. 
All transformers are of the oil type, with internal 
water-cooling. 

One of the furnace transformers is shown in 
Figs. 59 and 60, page 468. It is of the shell type, a 
form of construction which has been adopted rather 
from mechanical than electrical considerations. 
Large numbers of heavy-current furnace trans- 
formers of the core type arein satisfactory operation, 
but the British Westinghouse Electric and Senate. 
turing Prag Limited, Manchester, on the whole 

refer the shell construction, owing to the way it 


ends itself to simple, solid, and well-supported 
a 


Fics 56 anp 57. Transporters ror Cyanamipe; Amme, Gigsecke AND Kowngcen A.-G., Brunswick. 
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elevator. The duplicate system of transport screws 
into which the roulette mills deliver, besides being 
connected to the silo elevator, is also connected to 
the hoppers of the hydrating machines to be 
described, and to the elevator communicating with 
the discharge screws under the silo. By this 
arrangement cyanamide may be ground in the 
roulette mills, and delivered either to the silo or to 
hydrating machines as desired, or to both simul- 
taneously. At the same time cyanamide may be 
transported from the silo to the hydrating machines. 
The arrangement is best seen in the diagrammatic 
arrangement of the factory machinery (Fig. 50), 
where the reversible screws ars indicated by double 
arrow-heads, 

As the whole of the carbide is not transformed 
by the chemical reaction to cyanamide, it is neces- 
sary to eliminate the small proportion which 
remains. This is effected by adding water. The 
machines in which this operation is carried out, 
and of which there are five sets, consist of a large 
hopper, with a feeding device of special construc- 
tion placed in the discharge opening. This feeder 
delivers the cyanamide powder in a measured stream 
to a mixing-machine, in which it comes in contact 
with a water spray. The water immediately de- 
composes the greater of the carbide, and 
acetylene is evulved, which latter is burnt. The 
decomposition of the carbide and the reaction of 
the water on the free calcium oxide of the cyana- 
mide raises the temperature of the mass. From 
the mixing-machine the hydrated cyanamide 
to a large rotating drum, where it is cooled to a 
temperature of about 60 deg. Cent. From this 
drum it is discharged to a second mixing-machine, 





FROM 12000TOTS 


no doubt be adopted at an early date. 


Tue EvecriicaL ARRANGEMENTS, 


The electrical installation, the arrangement of 
which is illustrated diagrammatically in Fig. 58, is 
designed for a full-load capacity of 6000 horse- 
power, delivered on two cables direct connected to 
the generating-station at Tysse. The current is 
three phase, 12,000 volts, and 25 periods. For the 
motor circuits the current is transformed from 
three - phase 12,000 volts to 400 volts, and for 
this purpose six transformers are used, each of 
600 k.v.a. capacity. For the furnace circuits there 
are four 400-k.v.a. and four 200-k.v.a. single-phase 
transformers. Three of each size are coupled to 
the bus-bars, the fourth in each case cealin g as 
reserve. One pole of each of the furnace trans- 
formers is coupled to a common bus-bar, so that 
the two sets of three work as three-phase trans- 





BASEMENT 






CABLE 


Fic. 58. ARRANGEMENT OF Exectric Station at CyaNnamMIpE Factory. 


matic transport system is contemplated, and will|and braced windings. A very large number of 


transformers of the type are in use. The general 
lines of the transformers will be seen from the 
figures, which clearly show the oil-tank and cooling- 
coils, Attention may be drawn to the low-tension 
terminals, which are arranged so that the outgoing 
leads may be interleaved with them. This gives 
an excellent joint, and reduces the im of 
the leads and increases the power- factor and 
efficiency of the connection. 

The current from Tysse is delivered on two 
paper-insulated lead-covered and armoured cables 
of 120 4. mm. cross-section, each cable being 
capable of taking the full load of 6000 horse-power 
continuously, the other standing as reserve. The 
receiving ends of the cables are connected to 
lightning-arresters of the oil-resistance type, with 


horn spark-gaps. The cable-heads, as also the 





lightning-arresters, are built in separate compart- 
acute of ferro-concrete, and so arranged that all 
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ris can be cut out for re From the cable- 
eads connections are e to separate com 
ments, in which are placed the ammeter and volt- 
meter transformers and the choking-coils. These 
compartments are placed on the ground floor of 
the station. From each of the compartments 
above mentioned connections are made to a three- 
phase oil-switch built in a cell on the floor imme- 
diately above. These oil-switches are of large 
capacity and capable of breaking 50,000 horse- 
power. Each switch is fitted with overload and 
reverse-current relays. From the main high-ten- 
sion switches the current is led through porcelain 
insulators in the roof of the cells to a ring system 
of bus-bars, which is carried entirely round the 
transformer building. The bus-bars are mounted 
upon large vertical porcelain insulators, supported 
upon transverse iron frames, and separated from 





each other by means of ferro-concrete partitions. 
The ring system of bus-bars is provided with six 


; 


Fig. 59. 





for the transformers, but have no reverse-current 
relays. 

In the case of the furnace circuits the trans- 
formers are connected directly to a system of bus- 
bars with a neutral common to each set of three 
transformers. From these bus-bars three-phase 
feeders are taken to panels mounted on the ground 
floor. On each of the eight feeders an automatic 
circuit-breaker with overload trip is provided. 

The three-phase current for motors at 400 volts 
is distributed by means of lead -covered and 
armoured cables carried in a large tunnel, which 
forms a basement to the transformer-house, and 
traverses the full width of the factory. The bare 
copper conductors to the furnace-houses are also 
carried through the same tunnel on porcelain insu- 
lators mounted in iron frames. 

In addition to the switchboards already de- 
scribed, a separate system has been arranged for 
feeding the lighting system of the works. The 


~ 


Hig h Tension 


Fig.60 


Fras. 59 anp 60. Exvectricat Transrormers ; 12,000 Votts to 75 Votrts. 


sets of section switches, so that both of the main 
oil-switches and the groups of transformers can be 
cut out, if desired, without interrupting the service. 
The coupling of the main oil-switches to the bus- 
bars, as also the bus-bars to the transformer groups, 
is made through section switches, placed above the 
cells, so that the oil-switches and all connections 
can be cut out in case of repair. The connections 
from the bus-bars to the transformers are made 
through quick-break oil-switches of large capacity, 
each switch being fitted with overload relays, and in 
the case of the switches to the furnace circuits the 
relays are coupled so as to operate simultaneously 
on each set of three switches. The whole arrange- 
ment of the high-tension apparatus has been carried 
out with a view to reliability from the electrical 
point of view, and, at the same time, to afford 
perfect, protection to the operators. 

The current from the transformers, reduced to 
400-volt three-phase, is carried on solid-copper bars 
to the terminals of three-phase cieeatbtenatoenn, 
placed upon a switchboard on the ground floor of 
the transformer-house. On the same switchboard 
panels are — for the outgoing circuits. The 
interconnecting -bars are placed at the back of 
the board, and are partly in duplicate. Each trans- 
former panel is fitted with an automatic circuit- 
breaker, three-phase switch, ammeter, and reverse- 
current relay. . The outgoing motor circuits are 
connected to panels of the same type as those used 





current is supplied from a motor-generator mounted 
on the ground floor, consisting of a three-phase 
induction motor wound for 400 volts, and a direct- 
current generator for 220 volts. 
In order to facilitate repair, a workshop has been 
arranged at the north end of the transformer house. 
The transformers, which are mounted on wheels, 


are easily removed from their places to a traverser, | - 


of which there is one provided in each transformer- 
alley. By means of the traversers the transformers 
can be transported into the workshop, and there 
dismounted. For this purpose a 10-ton hand-crane 
is provided. In the floor of the workshop two 
large oil-tanks have been fitted. One of these 
contains fresh transformer oil, and the other will be 
held in reserve to take the oil from transformers 
under repair. In connection with the oil-tanks, a 
filter and electrical boiler apparatus has been fitted, 
so that both new and used oil can be treated. 


Workmen’s Hovses. 


The town of Odda is lighted by electricity sup- 
= from the factories, and has derived great 

mefit indirectly from the presence of such an 
important industry. The workmen’s houses have 
been greatly increased in number, and further 
blocks of dwellings on the most modern lines are 
in progress of erection. Hitherto the houses have 


been rented from the company on easy terms, but 


chase their dwellings and the ground u 
they stand, as it is thought that this will 
appreciated by the men. 


m which 
greatly 





A STUDY OF SOME AUSTRIAN 
LOCOMOTIVE TESTS. 
By Lawrorp H. Fry. 
(Concluded from page 439.) 
ENGINE PERFORMANCE. 


THE engine—that is, the steam-cylinders—is con- 
sidered independently of the boiler, attention being 
directed to the power developed and to the steam 
consumption per horse-power-hour at various cut- 
offs and speeds. 

The culation between the power developed, as 
measured by the mean effective pressure, and the 
speed and cut-off is shown by Dr. Sanzin’s figures, 
which are reproduced in Table III. and Fig. 6, page 
689. The percentage of the boiler pressure, which 
Table III. shows to be available as mean effective 
pressure, is extremely high, and can only have been 
obtained by reducing to a minimum the various 
‘osses by friction in the steam-pipes and steam-pas- 
sages and by back pressure and by imperfections in 
the valve motion. In fact, it is difficult to consider 
these figures as a safe guide for practical work. 
Before leaving them it may, however, be of interest 
to note Dr. Sanzin’s figures for the drop in pressure 
between boiler and steam-chest, and for the drop 
during admission from the time of admission to 
the point of cut-off. These two pressure drops 
are determined by the design of the locomotive 
and play a large part in determining the value of 
the mean effective pressure for a given boiler pres- 
sure. 

The percentage of the boiler pressure lost between 
hoiler and steam-chest when running with a cut-off 
of 30 per cent. and the throttle in the normal 
cunning position, with an area of 48 sq. cm. 
(7.45 sq. in.) for the passage of the steam, is :— 





| 
1 


| 


Revolutions per second ‘ol | 2 | 





p.c. | 
Drop in pressure between boiler | 
and steam-chest asa percent- 


age of the boiler pressures . . 








| | 
| 0.6 2.5 6.0 10.5 17.5 





The drop in pressure between admission and cut- 
off, expressed as a percentage of the admission 
pressure, is shown in Table IV. 

Another phase of the cylinder action which has 
a most important effect on the efficiency of the 
engine is the back pressure during exhaust. The 
locomotive on which the experiments were made is 
fitted with an exhaust-nozzle in which the outlet 
can be varied from 160 sq. cm. (25 sq. in.) to 
75 sq. cm. (11.6 sq. in.). With the exhaust-nozzle 
opened to its widest, the following pressures were 
measured during the exhaust stroke, with cut- 
off of 30 per cent. :— 














| 
; Pressure | 
a — —_ | Least Back | Steam Pressure 
Driving Axle | ningofthe | po nay ge ag A 
per Groond, | Reture stroke, | Exhaust, Py | Stroke, Py, 
. z 
Ib. per eq. in. | lb. persq. in. | Ib. per eq. in. 
1 | ath } 0.6 2.0 
2 8.4 | 11 4.5 
3 7.1 2.8 7.7 
4 11.6 5.1 1.9 
5 18.2 8.5 14.8 


The least back pressure is practically the pressure 
at which the steam is exhausted to the stack, and 
as such plays an important part in inducing the 
boiler draught. , 

The mean back pressure, acting as it does against 
the piston throughout the whole of the return 
stroke, absorbs a very considerable amount of 
energy, and this is greatly increased if the area of 
the blast-nozzle is reduced. 

The table in the next column shows the horse- 
power absorhed by the back pressure for the maxi- 
mum and minimum openings of the exhaust-nozzle, 
25 sq. in. and 11.6 sq. in. area respectively, when 
the cut-off is 30 per cent. ‘ 

From this it appears that at the higher speeds 
the power absorbed by the back pressure, even 
with the largest nozzle area, is from 25 to 30 per 
cent. of the available power developed by the 
cylinders, while with the minimum arca this per- 
centage rises as high as 70 per cent. These fi 
emphasise the necessity of designing the front end 








the intention is to encourage the workers to pur- 


and the exhaust-nozzle with the greatest care, so 
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that the necessary draught may be produced with 
the least possible back pressure. 


























4 & | Mean Back “ | Horse-Power Absorbed by 
ls | Pressure. 23 4! Back Pressure 

fea) 333 seis Taiiceeti tis 
= | -_ | be- 
$5 | Nozzle Nossle &<2 hm A Nozzle | Queen Hes. 
= — " - u 
Eig faittin| 16 (SBS | sree se| Areate | srower wih 
2 i | |" gas 250q-iM.) gq. in. 11.6 8q. in. 
es Ib. per | Tb. per 

eq. in. | sq. in. 
1 l11.9} 86 | i1¢ | 303 | 164 | 102 | 4.8 
2 |23.9) 121 | 192 595 792 | 1128 | 486 
3 [85.8 15.6 | 27.0 816 | 143.5 | 248.0 | 1045 
4 (48.4) 19.9 | 848 (975 | 246.0 | 481.5 185.5 
5 0.6 25.6 | 45.5 ho | 391.0 | 695.3 304.3 








In a few of the tests it was found possible to run 
at a nearly constant speed and cut-off, so as to 
determine the effect of these variables on the 
amount of steam used. The — of steam 
found to be consumed per indica horse-powe1 
hour was as follows :— 





Steam per Indicated Horse-Power Hour. 


Revolutions Per Second. 








Out-o2, | —————_- —_—— — 
2 | 3 4 5 

r cent Ib. ib. | Id. Ib. 

a | 99.3 me aan ~ 
40 29.0 27.9 27.8 ~ 
35 | 28.6 27.4 27.0 27.2 
380 27.9 26.8 26.3 26.8 
25 | 27.0 26.2 25.7 26.4 
20 25.9 25.6 25.1 25.2 


| | | 

Dr. Sanzin makes some examination of the 
difference between the steam shown by the indi- 
cator and that actually consumed with a view to 
determining the loss by condensation in the cylinders. 
As he points out, however, it is practically impos- 
sible to carry out experiments on the road under 
conditions sufficiently constant to give really defi- 
nite information on this point. It is only on a 
locomotive - testing plant that data sufficiently 
accurate to have any practical value can be obtained. 








Locomotive PERFORMANCE. 


Having examined separately the power and 
efficiency of the boiler in producing, and of the 
engine in consuming, steam, it remains to consider 
the locomotive as a whole, and to study the relation 
between steam production and steam consumption. 
These two processes are doubly linked, for while 
the steam consumed by the engine is produced by 
the boiler, the production of the steam is dependent 
on the exhaust from the engine. 

Dr. Sanzin points out that with a given quality 
of coal the steam-producing power of a given boiler 
is dependent almost exclusively on the vacuum in 
the smoke-box, and this vacuum, he says, depends 
on the weight of steam exhausted, and on the con- 
ditions of speed and cut-off. To show how these 
relations interact to set a limit to the power of a 
locomotive, he gives a diagram from which Fig. 7 
is adapted. If, with the engine running at a 
given cut-off, the speed be increased, the weight 
of steam consumed and exhausted is increased, 
aud consequently the amount of vacuum in the 
smoke-box is increased. The relation between the 
weight of steam exhausted and the vacuum pro- 
duced under these conditions is represented by the 
line O A. 

Now to produce a given weight of steam a 
certain smoke-box vacuum is required. the relation 
being indicated by the line OB. The line OA 
represents the vacuum available, and the line OB 
the vacuum required, and their point of intersec- 
tion marks the maximum rate at which the locomo- 
tive can be worked at the given cut-off. In this 
way can be found for each cut-off the maximum 
speed at which the locomotive can work, and the 
corresponding rate of steam consumption. The 
result of this is shown in the line D D in Fig. 8. 
This diagram shows the steam consumption of the 
cylinders for the various cut-offs and speeds, while 
the line D D shows the limit imposed by the capa- 
city of the boiler. It is obvious that if the speed 
be increased, the cut-off being kept constant, the 
steam consumption will increase as shown by the 
line in Fig. 8 corresponding to the given cut-off ; 
and the increase in speed can be maintained until 
this steam consumption line cuts the steam produc- 
tion line DD. Then, if a higher speed is to be 
attained, the cut-off must be shortened. Having 


found, as in Fig. 8, the maximum speed available 
at each cut-off, the horse-power, the tractive effort, 
and the steam and coal consumption can be deter- 
mined from the data already examined. This has 
been done, and the results as given by Dr. Sanzin 
are collected in Table V. 

This table shows the conditions of operation when 
the locomotive works at its maximum power at 
various speeds, and it will be seen that the greatest 
efficiency is obtained at speeds of about 40 to 50 
miles per hour. The maximum indicated horse- 
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STEAMING CAPACITY OF BOILER. 


wom = Speed of Locomotive in Miles per 
power is 700 at about 50 to 55 miles per hour. As 
the heating surface, measured, as is usual in English- 
speaking countries, on the water side of the tubes 
and on the fire side of the fire-box, is 1400 sq. ft., 
the locomotive gives 1 indicated horse-power for 
each 2 sq. ft. of heating surface, which is a very 
satisfactory figure indeed for a single-expansion 
engine working with saturated steam. e coal 
consumption of 4} lb. per horse-power hour is also 
good when the quality of the fuel is considered. 
The figures given so far enable the operation of 
the locomotive to be studied from the point of view 
of the designer-—that is, the action of boiler and 
of engine can be criticised separately, with a view 





to seeing where changes are possible or desirable. 





When this has been done the locomotive must be 
considered as a whole—as a machine for moving 
trains in the process of manufacturing transporta- 
tion. This Dr. Sanzin does by determining from 
his teste the weight of train which the locomotive 
can haul on various grades at different s He 
thus obtains tables and curves which would enable 
the operating department of a railroad to determine 
the proper loading for the locomotive in any service. 


TABLE III.—Mean Effective Presswre as a Percentage of 
the Boiler Presswre at Various Speeds and Cut-Offs.* 





Mean Effective Pressure as a Percentage of the 








Boiler Pressure. 
Cut-Off — 
Per Cent. Engine Revolutions per Second. 
———— : 
1 } 2 3 4 5 
per cent. per cent. | per cent. per cent. per cent. 

45 68.5 66.5 | = _ -~ 
40 64.0 62.0 58.5 54.0 _ 
35 59.0 57.5 54.0 49.0 42.5 
80 64.0 52.0 48.5 43.6 36.0 
25 | 465 | 465.0 41.5 86.0 29.5 
20 39.0 87.0 | 83.5 29.0 23.0 





~* Of. “Locomotive Characteristics,” by Lawford iL Fry. 
See Eneureznine, vol. xci., page 571. 


TaBLe 1V.—Drop of Pressure Between Admission 
and ‘Cut-Off. 














Cut-Off. 
— 0 Per Cent. |30 per Cent. |40 Per Cent. {50 Per Cent. 
Second. . . te 
Difference Between Admission and Out-Off Pres- 
sures, as Per Cent. of Admission Pressure. 
percent. | percent. | per cent. | per cent. 
1 - a 4.0 3.0 
2 18.0 10.0 8.0 6.0 
3 18.5 14.0 | 11.0 9.0 
4 26.0 19.0 | 15.0 12.0 
6 34.5 25 6 -- _ 








TabLE V.—Mazximum Power Conditions at Different 
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30 18.6 |10,100)500 14, 2¢ 28.4 lL. 4.50; 90) 84.0'4.10 
40 24.9 | 8,640,574 |15,130| 26.3 11.8 (2460 4,28) 99 29.0 4.08 
50 31.1 | 7,490/621 |15,800) 25.5 12.4 2660) 4.28 106 25.5 6.67 
60 37.3 | 6,670665 16,280) 24.5 12.7 2800 4.21) 112 23.5\6,.86 
70 43.5 | 5,900/}685 |16,600) 24 2 13.0 |2000' 4.24 116 22.5\6.77 
80 49.7  6,700700 |16,820| 24.0 | 13.1 2060 4 24) 118 22.0) 7.06 
90 65.9 | 4,660/700 |17,000| 24.8 | 13.3 8010 /4.80 120 21.5/7.28 
100 62.1 | 3,920/650 17,100) 24.4 13.4 3040 4.68, 121/ 21.5) 7.45 

! | 
Tasie VI.—Mazximum Train-Loads. 
Train-Load in Metric Tons behind Tender on 
Various Grades. 
Speed — . 
per Hour. Grade in Per Cent. 

0.0 0.250.650 0.75 1.00|1.25 1.60 1.75 2.00 2.25 2.60 
km. miles ; ea 
30 18.6 | 1556 749 476 3387 254 198 159 129 107 87 | 72 
40 24.9 | 1120 582 364 (259 195 156 1238 98 79 64/ b1 
60 31.1 779 431 284 160 115 88 68 58 #0 — 
60 37.8 662 822 216 (162 112 84 62 4)>— —/| — 
70 43.5 384 281 166 109 77 66|'>— —|'— —/|- 
80 49.7 268 162 107 73 48 _—_— —_i i —| = 
90 55.9 173 106 68 | —'—- | — _\ — _— 


Table VI., above, gives the train-loads measured 
in metric tons which the locomotive can pull on 
grades from a level to 24 per cent., at s 8 from 
18 to 56 miles per hour. At the higher speeds 
the train-load is determined by the limit which 
the boiler capacity sets to the horse-power avail- 
able, but at the speed of 30 km. (18.6 miles) per 
hour, and for any lower speed, the train-load is 
limited by the ‘‘ adhesion” of the driving-wheels ; 
that is to’say, at a speed of 40 km. (24.9 miles) per 
hour the hauling eapacity can be increased by 
lengthening the cut-off until a point is reached 
where the rate at which the steam is consumed b 
the cylinders is just the maximum rate at whic 
the steam can be produced by the boiler. At a 
speed of 30 km. (18.6 miles) hour the hauling 
capacity can be increased by lengthening the cut- 
off ; but before the maximum steaming capacity of 
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the boiler is reached, the tractive effort exerted by 
the cylinders becomes sufficient to cause the 
driving-wheels to slip on the rail. This slippage 
occurs when the indicated tractive effort is only 
about 15 per cent. of the weight carried on the two 
pore of driving-wheels, which is an extremely low 
actor of adhesion—that is, a low ratio of trac- 
tive force to adhesion weight. In any locomotive 
the factor of adhesion varies with the condition of 
the track, and with the cut-off, speed, and design 
of the engine. At slow speeds and long cut-offs it 
is unusual for slippage to ocour with a tractive 
effort of less than 22 per cent. of the adhesive 
weight, so that Dr. Sanzin’s engine shows a con- 
siderable deficiency in the starting power available. 


CoNcCLUSIONS. 


From what has been said it will be seen that 
Dr. Sanzin’s brochure presents a very comprehen- 
sive study of the operation of a steam-locomotive. 
In their original form the tables and diagrams are 
so set out and are so related to each other that 
they offer a logical and enlightening account of 
the various processes involved. To a beginner 
approaching the study of the locomotive the work 
should have the highest value, while to the prac- 
tical or practising locomotive engineer it may be 
offered as a most excellent model of the best form 
in which to present the results of any study of a 
given type of locomotive. Unfortunately, however, 
the curves and tables represent only Dr. Sanzin’s 
conclusions, and the original observations, on which 
these conclusions were based, are not given. This isa 
serious disadvantage, as without these it is practically 
impossible to carry out any further analysis of the 
operation of Prony Breede or to use the present 
results directly in practical work. The form and 
the results of Dr. Sanzin’s work are interesting and 
instructive, but there are several of his conclusions 
that one would have liked to test by an examina- 
tion of the data from which they are derived. 





THE FRENCH QUADRUPLE-SCREW 
LINER ‘“ LUTETIA.” 
(Concluded from page 426.) 

As will be seen by our illustrations, Figs. 15 to 18, 
annexed, the Lutetia has four propellers, an arrange- 
ment which the builders have always advocated in 
agen to the fitting of three propellers only. 

he two inner shafts are each driven by a four- 
cylinder triple -expansion reciprocating engine, both 
—— being supplied with steam from eighteen 
cylindrical boilers of the mercantile marine type. 
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| The reciprocating engines are of 
the following principal dimen- 
sions :— 


| Diameter of high-pres- 1.041 m. 
sure cylinder (40.984 in.) 
Diameter of intermedi- 1.450 m. 


ate-pressure cylinder| (57.086 in.) 


Diameter of low-pres- 1.655 m. 
sure cylinders (65.157 in.) 

Stroke ... one .. 1.200 m. 
(47.244 in.) 


The low-pressure cylinders are 
at each end of the engine. Steam 
is distributed tothe high and inter- 
mediate-pressure cylinders by piston-valves in valve- 
chests which are located as shown in Fig. 19, on Plate 
XXXV. ; the steam distribution to the low-pressure cy- 
linders is by Martin Andrew slide- valves, in valve-chests 
at the extreme ends of the engine. The whole of the 
valves are operated by eccentrics and link motion. The 
crank-shaft, of for; steel, is 474 mm. (18.661 in.) in 
diameter, in two coupled ther in the centre, 
between the valve-chests of the high and intermediate- 

ressure cylinders. It is supported, as shown in 
ig. 19, on six bearings. 

Each reciprocating engine exhausts into an adjoinin 
steam-turbine ; the two turbines, which are illustrat 
in Figs. 21 to 24, drive the wing shafts. They are of the 
standard Parsons type, each having a drum 1.900 m. 
(74.803 in.) in diameter, carrying fifty rows of moving 
blades. There are three groups of standard blades at 
the high-pressure end of the turbine, having each nine 
rows of moving blades with heights respectively of 
86 mm., 136 mm. and 192 mm. (3.385 in., 5.354 in. 
and 7.559 in.). At the low-pressure end, as is usual, 
the blade height is constant, but the requisite steam- 
way needed to provide for the constantly augmenting 
volume of the steam is secured by the use of semi- 
wing and wing-blades. The common blade height 
here is 290 mm. (11.417 in.), and there are twenty- 
three moving rows. The exhaust steam from the 
reciprocating engine enters the turbine by a branch 
930 mm. (36.614in.) in diameter, shown on the right- 
hand top corner of the turbine section, Fig. 24. It flows 
thence to the left, h the blading. The forward 
end of the drum is a hollow casting, to the interior of 
which steam is admitted through the openings shown. 


By this means the rotor and casing expand equally, and ' 


the arrangement allows of finer dummy clearances. 
The dummy is to the right of the drum, Fig. 24, and 
is substantially smaller in diameter ; there is thus an 
unbalanced thrust from left to right which is added 
to the thrust of the steam on the moving blades. The 
sum of these thrusts is approximately equal to the 
propeller thrust in the opposite direction. The 
glands are of the ordinary Parsons marine type ; 
the labyrinth is of the axial-flow pattern. Through 
them, the steam is wire-drawn down to the pres- 
sure of the exhaust, any back - flow into the 
engine -room being prevented by four Ramsbottom 
rings to each gland. The exhaust steam received 
from the reciprocating engines is at about atmo- 
spheric pressure, so the supply to the glands is 
taken from an independent pipe, and is wire-drawn 
down toa pound or two above atmospheric pressure 
before it is allowed to enter the glands. The Rams- 
bottom rings, therefore, are subjected to a very mode- 
rate pressure only. The forward bearing thrust- 
block are in accordance with the Parsons standard 

ractice. The brasses are 332 mm. (13.070 in.) in 
Siemster by 700 mm. (27.559 in.) in length. A wiper- 





ring and oil-baffle, shown to the left, Fig. 24, prevent the 











See eae 


- 
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oil from creeping to the gland, from which it might pass 
into the turbine, and thence tothe condenser. The upper 
and lower halves of the thrust-block are independently 
adjustable by means of screws and worm-gear. After 
each has been adjusted to give the desired clearances 
at the dummy and between the thrust-rings, both are 
locked against motion forward or aft by means of the 
packing rings shown in Fig. 24. The governor and 
oil-pumps are driven by screw- i rom @ worm 
secured to the main turbine spindle. The tvrbines 
not being used for manceuvring purposes, there are no 
reverse turbines. 

The arrangement of the main engines, as will be 
seen from the above, is very similar to that of the 
engines of the liner Rochambeau, also built by the St. 
Nazaire Company, and which we described in former 
issues (see ENGINEERING, vol. xciv., pages 704 and 742). 

The engines and turbines develop together a total 
of approximately 20,000 shaft horse-power. The reci- 

rocating engines are supplied: with steam from 18 

ilers5 m. (16 ft. 5 in.) in diameter, having in all 54 
furnaces, the total grate area of which is 111.60 sq. m. 
(1201.30 sq. ft.). The boilers work on Howden’s 
forced-draught system, the installation comprising 
three fans, having each a capacity of 80,000 cub. m. 
(2,825,600 cub. ft.) of free air per hour. With a mean 
consumption of 120 kg. of coal per square metre of 
= area (24.6 lb. per sq. ft.) the coal consumption per 

ay would be 320 tons, but the boilers have been most 
carefully designed, and the normal speed in service 
can be obtained with a much lower fuel consumption 
and without the necessity of using the whole of the 
boilers, this allowing several of the boilers to remain 
free for an emergency, and also allowing them all to be 
maintained in perfect working order. Transverse and 
lateral coal-bunkers have been fitted in close proximit 
to the stokeholds ; they can contain 3300 tons of coa 
The ship can take over 1200 tons of fresh water. 
Evaporators have been provided for distilling sea- 
water. 

From the Se real centre of the shi rders 
are transmitted by telegraphs and loud-speaking tele- 
phones to the engine-rooms and to all mancuvring 
quarters. The whole power of the reciprocating 
engines can be utilised for running astern, this ensurin 
perfect safety in all mancuvring in harbours. Reoord. 
ing instruments in the wheel-house enable the captain 
to follow the working of the main engines and of the 
steering-gear. 





Our Rats Asroap.—September was a better month 
for our export rail trade, the shipments having amounted 
to 39,185 tons, as compared with 26,283 tons in ber, 
1913, and 43,917 tons in September, 1912. The te 
shipments for the nine months ended September, this 
, were 365,939 tons, as compared with 379,105 tons and 
952 tons in the corres: iods of 1913 and 1912 

tively. Argentina took tons of British rails 
to ember 30, as compared with 39,797 tons and 40,386 
tons. 





_Wortp’s Recorp 1n Pontoon-Bripeg Buitpinc.—The 
his the establishment of the Canadian military 


camp at Valcartier, kong! is a record of remarkable 
engineering achievements. News comes now to hand of a 
further record in bridge-building, made by the men of the 


Royal Canadian under the direction of Major 
W. Bethune Lindsay, of Winnipeg. The J Seometndiin 
River separates the main camp from the artillery practice 
grounds at the base of Mounts Ileene and Irene. Across 
this 350 ft. of waterway the Royal Canadian ~~ 
built, within four hours, a barrel-pier pontoon bridge, 
capable of carrying heavy batteries. 
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BOILER EXPLOSION AT SOUTHSEA. 

A FORMAL investigation by the Board of Trade, under 
the Boiler Explosions Act, 1882, has been held at the 
Town Hall, Portsmouth, with regard to a boiler explo- 
sion which occurred in the basement of the South Parade 
Pier, Southsea, the property of the Portsmouth Corpora- 
tion. By the explosion a boiler a! jant was so severely 
scalded that he died the oe day. 

The Commissioners were Mr. F. Sims Williams, LL.B., 
K.C., barrister-at-law, who presided, and Mr. A. J. 


Maginnis, M. Inst. C.E., ye | ineer. Mr. 
Hamar Greenwood a on behalf of the Board of 
Trade, and Mr. Radcliffe represented the tion. 


In opening the proceedings, Mr. Greenwood stated that 
when the rh was completed, in 1908, the Atmospheric 
Steam Heating Company, Limited, Westminster, were 
employed by the Curporation to ar for the neces- 
sary heating of buildings on the pier. The specifications 
stated that the boiler to be used for the purpose shuuld 
be of the ** Ideal” type, as supplied by the National 
Radiator Company, London, and it was the explosion of 
this ‘‘ Ideal” boiler that formed the subject of that 
inquiry. The boiler was of cast iron, 6 ft. 8 in. in 
length, 5 ft. 8 in. in breadth, and 6 ft. 10 in. in height, 


including the foundation forming ash-pit. It con- 
sisted of sixteen se te castings forming eight sections. 
The boiler was originally provided with the following 


mountings :— 

One safety-valve, 14 in. in diameter, loaded by means 
of a lever and weight, to 10 Ib. per sq. in. 

One bellows-valve (or automatic damper regulator) 
with lever for regulating the opening of the damper in 
the ash-pit door. 

One set of water-gauge valves with glass, and three 
test-valves on a cast-iron column. 

One steam-pressure gauge, graduated to 30 lb. per 

. in. 

One drain-cock. 

One feed-check valve. 

All these were supplied by the National Radiator 
Cae Limited. 

In addition, on the main steam range was a steam stop- 
valve of the sluice type, and also a steam-reducing 
valve, adjusted for a pressure of 1 lb. per sq. in. 

The boiler was e by the American Kadiator Com- 
pany, of Chicago and Buffalo, U.S.A., in January, 1908, 
and installed on the pier in November of the same year, 
so that it was about five years old at the time of the 


explosion. 

n February 20, 1913, the boiler exploded, the flat 
portion at the back of the seventh casting — blown 
out, breaking two of the stays, which were east solid with 
the flat portion, tearing one of them out by the root. The 
boiler-house was badly shaken, the main walls being 
cracked and the floor overhead partly blown out, together 
with the various windows, while an attendant, who was 
the only person near at the time, was, as already stated, 
fatally scalded. 

The explosion was caused by excessive steam pressure, 
due, firstly, to the absence of the automatic control of the 
regs my secondly, to the steam not getting away freely 
to the radiators ; and, thirdly, to the area of the safety- 
valve being wholly insufficient to relieve the undue 
pressure. 

A number of witnesses were called by the Board of 
Trade, the first being Mr. Watson, manager of the Atmo- 
spheric Steam-Heating Company who stated that a 
2-in. safety-valve was specified for, but when he tested 
the boiler in November, 1908, he did not notice that a 
smaller one mn supplied. He examined the boiler 
the day after the explosion, and was of the opinion that 
the latter was due to the accumulation of flue- The 
safety-valve was in perfect order. Possibly the boiler 
had been in work for a longer time than usual, and when 
the attendant opened the door to stir the fire up, all the 
gas which had collected above the fire exploded. 

In examination by Mr. Greenwood, the witness stated 
that the ventilation of the boiler-room was bad, and he 
thought that the safety of the apparatus depended entirely 
upon the use, at occasional periods of the day, of the 


induced draught, and keeping the doors open. He gave 
these instructions whee ts jler was first taken over, 
but only did so verbally. 


After other evidence had been given, Mr. C. J. Farnie, 
superintendent engineer to Messrs. Moorwoods, Limited, 
stated that he agreed with vhe opinion that the explosion 
was due to flue-gas, and gave his reasons for so thinking. 
He was present when the boiler was tested in 1908, and 
did not notice that the safety-valve was 1} in. in diameter 
instead of 2 in. k 

Mr. ©. E. Smith, the Corporation’s architect for the 
erection of the pier, gave evidence in connection with 
the ventilation of the boiler-room, and explained what 

been done in connection therewith. 


heating appa- 

ratus. He never used the induced draught or fan except 
when he was starting firing, and he had never found an 
insufficiency of air or draught. He did not consider the 
rng poded ye mgr hy Ay Le 
tion of gas in oors were always H 
he the explosion was due to ne ok 
ness of the water supply. He had known the water in 
os ppt aA) A ag 
strap -pump coming off or being broken, 

and when that occu the water would cease going into 
the boiler. He had never found the air or d it to be 
insufficient, and there had never been an explosion of 


flue-gas. 
Further evidence was given by various witnesses, includ- 





ing Mr. Tarrant, engineer-surveyor to the Board of Trade, 
who reported the result of his examination of the exploded 
boiler, and his views as to the cause of the explosion. 
After Mr. Greenwood, on behalf of the Board of Trade, 
had submitted a long list of questions on which he desired 
the judgment of the Court, the presiding Commissioner 
delivered judgment at great length. e carefully re- 
viewed the evidence which had been given, and stated 
that with the exception of the area of the safety-valve, 
which was wholly insufficient, the Commissioners 
considered that the boiler was originally fitted with 
— and adequate mountings. ey thought that 
ward, the boiler attendant, and Helan, his assis- 
tant, were both competent persons to have charge of the 
boiler ; but the former, although stated to have been 
employed in the dockyard for thirty-six years, four of 
which he was employed on steam-launches, first as a 
stoker and then as dviver, did not, in the opinion of the 
Court, thoroughly understand all details ; while, further, 
no competent person had been employed to instruct him. 
If the boiler been examined by a properly qualified 
person any existing defects would have been ascertained 
and made good, while the insufficiency of the safety-valve 
would have been pointed out, and a valve of sufficient 
area would have been put in its place, so that the pres- 
sure of steam would not have been exceeded. Boiler ex- 
plosions were, in nearly every case, preventable, and the 
—- one was certainly not an unavoidable accident, 
mt could have been avoided had ordinary care been 
taken in the installation, inspection, and supervision of 
the boiler. 

With regard to the theory that the explosion was 
caused, not by steam pressure, but by flue-gas, the Com- 
missioners, after a careful examination of the exploded 
boiler and débris, had come to the conclusion that 
the theory was unsound. In their opinion there 
was no doubt that the explosion was caused solely 
by excessive steam pressure, due to the absence of 
the automatic control of the damper, to the steam 
not being able to get away immediately to the 
radiators, and to the safety-valve =. wholly insuffi- 
cient to relieve the undue pressure. They were of the 
opinion that proper measures were not taken by the 
owners to ensure the safe working of the boiler. ith 
regard to the question by the Board of Trade as to who 
was to blame for the explosion, the decision of the Com- 
missioners was that the National Radiator Company, 
Limited, Mr. Robson (manager of the pier), and Mr. W. 
J. Coward (boiler attendant), were not to blame, but that 
the Atmospheric Steam-Heating Company and the Ports- 
mouth ration (owners of the pier) were to blame. 
The Atmospheric Steam-Heating Company were blamable 
for allowing the boiler to be fitted with an insufficient 
safety-valve, and the Corporation for the same reason, 
and use there had been no supervision or inspection 
of the boiler. , 

The presiding Commissioner ordered the Corporation 
to pay the sum of 75/. and the Atmospheric Steam-Heat- 
ing Company 25/. towards the costs of the inquiry, which 
had lasted days. It was stated that the total costs 
would amount to about 150/. 





THE THEORY OF HARDENING AND THE 
CUNSTITUTION OF STEEL.* 
By Epwarp D. Campse.t (Ann Arbor, Michigan). 


Severat of the papers read of late at meetings of the 
Iron and Steel Institute would seem to indicate a general 
rapprochement amongst metallurgical chemists in regard 
to their conceptions of the constitution of steel and the 
changes which take place in hardening. It is therefore 
to be hoped that before long a theory of steel broad 
enough to includ’ a reasonable explanation of all the 
known facts concerning the bebaviour of steel and not 
contrary to any known fact may be worked out. 

In studying the er read by Professors Edwards and 
Carpenter at the May meeting, one cannot but be im- 
precsed with the fairness with which they have discussed 
the whole subject, even though one may not be in full 
accord with ali their interpretations, and may feel that 
they have omitted some features in the problem which 
may seem to one important. 

Mr. M‘Cance, too, is to be congratulated on the skill 
with which his experimental work was carried on, and 
eee | on the accuracy of measurement of the tem- 

tures from which samples were quenched and the 
terminations of the Brinell hardness numbers, specific 
volumes, and electrical resistance of heat-treated speci- 
mens. It would bes Jay ting to ew yo 
temperature to whi is specimens ea, 
during their annealing, and the rate of cooling from the 
maximum temperature to the Arl point, and from the 
Arl — to ordinary temperature. It is well known 
that size of the grain will depend | y on the 
maximum temperature reached d ing, and the 


. | size of the individual carbide masses in hypereutectoid steel 


or of ferrite and carbide areas in hypoeu' steel will 
depend on the rate of ing from the maximum tem- 
perature to the Arl point. Experience in the present 
author’s laboratory goes to indicate that with a steel con- 
taining 0.32 per cent. carbon cooled from 1060 deg. to 
700 deg. in about seven hours, the carbide areas will be 
y se ted, and will be from 0.2 mm. to 0.3 mm. 

in size, embedded in a nearly pure ferrite, the distance 
ween individual carbide areas somewhat greater 
the diameters of the latter. hile much work 
remains to be done before accurate quantitative data can 
be accumulated on the rate of diffusion in solid solution 
and the time required to secure chemical equilibrium at 
a given temperature, results obtained in this laboratory 


* Paper contributed to the Iron and Steel Institute 
and now open for discussion by ence. 








on steel annealed as above described point to the prob- 
ability that at least an hour at 1000 deg. Cent is required 
for precipitated carbides to redissolve and diffuse so that 
a strictly homogeneous solid solution in chemical equili- 
brium is obtained. 

It might be well to ask whether what Mr. M‘Cance 
calls ‘‘interstrain” is not # different name for what was 
called ‘‘internal tension” by Metcalf in his joint article 
with Langley.* That ‘‘interstrain” or ‘‘internal ten- 
sion” is one of the contributing causes of hardness can be 
but little doubted, but that it is the only cause or even 
the most important factor may be seriously questioned. 
If interstrain were the only cause of hardness, should not 
the hardness of a given piece of steel be directly propor- 
tional to the temperature from which the sample is 
quenched, provided the temperature of the quenching 
liquid is kept below 20 deg. Cent., as it would seem that 
the amount of interstrain produced in a given steel wouid 
depend on the difference in temperature of the outside 
and the centre of the piece during cooling? Mr. M‘Cance’s 
figures indicate that eutectoid and hypereutectoid steels 
quenched from about 1000 deg. may be softer than when 
oy from 770 deg., and yet would not one expect 

© interstrain in the former to be greater than in the 
latter case ? 

Professors Edwards and Carpenter, while apparently 
leaning toward the idea that crystal twinning produced by 
sudden cooling with the probable formation of an intensely 
hard amorphous form of iron at the contact surfaces 
of the twinned crystals is the cause of hardness, point 
out that the chemical constitution of the mass must be 
of great importance, since by ay oe heat treatment a 
0.20 per cent. carbon steel may be converted into a mass 
of twin crystals without having great hardness, while 
some special steels may be made intensely hard without 
showing indication of crystal twinning. 

It seems a little difficult to conceive any reason why 
amorphous vitreous iron produced at the surfaces of 
twinned crystals slipping over each other (this slipping 
being caused by internal pressure due to sudden cooling) 
should differ from amorphous vitreous iron resulting 
from cold hammering of annealed metal. Very thorough 
cold hammering of annealed metal would be expected to 
produce a larger proportion of amorphous vitreous iron 
than could be expected from quenching. By very careful 
annealing the Brinell hardness number of pure iron may 
be brought down to about 78 or 80, but we have not been 
able to raise this number by repeated hammering to more 
than about 240. It is well known that many chemical 
elements may be made to combine at ordinary tempera- 
ture by submitting them to high pressure, and that the 
solubility of many substances, particularly gases, in water 
is dependent on pressure. It is easy to conceive, then, 
how cold-hammering of steel might havea marked influ- 
ence on the hardness, not only by its effect on the amount 
of amorphous iron produced, but by influencing the 
amount of substances in solution in the iron, even though 
the solutes might not have been in solution at the begin- 
ning of the operation. 

In order that any real pongpesn can be made in any 
scientific work, such as research work on the constitution 
of steel and the relation of the constitution to the mecha- 
nical properties, it is necessary, after acquiring as much 
knowledge as possible of preceding work on the subject, 
to formulate a fairly clear working hypothesis to serve 
as a basis for systematic a. to prove or 
disprove the correctness of the working hypothesis. If 
at any time the hypothesis is found too narrow to include 
all known facts, it is desirable to attempt to widen it, but 
if at any time itis found to be contrary to any known fact 
the hypothesis must be modified so as to avoid such 
inconsistency. 

To anyone who has paid much attention to the historical 
development of research work on steel it must be evident 

any theory of steel sufficiently comprehensive to 
include all the known facts concerning the behaviour of 
steel, and to serve as a basis for future experimen 
work, must be a composite conception representing the 
accumulated experiences and ideas of a large number of 
research workers who have been engaged for nearly one 
hundred years on this subject. It was with these ideas 
in mind that the working hypothesis at mt serving 
as a basis for experimental work in the chemical labora- 
tory of the University of Michigan has been gradually 
developed. : 

A bit of histor suggesting the evolution of ideas at 
the University of Michi may not be out of place. In 
1875 Professor John W. Langley, previously consulting 
chemist for the steel firm of Miller, Metcalf and Parkin, 
at Pittsburg, came to the University of Michigan as 
professor of general chemistry, and was soon | in 
charge of metallurgy. In 1876+ he published an article 
on the c in density in steel caused through change 
in composition and temperature of quenching. In 1880, 
Byron W. Cheever was appointed acting professor of 
metallurgy, which position he held up to the time of his 
death in 1888. rofessor mp ol _remained in the 
university as professor of general chemistry, but continued 
his research work in connection with his outside profes- 
sional practice as consulting metallurgist. In 1888-9, 
Professor Langley’s title was changed to that of fessor 
i canis el aan , but he was on ve of 
absence, doing experimental work in Pittsburg. The 
author was a student in the university from 1881 to 


1886, ialising in chemistry and serving as assistant 
under —_ Cheever in the year 1885-6, during which 
time he assisted Professor Cheever in his research work 


on steel. In 1890 the author returned to the university 








* Transactions of the American Society of Civil Engi- 
neers, vol. xxvii., page 682. ; 
i of the American Association for the 
Advancement of Science, page 124. 
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as assistant professor of metallurgy, and has remained in 
charge of the work in metallurgy and applied chemistry 
up to the present time. It will thus be seen that the 
chemical constitution of steel and the relation between 
the chemical constitution and the mechanical properties 
have constituted a line of research work carried on at the 
University of Michigan almost continuously for nearly 
forty years. 

The working hypothesis which has served the purpose 
of training students, and as a basis for systematic experi- 
mental work in this laboratory for upwards of twenty 
years, but for which comparatively little originality is 
claimed, is a composite conception including as many of 
the ideas of previous experimenters as seemed necessary 
to furnish a reasonable explanation of the known facts 
concerni the behaviour of steel. This hypothesis 
assumes that the chemical constitution of s is the 
most important single factor in determining the mecha- 
nical properties, since the nature and extent of the 
changes in the mechanical properties induced by different 
rates of cooling from different temperatures will funda- 
mentally rest on the chemical constitution of the mass at 
the instant of quenching. 

The chemical constitution of steel is regarded as a study 
in solubilities, the perfect parallelism between the solu- 
tion of substances in iron as a solvent and that of ordi- 
nary substances in aqueous solution, so clearly pointed 
out by Langley,* being recognised. Langley considered 
the iron as a solvent, but did not include the allotropy of 
iron or the molecular constitution of carbides in his con- 
ceptions. 

he sapetedte now, of course, assumes that iron is 
capable of existing in at least two allotropic forms, a and 
y, differing somewhat in mechanical properties, but most 
markedly in solvent power, the 7 iron possessing a much 
greater solvent and Gnscinting power than iron in the a 
form. There seems to be no necessity for assuming the 
existence of an intermediate 8 form of iron, and the 
most recent work seems to indicate that no such form 
exists. We have no knowl of the molecular weight 
or molecular constitution of iron in the solid condition, 
so that we have no positive knowledge of the reason for 
the differences in properties of a and ¥ iron; but it is 
reasonable to assume that these differences are connected 
with the changes in molecular weight or atomic arrange- 
ment within the molecule, or both. 

It is well known that in certain isomorphous crystals, 

such as magnesium sulphate and ferrous sulphate, we 
may have iron apparently replacing the magnesium 
atomically in any proportion up to a certain percentage, 
the crystals retaining the form of the crystals of pure 
ey sulphate, but the other properties being 
modified by the substitution of iron for magnesium. In 
a similar re | we have assumed that certain elements, 
such as nickel and manganese, when added to iron, may 
atomically replace the iron in a complex molecule, thus 
modifying the physical properties, especially its solvent 
and dissociating power and its magnetic properties. On 
what molecular constitution ferro-magnetism depends we 
are unable to say, but so far as we know there is no 
instance on record in which iron has been rendered non- 
magnetic at ordinary temperatures without the addition 
of some other element which might atomically replace 
part of the iron, and in this way modify the molecular 
constitution as com with that which would exist in 
strictly pure iron. In this sense it isa proper question 
to ask whether there is any evidence to show that strictly 
pure 7 iron would be non-magnetic. 
_ If, then, iron be regarded as a solvent capable of exist- 
ing in two allotropic forms of marked differ- 
ences in solvent and dissociating power, and capable of 
being replaced atomically by other elements, this atomic 
substitution often profoundly modifying the properties 
of the solvent, the next natural — to consider would 
be the chemical constitution of the solutes. 

Although the carbon compounds in steel are by far the 
most important of the solutes, yet the general conception 
of steel as a study in solubilities would apply just as 
much to compounds of other elements with iron as to the 
carbon compounds. It has been known for nearly a 
century that when steel is dissolved in acids various com- 
pounds of carbon and hyd are evolved, and at least 
fifty years research work in both Germany and France 
seemed to demonstrate the existence of a good man 
different carbides of iron. In 1877 Cloézt undertoo 
some extensive work in the way of studying hydrocarbons 
obtained by dissolving manganiferous iron, but appa- 
rently drew no conclusions from his results. It was in 
1885 that Sir F. Abelt described the recovery of a pure 
carbide of iron from annealed steel and assigned to it 
the formula Fe,C, this formula being based wholly on the 
percentage of carbon andiron. No effort was made to 
determine whether this was a purely empirical formula, 
or whether it represented the chemical constitution of 
the carbide. Because of the apparent we ape A of this 
formula, metallurgical chemists immediately adopted it, 
and all efforts to determine the chemical constitution of 
the carbides of iron from a study of the ucts of 
solution were apparently oned for the time in 
favour of what seemed to be such a simple formula as 
the one given by Abel. Had the work of investigators 
who were aie the products of solution of steel up 
to the time of ’s discovery been continued, it is vam 
probable that the complex constitution of carbides wo 
have been worked out, and the necessity of recognising this 
complexity in any theory of steel would have been conclu- 
sively shown 30 yearsago. As it is impossible for a chemist 

* Proceedings of the American Society of Civil Engi- 
neers, vol. xxvii., page 

+ Comptes Rendus, vol. Ixxxv., page 1003. . 

+ Proceedings of the Institution of Mechanical Engi- 
ueers, page 30. 








to account for all the products of solution of the car- 
bides of iron if so simple a formula as Fe,C is employed 
to represent these, the writer undertook research work on 
a study of the products of solution of steel, about 1891, 
to see whether any relations existed between the carbon 
concentration and heat treatment of steel and the Pe 
ducts of solution. In the development of this work it 

been shown* that in annealed steel the mean mole- 
cular weight of the hydrocarbons evolved, hence, pre- 
sumably, of the carbides from which the hydrocarbons 
are derived, decreases as the percentage of carbon in- 
creases—that is, the carbides existing in hypereutectoid 
steel have a lower molecular weight than in hypo- 
eutectoid metal. Second, that with a given steel the 
mean molecular weight of the hydrocarbon evolved from 
hardened steel is lower than that of hydrocarbons from 
the same steel annealed—that is, the molecular weight of 
the carbides decreases when the metal is hardened. More 
recently, + in another paper, it has been shown, by a study 
of the dinitro-detivatives derived from the carbides in 
steel that the carbides of lower molecular weight are more 
readily soluble in iron than those of higher molecular 
weight, and have a greater hardening effect, but that 
they tend to dissociate with rising temperature, probably 
a dssociation analogous to ionic dissociation in liquid 
solutions. It was aleo shown that carbides of hi 
molecular weight with rising temperature tend to it 
up into compounds of lower molecular weight and undergo 
more or less ionic dissociation. 

In order to acount for differences in the products of 
solution of steels with varying carbon contents and heat 
treatment, the simplest hypothesis which we have been 
able to formulate which would satisfactorily account for 
the products of solution, is that the carbides of iron should 
be regarded simply as metallic substitution products of 
the hydrocarbons. It is well known that a part of the 
hydrogen in hydrocarbons may be easily replaced by a 
metal, as in zinc methyl, Zn (CHs)., and there is no 
reason why all the hydrogen in hydrocarbons might 
not be completely replaced by a metal, in which case we 
would have simply a carbide of the metal. It seems to 
us more reasonable to assume that all the hydrogen in 
the hydrocarbons might be completely replaced by a 
metal, thus giving rise to a number of carbides of 
different molecular weights and molecular constitutions, 
than that the element carbon, whose most aes 
ae is that of forming complex molecules in whi 
carbon is linked to carbon, as in organic compounds, 
should lose its most striking property because it has com- 


bined with iron. The simple assumption that the carbides | Board h 


in steel are to be regarded as metallic substitution pro- 
ducts of the hydrocarbons, whose molecular weights and 
molecular constitutions will depend upon the carbon con- 
centration and heat treatment, offers a reasonable expla- 
pation for all the products of solution, and opens up an 
almost unlimited field for research on the constitution of 
these carbides. 

The acceptance of the conception of the chemical con- 
stitution of carbides, above outlined, would offer a reason- 
able explanation for a number of known facts for which 
we have no satisfactory ex tions by most of the 
hypotheses at present held. No hypothesis which assumes 
a single carbon atom molecule, Fe,0, will satisfactoril 
explain the products of solution in hydrochloric, sul- 
phuric, or nitric acid. If the increase in specific volume 
of hardened steel compared with that of metal 
be largely due to the osmotic ure of the dissolved 
carbides, then it would seem, if a single carbide, FeO, 
only were gremeat, that the increase in specific volume 
should be directly proportional to the increase in per- 
centage of carbon. © very accurate determinations 
~_aee by M‘Cance clearly show that the specific 
oy — 4 increases in a greater ratio than the percentage 
of carbon. 


This is reasonably accounted for if the molecular |}, 


weight of the carbide is recognised, for as the percentage 
of carbon increases the molecular weight of the carbides 
decreases ; hence the number of carbide molecules per unit 
volume, and uently the osmotic pressure ata given 
temperature, w increase more rapidly than the per- 
centage of carbon. 

It may be assumed that the increase in electrical resist- 
ance is due to substances in true solid solution in a 
manner analogous, but in opposite direction, to conduc- 
tivity in aqueous solutions. Strictly pure water is sup- 
oom | to be a non-conductor, while strictly pure metals at 
or near the absolute zero are supposed to be without elec- 
trical resistance. We assume that the increase in electrical 
resistance is dependent on the concentration of substances 
in solid solution, and that undissolved solutes, such as 
carbides, even if in a finely divided state analogous to 
colloidal suspension, do not influence the electrical con- 
ductivity toa very marked degree. The work of M‘Cance 
confirms that of other experimenters in showing that the 
specific resistance of annealed steel in which most of the 
carbides are precipitated, only that portion soluble in a 
iron remaining in solid solution, is but slightly modified 
the carbon content, and is probably more modified by 

phosphides and — the silicides or sulphides 
remaining in solid mpry ty et ef gee ee 
Sam of more or less finely-divided precipitated 


The author would suggest that austenite, produced by 
quenching high-carbon steel from temperatures of about 
1050 deg., having « different structure from marten- 
site, being also distinctly softer, is a solid solution in 

hich the carbides have undergone almost complete ionic 
dissociation, carbon ions or carbon in a state correspond- 
ing to ions in aqueous solution, not having the same 





” aa of the Iron and Steel Institute, 1499, No. 2, 
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hardening effect or the same effect on electrical resistance 
as that exe by carbon in the form of undissociated 
carbide molecules. 

The ionic dissociation of carbides of low molecular 
weight with rising tem ture would account for the 
falling-off in the Brinell ness of hypereutectoid steel 
when the temperature is raised much above that at which 
the carbides are completely dissolved, since the maximum 
hardness would be expected in such metal when complete 
solution was effected, but when ionic dissociation was at 
* "Tinder the above outlined of steel the stad 

above ou conception of s study 
of the influence of a third element will necessitate the 
determination of the chemical relations of that element 
to both the iron and the carbon. Experiments may be 
pene gore planned to determine whether a given 
t enters wholly into the constitution of the solvent 
or into the solute, or whether it is partl 
partly in the other, thus bringing the law of mass action, 
which has been of such importance in the chemistry of 
aqueous solutions, into play. Some elements, AS 
nickel, seem to enter almost wholly into the solvent, while 
others, such as ium, as been shown by some 
recent brilliant work by Arnold, have a much stronger 
affinity for carbon than has iron, and tend to go almost 
wholly into the solute. enters into both 
solvent and "+ o does — ¥-. - the 
ter o chromium, even w! C) tage 
Sf the inser is low, is found to be combined with cagbon 
in the form of double carbides—that is, in the solute. 
Other instances could be cited, but the above merely 
serve to suggest the possibilities which are open for 
systematic research if the general conception is held that 
study of steel becomes a study of the influence of 
a in solid solution on the physical properties of the 
solvent. 


in one and 





Tue New Army.—Messrs. Bruce Peebles and Oo., 
Limited, of Edinburgh, announce that, since the out- 
of hostilities, well over one hundred members of 

their staff and works have joined the forces. 





CoMPETITION WITH GERMANY AND AusTRIA-HUNGARY. 
—In connection with the me undertaken by the 
Board of Trade, on the advice of their Advi Yom- 
mittee on Commercial Intelligence, to assist British 
manufacturers and merchants to secure trade formerly in 
the hands of German or Austro-Hungarian firms, the 
ave received a very large number of inquiries for 
names of sellers or buyers of articles of which the sources 
of supply or markets have been interfered with by the 
war. Special arrangements have been made in the Com- 
— er ay Ce) me & ie Board Fe Trade for 

ealing witb the inquiries, ists are bei SS. 
and circulated of articles which inquirers desire (a) to 
purchase and (}) to sell. The first and second lists were 
published on August 29 and September 18 respectively ; 
the third list, in which the first and lists are 
incorporated, is now ready, and may be obtained on 
application to the Commercial Intelligence Branch. 

irms interested in any of the goods mentioned, either 
as buyers or sellers, should communicate with the Director 
of the Commercial Intelli Branch, Board of Trade, 
73, Basinghall-street, on, E.C. 


THe MANCHESTER ASSOCIATION OF ENGINEERS.—One 
of the first of our technical institutions to embark upon 
the winter session the Manchester Association 
o i whose President, Mr. E. G. Hillier, 
delivered his address on Saturday, October 10. With so 
many of our normal arrangements upset, it is natural that 
Mr. Hillier should have touched on the effect of the war. 
It is, in fact, referred to both at the opening and close of 

is address. Although engineers are intimately concerned 
with all the modern science of warfare, it is peaceful 
development which is of the greatest service to the world. 
At the present time, as our columns have abundantly 
testified recently, there are 0; unities in all direc- 
tions for expansion of our e. Mr. Hillier rightly 
i us that this diversion may only be temporary, 
unless our progress in production and distribution 
is such as to enable us to retain this business. When 
payee | re-enters the field she will naturally make 
ow Wy ‘orts to regain the business formerly in her 
If she finds herself in such a condition that it 
will be comparatively useless for her to concentrate her 
attention on military and naval contqezent, her devotion 
Se +: ee oe Sea 
opinion that opportunities now presen us 
are of ccier tem; advantage. His address, how- 
ever, seems to admit = erly followed up, a 
t openi may in @ more permanen 
| ator PWhether as a nation we are able to rise to the 
occasion and to hold what we now merely have to 
reach out the hand to secure, remains to be seen. There 
is no doubt that the motto of ‘‘ Business as usual,” to 
which Mr. Hillier refers, is, in 
best not only for the institu 
country, in so far as it is i 
than 














474 


ENGINEERING. 





[Ocr. 16, 1914. 








GAS-FIRED LEAD-MELTING FURNACE. 
CONSTRUCTED BY THE MONOMETER MANUFACTURING COMPANY, LIMITED, ENGINEERS, BIRMINGHAM. 


In our issue of April 17 last, on page 536, we illus- 


trated a gas-fired furnace used for melting the large 
quantities of type metal required in a modern news- 

per office. e most important feature of this 
Sesenee was the automatic temperature-regulating 
device, which was illustrated separately, but could not 
be fully described owing to the fact that certain 
patents were not completed. 

We now illustrate, on the present page, another 
furnace employing this device and used for melting 
the lead required for covering cables in a large cable- 
making works. Thesame objection to the publication 
of a complete description of the means employed to 
regulate the temperature still applies, so that we must 
content ourselves by saying that the gas-valve is 
regulated so as to maintain a constant temperature by 
the expansion and contraction of a material contained 
in a tube which dips into the metal. Fig. 1 is a general 
view of the furnace, reproduced from a photograph, 
and Fig. 2 is partly an outside elevation and partly a 
longitudinal section through the axis. In this furnace 
the heating is effected by means of six Bunsen burners 
connected to the low-pressure town mains through the 
regulating device marked a in Fig. 2. The hot gases, 
after travelling round the bottom and sides of the 
renee ty pass through bent tubes } into the upper 
part of the pot, which, it will be seen, is completely 
covered in. By this means further heat is extracted 
from the gases before they finally pass away to the 
chimney, and the atmosphere is prevented from comin 
into contact with the molten metal. Loss of me 
due to oxidation is thus very greatly reduced, and no 
noxious fumes are allowed to escape into the atmo- 
sphere. The furnace is charged through sliding-doors 
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in the wall of the space above the“melting-pot, the 
doors being opened and closed from -the ground level 
by means of the long hand-levers shown in Fig. 1. 
The lead ingots are placed in an inclined tray attached 
to two endless roller-chains which pass roun rocket- 
wheels at the top and near the bottom of the furnace. 
By turning a handle connected to the lower pair 
of sprocket-wheels by spur-gearing, the tray carry- 
ing the ingot is raised until the charging-door is 


reached, when the ingot slides into the melting-pot. 
Fig. 1 shows the arrangement most clearly, it 
wi 


to turn the handle is involved in the process of 
— 

Another interesting detail of the furnace is the 
telescopic outlet-pipe, by means of which the molten 
metal is conducted into the receiver of the hydraulic 
ee used for covering the cables. The pipe, which is 

tted with a suitably sha nozzle, is shown in 
position in Figs. 1 and 2, while Fig. 3 illustrates it 
separately. @ flow of metal is controlled by a valve 
in the centre of the melting-pot, operated by a hand- 
lever c, in Fig. 2. When the metal is to be run out 
of the furnace the outlet-pipe is first pulled out by 
means of the hand-lever d, so that the nozzle comes 
over the receiver of the press, and the valve is then 
opened by the lever c. After sufficient metal has 
passed, the valve is closed and the pipe pushed back 
close up to the furnace. Gas-burners, visible in Figs. 1 
and 3, are provided to prevent the metal from cooling 
in the pipe. : 

The melting-pot has a capacity of 30 cwt., and this 
quantity of metal is melted in about an hour. In order 
to indicate how much metal the pot contains, a float 





be seen that no labour other than that required S 
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and scale, shown in the upper part of Fig. 2, are pro- 
vided. The furnace, which was made by the Mono- 
meter Manufacturing Company, Limited, of White- 
house-street, Aston, Birmingham, is claimed to be 
very economical in gas consumption, since the auto- 
matic regulating device entirely prevents waste of 
gas. It is also obviously very convenient to operate. 








BremincHaM Smatt Arms.—The directors of the Bir- 
i Arms Company report that in the rifle 
department the company has had a fairly business 
year. It has been moderately engaged without a break 
on Government work, and its business in sporting and 
a — _ oy well main “+ -y ae oo! 
on the out of the b war company 
its rifle factory at the disposal of the Government, and 
it has received sufficient orders at ordinary contract prices 
to keep its works running day and night. Further, at 
the desire of the War Office the company is rapidly push- 
ing forward large extensions which will enable it to con- 
siderably increase its output. Owing to the fact that 
every recruit in the new armies which have been raised 
has not been supplied with a rifle, some anxiety has arisen 
in the public mind as to the number of rifles available. 
The new armies far exceed in number anything before 
attempted by Great Britain; but the Government pos- 
Sesses8 stocks of rifles, and these stocks, with the 
— of the company and sundry Government factories, 
ill prove sufficient for oo the new troops before 
their services are required in the field. The directors 
add that the Lewis machine-gun has given satisfaction, 
and is now actually in service. The company is engaged 
in the manufacture of this arm for the Government, and 
the extensions of the works now in hand will enable it to 
supply practically any number required. 
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PETROL STORAGE AND DELIVERY APPARATUS. 


CONSTRUCTED BY 
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MESSRS. F. BRABY AND CO., LIMITED, ENGINEERS, DEPTFORD, 
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flow-pipe back to the main tank. In the 
casing C are two three-way cocks which are 
actuated by a cam when the handle H is 
turned. In working, a tally is inserted in 
a slot above handle H, and the handle then 














given a half turn. This causes the cam to 





WE illustrate herewith an arrangement for the 
delivery of petrol in predetermined small quantities. 
The arrangement, which is known as the ‘“ Auto- 
petrol,” is particularly applicable to taxi-cab and 
other garages where payment for petrol is made by 
the driver. The device renders it impossible for the 
driver to obtain more spirit than he is entitled to by 
tallies served out to him. The apparatus also serves 
as @ meter, the number of times it has been operated 
being registered by a continuous recorder in terms of 
gallons of spirit delivered. 

The apparatus consists of a main storage tank A, to 
which, as will be seen in the illustration, is attached 
& float arrangement for indicating the quantity of 
spirit; this tank for preference is set in concrete 
under the floor. The spirit is pumped from this tank 
to a feed-tank B by means of a semi-rotary pump G 

The tank has a vent-pipe, attached to which isa 
valve-box containing two valves so arranged that the 
vent-pipe is normally closed to the atmosphere, but 
automatically allows of the inlet and egress of air when 
petrol is being drawn from, orrun into, the tank. The 
arrangement also prevents evaporation and acts as an 
additional safeguard against fire. 

From the main storage-tank B the spirit flows to 
two measuring-tanks D and E, the capacity of each 
being 2 gallons, These measuring-tanks are fitted 
with float-actuated valves, and arranged so that should 
the valves leak, the excess of petrol flows down an over- 





open one of the cocks, so that the petrol 
from one measure is allowed to flow down 
the armoured outlet-pipe F, which is fitted with a 
spring-valve, as seen in the illustration. The other 
cock is turned so that the petrol from the feed-tank 
flows by gravity to the other measures. By inserting 
another tally, and giving the handle another half turn, 
the operation is reversed. 

The apparatus, which is manufactured by Messrs. 
F. Braby and Co., Limited, Ida Works, ptford, 
8.E., should remain perfectly accurate after long 
service, as there are no packings to cause leakage. 





GerRMaN Export Trape 1n Borers, &0.—A Board 
of Trade bulletin, issued a few days ago, points out that 
the export trade of Germany in boilers of steel and iron, 
tanks, drums, &c., is valued at about 1,157,150/. per 
annum. Of this sum goods to the value of 44,6501. come 
to this country, consisting chiefly of gas and other reser- 
voirs drums, and mooring-buoys, which we import 
to the value of over 33,000/. per annum. Our imports 
from Germany in the form of boilers proper are compara- 
tively small, but that country’s exports to France, 4 
tina and Russia are appreciable, especially to the last- 
named country, which imports steam boilers to the value 
of 93,0002. y also exports mooring-buoys, gas- 
drums, &c., in large quantities to France (44,200/.), 
Russia (33,300/.), the Netherlands (26,450/.), Argentina 
(24,400/.), Japan (20,600/.), and so on, her total exports 
in this line amounting to 372,050/. It is interesting to 
note that in Japan Germany’s trade in steam boi and 


boilers 
parts, expanded from 2 per cent. of the total imports in | 








1911 to 16 per cent. of the total imports two years later, 
while our own trade from being 87 per cent. of the total 
imports fell in the same two years to 68 per cent. of the 
total. At the same time the total imports fell off by 
about 40 per cent. 





Tue Junior INstITuTION OF ENGINwERS.—Ata meeting 
of this Institution on Monday, October 12, an interesting 
pe on yk omy was read by Mr. William 

tt Taggart, M.I. Mech. E., of Manchester. The lecture 
dealt in a general way with the main features of cotton- 
spinning machinery—i.c., the machinery used for the 
transformation of the raw cotton from the plant to the 
finished product in the form of yarn. To show the im- 
portance of the subject, a few words were devoted to the 
interest of cotton-fields in various ts of the world, 
the production of raw cotton, and the character of the 
fibres. The separation of the cotton fibres from the seeds 
to which they are attached was described and illustrated, 
and samplesshown. The ey cotton was briefly men- 
tioned, and the entrance of bale to the Lancashire 
cotton-mill was made the ~ wk oe for an extended 
description, fully illustrated, of the various processes 
through which the cotton passed to the yarn stage, and the 
machinery employed in these operations. Some of the 
most important mechanical features of these machines 
were emphasised. The lecture was designed to give the 
impression that whilst the textile industry is probably 
the Ses ae nese excepted), the 
engineering aspect 18 one to it in prominence. 
The engineering and moceateal blems that have 
been, and are being, solved have raised cotton-spinning 
to the highest plane of mechanical science; and the 
h i establishments that devote their atten- 
tion to the supply of textile machinery are in the front 
rank ——y the industries of the country. A | 
number of drawings accompanied the lecture, practically 
all of which were ske' illustrative of the action of 
the machines. Examples from seed-cotton to the finished 
yarn were also shown. 
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THE WORKING OF THE BOILER 
EXPLOSIONS ACTS. 


Tue annual report for the year ending June 30, 
1913, on the working of the Boiler Explosions Acts. 
1882 and 1890, has just been issued by the Board of 
Trade. During the period named, 66 preliminary 
inquiries and 14 formal | investigations were held under 
the provisions of the Acts. The 80 explosions thus 
dealt with caused the death of 31 persons and injury 
to 42 others. The 31 deaths were caused by 20 ex- 
plosions, of which 11 occurred on land and nine on 
ships. The number of persons killed is above the 
average (26.5) for the 31 years since the Act came 
into force, but the number of injured is considerabl 
below the average. It is satisfactory also to be able 
to record a drop in the number of explosions which 
occurred during the year, though this is still slightly 
above the average (72.9). 

On analysis of — A, which gives a very com- 
plete summary of the explosions for the year, it 
appears that 22 boilers, &c., were under boiler insur- 
ance or accident insurance companies ; 12 were under 
the Board of Trade or Lloyd’s Survey ; 5 were under 
mutual marine insurance companies, &c.; 3 were 
under the inspection of the makers; while in the 
remaining 38 cases the boilers, &c., were apparently 
under no system of periodical inspection. 

Appendix B describes the 80 explosions as having 
arisen from the following boilers or vessels, &c. :— 

13 horizontal multitubular boilers. 

5 vertical boilers. 

3 Lancashire or Cornish boilers. 

3 locomotive boilers. 

8 water-tube boilers. 

9 tubes in steam-ovens. 

4 heating apparatus. 

18 steam-pipes, stop-valve chests, &c. 

3 hot plates, &c. 

6 calenders, drying-cylinders, &c. 

3 economisers. . 

1 steam-jacketed pan. 

4 miscellaneous. 

The causes of the 80 explosions were as follow :— 

24 deterioration or corrosion. 

13 defective design or undue working pressure. 

11 water-hammer action. 

16 defective workmanship, material, or construction. 

7 Ignorance or neglect of attendants. 

9 miscellaneous. 

Appendix C states that the number of explosions 
respecting which formal investigations were held 
during the year ending June 30, 1913, was 14. They 
related to :— 

2 vertical boilers. 

2 water-tube boilers. 

1 stop-valve chest. 

2 heating apparatus (rectangular and ‘‘ Ideal”). 

1 marine boiler. 

1 drying-cylinder. 

2 steam-pipes. 

1 separator (cylindrical). 

1 feed-check valve-chest. 

1 economiser. 

These explosions resulted in the death of 20 persons 
and injuries to 10 others. The report states that the 
causes of these explosions have been clearly ascer- 
tained, and in two of the cases the explosions have 
been attributed to accidents—viz., in the case of an 
explosion on board a vessel the Commissioners found 
that it was due to water-hammer in the pipe, brought 
about by the accidental opening of a drain-cock. In 
the case of an explosion of an oil-ceparator the Com- 
missioners found that it was brought about by an 
accident to one of the workmen. 

The findings of the Commissioners in the fourteen 
formal investigations referred to were as follow :— 

In one case the owner was found to blame. In one 
case the owner and a boiler insurance company were 
found to blame. 

In one case the owner of the boiler was found to 
have contributed to the explosion by reason of 
negligenee. 

n one case a superintending engineer was found 
to blame. 

In one case the owners were found to blame and a 
firm of contractors also partly to blame. 

In one case the makers, the works manager, works 
engineer, a foreman, and a chavgeman were all found 
more or less to blame. 

In one case a superintending engineer was found 
guilty of an oversight and error of judgment. 

In one case the owners and a contracting company 
were found to blame. 

In one case a foreman and a chargeman were found 
to blame. 

In five cases no one was found to blame. 

The following amounts were ordered to be paid 
towards the costs and expenses of the investiga- 
tions :— 

In one case an owner was ordered to pay 10). 
In one case the owners were ordered to pay 25/. 
In one case the owners were ordered to pay 35/. 





In one case the owners were ordered to pay 75/. 

In one case a boiler insurance company was ordered 
to pay 50l. 

In one case the owner of the boiler was ordered to 


Pay 204. ; ‘ ; 
n one case @ superintending engineer was ordered 
to pay 50/. 

In one case a firm of contractors was ordered to 
pay 151. 

In one case a contracting company was ordered to 


Pay 25/. s. 
n one case a foreman was ordered to pay 7/. and a 
chargeman 5/. 
The total sum ordered to be paid amounted to 317/. 
Appendix D gives the total number of explosions 
dealt with since the passing of the Acts, the number 
of lives lost, and of persons injured :— 


a: 4 
~—— 

















Personal Injuries. 
p 7 
Year. Explo- Number of 
sions. prea red Persons | Total. 
| Injured, | 
1882-83 45 35 33 68 
1883-84 | 41 18 62 80 
1884-85 43 an 62 102 
1885-86 57 33 79 112 
1886-87 37 24 44 €8 
1887-88 61 81 52 83 
1888-89 | 67 33 | 79 112 
1889-90 77 21 76 97 
1890-91 72 32 61 93 
1891.92 38 23 82 105 
1892-93 72 20 87 | 57 
1893-94 104 74 54 78 
1894-95 114 43 | 85 | 128 
1895-96 79 25 48 73 
1896-97 80 27 75 102 
1897-98 i a. dare 46 83 
1893 99 68 | 36 | 67 108 
1899-19°0 59 24 | 65 89 
1900-1 72 33 69 93 
1901-2 68 30 65 85 
1902-3 9 22 67 89 
1903-4 60 19 45 64 
1904-5 57 14 40 54 
1905-6 54 25 21 46 
1906-7 77 28 65 93 
1907-8 73 23 50 73 
1908-9 93 12 53 65 
1909-10 103 14 62 7 
1910-11 100 13 61 74 
1911-12 106 30 75 105 
1912-13 80 $1 42 7 
Totals . 2260 820 1803 | 2623 
Average of 3l years}; 72.9 26.5 84.6 


| } 58.2 


The report further states that in the investigations 
of some of the explosions during the t year im- 
portant recommendations were made by the Com- 
missioners. In one case they recommended that the 
attention of the users of small boilers should be called 
to the neglect of periodic ‘‘ thorough ” examination of 
their boilers. In two others they made recommenda- 
tions dealing with the construction and management 
of the boilers of heating apparatus and cylinders of 
drying machines respectively. In a fourth case the 
Commissioners recommended that all owners of steam- 
trawlers should be warned of the danger attending 
the use of loose-fitting valve-seatings unless they are 
under the control of a master-valve interposed between 
the check-valve and the boiler. 

It may be pointed out that many of the explosions 
quel upon were of a comparatively trivial cha- 
racter, such as those due to the failure of tubes in 
steam-ovens, &c., but inasmuch as such occurrences 
endanger life, it is important that they should be in- 
vestigated by the Board of Trade in the hope that by 
the spread of information on the subject greater care 
will be taken both by those who make and those who 
use any vessel liable to give rise to an explosion of a 
more or less serious nature. 





Tue INSTITUTION OF MECHANICAL ENGINEERS : LOCAL 
Meetinc 1n MANcHESTER.—In response to requests from 
members in the Manchester district, arrangements have 

e for a meeting of the Institution of Mechanical 
Engineers to be held in the Main Room of the Portico 
Library, Mosley-street, Manchester, at 8 p.m. on Tues- 
day, the 2th inst., for the presentation and discussion 
of the Report of the Refrigeration Research Committee. 
Mr. George Hughes, Member of Council, will preside. 





Tue InstTiITUTION OF MuNIcIPAL ENGINEERS AND THE 
War.—Captain Arthur J. Martin, M. Inst. C.E., is 
forming a 2nd London Sanitary Corps, which has 
volunteered for service abroad. The chief duty of the 
new company will be to supervise the water supply and 
camps and billets, reporting defects and instruc the 
squads of the combatant units. The company will be a 
branch of the R.A.M.C.T.F., and the men whom Captain 
Martin is now enrolling are drawn from the various 
professions and trades connected with sanitation ; mostl 

i surveyors, architects, sanitary inspectors, 


a sprinkling of men fromthe building trades. Applica- 
dempahethl be medate Captain direct at the 
Duke of York’s head Chelsea, S.W., or to 


n quarters, 
Lieutenant Cave, or to the Orderly Serjeant. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was very fist, and Cleveland war- 
rants showed a decline. The turnover was limited to 
1000 tons at 50s. 14d. cash and 50;. 11d. three months, and 
closing sellers named 50s. 2d. cash, 50s. 6d. one month, 
and 51s. three months. In the afternoon there was 
little doing, and business was confined to 500 tons of Cleve- 
land warrants at 50s. 10}d. three months. The closing 
quotations showed little change. On Friday morning the 
market was a little easier, and only one lot of Cleveland 
warrants was put through at 50s. 1d. cash, with sellers 
over at that figure, and at 50s. 44d. one month and 
51s. three months. A steady tone prevailed in the after- 
noon, when 1500 tous uf Cleveland warrants were done 
at 503. 0}d. cash, and sellers’ prices at the cloxe were 
called 50s. 1d. cash, 50s. 5d. one month, and 5ls. three 
months. On Monday morning the market was dead 
idle, and Cleveland warrants were weaker, with sellers 
at 49s. 11d. casb, 50s. 24d. one month, and 50s. 9d. 
three months. In the afternoon the tone was again 
weaker, and 1000 tons of Cleveland warrants chan 
hands at 49s. 11d. and 49s. 10d. one month. Closing 
sellers quoted 49s. 7d. cash and 493. 10d. one month, 
but there were no quotations for the three months 
position. The downward trend of Cleveland warrants 
continued on Tuesday morning, when 1000 tons were 
dealt in at 49s. cash, and at the close sellers named 
49s. 1}d. cash and 493. 5d. one month. The afvernoon 
session was also weak and idle, and the closing 

ices were called 49s. cash and 49s. 3d. one month. 

hen the market opened to-day (Wedne:day) Cleve- 
land warrants eased off a little more, and 1000 tons 
changed hands at 493. 34. thres months. Sellers’ 
closing prices were 48s. 744 cash, 483. 104d. one month, 
and 49s. 6d. three months. In the afternoon there was 
little change in the state of the markes, and no dealings 
were recorded. Sellers of Cleveland warrants quoted 
483. 9d. cash, 493, one month, and 493. 6d. three months. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is nob very heavy at the present time, and the 
price shows almost no change. 


Scotch Steel Trade.—During the past week there has 
been very little change in the state of the Scotch steel 
trade, and rolling-milis generally are not fully employed. 
The dearth of new shipbuilding orders has caused a much 
smaller demand for plates, but as the stocks of foreign 
ship-plates are getting smaller, the local coasumers are 
passing better orders, although the quantities are on the 
small side. Black sheet makers, while still doing well in 
heavy qualities, are in receipt of few specifications for the 
lighter gauges, and for —— sheets the demand is 
rather poor. Export orders do not bulk very heavily at 


| present, and, except for one or two spots, the shipping 


trade is quiet. Taken all over, the steel trade migat b: 
said to be ‘marking time,” and in daily expec:ation of 
an improvement. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland are still rather quiet, and report « 
poor demand. Business is difficult t> secure, and they 
are finding it very hard to obtain enough to keep their 
plant running. Prices are unchanged. 


Scotch Pig-Iron Trade.—The Scotch ae makers 
have struck a dull seam at the moment, and not only has 
the home demand fallen off, but there is also a much 
smaller inquiry for export lots. Prices show an easier 
tendency, due, it is said, to the threatened import of 
American pigs, but most likely to induce fresh orders. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 68s. 6d.; Calder, Gartsherrie, 
and Summerlee, 69s. ; and Langloan, 72s. (all shipped at 
Glasgow); Eglinton, 63s.; and Glengarnock, 70s. (both 
at Ardrossan); Shotts (at Leith), 69s.; and Carron (at 
Grangemouth), 69s. 6d. 





QUEENSLAND CoaL.—The quantity of coal raised in 
Quvensland in 1912 was 902,166 tons. The corresponding 
output in 1911 was 891,568 tons. The average value of 
the coal produced in 1912 was 7s. 6d. per ton, as com- 

with 7s. 3d. per ton in 1911. There were thirty- 
our collieries working in the Ipswich district in 1912, 
seven on Darling Downs, and seven in the central dis- 
triet, or, al ther, forty-eight. In the Ipswich district 
several new shafts have been sunk on various coal proper- 
ties to the Aberdare and other seams, and a development 
of special significance in this part of the State has been a 
verification of the existence to the south of Ipswich of 
the coal-bearing series carrying the Aberdare seam. 


Tue ASSOCIATION OF ENGINEERS - IN -CHARGE.—On 
Wednesday last, at Se. Luiide’s Institute, E.C., the 
President for the ensuing session of the Association of 
Engineers-in- Mr. F. Bailey, M. Inst. C.E., 
delivered his inaugural address. Naturally, considerable 
reference was made to the war, a large part of the 
address being occupied with the expenditure on arma- 
ments and the commercial opportunities now offered to 
our manufacturers. man and British exports in a 
number of branches of the engineering trades were com- 
ri Cetteee wae camepeced 0Gh cum’ cttereh Se 
oreign ess was com with ours, ough we 
had actually done the pioneer work in many of the most 
remarkable developments of this era. Mr. Bailey’s object 
elsewhere in his address was the stimulation amo 
members of the Association of a progressive state of min 
such as would enable them to partake in, and take 
advantage of, the developments which are bound to come 
and, if we may judge by recent years, to do so at an 
ever-increasing pace. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippiesBroucH, Wednesday. 
The Cleveland Iron Trade.—Quietness prevails in the 
pig-iron trade, and the situation is not encouraging. This 
week Messrs. Palmer and Co. are restarting three blast- 
furnaces at their Jarrow works, almost the whole of the 


output of which the firm will consume themselves. This is 


increases the number of furnaces in operation on the 
North-East Coast from 68 to 71, of which 35 are producing 
Cleveland pig, 25 are making hematite, and 11 are manu- 
facturing special kinds of iron. The furnaces ru on 
Cleveland pig are not blowing at full pressure, but they 
are still turning out more iron than is required, with the 
result that stocks are steadily accumulating, and as Cleve- 
land pig prices have now 5 considerably below cost 
of oat 4 the blowing-out of furnaces would cause no sur- 
prise. Not since December, 1911, has Cleveland pig been 
obtainable at such low rates as now rule. No. 3 g.m.b. is 
49s. 3d. f.0.b.; No. 1 is 51s. 6d.; No. 4 foundry, 49s.; No. 4 
forge, 48s. 6d.; and mottled and white iron, each 48s. 3d., 
all for early delivery. East Coast hematite pig is weak, but 
prices arestill relatively a good deal better than those of 
Cleveland pig. Mixed numbers of the former used tu be 
8s. to 103. above the price of No. 3 Cleveland, whereas 
the difference at present is 14s. 9d. Nos. 1, 2, and 3 
hematite stand at 64s. Values of foreign ore tend down- 
ward, but in the absence of transactions, fixing quotations 
is not —_ Several sellers continue to market rates 
on 17s. 6d. ex-ship Tees for Rubio of 50 per cent. quality, 
but it is understood that less would be accepted, and 
probably contracts could be made on a basis of about 
17s. Freights Bilbao-Middlesbrough are firm at 4s. 6d. ; 
Middlesbrough pig-iron warrants to-day closed 48s. 3d. 
cash — the lowest quotation since December 8, 
1911, when they were down to 48s. 2d. cash buyers. 
Sellers of coke are “—7 reluctant to reduce quotations, 
and some of them hold out for as much as 17s. 9d. for 
Durham bee-hive average blast-furnace kinds delivered 
at Tees-side works. Inferior Durham and Yorkshire 
coke, however, is obtainable at a good deal below that 
figure. consumers are holding off buying. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 106,703 tons, 
Since the beginning of the month the stock has been 
increased by 3737 tons. Shipments of pig-iron from the 
Tees are on only a moderate scale. To date this month 
they average 2237 tons per working day, the total des- 

tches being returned at 26,845 tons, 22,425 tons of which 
| oe gone from Middlesbrough, and 4420 tons from 
Skinningrove. To the same date last month the loadings 
were given at 21,464 tons, or a daily average of 1788 tons, 
and for the ae part of October, a year ago, the 
clearances reached 37,765 tons, or an average of 3147 tons 
per working day. 


Manufactured Iron and Stcel.—Producers of all de- 
scriptions of manufactured iron and steel keep busy. 
Specifications for constructional steel are coming in oak. 
but there is little demand for deliveries of plates and 
angles for shipbuilding, owing to the shortage of labour 
in the shipyards. In the rail trade Messrs. Bolckow, 
Vaughan and Co. have, in spite of keen American com- 
petition, secured an order for 6000 tons of steel rails for 
South Africa. Principal market quotations stand :— 
Common iron bars, 8/.; best bars, 8/. 7s. 6d.; best best 
bars, 81. 15s.; packing iron, 6/. 10s.; iron en 
7l. 5s.; iron ship-angles, 8/.; iron ship-rivets, ; iron 
girder-plates, 7/. 5s. ; steel bars (basic), 6/. 153. ; steel 
bars (Siemens), 6/. 15s.; steel ship-plates, 7/. 5s.; steel 
ship-angles, 7/.; steel boiler-plates, 87. 5s. ; steel joists, 
7l. 2s. 6d. to 7/1. 53.; steel strip, 67. 10s. ; steel hoops, 
61. 15s.—all less the customary 24 per cent. discount ; light 
iron rails, 77. 15s. ; heavy steel rails, 6/. 15s. ; steel rail- 
way sleepers, 7/. 15s.—all net at works. 


Cleveland Miners’ Wages.—The question of wages to 
be paid to miners during the ensuing three months was 
considered at a meeting held at Middlesbrough this week, 
between the representatives of the Cleveland Ironstone 
Mine Owners and the Cleveland Miners’ Association. It was 
agreed that wages should be advanced 0.25 (a quarter of 
one) per cent., the same increase as has been conceded 
to the Cleveland blastfurnacemen. The advance takes 
effect from the 26th inst. 


Wagon Order.—It is reported that the Blake Boiler, 
Wagon and Engineering Company, Limited, of Darling- 
ton, have secured an order for 178 all-steel bogie, covered 
wagons, each of 23 tons carrying capacity, required for 
the metre-gauge lines of the South Indian Railway. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—Though the coal traffic through Hull 
continues to be seriously affected by the war, the returns 
for September show that many of the leading South 
Yorkshire pits have m to retain the bulk of their 
export business. The total sent to the port—418,096 tons 
—was 211,938 tons less than during the corresponding 
month of 1913. For the nine months, January to 
September (inclusive), 4,532,315 tons were handled, 
against 6,081,058 tons for the co: ding iod of 
last year—a decline of 1,548,743 tons. During the month 
foreign exports declined to 176,733 tons, compared with 
393,026 tons in September of last year, a deficit of 216,293 
tons. The tonnage sent to home ports was 118,000 tons 
less than in September, 1913. The collapse of foreign 
trade is easily explained. A year ago Germany took 
nearly 70,000 tons compared with no exports last month, 
while only 7036 tons were sent to the Baltic as 
against 132,335 tonsa year ago. During the month South 





America took 12,000 tons less, Egypt 11,000 tons less, and 
France 8000 tons less. Trade with Holland was normal. 
On the other hand, Italy took 13,000 tons more, and 
Sweden 30,000 tons more. 


South Yorkshire Coal Trade.—The dangers attending 
shipping and the difficulties of foreign exchange have 
join ght about another decline in the alread 
shrunken export trade. Fortunately the home 
, the extra requirements of firms dealing with 
Government work compensating for lighter deliveries in 
other branches of industry. "The demand for house coal 
has slackened, but a better inquiry is ex with the 
advent of colder weather. Pits are limiting their output 
in aa : — = oa jn so _— fF ayn 
supplies of props last as long as possi are 
a steady market. A fair tonnage is being sent inland, 
and shipments, though well below the normal, are as 
large as can be expected. An abundance of slacks is 
—ae ray rates, oe Lap by of the —— 
cotton industry having thrown a tonnage on open 
market. In order to prevent the further increase of 

stocks at the pits, fewer days are being worked. 
Coke is quiet. Quotations :—Best branch hand-picked, 
16s. to 16s. 6d.; Barnsley best Silkstone, 12s. 6d. to 
13s. 6d.; Derbyshire best brights, 12s. 6d. to 13s. 6d. ; 
Derbyshire house, 11s. to 12s. ; best nuts, 


large 11s. 
11s. 9d.; small nuts, 9s. 3d. to 10s. $d.; Yorkshire hards, | 23 


lls. to 12s.; Derbyshire hards, 9s. 9d. to 10s. 9d. ; best 
Se Os cee & CS See 6d.; smalls, 1s. 9d. 
to » 


Iron and Steel.—Pig-iron sellers have experienced 
another quiet week. — has largely been of a hand- 
to-mouth character, very little attention arp bans = 
to covering some of the large orders that have 
booked for finished goods; but the output is a 
restricted and for the most part prices are firmly held. 
Derbyshire foundry sorts are offered at 57s. delivered, 
and Derbyshire forge at 55s. 6d. to 56s. Lincolnshire 
official prices are unaltered, but sales of large quantities 
aod i ee at slight reductions. There -_ been iS 
8 , thoug’ no means a strong, inquiry for mix 
pee id in enstion. The bulk of Jey As booked 
have gone to East Coast makers, who, as usual, have a price 
advantage over West Coast producers. Hast t 
mixed numbers are quoted at 6d., delivered locally, 
a decrease of 1s. 6d. as compared with a month ago. 
More favourable reports are to hand regarding the con- 
dition of the finished-iron trade. The outlook is stated 
to have improved, there being an increase in general 
business as apart from Government orders and diverted 
German trade, and the South Yorkshire Makers’ Associa- 
tion has omanty decided not to lower its standing 
basis price of 8. for crown bars. The quotation in 


competing districts is as much as 1J. 5s. lower, but the 
facilities provided in those districts for cheap production 
are enabling makers to secure a far bigger share of 
diverted German trade than is coming into South 
Yorkshire. There has been quite a slump in the 
buying of scrap. Heavy-iron scrap is now quoted at 
55s. 6d. to 57s., and good ordi steel scrap about 
44s. 6d. Billets are dull, and orders scarce, but 
ices are steady. Bessemer acid is quoted at 7/. 15s. to 8/., 
iemens acid at 8. 5s. to 8l. 10s., hard basic billets at 
6/. 10s., and soft basic billets at 62. Uneven conditions 
prevail at the forges and rolling-mills. Some are work- 
ing full time, but others have difficulty to keep running 
four days a week. The armament factories are as busy 
as possible. Orders are being executed for France and 
Russia, in addition to the heavy work on hand for the 
British Government. Shipbuilders are making big de- 
mands upon heavy-steel makers. South Yorkshire rail- 
way material is in much greater request, to fill the gap in 
production created by the suspension of Germany’s wide 
activities in this direction. Special orders are being com- 
pleted for motor-wagons and camp-kitchens. Some good 
contracts have been booked for engineers’ tools, though 
this branch of trade has been adversely affected by the 
necessary restrictions placed by the British Government 
on exports to the Continent. e War Office is i 
inquiries with a view to placing further orders in 
South Yorkshire for military implements. In this con- 
nection, mention is made of upwards of half a million 
——s tools, designed to form a combined pick and 
ovel. 





British Locomotive Exrorts.—Notwithstanding the 
war, our locomotive shipments exhibit, upon the whole, 
satisfactory results for the nine months ended Sept- 
ember 30, the value of the engines exported to that 
date having been 2,929,502/., as com with 2,067,316. 
= the as Law ey Lg a“ 1,430,977/. in 
the corresponding peri rgentina took 
British locomotives in the first nine months of this year 
to the value of 603,766/., as compared with 499,254/. and 
313,432. This result must be regarded as favourable in 
view of the current disorganisation of the A tine 
railway interest. It is, however, in British India that 
the greatest ey in the demand is observable, the 
value of our Colonial imports having been as follows to 
September 30, this year, as compared with the corre- 
sponding periods of 1913 and 1912 :— 


Colonial Group. 1914. 1918. 1912, 
£ £ > z 

British South Africa. . 64,099 96,831 148,442 

British India .. -- 1,822,082 711,910 298,996 

Australia -- 430,950 338,861 237,919 


It will be seen that purchases of our locomotives upon 
Australian account have been good this year. war 
may exert an unfavourable influence upon Australian 
development, but thus far it has not had much effect. 





NOTES FROM THE SOUTH-WEST. 
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there was some increase in the shipments to Norway, the 
United States, British India, and Australia. The aggre- 
ate with mons ~ nti a ~ ns wt 
as ek ,031 tons in the corres: ing peri 
1913. Until the war broke out matters were meus on 
pretty well, but a great change has since been observable. 
Bristol Widening Works.—The sani committee of 
the Bristol City Council proposes to widen Avonmouth- 
road between West Town-road and Oook-street, and 
Filton-road between Horfield Barracks and the city 
boundaries. In the first case, the improvement will in- 
crease the carriage-way from a width of 18 ft. to one of 
22 ft. ; and the second pro would increase an average 
width of 21 ft. to an actual width of 50 ft. 


usely ang change tes bers iieerpuss Undhe velo tage 
y any c ew vein 

has been quoted at 16s. 9d. to 17s. per ton. Western 
Valleys have made 16s. to 16s. 64., and Eastern Valleys, 
15s. 6d. t6 16s per ton. 

Dowlais.—The Goat Mill has completed some orders 
for tin bar and cogging steel, while some tons of steel 
rails and steel sleepers have been despatched. The Big 
Mill has been occupied with steel props, curves, &c., 
for underground working, as well as with sole-plates, 
fish-plates, and tram-rails. 

en oy ——— fortress commander + by — 
an order which all passen traffic across 
from Hobbs’ Point to Neyland La to cease at sunset. The 
ferry connects roads on opposite sides to Milford Haven, 
and a great deal of traffic passes over it, especially in the 
evenings. Many objections have been raised to the 
order, as it is contended that it will interfere unduly 
with railway and general traffic. 





Contract.—The Underfeed Stoker Company, Limited, 
has recently booked orders for forty-nine of their stokers 
for this country, the Continent, the British Colonies. 

GERMAN AND AusTRIAN Czment.—The exports of Ger- 
man cements are valued at about 1,724,000/. per annum, 
and those of Austria-Hungary at about 216,000/. Com- 
pared with these, our — figured at 1,273,000/. i 
1913. Our principal markets are India, South Africa, 
Argentina, and Brazil, which all take our cement to a 
value of between 110,000/. and 241,800. Germany sends 
to Brazil cement to the value of 281,300/., com with 
our 203,500/.; but in the other countries , in which 
our trade is Germany’s is small. For instance, we 
send cement to India to value of 241,800/., to South 
Africa 110,400/., and West Africa 66,700. Germany 
sends to these countries cement to the value of 19,800/., 
6000/., and 6400. respectively. The bulk of the Argen- 
tine trade is in our hands, peaen business being worth 
only 51,600/., compared with our 164,000/. On the other 
hand, to Australia, Germany in 1912 shipped cement to 
the value of 133,800/., while our shi ts recentl 
were only w 48,2001. per annum. Netherlands 
naturally take large quantities of German cement; 
in fact, their imports of 249,700/. show that country 
8 





to be y’s second best customer. Russia is 
another o— importer from Germany, while Chile 
takes 142, . worth of German cement as to 
only 45,5007. worth of the British product. Other im- 
nt markets for Germany in this trade are Fran 
utch East Indies, Turkey, Philippines, ium, 
so on, Austria’s exports do not amount to 20,000/. to 


any single country, but her trade with Argen- 
tina, Brazil, Turkey and Russia is in all cases between 
that figure and 10,000/. As a competitor of British 
cement products, Austria does not appear d 


i the 
make favourable terms for 
that this is the primary cause of the hold Germany 
has on the Australian market. The above figures are 
taken from a recently issued Board of Trade bulletin. 
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GERMAN SCIENCE. 
Mucg# has been written and much spoken during 
the last few weeks on the subject of German Kultur, 
and although, most unhappily and most emphati- 
cally, it has been demonstrated that ‘‘ Kultur” in 
German is by no means synonymous with culture in 
English, yet in some quarters, not, of course, the best 
informed, there has been observable a tendency to 
admit the German claim to pre-eminence so far as 
pure and applied science is concerned. The matter 
in debate is in essentials the same as is involved in 
the question as to whether the my in oratory is 
to be awarded to the man who delivered the 
greatest speech or to him who makes the greatest 
number of good speeches. So far as quantity 
is concerned, the output of German science is 
bably in excess of that of any other coun 

but the average quality is by no means undu =| 
high. In fact, Germany has been distinguish 

even in pure science, rather by her quntolbaiions 
to scientific data than to scientific thought. In 
but one of the great generalisations on which 
a share, and this but a subordinate one. Good 
work in establishing the doctrine of the con- 


of thermodynamics the Germans make a 
in comparison with Carnot, Joule, omson, 
Rankine, and Willard Gibbs. It would, of course, 
be extravagant to maintain that Germany's con- 


poor half-pennyworth of bread did to the intoler- 
but it is hardly disputable that Germany’s achieve- 


Fourier, La _ 
nothing of reen. 
the German strength -_ been mainly in the develop- 


do admit a claim to Germany’s primacy in this art. 


the two 
the use o 
septics and ase 
nationalities, an 


t triumphs of modern surgery—viz., 
i anses zesthetics and the introduction of anti- 
is—are attributable to other 


non-Teutonic origin. 





TURBINES, ' 


work on heredity has attracted so much attention 





modern science is based can she lay claim to 


servation of energy was undoubtedly contributed 
by Helmholtz and Clausius, but practically the 
whole of the original work of the latter was antici- 
pated by Thomson and Rankine ; and in the great 
names associated with the pioneering in the — 
r show 


tribution to scientific thought bore the same rela- 
tion to her contribution to scientific data that the 


able deal of sack in Falstaff’s famous reckoning ; 


ments, both in pure and applied science, have in the 
main been parasiticon the thoughtof other countries. 
In mathematics, against Liebnitz, who devised 
the exceedingly convenient and valuable notation 
of the differential calculus, must be set such names 
480|as Napier, Newton, the Bernouillis, and Euler ; 
, | Whilst Gauss and Bessel are more than offset by 
» Lagrange, and Legendre, to say 

all cases it is notable that 


ment of fields opened up by others, the national 
genius being that of the settler rather than of the 


pioneer. To this general rule, which holds pretty 
generally — — the whole field covered by 
the word ‘ music is presumably an ex- 


ception, as we wie those authorised to speak 
In surgery Germany has done excellent work, but 


America has led the way in a 
large proportion of other advances in operative 
surgery, whilst the germ theory of disease is also of 
In biology no German name 
ranks besides that of Darwin, whilst Mendl, whose 


of late years, was an Austrian. In bacteriology 
Pasteur has no Teutonic compeer, and what is 
probably the most important discovery in this de- 
partment of late years —viz., the connection between 
certain insects and the of certain diseases— 
is the work of Patrick Manson. Of course, in all 
these de ents of scientific achievement excel- 
lent and highly valuable work has been accom- 
plished in Germany, but with few exceptions the 
great basic ideas originated elsewhere. This is true 
even in respect to chemistry—a science in certain 
respects well suited to the particular national 
traits of the Teuton ; but here, as elsewhere, most 
of the fundamental conceptions were brought 
forth in other countries. us it was Lavoisier 
who overthrew the phlogiston theory and founded 
modern chemis' rf ton gave us the atomic 
theory, to which Italy an wt extreme pe arene 
contribution in Av thesis. The doctrine 
of valency was pm Frankland, whilst 
Germany's he gerry contribution to chemical theory 
is associated with the eminently non-Teutonic name 
of Kekulé. In this connection, indeed, it is note- 
worthy that — Helmholtz and Kant were of 
mixed ancestry, f fresh instances of the 
generally-accepted doctrine that crosses between 
two not too dissimilar races often yield an astonish- 
ingly able progeny. 

n electsteal work the same condition holds as else- 


where ; the os names are Volta, Ampere, Faraday, 
and Clerk- well, who are withou' rs amongst 
their Teutonic rivais. The same state of affairs is 


met with in the applied sciences. In electrical engi- 
neering, Germany, ably as she has develo 
their conceptions, cannot show any such record of 
pioneering work as is attributable to Thomson, 
Gramme, Hopkinson, Edison, or Swan, and the 
seeds from which her great chemical industries 
have sprung were gathered from England. Eve 
where th ny betwen is much more notable for intelli- 

gent indost than for creative genius. Even the 
radi combustion engine originated in France, 
to whom also is due the credit for the first invention 
of the so-called Otto cycle, and France was also the 
pioneer in the production of the large gas-engine, 
which, with the Diesel engine, has since become a 
typical product of the Fatherland. Germans are 
credited with a remarkable — for linguistic 
studies ; but the key to the hieroglyphics was found 
by Champollion, and to Si » ony Rawlinson 
belongs most of the credit for the deciphering of 
the cuneiform inscriptions. 

Where Germany excels most other nations is, 
however, is her for scientific attainments, 
and it is this which induces her capitalists to 
finance expensive experiments, a form of enter- 
prise from which the nation has deservedly reaped 
a marvellous harvest in the past, and which, it is to 
be feared, cannot be emulated here until our autho- 
rities reform on a more rational basis the present 
system on which the average boy is educated. 
As matters stand, the English boy leaves school 
with little Latin, less Greek, and a most complete 
ignorance of the principles of that science which is 
transforming the whole face of civilisation. It is 
only the exceptional youth that acquires any know- 
ledge whatever of these, and it is probable to this 
cause must be attributed the high average standard 
of British scientific achievement. To the funda- 
mentals of science we have contributed probably 
a larger proportion of basic principles than have 
any of our rivals. 

Most of the comparisons made in the foregoing, 
between German claims and German achievement, 
are, no doubt, matters of ancient history ; but a 
comparison of the pioneering work done within the 
last few years will show that, in spite of the enormous 
sums devoted to pure physics and chemistry, but a 
small proportion of the really notable discoveries 
of recent years have been made within the limits 
of the German Empire. A complete list of these 
would include the discovery of the inert gases of 
the atmosphere, of the corpuscle or electron, of 
radioactivity, of the Zeeman effect, and of the 
Réntgen rays ; and of these the last-named only 
is attributable to Germany. Of matters still under 
discussion, such as Planck’s atomisation of ene 
the time has not yet come to speak definite 
but if — — _— turn out to be more than « 4 
provisiona. esis affording a tempo bridge 
over the difficult gap detected by Lord Rayleigh 
in the kinetic theory, it must undoubtedly 
regarded as an important pioneering contribution. 

No country has concentrated so much industry 
'as Germany on the improvement of armaments, 
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yet here again history repeats itself; and it is 
ideas borrowed from o 


ments made. It is true that the military breec 


er nations that in the main | 
constitute the basis of the remarkable ——-,- 


| 
| 


who specialise in the various lines of manufacture 
concerned. If these parts were entirely produced 
in this country, the matter would present no diffi- 
culty, but unfortunately a great many of them 


loader is a Teutonic conception, but practically come from Germany and Austria, and very often 
every other important improvement is of alien| they have merits which are absent from similar 


origin. 
Aaadion the machine-gun and magazine rifle. It 
was France, again, wuich introduced the high-| 
explosive shell, the quick-firing field-gun, mili- 
tary smokeless powder, and the modern sub- | 
marine ; whilst she shares with America the credit | 
for the aeroplane, which is unquestionably a much 
more original development than Germany's sole) 
important contribution to aeronautics—viz., the | 
Zeppelin. America, again, introduced the cemented | 
armour-plate, of which Krupp improved the resist- 
ing qualities by his heat treatment. 
ven in the matter of organisation, in which the 
ion of a remarkably ducile population is no 

inconsiderable asset, Germany must yield the palm 
to the United States. Here not only have we) 
such practical exemplifications of the science as is | 
afforded by, say, the Ford motor-car works, but 
America has done much to lay down and formu- | 
late principles which have since been adopted 
chaebune. Much has been written in criticism of | 
American “efficiency experts,” but whilst their 
methods may not be applicable to all conditions, 
the remarkable increase in output effected in suit- 
able cases, and without overstrain to the workmen, 
is too well established to be denied. The import- | 
ance of an efficient workshop organisation was | 
forced on America by the high price of labour, and 
it is, of course, also to the United States that we 
largely owe the extended — of the prin- 
dake of interchangeability which has effected ;such 
an astonishing reduction in the cost of repetition 
work generally. Again, it is to America, not to 
Germany, that commissions of inquiry into the 
organisation of the telephone industry are naturally 
direc*ed, her superiority being unquestioned. | 

To sum up, whilst Germany may fairly claim a) 
high position in both pure and applied science, no 
claim to primacy in either department will bear the 
test of investigation. With but few exceptions, 
she follows ; others lead. 








MOTOR ENGINEERING. 

Amone the trades concerning which the Board 
of Trade has been putting statistics before the 
public in a series of White ks is that of motor 
engineering. Naturally, as shown in an article on 
this subject in our issue of October 2, the Board of 
Trade deals mainly with figures, and leaves the 
application of them to the reader. Many persons, 
on seeing these figures, have jumped to the con- 
clusion that all our manufacturers have to do is to 
imitate the ancient Israelites, and attack the 
markets of the world by persistent trumpet-blow- 
ing. That our cars are equal to any is un- 
doubted, and that the output of German machines 
must practically cease during the war, and for 
some time afterwards, is also clear; but it by 
no means follows that we can at once obtain an 
accession of trade equal to that of the German 
exports. The war alone will account for a great 
falling-off in what are called ‘‘ pleasure cars,” not 
only in the combatant countries, but in all others. 
In spite of moderate bank rates, and still more 
moderate discount rates, money is ‘‘tight.” Even 
in South America, in the States, and in Canada, 
expenditure is being restricted to what is necessary, 
and luxuries are being cut off. The motor-car trade 
must necessarily experience a great falling-off in 
demand, and the fact that German exports of an 
annual value of 4,113,350/. have practically ceased 
will not alone retrieve the situation. 

If the motor trade of this country were self- 
contained, the question of obtaining ter influ- 
ence in the markets of the world would be one of 
business methods solely. it would turn upon 
credit and commercial organisation and a general 
adaptability to new conditions. It would devolve 
on the non-technical departments of the works to 
take it in hand, and the engineer would be left free 
to execute the orders when they were obtained. 
But unfortunately the case is far otherwise. We 
have it on the authority of Mr. L. H. Pomeroy, 
who discussed the effect of the war on motor 
engineering before the Institute of Automobile 
Engineers last Wednesday evening, that quite 
50 per cent. of the material composing a motor-car 
is supplied, wholly or partly tinished, by firms 








France gave us the armour-plate and | articles made here. In 1912 we imported 90,0001. 


worth of motor-car parts, and although this is a 
trifling percentage of the total annual value of the 
motor-cars turned out, it must be remembered 
that only 50 per cent. of the selling value of a car 
is represented by material and labour, and that 
the absence of any one essential part renders a 
car useless. 

Foreign buyers who really want cars will no doubt 
now buy what they can get, and as all Continental 
builders, except Italy, a1e hampered by the war, we 
should obtain the bulk of the orders. They will be 
very welcome, but trade of this kind is not of any 

t value unless it ends in a permanent connection. 
f the cars we send do not prove to be efficient 
in every respect, they will not gain us a reputation. 
The war is not going to last for ever, and once it 
is over business will again be conducted on com- 
mercial principles. The combat will be transferred 
from the battlefield to the market place, and will 
be waged by means of price and quality instead of 
sword and rifle. Questions of infringement of 
international law, and of high-handed dealings 
with non-combatants, will soon recede into the 
background, and orders will go to those who can 
offer the best terms. It therefore behoves not only 
the motor trade itself, but also all those who 
supply it with accessories, to take advantage of the 
fact that we are temporarily obliged to fill all our 
needs ourselves, to improve their plant and 
rocesses to such an extent that they can no 
ee be excelled or undersold by German manu- 
facturers. 

The list of fittings and accessories which are 
ordinarily bought by motor-car firms is long and 
various. It includes pressed-steel frames, radiators, 
wheels, springs, carburettors, ball-bearings, tyres, 
magnetos, sparking-plugs, bevel and worm-gears, 
and detail fittings, such as instruments, grease- 
cups, unions. In some cases engines, gear-boxes, 
and axles are among the finished parts bought 
ready-made, but that is only by small firms. On 
the other hand, there are concerns who produce 
most of the items included in the above list, 
but there is probably none that is quite self- 
sufficient. The constituent of a motor-car which 
everyone knows to be of foreign origin is the Bosch 
magneto. We understand that it is now made to 
some extent in this country, but the bulk of the 
supplies have come from abroad, and have practi- 
cally gained a monopoly by their reliability. There 
are certainly magnetos of British make, and there 
is no reason why they should not attain to the same 
reliability if the makers will devote themselves— 
in the words of Mr. Pomeroy—to the patient train- 
ing of labour and the constant aim at perfection of 
a whole works organised on scientific lines. This 
sentence might be called the text of Mr. Pomeroy’s 
paper. He does not aver that any part of a motor- 
car cannot be produced in this country, but he 
insists that in many cases it can be got better, or 
cheaper, or both better and cheaper, abroad. This 
condition of affairs he attributes to the greater effort 
expended by German and Austrian manufacturers 
towards attaining the ideal demanded by their 
customers. When there is a demand they set 
themselves to meet it, and are not hasty to say that 
it is impossible of attainment. Every engineer 
knows that if he wants thin steel castings he must 
go to the Continent for them. Motor-omnibus 
wheels are now cast in steel in Austria of a thin- 
ness which is unobtainable here, and no doubt they 
are sold at a profit. It is inconceivable that they 
could not be made in England if sufficient study 
were given to the subject. ft is one of the penalties 
of falling behind in the commercial race that every- 
day it becomes more difficult to overtake one’s com- 
petitors. Their ee outlay has been written 
off from the early profits they made when competi- 
tion was slack, and they have fixed prices at a point 
which leaves no margin for experiment or failure 
to those who attempt to follow them. They have 
‘*a whole works organised on scientific lines.” 

Another item that figures large in car construction 
is stampings. There are many capable stampers 
in this country, and they are subject to constant 
pressure from their customers to increase the accu- 
racy and uniformity of their products. Often what is 
demanded of them is manifestly impossible to one 








who understands the art, and such demands are 
apt to generate a spirit of obstinacy which refuses 
to consider the question of progress at all. When 
the Institute of Automobile Engineers paid a visit 
to ~— this summer, they were impressed, 
says Mr. Pomeroy, with the scientific methods 
seen there, and, further, ‘‘ with the unremitting 
care with which the product is checked, the elaborate 
research work which has directed the choice of 
the material used for various purposes, its heat 
treatment, and the investigation of its physical 
and chemical characteristics.” Mr. Pomeroy 
continues that the chief complaints against British 
stam are, first, a lack of knowledge of the 
physical characteristics of the material they are 
stamping ; second, the tendency to dispense with 
preliminary hand forging of parts like connect- 
ing - rods, and to overheat the metal to obtain 
easy working and quick production; third, a 
lack of appreciation of how closely to its desired 
shape a stamping can be made, and consequent 
non-uniformity of product; and, fourth, a complete 
disregard, in all but a very few firms, of the mani- 
fest a of heat treatment after stamping in 
all cases, and its absolute necessity in many. 

This is a fairly severe indictment, but it is 
certainly true in many cases. Stamping is a busi- 
ness which must be conducted on a wholesale 
scale to make it remunerative, and the heads 
of firms are apt to pay scant attention to small 
orders. This is natural, and, indeed, often cannot 
be avoided, but it isa practice that needs to be 
carefully scrutinised, especially when the orders 
come from a new and growing industry. A spirit 
of content is the worst frame of mind in a manufac- 
turing establishment, for it assumes that matters 
can be relied upon to remain as they are, and 
experience shows that they cannot. If we were 
all well off and happy, we might rely on freedom 
from change ; but there are always people in the 
world who are far from satisfied, and who are 
ready to spend time and labour in improving their 
position at the expense of others. During recent 
years there have been many such on the Con- 
tinent, and wherever they have found dissatisfied 
buyers they have exerted themselves to the utmost 
to meet their requirements. They have often suc- 
ceeded in creating a trade where there was none 
before, or in diverting customers from British firms 
by lower prices or better goods. For the time such 
manufacturers are out of the running; but they 
will certainly return to the contest, and will regain 
their lost ground if they find us as we were. 

The newspapers are full of articles on the neces- 
sity of capturing German trade, and by this is 
meant Germany’s customers. Unfortunately, in 
this case a customer is a free agent, and cannot 
be made a permanent captive. He may find 
himself faced with Hobson’s choice of taking our 
goods or going unserved until the close of the 
war, but in a year or two he will recover his free- 
dom, and will satisfy his needs in the way that 
pleases him best. What we really want to do is to 
capture so much of German methods as are capable 
of combination with British practice, and then we 
may expect to retain each customer we gain. And 
we do not need to make long journeys to foreign 
countries to find out in what respects we have to 
learn. 

Very many manufacturers may find the informa- 
tion in their own works if they will seek out the 
articles ‘‘made in Germany,” and then inquire 
why they were bought. If the information is not 
to be found in a particular works, it can certainly 
be got next door. It would be very interesting to 
turn a gathering at some technical institution into 
an ‘‘ experience meeting,” at which each member 
would explain how much of his finished and half- 
finished material he got from Germany, and 
why he did so. Such a consensus would be 
more instructive than any paper ever read, and 
if the building could be converted by magic agency 
into a Palace of Truth, in which every one was 
unconsciously obliged to utter his thoughts with 
perfect candour, it would be both surprising and 


enlightening. 

To-day we stand on the threshold of an re 
tunity such as this generation has not seen. all 
hands there are demands, not alone in motor engi- 
neering, that must be fulfilled if we are to main- 
tain our manufacturing supremacy. Goods are 

uired that only few manufacturers can turn out, 
a prices are obtainable that will permit of ex- 


riment and research. It is not that the impossible 
isdemanded. Already such goods are in existence 
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as commercial products, and if they can be made 
in some countries, it is clear that they can also be 
produced here in many shops, if only sufficient 
trouble and thought be given tothem. Possibly 
they will not yield a large profit at first, and it 
is a great temptation to refuse to shoulder all the 
worry when easier jobs are offering. But the 
question is not one of an immediate profit ; rather 
it is one of building an enduring trade which will 
continue for years, and secure that most valuable 
of assets—a good connection. It is a matter of 
experience that Continental firms will take endless 
pains to secure even a small order from a new 
customer in the expectation that it will lead to 
better results in the future, and that in this way 
they have undermined many an old British busi- 
ness. As stated in another article in this issue, 
the Germans have not shone in original work de- 
manding scientific imagination. But nevertheless 
they have distanced us in the application of scientific 
discoveries, and by the constant exercise of thought, 
by the tireless collection of data, and by endless 
experiments conducted in the light of scientific 
knowledge, they have got ahead of us in not a few 
industries in which we originally showed them the 
way. All this is somewhat foreign to the British 
character, which exhibits an inherent objection to 
change, and will only accept it under compulsion. 
Fortunately, though difficult to move, we are not 
incapable of imbibing foreign ideas and of improving 
on them. We have seen many inroads into our 
home markets finally repelled. The American bicycle, 
the American machine-tool, and the American 
boot, in succession, came in like a flood and 
threatened to submerge us; but each spent its 
force and flowed back, and now under better con- 
ditions we ought to be able to render ourselves free 
of all extraneous aid in the construction of motor- 
cars. Although the demand for pleasure vehicles 
has fallen off, there is no slackening in the trade 
for commercial cars, but, on the contrary, the war 
has filled the order-books of the makers to the 
point of embarrassment, so that they are seeking 
aid from engineers engaged in other lines. Makers 
of accessories who are prepared to study and experi- 
ment need not fear they are wasting their efforts. 





HEAT TRANSFER AND SKIN 
FRICTION. 

In the report of the Advisory Committee on 
Aeronautics for the year 1912-13, Mr. W. F. 
Lanchester gives an interesting discussion of the 
close relationship between surface-cooling and skin 
friction. He observes that when a fluid an 
obstacle the actual form of the turbulent motion 
set up is of the nature of a series of vortex filaments, 
geared together and to the solid surface where 
they originate, by the viscosity of the fluid. The 
same engagement between the molecules which 
resists shear, and thereby imparts viscosity to the 
fluid, is that by which heat is transferred from 
the one portion of the fluid to the other, so that 
the viscosity and conductivity of the fluid may be 
considered as virtually a single physical pro- 
perty. Hence to whatever extent the encounter 

tween two molecules transfers momentum 
from one part of a stream to another, it will, 
to the same extent, transfer heat if the tem- 
perature of the moving fluid differs from one 
region to another. Thus if a fin of a radiator is 
above the temperature of the air through which it 
moves, heat and momentum are communicated to 
this air simultaneously, and by identically the same 
mechanism. The drag between the fin and the 
fluid is the ‘‘ skin friction,” and is approximately 
proportional to V*, where V is the velocity of the 
moving fin. Mr. Lanchester suggests that this law 
holds because the depth of the layer of air acted 
on by the fin is Snoctie proportional to the 
velocity, whilst the velocity this layer acquires is 
also proportional to the velocity of the motion. 
Hence the total effect varies as V*. Thus the 
virtual mass of the layer acted on per square foot 
per second may be taken as equal to 

ECpV 

2 ’ 
where £ is the double surface coefficient of skin 
friction, C the normal plane resistance coefficient, 
and p the density of the air. If t be the tempera- 
ture difference, and 0 24 be taken as the specific 


heat of air, the heat disposed of by 1 sq. ft. of 
surface will be 
0.24ECpV t 


2 





Applying this to the case of a motor-car radiator 
for which C = 0.6, £ = 0.008, and p = 0.078, then, 
at a velocity of 50 ft. per second, and a tempera- 
_ — of 120 deg. Fahr., the heat disposed 
of will be 


0.24 x 0.008 x os x 0.078 x 50x 120 _ oo BTL. 


per square foot per second, 


an energy expenditure which is equivalent to about 
0.4 horse-power. As the jacket loss in a petrol 
motor is about equal to the useful work done, some 
24 sq. ft. of surface are needed in the radiator for 
each horse-power develo when the speed is 34 
miles ~~ hour, a figure which agrees well with prac- 
tice. It follows from the foregoing that the cooling 
surface required will vary inversely as the velocity, 
but the horse-power absorbed in producing the 
necessary current increases as the cube of the 
velocity. In the foregoing example the resistance 
due to skin friction is 

Eep V? — 0.098 x 0.6 x 0.078 x 50? 

29 7 29 

and the horse-power thus absorbed per square foot 
of cooling surface is 0.00134 horse-power per square 
foot of surface, or 0.0033 horse-power per brake 
horse-power developed. This, Mr. Lanchester p ints 
out, is a minimum value, as the radiator surfaces 
may give rise to other resistances as well as to skin 
friction. If the current is produced by a fan, the 
above figure must be divided by the a 
this fan in order to get the power absorbed. P. 
Lanchester concludes from the foregoing course of 
reasoning that very high power losses are inherent 
in air-cooled motors. Thus, in the case of the 
‘*Gnome” engine of 50 horse-power, the windage 
loss is 6 horse-power with the engine run on a test- 
bed. Of this total two-thirds is directly attribut- 
able to the gilled portions of the cylinder. Under 
flight conditions the loss is still higher, so that the 
power absorbed in the cooling may be as much as 
8 horse-power. In an appendix to Mr. Lanchester’s 
note, Dr. Stanton gives Osborne Reynolds’s view of 
the same connection between surface friction and 
heat transfer. Conceive a tube traversed by a fluid. 
Then this fluid has a certain momentum which the 
surface friction tends to destroy. Also, if there be 
a temperature difference between the wall and the 
fluid, this temperature difference also tends to be 
destroyed. en, according to Osborne Reynolds, 
the ratio of the momentum destroyed to the total 
momentum of the fluid is equal to the ratio of the 
actual destruction of temperature difference to 
the total temperature difference. Thus, if d p be the 
fall of pressure between two sections, d x apart, 
dt the rise of temperature in the same distance, 
W the weight passing per second, v the mean 
velocity of the fluid, r the radius of the pipe, and 
t the mean temperature between two sections, 
then d p x r? is the difference in pressure between 
opposite ends of the section considered, and is 
i equivalent to a loss of momentum. The actual 


= 0.0145 Ib., 


momentum passing per second is = v. 
according to Osborne Reynolds, 
dors dt 

T. - ¢, 


Hence, 


v 


«| <| 


where T; denotes the temperature of the surface 
of the pipe. 





Tue InstTiTuTION or ExxecrricaL Enetngrrs.—The 
opening meeting of the Institution session will be held 
on Thursday, October 29, at 8 p.m., when the president, 
Sir John Snell, will deliver his inaugural address. At 
this meeting a marble bust of Michael Faraday will be 
presented to the Institution by Mr. Llewellyn Preece, 
on behalf of the family of the late Sir William Preece, 
K.C.B., F.R.S., past-president. 





PgrsonaL.— Messrs. Ronald Trist and Co., Limited, 
of Coronation House, 4, Lloyd’s-avenue, London, advise 
us that they have retained the services, as manager of 
their machi export department, of Mr. George A. 
Goodwin, M. Inst. C.E., Past-President of the Society 
of Engineers. Mr. Goodwin has transferred his practice 
to the firm.— The Cambridge S:ientific Instrument Com- 
pany, Limited, Cambridge, state that they have taken 
over the business connection of the ole Company, 
Limited, Palace Works, Enfield, who have gone into 
liquidation, also that Mr. F. Wakeham, the assistant 
manager of the Leskole Company, has joined their staff. 
—Mr. John Hammersley, inspecting and supervising 
engineer, has been appointed resident engineer in Man- 
chester for Messrs. Home Morton, Ker and Gibson, of 
Glasgow, Birmingham and London, the well-known con- 
sulting engineers and industrial works designer. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. VII. 


By Frepertcx Wiii1am Lancuester, M. Inst. C.K. 
ATTACK BY AEROPLANE ON AEROPLANE. 


In the present war the services of the Flying 
Corps have, in the main, been confined to scout- 
ing and reconnaissance in its various forms, the 
amount of work that has been done in this direc- 
tion being very great; according to pre:ent 
reports, a mileage equivalent to many circuits 
of the globe has already been covered. So far 
the casualties have been slight, and the actual 
risk and danger are considered less than in the 
other combatant branches of the Service. The 
meaning of this evidently is that the methods of 
attack on aircraft-have not kept pace with the 
development of the craft themselves. Considering 
the importance, from the enemy’s point of view, of 
interfering with the operations of our aircraft (for 
from a modern standpoint to annihilate the air- 
craft of an enemy is virtually to deprive him of 
his power of vision), it is quite certain that the 
present conditions cannot last, and means will 
assuredly be found before the next great war, 
if not during the continuance of the present 
war, by which the attack +f aeroplane on aero- 
plane will be rendered far more deadly than at 
niger and the air forces of both combatants will 

more highly organised than is the case to- 
day. It has already been remarked that attack on 
so swift and, in effect, on so small a moving target as 
an a is by no means an easy problem. We 
have already discussed the difficulties of attack 
from the ground, and it now remains to examine the 
problem of attack by air—i.e., attack by aeroplane 
on aeroplane. 

At one time the writer was dis to be some- 
what sceptical as to the possibility, or rather the 
general feasibility, of such a mode of attack. It 
seemed as though aeronauts might spend hours 
manceuvring and firing, and between them blow 
away hundreds of pounds weight of ammunition 
without any decisive result. On closer considera- 
tion, however, it would appear that, provided one 
machine can, either by ter speed, or power of 
manceuvre, force the other to close quarters, there 
are conditions, as when both machines are moving 
in the same direction, under which gun-fire (espe- 
cially machine-gun fire) could be brought to bear 
with conclusive effect. We have already becn 
regaled from time to time by the Press with florid 
descriptions of aeroplane fights in which pilots or 
observers were said to blaze away at each other with 
automatic pistols, and in which the enemy has been 
said to have been brought down by this means. 
After careful inquiries in quarters believed to be 
well informed the writer is disposed to discredit 
these stories; they probably emanate from some 
back office in Fleet-street. Doubtless attempts 
have been made by one pilot, or aeronaut, on 
another by rifle and pistol fire, but there is not, 
so far as the writer has been able to ascertain, any 
definite record of casualties resulting. 


Tue Ficatinc Macuine as a Separate Type. 


It is uncertain as yet whether the scouting or 
reconnaissance machine will itself in the fature be 
called upon to fight; the view has already been 
expressed in these articles that the long-distance 
machine or strategic scout should not in any sense 
be considered as a fighter, its speed and power of 
rapidly putting on altitude alone form its natural 
and most appropriate means of defence. The 
tactical scout is not in the same position ; ite duties 
are of such a character that if it be driven by 
hostile aircraft away from its place of operation, it 
has for the time being ceased to fulfil its mission, 
and so either it must always operate with a pro- 
tective force of fighting machines within call, or it 
must itself be armed, and be rendered capable of 
putting up a fight. In any case the tactical scout 
or machine for local reconnaissance will require to 
be furnished to some extent at least with both 
offensive and defensive armament. But it is by 
no means clear that it will uire to be armed 
more heavily than may be sufficient to hold its 
own with the aircraft of the enemy engaged on 
similar duty, or more than is required to enable it to 
perform the minor acts of aggression against the 
enemy’s land forces that fall to ite lot. 

Evidently it can be only a matter of time before 
the specialised fighting-machine is called into being. 
We may admit that the first and more immediate 
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step will be to render the tactical reconnaissance 
type capable of taking the offensive, so that it may 
establish its ascendency over the similar craft of 
the enemy. But the struggle for supremacy in the 
air which must then ensue will call imperatively for 
something more powerful and efficient, a special- 
ised and heavily-armed fighting-machine in fact. 
It is this type, the fighting machine of the future, 
that the writer pro to make the present sub- 
ject of study, discussing primarily the factors upon 
which its armament and its usage, or tactical em- 
ployment, depend. It may be taken that for the 

iod during which the tactical scout is playing 
the double réle of reconnaissance-machine and 
fighting-machine the main general considerations 
will apply. 


Tue Question or ARMAMENT; TREATY 
REstRICTIONS. 


In the specification of a fighting type of aero- 
plane the first and foremost consideration is its 
means of attack. These fall into two broadly dis- 
tinct. categories: fire-arms, chief amongst which 
for the purpose in question is the machine-gun or 
mitrailleuse ; and gravitational weapons, including 
bombs, hand-grenades, steel darts, &c. These latter 
are in the main only suitable for employment in 
attacking a terrestrial objective, and, except where 
the object of attack is a dirigible or airship, ill 
suited to attack on other aircraft. Light artillery 
may certainly be mounted on an aeroplane, but 
only the very smallest calibre — namely, the 
‘*1-pounder” — can be considered suitable for 
machines such as are built at the present day ; 
even the mounting of a gun of this size is a 
matter of great difficulty. The only advantage 
obtained by the employment of a weapon of this 
character is in the fact that it is permissible to 
throw shell, high-explosive or otherwise, the 
use. of which for smaller sizes of projectiles 
is prohibited by treaty obligation. Any ex- 
plosive projectile of less than 1 Ib. — (more 
exactly, 400 mmes, or 14 oz., about) is 
banned by the Declaration of St. Petersburg,* of 
1868 ; the raph with which we are concerned 
reads :—‘‘ The contracting parties engage mutually 
to renounce in case of war amongst themselves the 
employment by their military or naval troops of 
any projectile of a weight below 400 grammes 
which is either explosive or charged with fulminat- 
ing or inflammable substances.” This is reaffirmed 
in the text of an abortive declaration of the Brussels 
Conference of 1874, Article 13 (e): “ The use of arms, 
projectiles, or material which may cause unneces- 
sary suffering, as well as the use of the projectiles 
prohibited by the Declaration of St. Petersburg in 
1868.” In the Hague Conference of 1899, Article 
23(e), it is prohibited ‘‘To employ arms, projec- 
tiles, or material of a nature to cause superfluous 
injury.” Also Article 60, Declaration ii. :—‘‘The 
contracting parties agree to abstain from the use of 
bullete that — or flatten easily in the human 
body, such as bullets with a hard envelope which 
does not entirely cover the core, or is pierced with 
incisions.” In view of the fact that the Brussels 
Conference of 1874 was sterile, and that the Hague 
Declaration ii., Article 60, was not subscribed to 
by the British co gomemy the Declaration of 
St. Petersburg with its 14 oz. minimum for explo- 
sive projectiles is the only definite statement by 
which we are bound. However, the restriction 
as to the employment of dum-dum or expanding 
bullets appears to have received our tacit acquies- 
cence, at least in so far as concerns warfare with 
other civilised States. There is also the rather inde- 
finite statement of the Hague Conference of 1899, to 
which we have subscribed, to the effect that we 
shall not employ arms, projectiles, or material of a 
nature to cause superfluous injury. The subject 
of these restrictions shall be returned to in a later 
article ; it is here sufficient to point to their exist- 
ence, and tothe fact that they considerably hamper 
and restrict the development of aircraft and counter- 
aircraft armament. There seems to be no proper 
reason why we should be compelled to use some 
hundreds of unsuitable projectiles, specially de- 


* The signatories to this Declaration include repre- 
sentatives of the following :—Great Britain, Austria and 


Hungary, Belgium, Denmark, France, Greece, Italy, 
Netherlands, Persia, ey Russia, Sweden and 
Norway, Switzerland, and —- The German Con- 
federation and semi-independent States were also signa- 
tories ; but in view of the doctrines of modern 
as touching the value of international treaties, her signa- 
ture cannot be taken as meaning anything. 





igned to afford the least possible injury to the 
toate, spars, &c., that they pass through, when a 
comparatively few expanding or explosive bullets 
would do vastly more injury, and result in a 
machine being incapacitated both in less time and 
at less expense. It cannot be supposed that if 
one of the nations at present at war were to 
inaugurate the practice of utilising, against air- 
craft, projectiles infringing the Declaration of St. 
Petersburg there would be any great wave of 
indignation created in the world at large. If, for 
example, we were to find our aircraft being knocked 
about by such means, we need not imagine that we 
should receive much com tion in the way of 
international sympathy. e writer is not for a 
moment suggesting that we should initiate any 
departure from the accepted usage of warfare in 
this respect ; he is rather questioning the ethics of 
a procedure by which a country, whose obligations 
and responsibilities are as wide and 
of Great Britain, and whose traditions and the 
force of public opinion make solemn contracts bind- 
ing, should become a signatory to agreements 
which are always liable to (and sometimes are) 
signed by the other party with his tongue in his 
cheek. At the best the signing of restrictive 
agreements relating to the conduct of war may 
at some time after turn out to be no more or less 
than the drawing of a cheque on another’s banking 
account—a cheque that may have to be honoured 
in another man’s blood. 


Tue One-PouNDER AS AN AEROPLANE GUN. 


For the present we will take the restrictions 
imposed by international agreement as though they 
were restrictions imposed by Nature, and accept 
the fact that for the throwing of explosive or 
inflammable projectiles the ‘‘one-pounder” is 
the smallest gun available. At present this offers 
considerable difficulty in the case of an aeroplane. 
In order to throw a 14-0z projectile with a muzzle 
velocity of 1700 ft.-sec., the weight of gun and 
its mountings, including suitable recoil mechanism, 
could not be much less than 1 cwt., and with 100 
rounds of ammunition the total would be about 
2} cwt. Now this weight alone cannot be con- 
sidered in any sense prohibitive ; in fact, it is no 
more than most of the existing machines in service 
would be able to carry. But the difficulties of design 
are not confined to the weight problem ; the gun 
would have a length from muzzle to breach of 4 ft. 
or 5 ft., in addition to about 1 ft. representing 
its movement on recoil, as permitted by the buffer 
mechanism. To accommodate such a weapon, with 
reasonable freedom in elevation and traverse, would 
almost require that the gun be designed first, and 
that the aeroplane be desiyned round it. The diffi- 
culties can only be properly appreciated by taking a 
drawing-board and paper and endeavouring to find 
a practicable solution. Beyond the initial diffi- 
culties of the problem, it is very doubtful whether 
it will be found to pey to attack a hostile aeroplane 
with so large a shell as required by the 14-oz. limit. 
If a thoroughly sensitive fuse were available, so 
that the shell would explode on impact with canvas, 
matters would wear a different aspect, for the wing 
spread of an aeroplane presents a target of respect- 
able size. However, as things stand, with a total 
of only about 100 rounds at command, and so small 
and elusive a target, it is doubtful whether, save 
under very exceptional circumstances, it would pay 
to throw away ammunition in pursuit. If the pro- 
blem be that of attacking a dirigible, it may be 
considered more hopeful ; there is actually more to 
hit, besides the fact that the aeroplane, in the 
matter of speed, has the balloon always at a dis- 
advantage ; here again the importance of a sensitive 
impact fuse is paramount. 

e necessity for being sparing in the use of 
ammunition must not be taken tomean(as sometimes 
represented) that there is no advantage in rapidity 
of fire, but rather the contrary, and any aeroplane 
armament gun must be essentially a quick-firer, if 
not actually automatic or semi-automatic ; it is of 
vital importance that when the opportunity does 
occur, the utmost use should be made of it. When 
an aeroplane is within decisive range of its prey, it 
must be presumed that it is itself also under fire, 
and all the conditions discussed in the foregoing 
articles apply. If a machine, type A, has four 
times the rate of fire of another machine, type B, 
the machine A, so long as its ammunition holds out, 


y is worth as much as two machines of the type B. 


In the case of the one-pounder now under discus- 
sion, this condition of the exhaustion of the ammu- 


t as those | Po’ 





nition is just the weak point that renders it 
doubtful whether under existing circumstances it is 
worth while seriously considering the mounting of 
such a weapon. It is doubtful, also, whether a 
fully automatic gun of this calibre is admissible 
with aeroplanes of present-day dimensions, on 
account of the mean recoil reaction. This is ap- 
proximately 1 lb. per shot per minute, or at a rate 
of 100 per minute, 100 lb. ; a quantity that would 
still further hamper the designer in the arrange- 
ment of his gun position. 


Tae Macurine-Gun ; Importance or Rapip Fire. 


For the time being there is no doubt that the 
ordinary machine-gun is the most serviceable and 
effective weapon available. Taking, for example, 
the Lewis gun with its self-contained magazine, the 
weight of the weapon mounted in place is under 
30 Ib., and the service ammunition runs 17 to the 
und. Assuming, as before, 24 cwt. as the available 
total, and taking 4 Ib. as the weight of a magazine 
of 47 rounds, it will be possible to carry some sixty 
magazines representing nearly 3000 rounds. The 
usual manner of employing such a weapon on a 
moving target, as presented by an aeroplane in 
flight, is to fire by ‘‘ bursts,” each burst being 
sighted afresh and commonly consisting of some 
six or eight shots, so that the speed of fire never 
averages as high as that of which the gun is cap- 
able ; thus the supply of ammunition above given 
would be sufficient for a continuous and hot en- 
aang of about a quarter of an hour’s duration. 

rom the point of view of recoil the machine-gun 
is quite harmless ; the mean recoil of the Lewis 
gun firing Mark VII. ammunition amounts to 
slightly less than 3 lb. per shot per second, or at 
480 per minute the recoil reaction is about 23 lb. 

In view of the advantages of rapid fire, it would 
seem desirable to increase the speed of fire of the 
machine-gun to the maximum extent possible. 
When, on land, the obvious thing to do under 
similar circumstances would be to bring two guns 
into action, a similar course is not possible on a 
flying-machine, owing to the weight of the addi- 
tional gunner. An extra man must either mean the 
sacrifice of a couple of thousand rounds of ammuni- 
tion or a couple of hours’ petrol supply, neither 
of which alternatives can entertained. The 
conditions indicate the mounting of machine- 
guns in pairs, or the design of double or triple- 
barrel guns, the breech actions of which would 
be independent, but so arranged that they could 
be fired one, two, or three at a time; by this 
means a“ burst” of twenty-five or thirty bullets 
could be got off in less than one second. It may 
be found that a gun designed to take the 0.45 
service revolver or automatic-pistol ammunition 
will be better suited to the conditions than the 

resent weapon, in which the service rifle (Mark 

I.) ammunition is employed. Such a gun would 
be far more handy, owing to the shortness of the 
cartridge, and would be furnished with a compara- 
tively short barrel ; also the magazine could be 
made of more compact form better to permit of 
the multiple-barrel design. Beyond the above, the 
shattering effect of the round-nose pistol bullet is 
known to be far greater than that of the 0.303 
spitzer, so that greater injury will be inflicted on 
any spars or other structural members that may 
be hit. Incidentally, also, the stopping eftect on 
pilot or gunner will be greater in the event of a 
shot getting home. In addition to the advantages 
enumerated, the 0.450 pistol ammunition weighs 
21 to the pound, against the service rifle 17, which 
gives an addition of 25 per cent. to the number of 
rounds. When drawing on a limited supply of 
ammunition it is clearly necessary to select what- 
ever is best suited to the work in hand. 





Lonpon Exxcrriciry Suppty.—The report prepared 
by the Special Committee on London Electricity Supply 
was brought up at the meeting of the London County 
Council on the 13th inst., and permission was given to the 
committee to take the necessary steps to present definite 
pro to the Council on November 10 next, with a 
view to the motion of a Parliamentary Bill. The 
report was originally intended to be considered at the 
meeting on July 28 last, but, owing to the large amount 
of other business, was not dealt with. We summarised 
the report in a note in our issue of July 31, and no pur- 
pose would be served by dealing with it again at this 
stage, especially as it is distinctly stated that the scheme 
outlined is preliminary only, en the final ——— 
are made in November the question may well be con- 
sidered fully. Im the meantime it is a matter for con- 
gratulation that another definite attempt is to be made 
to reduce the chaos of London electricity supply to some 
sort of order, 
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NOTES. 
THe Expansion oF STEEL BRIDGES. 

Some interesting observations on the expansion 
of steel bridges were recorded in Engineering News 
some time since by Mr. H. A. Loser. The bridges 
in question had all been erected on the New York, 
New Haven, and Hartford Railroad within the 
ten years previous to the observations. Of the 
forty-five bridges examined, ten had pin-connected 
trusses, the spans ranging from 182 ft. to 217 ft. 
Eleven of the bridges had riveted ‘‘ through” 
trusses, varying in span from 70 ft. up to 145 ft., 
and the remaining eighteen were plate-girder deck- 
spans, from 70 ft. to 1114 ft. in length. The 
winter temperatures recorded during the obser- 
vations ranged between + 15 deg. Fahr. and 
+ 56 deg. Fahr., and the summer temperatures from 
+ 46 deg. Fahr. up to + 86 deg. Fahr. The greatest 
range recorded og single set of ‘observations 
was 54 deg. Fahr. . Loser observes that in 
all tests the whole of the extension took place at the 
rollers ; there was no sliding in any case. Moreover, 
the motion occurred in successive steps, each accom- 
panied by a loud noise. The temperature of the 
bridge was assumed to be that of the surround- 
ing air. The coefficient of expansion observed 
appeared to be a little less for the pin-connected 











trusses than for the other types of bridge, as the 
following figures indicate :— 
7 | . 
—— Type of | Sneange Senay — 
Observations. | Bridge. | Temperature. Expansion. 
| 
deg. F. 
16 | Pin-connected | 39 0.000,005,3 
11 iveted | 0.000,006,4 
18 | Plate-girder | 44 | 0,000,006,3 


Mr. Loser concludes that the coefficient of expan- 
sion of actual structures is the same as for a solid 
bar of the same material. The whole of the expan- 
sion can be effectively taken up by rollers 5 in. to 
7 in. in diameter rolling between planed steel 
surfaces. From other observations, however, he 
believes that rollers of under 24 in. diameter, such 
as used under light steel highway bridges, do not 
remain effective for any length of time. 


A New Esector Arr-Pump. 

An interesting type of [2 om con- 
structed to the designs of M. Delaporte by the 
Maison Bréguet, Paris, is described by M. Aimé 
Witz in a recent issue of La Technique Moderne. 
The pump tested by M. Witz was fitted to a jet 
condenser, and proved to be capable of extracting 
very large quantities of air with but a moderate 
consumption of steam. In the Delaporte system 
two ejectors are used, arranged in series, with an 
auxiliary condenser of the jet type interpolated 
between the two. The first ejector draws air from 
the main condenser, and compresses it into the 
auxiliary condenser, from which it is drawn off and 
discharged into the atmosphere by the second 
ejector. From this auxiliary condenser a long 

-pipe connects with the main condenser. Through 
this pipe the condensate and the condensing water 
from the auxiliary condenser enters the main 
condenser, whence it is abstracted with the 
main condensate by means of a water-pump. The 
Delaporte ejector is therefore analogous to a dry 
air-pump, since, being connected to the condenser 
near the top, it draws off air and vapour only, and 
not water. To the top of the auxiliary condenser 
is connected the second of the two ejectors, by 
which the air is finally discharged into the atmo- 
sphere. It is in the construction of this second 
ejector that M. Delaporte claims great advantages 
over previous air-extractors of the same type. The 
difficulty which has arisen in previous attempts to 
make eflicient ejector air-pumps has, he claims, arisen 
from the great variations which are liable to occur in 
the amount of air to be abstracted. As the second 
ejector which discharges to the atmosphere has the 
most work to do, and thus requires the most steam, 
it is important that it should work under economical 
conditions, and to that end that there shall not be 
great variations in the work it is asked to accom- 
plish. This is secured by providing a spring-loaded 
air-inlet valve to the top of the auxiliary condenser 
so as to maintain within the latter a constant air 
pressure. It is claimed that this admission of addi- 
tional air actually reduces the amount of steam that 
would be necessary to seeure the desired vacuum 
should the air to be abstracted fall much below ite 
normal value. M. Delaporte remarks that an ejector 





is essentially a convergent-divergent nozzle working 
backwards. In such an ejector the pressure at the 
throat should therefore be 0.58 of the discharge pres- 
sure, and the speed of flow equal to that of sound. 
If the supply of gas is, however, insufficient to 
fill the throat at this pressure and at this 
velocity, serious losses will arise by eddying, which 
can only be eliminated by making good the deficiency 
in the amount passing, by a further supply either 
of air or of steam. The latter has generally been 
the alternative adopted, but M. Sieeate claims 
that the former is by far the more economical plan. 
The results obtained in one series of trials are 
tabulated below. The ejector steam was supplied 
at a pressure of 9 atmospheres ; the total consump- 
tion of the two being 105 lb. per hour, which M. 
Witz takes as equivalent to that of an engine 
developing 5.3 horse-power. The weight of air 
removed per hour at different vacua in four sets 
of experiments was as follows, the condenser being 
of size sufficient for a turbine developing 250 kw. at 
eon load, and taking some 5800 lb. of steam per 
our :— 





Vacuum per Cent. 





Air Ab- 
stracted Test No.1. Test No.2.| Test No.3. Test No. 4. 
per Low Load, Low Load,| Full Load, Full Load, 
Hour. AuxiliaryCon- Auxiliary AuxiliaryCon- Auxiliary 
denser out of Condenser | denser out of Uondenser 
Action. in Action, Action. in Action. 
Ib. | 
3.31 99.50 99.86 99.37 99.93 
6.61 98.76 99.59 | ¥8.68 99.77 
9.92 97.53 98.57 | 97.72 99.43 
23 96.31 97.40 | 96.51 99.13 
6.58 93.28 93.94 | 93.97 96.53 
19.84 89.70 | 90.39 91.06 93.14 
26.45 84.70 | 85.25 86.48 
33.07 79.60 | -- 81.40 
46.30 63.80 | om | 65.70 
Tue ImPpERMEABILITY OF CONCRETE. 
In a paper recently read before the Western 
Society of Engineers, Professor M. O. Withey de- 


scribed the results of a series of tests on the per- 
meability of concrete, which have been made at 
the University of Wisconsin. The materials used 
were Portland cement, sand ranging in weight from 
104.5 lb. to 112.2 lb. per cub. ft., and gravel 
weighing from 107.3 lb. to 109.3 lb. per cub. ft. 
Eighty-eight of the test-pieces were made with a 
1 : 14 : 3 mixture by volume, and sixty-seven with 
al:2:4 mixture, and there were ninety-eight 
specimens proportioned with 1 part by weight of 
concrete to 9 parts by weight of te. None 
of the concretes proved absolutely water-tight in the 
sense that they would not absorb water, but most 
were so impervious that there was no visible evi- 
dence of flow. The signs of dampness on the bottom 
of the specimens increased with increasing humidity 
of the atmosphere. With mixture of 1 part of 
cement to 7 partsof aggregate the average rate of flow 
during a period of fifty hours was under 0.001 
gallon per sq. ft. per hour, when the pressure was 
lb. per sq. in. With the 1 to 9 mixtures, prac- 
tically water-tight concrete could, it was found, be 
obtained by suitably grading the sand and gravel. 
Richer mixtures, such as the 1 : 1} : 3, proved very 
im ious, but Professor Withey remarks that 
such rich mixtures show considerable volume 
changes when alternately wetted and dried. To 
secure impermeability great care is needed in 
mixing the concrete, especially when the propor- 
tion of cement is small. If mixed too dry, the 
concrete cannot be properly compacted. The best 
results were obtained by mixing the materials dry 
for } to 4 minute, and then continuing the process 
after adding the water for 14 to 2 minutes with 
1 to 9 concrete, or for 1 minute with the rich 
1:15 :3 mixture. Proper —- the concrete 
tly adds to its impermeability. Premature 
ing destroys the imperviousness of the lean 
mixture, seriously impairs that of the 1 : 2: 4 
mixture, and appreciably diminishes the water- 
ightness of the rich mixture. Thus, thin sections 
of 6in. to 8 in. in thickness should be, he con- 
cludes, kept damp for one month for lean mixtures, 
or two weeks for a rich one, 





Soutu Arnica.—The Board of Trade that 
H.M. Trade Commissioner at Cape Town states that it 
is essential that British manufacturers desirous of com- 
peting successfully in the South African market should 
realise the need for both the manufacture of cheap lines 
and their universal distribution th: t the Union. 
The better-class articles meet the ni of urban com- 
munities alone, and are beyond the means of the rural 
population. 





LITERATURE, 
The Ti ustry ference 
in-Plate Industry ; with Special to i 

Relations with the Iron nd Biol Iedwente’ “4 Study 

in Ko jc Organisati: By J. H. Jonzs, M.A. 

London: P. 8. King and Son. [Price 7s. 6d. net.) 
Tue history of an industry constitutes necessarily 
an important chapter in the tale of a nation’s social 
progress, and one that deserves careful considera- 
tion. On the most superficial outlook, such a 
history involves the examination of the circum- 
stances under which that industry has grown, the 
conditions that have fostered its development or 
impeded its advance, the labour organisations to 
which it has given rise, its relation to other 
activities, and its influence on the health and 
character of the community. It should interest 
and instruct the politician and the economist, the 
capitalist and the operative, the philosopher and 
the patriot. Mr. Jones should have a large audience, 
and we conceive that he will give the greatest 
satisfaction to those who study him the most keenly. 
He is as happy in his subject as in his treatment 
of it. He has selected a specially localised industry, 
completely of modern development, one in which 
the method of production has remained essentially 
the same throughout the entire period ; but not- 
withstanding the small numberof variable influences, 
one that has undergone many vicissitudes necessi- 
tating changes of policy on the part of its con- 
trollers, whether operatives or manufacturers. 

We may pass over the processes of manufacture 
into which the author has thought it nece to 
enter in order to explain the effect of the rom 
calities of the trade on industrial organisation and 
labour disputes. The details are neither many nor 
important. The interest centres rather upon the 
policy pursued in times of crisis, and the mistakes 
that have resulted from a failure to grasp the true 
nature of the underlying issues. In the early days 
under review, about 1870, the British manufac- 
turers enjoyed the complete monopoly of nearly 
all foreign markets. They were halcyon times, 
when competition was absent and wide variations 
in price were possible without much resultant 
change in demand, amy see profits to 
the producing class. This py state of things 
no longer exists. The manufacturers made the 
inevitable mistake of over-investment of capital. 
Next we find the workman, dissatisfied with the 
general conditions of labour, endeavouring to force 
the hands of employers by the use of the strike. 
It failed, injuring both parties to the dispute, 
mainly because the workmen chose an unfortunate 
time to press their claims. They fought during a 

iod of depression due to over-production. The 
eaders were earnest but inexperienced men, who 
had failed to follow the movements of the trade 
with sufficient closeness, and did not undérstand 
the nature of the economical depression. Later 
we find the masters, conscious of some loss and 
inconvenience, striving to right matters by restrict- 
ing the output—that 1s, each desired his neighbour 
to curtail, while keeping his own machinery at full 
pressure. Having again mistaken the true source 
of trouble, matters grew worse, and a disastrous 
strike followed, in which the masters were worsted. 
They misread the signs of the times and demanded 
a reduction of wages when the trade was emerg- 
ing from a period of depression, and to take advan- 
tege of an improving market they had to withdraw 
their amen else they could not share in the 
returning prosperity. e key of the situation is 
frequently not seen till after the issue has been 
decided, but the study of the determining factors, 
unheeded in the blind strategy of partisan conflict, 
is highly instructive. 

e are invited to consider the tin-plate trade in 
another aspect. It depends for its market mainly 
upon foreign demand, and until the McKinley Act 
came into force, more than 70 per cent. of the 
annual production was ex to the United 
States. We should therefore be able to trace 
the effect of the imposition of a high tariff on a 
particular industry, and doubtless the advocates 
and opponents of Free Trade and Protection alike 
can derive arguments to support their respective 
views. But though the facts are given, and, as we 
believe, impartially and accurately, it is very difficult 
to draw a satisfactory conclusion as to the i 
of that fiscal operation, either here or in the States. 
This is what one would expect. If the problem 
could be easily solved, if the effects were limited to 
small areas, and the interests of ucers and con- 
sumers identical, the rivalry which existe in the 
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respective camps could not exist. It is easy to 
pvint to statistics to show that, up to 1891, the 
export of tin plates gradually increased till it 
reached about 459,000 tons, and from that date 
declined to the end of the century, when the total 
export fell to about 250,000 tons. In the same 
space of time, the last decade of the nineteenth 
century, the American manufacture of the finished 
article rose from practically nil to about 360,000 
tons. It is not so easy, however, to draw a con- 
clusion as to the relative merits of opposing fiscal 
policivs, though, on a superficial view, it is patent 
that these figures represent so much trade lost to 
South Wales. If Protectionists are to get any 
support from this isolated example, it is for them 
to prove that the success which has crowned 
American enterprise could not have been secured 
without imposing a duty on imported tin-plate. 
Such an inference is hardly warranted on a close 
examination of the facts. It is by no means certain 
that the trade could not have been built up as 
rapidly, and at less cost to the consumer, if no hostile 
tariff had been imposed. Doubtless protective 
measures gave a stimulus, and attracted attention 
to a possible line of attack on British trade ; but 
other causes contributed to start and maintain the 
abnormal activity. In the front rank must be 
placed the enormously reduced cost of production, 
and if this decrease is due to protective duties, and 
could not have have been effected without them, 
the case for Protection would stand; but without 
satisfactory proof it is impossible to justify the 
policy. The fall in the price of steel, coupled with 
improved methods of manufacture, and the sub- 
stitution of machinery for hand-labour, have been 
the main cause of th» American successful com- 

tition. The point is complicated by many side- 
issues ; but it may at least be demonstrated with 
equal plausibility, that if protective duties were 
abolished in the United States, the Welsh tin-plate 
trade would be very seriously injured. The pros- 

rity—one may say the existence—of the Welsh 
industry depends upon the continuance of the 
Protectionist policy in the States. Taken generally, 
if in the future the financial policy of America 
should tend towards the Free Trade system, our 
manufacturers will be compelled to face a new and 
unpleasant situation. 

It may, and will, be argued that if Protection in 
America has injured the industry, the unwavering 
adherence to a Free Trade policy in this country 
has exercised a no less mischievous influence by 

rmitting and facilitating the dumping of steel 
se from Germany and America. To trace the 
effect of overloading the market with foreign steel 
bars it would be necessary to consider the technical 
details of the manufacture with some care, as well 
as the relations between the steel and the tin-plate 
industry. Into this we cannot enter, but it may 
be said that the dumping has not been so disas- 
trous as represented. Doubtless the Welsh steel 
manufacturers, a powerful body who could make 
their grievances known, had to abate some of the 
advantages of their privileged ition, and the 
smaller tin-plate manufacturers had to suffer, not 
from the actual dumping so much as from the 
manner in which they had conducted their business. 
The destruction of the bar monopoly was not an 
unmixed evil, nor was it one that had no remedy. 
It had the effect of hastening the amalgamation of 
the steel and tin-plate industries, constituting 
them practically one industry with united interests ; 
for the easiest way out of the difficulty caused by 
dumping was to secure preferential treatment and 
a market for the bar by acquiring financial interests 
in tin- plate factories. e firms, controlling 
both stages of production, are able to eliminate 
one form of competition. They can sell tin-plate 
at a very small profit and also erect new tin-plate 
mills in order to secure a market for the steel-bar. 
The extension of the manufactory means more 
economical methods of management. It is true 
that in its turn this policy leads to over-produc- 
tion with its inevitable consequences. The cycle 
of alternate inflation and depression proceeds un- 
checked. 

Rapid fluctuations in trade will be productive of 
disputes and much friction between capital and 
labour. The student of industrial democracy will 
find here an instructive lesson on combination and 
collective bargaining. The employers of labour 
are seen to have their jealousies as well as the men. 
Different sections of operatives would find them- 
selves in cunflict, the tinmen and millmen having 
divergent interests. Tales have been told of enor- 


mous wages earned by skilled workmen in this 
trade, but there is nv evidence here to support 
those assertions. Wages among rollers call the 
better class of workmen are certainly good, and 
the labour market does not seem overstocked. 
Great diversity in wages would probably prove 
fatal to universal combination, and it is important 
to notice that whatever difficulties stood in the 
way—and at times these were so great as to 
appear well-nigh insuperable—the tin-plate workers 
are now thoroughly well organised, 99 per cent. of 
them, it is said, belonging to six unions. Unions 
have been formed and have died from inanition ; 
attempts to coalesce with other trades have been 
made and failed. The happiest outcome of various 
— has been the formation of a conciliation 

, upon which the different unions and masters’ 
associations are fully represented. This board is not 
inelastic ; it can be modified to meet contingencies 
as they arise, and has accomplished admirable 
results. The history of this organisation deserves 
to be written, for it provides an excellent example 
of perseverance in well-doing and of steady deter- 
mination to remove hindrances to pr , 
Jones has proved himself a competent and im- 
partial historian. 





Alternating Currents and Alternating-Current Machinery. 
Revised and enlarged. By D.C. and J. P. Jackson. 
London : Macmillan and Co. [Price 23s. net.] 
Wuitst in this volume the authors aim primarily 
at the production of a text-book for students 
taking a regular course in electrical engineering, 
and one which will assist lecturers in their teaching, 
the book should also prove an aid to engineers as 
a ready reference to the principles involved in, and 
their application to, the solution of the problems 
met with in the everyday practice of electrical 
engineering. 

As is usual in text-books dealing with alternating 
currents, the volume under consideration first treats 
of vectors and Fourier’s series; their application to 
the resolution of the wave-form into its fundamental 
and harmonic components is then exemplified. 
The second, a very short chapter, is given to a few 
brief statements about transformers and measuring 
instruments, whilst in the third we have armature 
and field windings for alternators, and materials of 
construction discussed ; many winding diagrams 
are given in circular and developed formations, 
which show clearly how windings differ from one 
another. The carefully-drawn perspective drawings 
of stators and rotors should also prove helpful to 
the student uninitiated in practical work. The 
separate, self, compound, and composite methods 
of excitation of generators are described by the 
aid of diagrams, and the disadvantages of the 
rectifying commutator, which is necessary in all but 
the first type, are pointed out. The next chapter 
(the fourth) is devoted to a somewhat lengthy 
treatment of self-induction, capacity, reactance, and 
impedance. Besides the usual articles on the esta- 
blishment aud termination of current in circuits 
containing induction and capacity, the effects of 
transient states of electrical circuits are treated 
generally, and these are applied to the explanation 
of the distortion of wave-form during switching 
operations. The fifth chapter is devoted to ‘‘The 

se of Complex Quantities,” and their proper 
mathematical manipulation is carefully pe ny 

The application of graphical and analytical 
methods to the solution of circuits containing 
inductance and capacity, singly or together, in 
series and in parallel, is explained in the sixth 
chapter, whilst the seventh brings in ‘“ power 
factor,” and the various details—e.g., power loops 
and momentary oscillation of energy—are dealt 
with. Closely allied to this is the measurement of 
power in polyphase circuits, which is covered by the 
eighth chapter, where the usual methods are given, 
with their corresponding vector and circuit dia- 
grams. Continuing, the authors deal with hyste- 
resis and eddy-current losses, to which a fair amount 
of s is allotted. The Ewing, Holden, and 
step-by-step methods of determining the hysteresis 
loss in iron specimens are described, and the 
graphic method for determining the wave form of 
exciting current for a given specimen is explained. 
The next (tenth) chapter, on ‘“‘ Mutual Induction 
and Transformers,” is one of the longest in the 
volume. After mutual induction, variation of 
reluctance of iron, exciting current, &c., are con- 
sidered, circular diagrams are given for the various 





load conditions of transformers, and the constant 
current transformer is also given a place. 








The eleventh chapter, being 186 pages, is allotted 
to ‘* Synchronous hines.” Power factor and 
armature reaction, machine characteristics, oscillo- 
graphs, voltage-regulation methods, the operation 
of generators in parallel, syncroscopes, high-tension 
switch-gear and converters all find a place. The 
limitations of converters are discussed, incidentally 
involving split poles and equaliser rings. Asyn- 
chronous motors and generators form the subject 
of the twelfth, which is also a long chapter ; the 
general principles of the induction motor and the 
relations of current, torque, im nee, and mag- 
netic leakage are explained. Vector relations and 
formule for torque and slip are deduced, and the 
induction motor as an asynchronous generator is 
briefly discussed, showing vectorially the difference 
of the conditions when motoring and when gene- 
rating ; features of construction and other branches 
are included. The modified induction, repulsion, 
and series motors are described and treated analy- 
tically and vectorially. The concluding chapter is 
on self-induction, mutual inductance, and ong 
static capacity of parallel wires and skin effect, 
which should prove attractive in these days of 
increasing pool ae transmissions, not to mention 
the importance of these factors in telegraphy and 
telephony. 

The authors have treated their subjects with 
characteristic American directness ; and whilst the 
proper use of their book would entail a knowledge 
of trigonometry and the calculus, the numerous 
vectorial and wave-form diagrams will be instruc- 
tive to many of those practical engineers whose 





mathematical knowledge is not great, or has 
suffered from want of use. 
Technical Mechanics: Statics and Dynamics. By Pro- 


fessor Epwarp R. Maurer, of the University of 

Wisconsin. Third edition, re-written. New York : 

John Wiley and Sons, Inc.; London: Chapman and 

Hall, Limited. [Price 10s. 6d. net. ] 

Tue publication of a third edition of a work is a 
distinct proof of its merit, and, moreover, indicates 
that its later arrangement has been directed by a 
maturer experience and its methods of presenta- 
tion improved by ample criticism. Mechanics 
deals mainly with subjects that are permanent in 
character, and by methods that are insusceptible of 
change. Since Newton’s day no essentially new 
truth has been stated. We may attach other 
meanings to certain terms as ‘‘ mass,” &c., but the 
behaviour of force and its effects under given con- 
ditions remain unchanged. The scope for origi- 
nality of treatment is therefore limited; the 
judicious arrangement of facts, the choice of illus- 
tration, the variety and width of outlook, are the 
only directions in which those who are dissatisfied 
with existing manuals can hope to effect improve- 
ment. In the author’s own words, all that is now 
possible is ‘‘ a deductive, formal, and mathematical 
development on the bases of Newton’s laws.” We 
may improve our notation, effect some useful gene- 
ralisations, coin new words to express old ideas, 
but demonstrated truth remains immutable, and 
one may well wonder at the frequent issue of 
elementary text-books to teach the same principles 
and practically by the same means. 

The author, however, has found some unoccupied 
ground which he fills profitably. He describes his 
treatise, intended for students of engineering, as a 
work on “‘technical mechanics,” implying thereby 
an intermediate position between theoretical and 
applied mechanics as generally understood. It 
departs in essential particulars, and usually advan- 
tageously, from the ordinary academic methods ; 
and, on the other hand, it differs from manuals on 
applied mechanics by omitting such subjects as the 
strength of materials, hydraulics, &. Put in 
another way, the student needs no profound 
acquaintance with the higher branches of pure 
mathematics, while the problems and examples dis- 
cussed are such as may occur in actual engineering 
experience. For instance, the weightless pulleys 
and frictionless surfaces that figure in so many 
problems find no place here. It is early impressed 
upon the student that in even simple mechanical 
devices the various parts are more or less inti- 
mately connected, and that their parts, or some of 
them, exert forces upon each other that cannot be 
neglected if a practical and useful result is to be 
obtained from machines in actual use. Or it may 
be we are taught to find the centre of gravity of an 
irregular body by the methods of suspension and 
balancing, dispensing with all mathematical aid 
save the underlying principle. But lest we should 
be misunderstood and convey the notion that the 
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expectancy, and almost fear, of war between our 
country and Germany, but that feeling has often been 
relieved by the expressions of greetings given b 

the German delegates who have attended our Trade 
Union Congresses, and who repeatedly have affirmed 
that they and the whole of the united workers of 
Germany worked for the solidarity of the workers 
of the world, the uplifting of struggling humanity, 
the breaking down of the power of those who alone 
benefited by wars, the giving uf full power of govern- 
ment into the hands of the masses, and destroying the 
— of the classes. We — 27 have obtained 
toa extent privileges they not twenty years 
ago. “They do to a limited extent gestisigate & the 








theoretical side is too little in ye we me INDUSTRIAL NOTES. 
to say that there are very useful discussions o : : b 
poten. both of surfaces and solids, in which a| Ausigematel “Society 3 a ae + Baa 
close approach is made to the so-called theoretical September the engineering trade greatly improved, 
mechanics, and, indeed, throughout we have & the number of unemployed members falling from 9133 
happy combination of theory and practice. | to 5425, out of a total membership of 172,170. The 
The bovk is divided into the two sections of | question of minimising unemployment arising out of 
statics and dynamics. In the latter section there | the war has been discussed. . 
is adequate treatment of rectilinear and curvilinear _ Special consideration has been given to the adoption 
motion, with a good article on simple harmonic | of v peer an + ee J 10 — a engaged on 
: work requi or the Government. emes pre 
motion. Werk, energy, and power, tho last delned y the esdentes Sheffield, Birmingham and Tyne 
as the rate at which work is done, form the subject | districts b , ted: h 
of another section. In the remarks on gyrostats, a mpsessen thang o inicn that no. jan aaa wound te 
rather fuller treatment might have been bestowed | P 





on the Anschiitz gyro-compass, if it were necessary | 


to discuss such special applications at all. The 
Schlick gyro-stabiliser, whose future is very doubt- 
ful, obtains mention, an abbreviated account being 
taken from the pages of this journal. The last 
two chapters deal with two and three-dimensional 
motion respectively. A number of practical ex- 
amples, selected to elucidate general principles, are 
given and solved. Teachers and students alike, to 
whom the concrete and practical side of mechanics 
appeals, will appreciate this carefully-constructed 
manual, in which it is evident that experience has 
maintained its early freshness, and routine has not 
brought carelessness nor dulled an energetic pur- 

As a rule, it is difficult to approve of books 
that are written to meet the special needs of a class 
of students who have to show proficiency up to a 
certain point in a certain time. But the author is 
quite aware of the objectionable features in books 
of that kind, and though this is intended to 
supply an adequate course of instruction for pupils 
in one semester, ‘‘five times per week,” Pro- 
fessor Maurer has avoided the obvious dis- 
advantages frequently encountered. He regrets 
that it has been found necessary to sacrifice the 
logical order of arrangement to some extent ; but, 
though this may be evident to the trained teacher, 
it will prove no disadvantage to the student, or to 
those who consult the book for information on 
special points. 
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suitable for all districts, and, where necessary, district 
| committees have been asked to formulate a scheme to 
| meet their requirements and thus minimise unemploy- 
ment as far as lies in their power. 





On Thursday, the 8th inst., a meeting of the Parlia- 
mentary Committee of the Trade Unions Oungress 
was held, when a letter was read from Belgian trade 
unions making a pathetic appeal for financial assist- 
ance. They stated that on account of their country 
being overrun by Germans thousands of workpeople 
had tece thrown out of employment, and, trade being 
at a standstill, the union funds were unable to provide 
benefits to keep the members. The Committee 
decided to make an appeal to British trade unionists 
for financial assistance which would be sent across to 
Belgium as received. The Committee further post- 
poned consideration of the question of the Congress 
meeting this year. 





The Leather-Workers’ Union announce that the 
Walsall firms engaged in leather manufacture have 
agreed to terms of settlement, in regard to wages, which 
will represent concessions amounting to an ave of 
about 25 percent. It is anticipated that these will be 

nerally paid in the town. The price-list agreed upon 
is the following :—Table hands and curriers, 8d. an 
hour; piecework curriers’ rates as per Curriers’ Society 
list ; stainers and nishers, 7d. an hour ; rollers, buffers, 
scourers, and setters, 64d an hour; warehousemen, 

kers, drummers, and compo men, 6d. an hour ; 
shaving-machine hands, 8d. an hour; and unskilled 
labourers, 23s. a week. Time and a quarter will be 
paid for overtime, and time and a half for Sundays. 





Following upon the statement we gave on page 393 
ante, we take the following paragraph from a recent 
issue of the Sheffield Daily Telegraph :— 

** The effect of the war on employment in Germany 
is shown by the Vorwéirts of October 2, which pub- 
lishes an article on the strength of the returns supplied 
by 34 trade-union organisations, which count over 
14 milli: n members. Only 1,269,000 members, how- 
ever, responded to the inquiry, and of these, no fewer 
than 268,459 were workless, and 2254 were travelling 
in search of work on August 29. This makes over 
21 per cent. unemployed of the total number of 
members reported. 

**It is certain that the remaining 18 trade unions, 
which did not supply the necessary returns on the 
census day, were affected by the war still more 
deeply. Thus the Wood-Workers’ Union counted on 
September 19 no fewer than 39,457 members, or 24 per 
cent. of its total membership, unemployed. 

“The bey eny of 21 is, of course, the average 
figure. The hat-makers show over 62 per cent. of 
their members unemployed, the lithographers nearly 
55, the pottery workers 54, the boot-makers 35, the 
textile workers 28, and even the metal-workers over 
21 per cent. 

“A remarkable feature of these figures is that the 
women workers seem to more severely affected by 
the war than the men. The number of unemployed 
women workers is over 48,000, or nearly 32 per cent. 
of the total female membership of the unions making 
— a 
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unemployment is 5.1, as compared with 6.3 a month 
ago.” 


The fustian workshops and mills at Hebden Bridge 
are now working full time on Government army con- 
tracts. Orders are in hand for two million khaki suits, 
one million heavy serge coats, 250,000 cotton bed-ticks 
and pillow-cases, and half-a-million haversacks for the 
French army. The contracting firms have distributed 
the work amongst other local in order that the 
contracts may be rapidly carried out. The execution 
of the contracts in question will keep the firms busy 
for over six months. 





The yy remarks are taken from the quarterly 
report of the Executive of the Amalgamated Associa- 
tion of Card and Blowing-Room operatives :— 

“We have for years lived in an atmosphere of 








governing of their country, by having a number of 
working-class representatives in the German Reichs- 
tag; but their professed love for the solidarity of the 
workers of the world vanished like vapour in the air 
when war inst France was spoken of in their 
Houses of Parliament. They forgot their expressions 
of love for all mankind, and, in spite of their expres- 
sions to the contrary, they are fighting for German 


Imperialism. 





At a recent meeting of the Kidderminster and 
Stourport Carpet Weavers’ Association the president 
stated that they had remitted contributions of mem- 
bers to the extent of 145/., and had voted 100/. to aid 
their members owing to trade having been so badly 
affected by the war. They might jeopardise the future 
of the society by too hasty an expenditure at the 
present time. He, however, asked authority for the 
committee to apply money voted for emigration pur- 

to meet the special circumstances ca‘ by the 
shortness of work. Some of the weavers were anxious, 
since there was no employment for them, to away 
to other work tempurarily, and forty or fifty were 
probably going to Hereford to make cider. The 
meeting acceded to the suggestion of the committee. 





The following is an abstract from a letter written 
recently by Mr. Casimir Berger, Treasurer of the 
International Cotton Committee and member for 
France, to the International Federation of Master 
Cotton-Spinners’ and Manufacturers’ Associations :— 
**. . . Our districts of the North and the Vosges are 
oceupied, and the entire work of all industrial estab- 
lishments there is at present suspended. Heaven 
knows when they will be able to resume work under 
normal conditions. Here in Normandy we are in a 
somewhat better situation, as we are able to obtain 
@ cotton supply through the Seine, and to forward our 
yarn and cloth by way of the canals to the interior of 
France. Under these conditions, our weaving-sheds 
have been able to execute very important orders for 
the supply of the army. Business in the spinning 
section will to some extent revive when the weaving- 
sheds have exhausted their stocks of yarn, and will 
be obliged to give out new contracts to the spinners. 
At present the —— industry of Normandy works 
short time, which may be estimated at about 50 per 
cent. of the normal production. Just as Lancashire 
spinners, 80 are we very much concerned as regards 
the position of the raw-cotton market . . .” 





The spinning and weaving-mills in the Midlands are 
extremely busy on khaki and hosiery goods. Employ- 
ment is good, and is likely to continue so for some 
time to come. It is a felicitous circumstance that the 
mills are now practically all engaged in the manufac- 
ture of khaki, since this shade can be obtained without 
the use of aniline dyes. On the other hand, as was 
stated at a recent meeting of the Leeds Chamber of 
Commeree, the stoppage of the supplies of aniline dyes 
from Germany is being seriously felt in the West Riding 
textile trade. It is not, however, anticipated that this 
will cause the dye works of the district to come toa 
standstill. There are dyes available which, while 
admittedly not as good, will serve their purpose until 
such time as aniline dyes are manufactured in quantity 
in this country, as everybody hopes they will be in the 
near future. 


In their October report, dealin, 
for September, the Amalgamated 
following statement :— 

“It is very gratifying, at a time like the present, 
to be able to report that we have but a small percent- 
age of unemployed members, and the figures would 
be still better but for the trouble at Keighley. On 
the other hand, we are sorry to have to report that a 


with the situation 
oolmakers make the 


considerable number of members are working short 
time, and the Council is taking steps to ease posi- 
tion for the brethren so situate. 


* With a view to securing the co-operation of em- 
ployers in getting work spread out as much as possible, 
we have met them in conferences, central and local, 
and generally they have shown themselves sympathetic 
with our object, and to some extent have met our 
wishes. These conferences have been held in London, 
Birmingham, Coventry, Manchester, Sheffield, &c. 

** Seeing that itis of vital importance to the interest 
of the country that our soldiers and sailors should be 








486 


ENGINEERING. 





[Ocr. 16, 1914. 








possible delay, we have to the regulations 
limiting overtime lying in abeyance, at the same time 
urging that care should be taken to employ as many 
men as possible.” 

The following statement is also made :— 


Sept., 1914. Sept., 1913. Increase. 


supplied with all necessary — with the least 


Members : 14,544 10,379 4165 
Unemployed ... a b a 4 
Reserve funds... 44,250 37,750 6500 





We are informed that Mr. John Syz, vice-president 
of the International Cotton Committee, and member 
for Switzerland on the International Committee, has 
recently written to Sir C. W. Macara, President of the 
International Federation of Master Cotton-Spinners 
and Manufacturers’ Associations, stating that ‘‘ the 
= how to get the new = of Egyptian and 

merican cotton is now the order of the day. Our 
Government has forbidden the export of cotton, so 
that Germany and Austria cannot get it by way of 
Switzerland. In doing so, the objection to lettin 
Switzerland have a new supply should be removed, 
and no obstacle put in the way of ships bringing 
cotton to French or neutral ports for our country. 
Switzerland is an importer of considerable quantities 
of English yarns, and now none are coming in, as the 
German ports are closed, and the English shippers 
seem to be afraid to ship by way of Rotterdam. It 
seems to me that it would be in the interest of the 
English export trade to organise a regular service with 
the Continent, and perhaps your Government could be 
interested in it. After having lost such a big trade 
with the war-stricken countries, it seems to be of 
increased value to keep up the trade with the neutral 
States, even if it were only to provide work for the 
people in the cotton industry.” 








Our Coat Asroap.—The outbreak of war with Ger- 
many and Austria, as well as continued trouble in the 
region vaguely known as ‘‘ the Balkans,” and the general 
shattering of Belgium, has had the effect of materially 
reducing our coal exports. They have also been reduced 
by the collapse of general business, which has now 
extended nearly all over Europe. Even iness with 
Chili, Brazil, Uruguay, and Argentina has suffered 
from European depression. The aggregate exports of 
coal from the United Kingdom in the nine mon 
ended September 30, this year, were 48,116,347 tons, as 
compared with 54.517,788 tons in the corresponding period 
of 1913 and 45,750,423 tons in the co img period of 
1912. When shipments of coke and patent fuel are taken 
into account, the totals for the three years are increased 
to the following amounts :—1914, 50,372,512 tons ; 1913, 
56,898,208 tons ; and 1912, 47,546,767 tons. Still further, 
coal shipped for the use of steamers engaged in foreign 
trade carries the aggregate to September 30, this year, to 
64,954,479 tons, as compared with 72,443,825 tons and 
60,749,058 tons. 


Sorentiric INstRUuMENTS.—According to a Board of 
Trade bulletin just issued, the exports of the United 
Kingdom of scientific instruments are valued at about 
1,833, 200/. Unfortunately, there is no detailed information 
on the various classes contributing to this total. On the 
other hand, comparatively detai particulars are avail- 
able of the German and Austrian trades of this descrip- 
tion. Germany’s total export trade ia valued at 2,285, 
per annum, and Austria’s at 198,3501. As would be 
expected from pry wide sapate, emeng the aon 
portant exports o! are an 4 
telescopes, &c., which are sent abroad to the value of 
355,200/. per annum. The class of exports next in im- 
—_— comprises ocean. automatic measuring and 
recording apparatus, speed-indicators, automatic balances, 
&o., which are exported to the value of 350,600/. Next 
come surgical instruments, in which Germany’s export 
trade amounts to 344,600/._ Her exports of apparatus and 
instruments a! i are — + ron ed oe Saee 
scopes, optical g u unground, to 0002. 
Cempaeed with hess faeces, Austria's exports are small. 
Germany ey us to the value of 133, 000/., 
and Austria to about 45,0002. Themost important German 
markets for telescopes, field-glasses, &c., are: Russia, 
taking 94,200. worth ; Italy (26,700/.); Switzerland 
(24,7002,); and France (18,600/.). In and 
automatic measuring devices Germany’sbestsales i 
to Russia (46,700/.); France stands second on 
(39,6002.) ; other of importance being again 
Switzerland and Italy. In surgical instruments, in, 
Russia (55,600/.), France (24,66 and Tealy (35,0004) 
head the list of customers, to being added the 
United States, who purchase from Germany to the value 
of 60,3002. nited States constitute Germany’s 
best customer for mathematical instruments (33,500/.), and 
also for apparatus of glass (50,400/.); in the latter cate- 
gory Russia is down for purchases valued at 48,300. In 
microscopes, lenses, &c., Germany’s salee are to 
Russia and the United States, though to Japan she sends 
goods valued wom 4 —s and is said to have 
amove pay Al y so far as microsco are con- 
cerned, In all the countries named, and i= othem, our 
makers now do a considerable business, and they should 
therefore be in a position to know the market require- 
ments, and so take prompt advantage of the opportunity 
for expansion now offering. 





BRITISH EXPORT#TRADE. 
To THe EpiTok oF ENGINEERING. 

Sir,—As I see from the papers that considerable atten- 
tion is now being paid to the furtherance of the British 
export trade, I should be glad, with your permission, to 
mention a few facts which are worth the attention of 
exporters. 

Packing for Shipment.—So far as my experience goes, 
there is very little to complain of with regard to the pack- 


ing of British machinery for export; at any rate, where | }¢; 


experienced firms are concerned. Shippers, however, 
would be well advised to stencil the name and address of 
the consignee in bold letters on at least two sides of 
every large case. Otherwise the goods may lie for weeks 
or months in some railway warehouse, their arrival bei 
strenuously denied by the local agent of the railway com- 
pany. The usual diamond mark, with initials of shipper 
and consignee, is inadequate. 
British (and other) packers rarely seem to realise that 
unloading machinery from railway -cars will almost 
invariably have to be done by the consignee without the 
use of a crane of any sort. All large cmap Step con- 
taining heavy goods should therefore have stout wooden 
skids, with bevelled ends, firmly nailed lengthways to the 
underside of each case. While these skids do not inter- 
fere with slinging, they make it easy to move the case on 
rollers. The battens usually found on packing-cases 
prohibit the use of rollers, unless the case is first jacked 
up, and planks laid across the battens. One well-known 
firm of British engine-builders always uses cases fitted 
with skids such as I have advocated. 

consignee should receive, in duplicate, a full and 
complete list of every piece of apparatus packed in each 
particular case. 

Sending tattons.—Manufacturers should invari- 
ably quote prices in the currency of the country of desti- 
nation, as any other course is liable to be offensive to the 
customer, even if the latter is of British birth, as his 
accounts and ideas will all be in terms of local currency. 
The very small percentage which might have to be added 
to cover exchange fluctuations will insignificant com- 
pared with the other doubtful items of a quotation. 

It is also particularly desirable to quote prices f.o.b. 
cars at the customer’s station, including freight and duty. 
The British manufacturer may rest assured that if he 
will not take this trouble, other people will, and will 
often carry off orders which they otherwise would not 
have got. Nothing is more irritating to a customer at 
the other side of the world than to receive quotations 
**f.o.b. Liverpool or equal,” with possibly the added 
insult of *‘ packing extra.” Such a customer often has 
no possible means of calculating freight and duty for 
himself, while the information can be got without any 
difficulty by the shipper. Every purchaser likes to know 
exactly what he wil called upon to pay for his goods, 
and he will give the preference to the manufacturer who 
will take the trouble to tell him. 

Agents Abroad.—British firms cannot possibly be too 
careful whom they appoint as their — abroad, for 
many a highly reputable firm has suffered seriously by 
the conduct of its representatives. Manufacturers will 
often place their interests and reputation in the hands of 
people abroad whom they would not trust with a 5/. note 
at home. Faults to be guarded against in agents are :— 
(1) Utter ignorance in regard to what they are ing ; 
(2) representation of rival firms simultaneously ; (3) desire 
2 = 2 & a + phe ay 
goods are suitable for any partic conditions; (4 
neglect of the interests of the manufacturer, either 
jenn incompetence or laxness. The faults of the 
manufacturer with respect to agents are:—(1) Placing 
confidence in utterly unreliable parties; (2) placing too 





little confidence in responsible agents ; i pasting pro- tary 


hibitive minimum prices on which disheartens an 
agent who is trying to introduce them ; (4) disappoint- 
ing agents with regard to promises of delivery, and thus 
discrediting them in the customer’s eyes; (5) giving 

ts either too much or too little territory to cover ; 
(6) not trusting agents with a standard price-list, and 
thus preventing them from quoting without referring to 
the home firm. 

An advan of a foreign agency which is often over- 
looked is the fact that the manufacturer can invoice the 
goods to the agent at the shop cost. The agent then only 
pays duty on this value, whereas the manufacturer, in 
invoicing direct to the consumer, often has to pay duty on 
a far bigher value than would o ise be necessary. 
F the agent will look after the changing of 
a quotations into local currency, and by his eo. 
sumed) knowledge of freight rates and classification can 
prebably save money im this direction. 

Erection.—Manufacturers of heavy machinery 
any apparatus of which the use may not be thoroughly 
understood by the buyer, should always arrange, if pos- 
sible, to do the erection themselves, even if they have to 
do hae cost price. by Ramee pn RS = = 
getic, -tem , and thoroughly anic 
who has been for some years in the workshops of the 
firm, and who can take c of all unloading and 
other heavy work. There is no single man who 
can do so much to make or mar a firm’s reputation as an 
erector, and the utmost care should be taken in selecting 
a man who is thoroughly “‘on to” his job. The erector 
should have a know of foundation work, and be 
more or less conversant with all things likely to affect his 
own particular duties. There are two types of 
erector, the one who gets drunk and the college- 
man. Of these, the former is the lesser evil, as he can 
do his work part of the time. An erector must, above all 
things, know how to do a job, not merely have learnt 
how it is done. The value of — erector is “* far 
above rubies,” and this fact should vay ay in # 
treatment he receives. If he advises his firm to modify 


their machinery or their business methods in some detail, 
his advice should be taken, and not argued about. 
tf cy semua i Mf onach, — yore 
out for any piece of machinery, i uen 
ha that the specified requirements are not exactly 
in line with the manufacturer’s ae eee. The 
proper course to pursue is to quote e: y to specifica- 
tion, and to add an alternative quotation for goods such 
as the manufacturer would recommend for the ’ 
By quoting to ication the maker prevents his tender 
ing rejected for formal reasons; while if, as in nine 
cases out of ten, the customer is quite ready to waive any 
detail in the specification, or even neglect the latter alto- 
gether, if he seesa better alternative, the maker’s standard 
product will have a good chance of — accepted. 
; ours truly, 
Canurk. 





THE INEFFICIENCY OF THE PRESS. 
To THE EpiTor oF ENGINEERING. 

Sir,—I am writing to ask if you are in a position to 
give any further information about the turbines of the 
R.M.S. Aquitania. I asked Messrs. John Brown and 
Co. for particulars of the Ourtis turbine, of which I am 
advised they hold the licence in this country, for marine 
purposes. They referred me to your issues in which 
the machinery of the R.M.S. Aquitania was de- 
scribed. The issue of May 8, in which the turbines 
are described, gives very little information indeed. 
In fact, I believe I am voicing the complaint of a good 
many engineers who study the development of different 
branches of engineering when I say that your journal 
appears to have the monopoly of description of certain 
engineering developments, particularly with reference to 
~~ p- on the Clyde, and the monopoly appears 
to be used to give very little information. tnt 6 case of 
the description of the steam-turbines on board the R. M.S. 
Aquitania, for instance, ib is not stated whether they are 
impulse or reaction, and there is absolutely no informa- 
tion about their construction, except a few figures as to 
their sizes ; and the following :— 

‘* There are four stages of expansion ; the blades—on 
the Rosary page from 33 in. to7 in. long.” 

What is the ‘‘ Rosary” system as applied to turbine 
blades ; and if the turbines are of the Curtis type, is it 
correct to describe the operating portions as blades? 
Are the turbines of the reaction type, and is it desired to 
keep the matter secret ? 

I shall be much ee for any information that you 
can kindly give me on the subject. I am preparing some 
correspondence lessons in connection with a college on 
marine engineering, and I am anxious to give as full 
information as possible upon the Curtis turbine. One 
can obtain information in heaps about the Curtis turbine 
on land; but as to the Curtis turbine on board ship, 
information appears to be held up on the old school-boy 
lines of ‘‘ Oh! that’s tellings.” 

Yours very truly, 
Sypngzy F. WALKER. 

Bloomfield-crescent, Bath, October 6, 1914. 

[At thistime it is surely not too much toexpectan engineer 
to ee from such ee drawings 
as we published of the Aquitania’s turbines, whether these 
turbines were of the Curtis or of the Parsons type, and 
this should be the less necessary when the engineer in 
question has himself published a treatise on the steam- 
turbine. No other technical journal, so far as we are 
aware, has published anything like such complete discus- 
sions, both of the theory and of the actual construction 
of steam-turbines and their details, as ourselves. Ib is, 
however, impossible to repeat on every occasion elemen- 
matter as to the special characteristics of the 
various types. That is now more suitable for the text- 
hook than for the technical Press. If, however, Mr. 
Walker wishes to learn something about the distinc- 
tion between’ the Curtis and Parsons type of turbine, 
he will find in our issue of August 18, 1911, a very 
detailed description of the Curtis marine t whilst in 
our issue of March 22, 1912, an equally complete account 
of the Parsons é turbitie was published. After 
perusing these he may, haps, be able to see for him- 
self to which type the/turbines of the Aquitania belong. 
If still in difficulty, we shall be happy to help him ; but 
he will not then, we think, find any difficulty in under- 
standing the drawings of the Aquitania’s turbines. As 
for the ‘‘ Rosary” system of assembling turbine blades, 
it is one which has in use for many years, and we 
should have expected it to be familiar to all engineers 

in turbine construction. Mr. Walker-will find it 
fully illustrated on 311 of Mr. H. M. Martin’s book 
on “The Steam-Turbine.”—Ep. E.] 





Tue REecenT ACCIDENT ON THE SouTH-EASTERN AND 
CuaTHaM Railway NEAR Lonpon BripcE —It will be 
remem that on September 5 an accident occurred 
near London Bridge Station on the South-Eastern Rail- 
way, in which a train standing at a home signal against 


it was run into by a following train. evidence 
shows that the latter overran a home signal against it. 
This is proved by evidence of the 1, and has 
been admitted by the driver, who, in tion, stated 


that he was new to the train which he was detailed to 
work, and passed the home si; while consulting 
the weekly notice giving information concerning it. The 
man had an excellent ter, and it is to be regretted 


trained | that so experienced an employee should have selected 


80 me a moment for this act. The Inspector, 
Lieut.-Colonel P. G. Von Donop, states that as a result 
of the recommendations made in connection with the 
Cannon-street accident of June last, the railway is ex- 


the | perimenting with a form of train-stop for installation on 





this congested part of their system. 
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THE CHANGE OF THE MODULUS OF 
ELASTICITY AND OF OTHER PROPER- 
TIES OF METALS WITH TEMPERATURE.* | 


By Professor F. C. Lea, D.Sc., A.M. Inst. O.E., and 
O. H. Crowruer, M.Sc. 


THE use of materials in heat engines and other 
machines subject to temperatures considerably higher 
than normal temperatures make it desirable that the 
properties of these materials shall be investigated at 
temperatures at least as high as those to which they are 
subjected. 

Daring the last nine months the authors of this paper 
have carried out a large number of experiments on the 
breaking strength of mild steel aluminium alloys, and 











Fic. 


the alloys of copper at temperatures varying from 15 deg. 
Cent. to 650 deg. Cent. A considerable amount of work 
in this direction has been done by other investigators, 
but very little we appears to have been made to 
determine the effect of temperatures on roperties other 
than the breaking strength, and especially is this so in 
regard to the effect of temperature on the elastic proper- 
ties of metals. The difficulties inherent in the experi- 
ments, no doubt, account for this to a considerable 
extent. 

The object of the following short paper is to give a 
preliminary account of an attempt the authors have 
made to determine the variation of the modulus of elas- 


ticity with temperatures, and, incidentally, the variation | f 


of other properties will be referred to. The work has 


_* Paper read before Section G of the British Associa- 
tion in Australia, 








not yet proceeded sufficiently far to make it possible to, 
state very general conclusions, but a brag es of the | 
apparatus used and of some of the results obtained may | 
prove of interest. 

In an investigation of this nature it will be apparent 
that two serious difficulties have to be overcome. 

1. To maintain the specimen at a constant known tem- | 
perature for a sufficient length of time. 

2. To determine the elongations of the heated specimen 
under given loads with the necessary degree of accuracy. | 
The specimens experimented upon were heated by an 
electrically-heated furnace while held in a horizontal 
yay ef as shown in Fig. 1. The furnace was 
24 in. long, and consisted essentially of a porcelain tube, 
24 in. in diameter, on the outside of which was wound 
platinum foil in such a manner as to prevent the pro- 








duction of a magnetic field within the furnace. Sur- 
rounding the foil is a thick layer of asbestos. By suitable 
resistances in series with the coil, a fairly uniform tem- 
perature, as high as 1200 deg. Cent., can be maintained 
in the central part of the furnace. Iron-constantin 
thermo-couples, calibrated, were used to measure the 
temperatures. 

The distribution of temperatures in the interior of the 
furnace was investigated under varying conditions, and 
the authors are of opinion that the results, as far as the 
tem ture measurements are concerned, are reasonably 
relible. For example, a thick iron tube was fixed in 
the grips of the testing-machine, and passed through the 
urnace, as in Fig. 2. Thermo-couples were p) 
inside and outside the tube, and when a steady condition 
of temperature was obtained, the thermo-couples showed 
that the temperature differed by less than 5 deg. Cent. ; 





and also when the thermo-couples were moved a distance 


greater than half the length of the specimen from the 
centre of the furnace, a variation of tem ure not 
greater than 5 deg. Cent. was obtained. The curves of 
variation of properties show that such variations of tem- 
perature cannot materially affect the results. 

The determinations of the elastic extensions of the 
specimens under load were more difficult than the deter- 
minations of temperature, but the degree of accuracy 
finally obtained is no doubt greater than in the deter- 
mination of temperatures. 

The necessities of the case demand that the apparatus 
shall be simple in form, reliable, and easy to manage. 
The moving portion of the extensometer consisted of a 
small rocker, as shown in Fig. 3. Into a small slab of 
brass were inserted three hard-steel points a, 6, and c¢, 
while a long pointer P made of aluminium tube was 
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Fig. 5. 
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attached to the slab, and the whole carefully balanced by 


the balance-piece B. The pointer moved over a glass 
seale, shown in Fig. 4, in which figure the extensometer 
is shown connec to a steel specimen with the furnace 
removed. 

The rocker, which is shown in Fig. 3, rested on the 
lower bar, shown above the specimen in Fig. 4, and the 
upper bar of this figure res on the top point of the 
rocker. There is thus three-point contact. The extenso- 
meter was fixed to the specimen by means of hard-steel 
screws passing through steel rings. To one of the ri 
the lower bar was rigidly fixed, and to the other ring the 
upper bar was attached b of a thin piece of 
— steel to give a degree of freedom in a vertical 
plane. 





The apparatus was very sensitive in showing when a 
uniform temperature had been obtained in the furnace. 
To test the extensometer, it was put in series on a cold 
specimen with a mies extensometer, and it was found 
to give perfectly reliable results. It will be seen from 
the curves, to shown later, that the up and down 
readings of the elastic stress-strain curves obtained with 
the extensometer agree remarkably well. 

For the elastic-extension experiments on mild steel, 
long specimens, of the form shown in Fig. 4, and having 
a length of about 7 in., tarned down in the centre, were 

. For breaking-strength experiments of all mate- 
rials and for the elastic experiments on alloys, specimens 
having screwed ends and a parallel length of about # in. 
diameter, 7 in. long, were used. The screwed ends of 
these specimens were attached to screwed sleeves, which 
im turn were attached to long steel bars, which were 
screwed into the shackles of the testing-machine. 

Elastic Constant of Mild Steel at Varying Tempera- 
tures.—Fig. 5 shows elastic stress-strain lines for the 
mild-steel specimen at various temperatures. It will be 
seen that the slopes of the lines diminish as the tempera- 
ture increases, t in cases a straight-line law is 
obtained within certain limits of stress. 

ig. 6, page 488, shows the variations of the modulus of 
elasticity with the temperature. It will be seen that the 
points lie very well about the curve. The variation of the 
other properties of this particular quality of mild steel 
with tem ture are shown in Fig. 7. 





It will be seen that the maximum breaking stress per 














488 ENGINEERING. [Ocr. 16, 1914. 


square inch occurs at a temperature of 250 deg. Cent., | and these figures are therefore somewhat sepreieate. | case of steel. The changes in other properties of the 
and this is the temperature at which the reduction of | The yield-point in these cases was only obtained by noting | materials with temperature are shown in Fig. 10. At 
area is @ minimum ; the calculated stress per square inch, | the drop of the lever of the machine, and is therefore | normal temperatures the breaking stress of the material 








obtained by dividing the breaking load by the reduced | also only approximate. is 14.5 tons per sq. in.; the maximum breaking stress is 
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area was 67.5 tons per sq. in.; at 550 deg. the stressob-| Fig. 8 shows the stress-strain curves for a nicro-copper | less than 15 tons per sq. in., and occurs at 150 deg. Cent. 
tained in this way was 82 tons = in. When tbe| finished cold-drawn and annealed. The curves are straight | On this figure reduction of area per cent. is plotted 
stress obtained by dividing the king load by tke| lines within the shown limits of stress. The slopes of | instead of area left at fracture. It is interesting to see 
original area is ork the stress on the actual fractured | the lines indicate the values of the modulus of elasticity. | that at high temperatures the reduction of area is small— 
area is least. 10 is, of course, difficult to determine the| Fig. 9 shows the variation of the modulus with tem- | é.c., the material breaks off short. The reduction in area 
value of the fractured area with any degree of precision, | perature. The change is much more gradual than in the | at 650 deg. Cent. is 24 per cent.; ab 180 deg it is 77 per 
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cent. The total elongation on a 6-in length at 650 deg. 
Cent. is 22 per cent., and 41 per cent. at 180 deg. Cent. 
There is thus at high temperatures a more uniform 
pulling out of the whole specimen than at the tempera- 
tures at which the stress is a maximum. 

The curves shown in a 11 for high-tension brass show 
that the rate of of breaking stress with tempera- 
ture isconsiderable. The variation of the elastic constants 
with temperature for this material have not yet been 


obtained. 
Photographs of the fractured specimens are shown in 


Fig. 12. 

The authors have been supplied with material b 
number of firms, and in the near future it is ees | t 
the work which has been begun will be comp! for 
many varieties of alloys and due acknowledgments made. 
It is proposed to continue the investigations by changing 
the sizes of specimens, and to use hollow specimens, so 
that a thermo-couple can be placed inside and outside of 
the specimens under test. 








CONTRIBUTIONS TO THE HISTORY OF 
CORROSION. 


In our issue of September 11 we published, on pages 
342 to 345, a paper entitled ‘‘Contributions to the 
History of Corrosion,” submitted by Mr. Arnold Philip, 


B Se., F.LC., A.M.1.E.E., Aesoc. R.S M. (Admiralty | be 


Chemist), to the Institute of Metals, and open to dis- 
cussion by correspondence. We have received from 
the Institute the following communication which has 
been sent them, as part of the discussion invited :— 


Communications. 


Dr. G. D. Bengough and Mr. R. M. Jones (Liverpool) 
wrote that Mr. Philip’s paper might be divided into two 
parts. The first, which consisted of some ten pages, was 
devoted to a criticism of certain experiments and views 
put forward by them. The second, which consis of 
some twelve described some new experimental 
work carried out by the author, and suggested certain 


deductions. 

In dealing with the first they would begin by dis- 
cussing the general grounds, mentioned on page 5, upon 
which Mr. Philip considered that ‘“‘ very damaging 
criticism” might be directed against their views. 

Taking them in order, No. 1 must be held to be quite 
inadmissible, since the fact that the writers had 
obliged to change their views as the result of certain 
experimental work could not possibly be regarded as 
evidence that their original views were correct. 

With regard to No. 2, they would remark that to invoke 
a meré “ general belief ” to decide upon the differences 
between the results of two sets of experiments was not 
sound—unless indeed the belief was based on definite 
experimental work. So far as they have been able to 
ascertain by inquiry, this at belief was based merely 
upon the admitted plausibility of Mr. Philip’s ition 
and upon nothing more. As an instance of the falli- 
bility of ‘‘ general belief” they would quote the view 
widely held by engineers at the coppery areas 
which occurred in badly dezincified tubes were due to 
bad — the copper and zinc in the manufacture 
of the tubes. Anyone who was familar with the 
details of tube manufacture was aware that such a view 
was quite inadmissible, yet it was widely held by engi- 
neers and extremely difficult to eradicate. rot 
the “experience of users and manufacturers,” they 
yet to meet one whe could point to definite and satisfac- 
tory experimental evidence in support of his so-called 
"7 > other and they had made many inquiries on the 
subject. 

The second part of 2 and the whole of 3 and 4 might be 
taken together. In brief they amounted to the statement 
that ‘‘almost all scientific investigators,” as well as 
ordinarily accepted theory, together with the fact that 
iron and other metals might be used for electro-chemical 
protection, negatived the writers’ view that carbon did 
not set up electrolytic corrosion in sea-water. 

The reply to these objections was obvious. The ordi- 
narily eo theory of the electrolytic action of carbon 
on brass did not take any account of the electrical contact 
resistance between the carbon and the brass. This resist- 
ance, due to the loose and variable contact over a limited 
area, would be high even at the beginning of the action, 
if any, and would rise rapidly with the action, if any, by 
the ow of layers of loosely-packed basic salts, 
and the layer of oxide formed on the brass. Oxides were 
notoriously bad conductors of electricity, and the total 
resistance thus interposed into the circuit might very 
— be sufficient to stop any current from flowing 
under the action of the electromotive force set up by the 
carbon-seawater-brass circuit. Thus electrolytic theory 
(which they freely accepted), as well as scientific investi- 
gators who supported it, of whom they have questioned 
many leading authorities, conveyed no indication as to 
the possibility or otherwise of the action of carbon on 
brass corrosion till these contact resistances had been 
determined—a matter of very great experimental diffi- 
culty. , Theory neither supported nor disputed the 
author’s views. It was absolutely silent on the point at 
issue, which must be left to direct experiment. 

In No. 4 Mr. Philip stated that the fact that the 
writers believed in t mical protection by iron, 
&e., was ae or incompatible with, their disbelief 
in the electro-chemical action of carbon. This was not 
so. When iron or zinc was used for protective purposes 


great care and must be, taken to secure good elec- 
jy contact clean surfaces of these metals and 


brass. If this contact were broken by layers of oxide, 
or in other ways, 


tection xt once eas as was well 
known to those w 


used this method of protection. 


a | scale pla 





Obviously it was much easier to secure a good metal- 

metal contact by means of bolts and screws than a good 
carbon-to-metal contact by mere touch under the action 
of gravi In the latter case also oxide layers were 
easily and quickly formed over the limited contact areas 
between the car and the brass; in the former case 
they would be formed and spread very slowly and 
gradually over the large areas of contact. Thus any 
possible initial electro-chemical action between the carbon 
and brass would be quickly stopped, whereas it would 
continue for long periods in the case of iron-brass con- 
tacts. Further than this, layers of calcium carbonate 
yed an important t in electro-chemical pro- 
tection, which latter was effective even when no current 
was Te Scale formation would also vent the 
attack of carbon on brass, owing to its high electrical 


resistance. 

With regard to objection No. 5 very little need be said. 
The ry of a negative case must always be propor- 
tional to strength of the corresponding positive case. 
As far as the writers could discover there was no definite 
experimental positive case extant at the time of their 
paper, hence they were content with a comparatively 
small amount of negative evidence. the evidence 
now presented by Mr. Philip been then available, addi- 
tional experiments would have been carried out. 

The only really important objection in the whole list 
was No. 6 (to which No. 7 wasan appendix). This would 
discussed in full detail later. 

Objection No. 8 was a remarkable example of the use 
of purely circumstantial evidence to support a case. The 
writers would point out that corrosion usually occurred 
along the bottom of the tubes in the corrosion committee’s 
experimental condenser (Second Report).* In this case 
there was no evidence whatever of the presence of coke 
or carbon ae lying on the bottom of the tubes. On 
the other hand, the scale, which consisted of ferric oxide, 
calcium carbonate, 
was thickest on the bottom of the tubes. As far as any 
direct evidence went, the increased attack on the bottom 
of the tube might equally well be attributed to secondary 
reactions by any of these substances. 

With the exception of No. 6 all the ‘‘damaging ” 
criticisms given on pages 6 and 7 had now been discussed. 
Mr. Philip next devoted pages 7, 8, and 9 mainly to 
working out No. 6, which was his principal criticism, 
with great industry and detail. On this account it was 
deserving of a more elaborate reply than the matters 

a f page 9 Mr. Philip mad 

n the last paragraph o r. 1 ea 
statement to which he evidently attached much import- 
ance, since it was largely in italics. This statement was : 
—‘‘ Firstly, the corrosion loss on the piece of tube corroded 
tn contact with coke for thirty days in experiment No. 16 
—namely, 0.25 per cent.—is greater than the loss observed 
by the investigators on any other sample of 70 : 30 brass 
(with one exception) which was oc under similar 
conditions— namely, in stagnant sea-water of normal com- 
position at atmospheric temperatures for thirty days ; and 
the results of no less than nine such experiments are 
recorded—Nos. 1, 2, 4, 5, 6, 7, 19, 20, and 21; and yet it 
is upon the result of this single quantitative test on the 
action of coke that the investigators base their conclusion 
that no action takes place.” 

In the first place, this statement was incorrect as 
regarded four of the nine experiments quoted—namely, 
Nos. 1, 2, 5, and 21. These experiments were not con- 
ducted under similar conditions to the coke experiments, 
since they were made with the tube specimen hung ver- 
tically instead of horizontally, and all the experiments so 
carried out showed smaller losses than with horizontal 
tubes, as stated on page 34 of the Second Report. There 
were left, therefore, for comparative purposes, experi- 
ments Nos. 4, 6, 7, 19, and 20. The losses of weight 
recorded in these experiments were as follow (expressed 
in percentages) :— 


Per Cent. 
4 ne er i a ‘lis ak 0.24 
a ' aa eo she i 0.21 
7 sg en - a 0.22 
19 0.24 
20 0.22 


4.¢., an average of 0.23. 
The loss of weight in the coke experiment was 0.25 per 
cent. 

It was clear from these figures that the 2oke could not 
have had any important influence on the rate of corrosion 
of its tube. A difference of 0.02 per cent. represented in 
the actual experiment a difference in weight of about 
5 milligrams—an amount that might easily be lost or 
gained in the process of cleaning the tubes previous to 
weighing. In any case, an increased loss of weight of 
0.02 per cent. during thirty days, even if real, was too 
small to be of any importance in the practical problem. 
It might here be remarked that, in the writers’ opinion, 
the practice adopted by Mr. Philip of stating results in 
‘* equivalent loss of weight in grains per square foot per 
100 days,” calculated to four significant figures, was 
objecti aable, since itclearly amounted to an apparent 
and larve, though quite unreal, magnification of accuracy, 
and haripered correct comparison. vit 

Page 10 of the paper was devoted to a criticism of 
specimen No. 15 in Table I., which showed a loss of 0.54 


per cent. : . 

In view of the fact that the loss of weight of the specimen 
with coke aa so nearly to the average of five other 
tests carried out. under similar conditions, it was really 
unnecessary for the writers to defend this result; but since 
Mr. Philip suggested that a clerical error had crept in 
here the writers desire to state that this was not so. This 


* Journal of the Iustitute of Metale, No. 2, 1913, 
vol. x., page 77. ENGINEERING, Aug. 29 and Sept. 5, 1913. 





&c., and copper and zinc basic salts, | bes 


result was seen to be unusually high at the time of the 
cietek bah tee. coe ~). Bb. tp hed 

t specimen was i y reweig 
and the loss calculated de novo ; an identical result was, 
however, obtained. It was thought at the time that 
some of the usual oxide layer had been removed inadver- 
a the ordinary treatment with a rubber-tipped 
glass rod, such oxide being for some reason less adherent 
than usual. The matter was not considered important, 
since the loss in weight in the coke experiment was so 
close to the losses in weight of other tubes. 

At the top of 11, and in other hy throughout 
the paper, Mr. Philip emphasised the fact that only one 
quantitative experiment was quoted in the report - 
ing the effect of coke on corrosion. Apparently Mr. 
Philip considered that loss of weight was by far the best, 
if not the only, test that should he made in er on | 
corrosion. The writers, on the other hand, conside 
that loss-of-weight tests were of quite minor importance 
in studying the tical problem. In practice it was 
comparatively seldom that tubes failed by thinning and 
more or less uniform loss of substance. inary 
cause of failure was local dezincification, and when once 
dezincification had been started loss of weight measure- 
ments were useless. The action was quite local and 
irregular, and the white-zinc salt formed was strongly 
adherent and usually could not be removed without injury 
to the underlying oxide layer. The apparent loss in 
weight was then too low, and no strict quantitative com- 

could be made. Mr. Philip found difficulty in 
detecting dezincification. The y measure of the 
progress of dezincification at present available, as far as 
the writers knew, was by visual and microscopic obser- 
vation, especially of sections cut at right angles to the 
supposed dezincified spot. The latter was the best test 
known to the writers for dezincification. Unfortunately, 
it involved the destruction of the specimen. The next 
it test was a hardness or feeling test carried out by 
rubbing with a blunt steel needle, the dezincified area 
being, of course, softer than the unchanged brass. In 
addition, the eye could be trained to detect the action 
fairly readily an the fresh specimen even in the earlier 
— of the process ; in old specimens the copper became 
oxidised, and it was sometimes impossible to distinguish 
it from the ordinary oxide layer. 

For the reasons above stated, and because more than 
90 cent. of tubes failed by dezincification, the writers 
had abandoned loss-of-weight tests save for exceptional 
pu To quote from the Second Report, page 58: 
—‘*It is, however, quite evident that loss-of-weight 
experiments conducted at the ordinary temperature for 
periods of a few months only, give no clue whatever 
to the behaviour of the oy at 40 deg. Cent. as regards 
dezincification.” It might be pointed out that before the 
publication of the Second Report, the action of carbon 
and other particles was su to be the only means b 
which dezincification coul uced in sea-water. It 
was shown clearly in the Second Report that dezincifica- 
tion could be readily brought about without the inter- 
vention of any particles whatever—a point of very great 
significance. 

Mr. Philip ignored altogether the qualitative teste 
regarding the effect of carbon on dezincification published 
in the Second Report. In this connection it must again 
be emphasised that after dezincification had once set in, 
qualitative tests were the only tests admissible. These 
tests might be summarised as follow :— 

1, At the ordinary temperature in stagnant sea-water. 
Coke and graphite used with 70 : 30and Admiralty tubes. 
Time, 30 days. Micrometer measurements made to 
ascertain whether increased action took place in neigh- 
bourhood of ticles. Result negative. No dezincifica- 
tion observable. No sign of ‘* copper-ring” formation 
which would be expected if electrolytic action took place. 

Number of separate experiments, four ; page 42, Second 


Report. 

2. At the ordinary temperature in running sea- 
Pieces of coke tied on to 6-in. lengths of 70 : 30, 70 : 29: 1, 
lead-brass, and Muntz metal. ater circulated inside 
the half section tubes. Time, 30 days. Results negative. 


Number of separate experiments, four; pages 45 and 
46, Second Re 


3. At a temperature of 40 deg. Cent. 


water. 


Stagnant sea- 


water. Fine graphite used, 70 : 30 and 70: 29:1 tubes. 
Time, 28 days. 
Results: In case of 70 : 30 tubes, dezincification which 


showed no definite relation to graphite, and which also 
occurred on check-tubes containing no graphite, planed 
in same beaker. 

In case of nngee ? tubes, no dezincification. 

In neither case could any increase in general corrosion 
be detected beneath or around graphite-covered areas 
either by eye or micrometer. 

Two experiments ; page 55, Second Report. 

4. At 50 deg. Cent. Aerated sea-water. Coal and 
graphite used. Time, six weeks. Tubes, 70:30 and 
Admiralty. Results: 70: 30, dezincification as in case 
of check-tube, but not in any definite relation to position 
of coal. Admiralty tube, no dezincification. No in- 
creased total corrosion observable near coal. 

Four experiments ; 62 and 63, Second Report. 

Thus, in the Second ety there were described twelve 
qualitative experiments, su by micrometer 
measurements, and one quantitative experiment—i.c., 
thirteen in all, in not one of which could any special 
action in or around the neighbourhood of the carbon be 
observed. 

All these experiments were made under the direct 
observation of both of the writers, both of whom expected 
different results. It seemed to them that it was at least 
a improbable that they could have been so entirely 
deceived as to overlook the action they sought for in 





every single case. It was only fair to assume. therefore, 
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that no action took place under the conditions of these 


ex ments. 

Mr. Arnold Philip had suggested in a number of pas- 
sages in his writings that dezincification took place in 
practice by the ye of particles of coke, &c., — 
the bottom of tubes when the condenser was out of wor 
—i.e., when it contained stagnant sea-water In the first 
set of experiments described above those conditions had 
been accurately observed, since actual condenser-tubes 
were used in contact with coke and oe. No quan- 
titative experiment described by Mr. Philip observed these 
conditions, even approximately. The only evidence he 
adduced, in spite of his insistence on quantitative work, 
was purely qualitative, and was contained in paragraph 2, 
on page 20. He stated: ‘In every case accelerated cor- 
rosion has been caused, and what appears to be dezincifica- 
tion has been observable within two days, even in tests 
carried out with sea-water at the ordinary tem tures, 
but the action, as might be expected, is erated at 
higher temperatures.” ofa 

According to Mr. Philip, then, dezincification should 
take place in a few hours at a temperature of 50 deg. The 
statement was, of course, weakened by the use of the 
expression, ‘‘ what appears to be dezincification ;” but if 
it was to be taken as it stood, the writers could onl 
say that it was entirely contrary to the evidence of their 
own observations. The shortest time in which dezincifi- 
cation had been observed at 50 deg. Cent. wasseven days, 
either with or without the presence of coke. The shortest 
time at the ordinary temperature was seven months, 
either with or without coke. 

There was here clearly a direct conflict of evidence, but 
Mr. Philip’s evidence was no more quantitative than the 
writers’, and had not apparently been sup) by micro- 
meter tests ing general corrosion. The writers sug- 
gested that Mr. Philip had mistaken areas of red cuprous 
oxide for copper areas, especially as he admitted that he 
had difficulty in distinguishing between the two in the 
earlier stages. 

It should perhaps be remarked that the term dezinci- 
fication in the above referred to the action by 
which areas of metallic copper were formed and pene- 
trated progressively through the tube, and not to the 
purely initial and superficial removal of zinc which 
resulted in the formation of a more or less continuous film 
of cuprous oxide over the surface of the tube. 

On page 20 (near bottom) Mr. Philip made the fol- 
lowing statement: — ‘‘Whether dezincification takes 
place or not is a side issue in the present case, and does 
not affect the important main conclusion, which cannot 
be doubted—namely, that the contact of coke with Ad- 
miralty condenser-tube material in sea-water accelerates 
corrosion at all temperatures, and not only accelerates 
it, but accelerates it far more markedly than any of the 
other causes of acceleration which have been pointed out 
in the Second Report to the Corrosion Committee.” 

In reply to this the writers desired to point out some 
of the reasons why the main conclusion might be doubted, 
and also to remark that if coke did not produce dezincifi- 
cation, but merely accelerated general corrosion, then its 
action was merely a side issue, and its bearing upon the 
practical problem of corrosion was of secondary import- 
ance only, since over 90 per cent. of the premature failures 
of tubes were due to dezincification, and not to general 
thinning. 

Moreover, the quotation cited above was in marked con- 
trast to previous writings of the author, in which he had 
always emphasised the purely electro-chemical action of 
coke—1.¢., its purely dezincifying action. Indeed, apart 
from such action, it was difficult to understand why coke 
should directly accelerate general corrosion. It was 
significant, therefore, that no mention of marked de- 
zincification was recorded in connection with the results 
obtained with coke. But ting for a moment a cer- 
tain dezincifying action to be exerted by coke, was it not 
reasonable to claim that the independent type of de- 
zincification—not requiring the presence of ticles— 
whose existence was clearly established in the Second 
Report, must constitute a much greater source of trouble? 

Turning now to the experimental work described by 
Mr. Philip, it was found that the conditions of his ex- 
periments were widely different from those of the writers. 
On page 11, pone 3, a description of the material 
used was given. Pieces of condenser-tube were annealed 
at a low red heat, rolled flat, cleaned by means of emery, 
and filed to the same size. The purpose of this treat- 
ment was, apparently, to save subsequent calculation. 
Its effect, however, was unfortunate. An important 


factor in connection with corrosion phenomena was sur- | Pec 


face condition, as had been shown by a number of experi- 
ments that had recently been made at Live’ | and else- 
where. The nature of the surface of Mr. Philip’s speci- 
mens could not be regarded as typical of condenser-tube 
material, neither was their shape, though both these 
factors probably influenced the adhesion or removal of 
basic salts which set up secondary reactions in the tu 
The mechanical condition was also different. In the 
writers’ ——. condenser-tube material should, except 
for spec purposes, receive no treatment previous to 
experiment other than washing with benzene and alcohol 
to remove | ag For these reasons the writers did not 
consider Mr. Philip’s experiments could be con- 
sidered to a A a or quantitatively to condenser- 
tubes under conditions of practice, though, of course, they 
did not invalidate Mr. Philip’s general conclusion that 
coke accelerated the corrosion of brass. 

An interesting point of difference between the writers’ 
experiments and Mr. Philip's was to be found in the 
nature of the sea-water samples. samples of 
nasural sea-water used by the writers had been found to 
be quite neutral. Mr. Philip’s sample was stated to have 
been alkaline. One of the writers had lately been ex- 
perimenting with natural sea-water, to which sufficient 





sodium bicarbonate had been added to make it distinctly 
alkaline, and had found such sea-water to be distinctly 
more active in producing dezincification than neutral sea- 
water. If Mr. Philip used alkaline sea-water for his 
qualitative as well as for his quantitative tests, there was 
here, possibly, an explanation of some of ‘the differences 
between the two sets of results regarding dezincification. 

The writers gathered from the werding of the paper 
and the photographs that no dezinci Y 
had occurred with these specimens. If that were so, then 
the alkalinity of the water could not be considered the 
cause of the divergence between Mr. Philip’s and the 
writers’ results, and Mr. Philip’s results must be con- 
sidered as having little bearing on the practical problem, 
though interesting and important in the ves and 
from a theoretical standpoint. If Mr. Philip’s results and 
view were accepted, then it must be supposed that coke 
and graphite very rarely entered tubes, or at any rate re- 
mained in tubes in practice for times sufficiently long to 
set up dangerous general thinning of the tubes, and the 
causes of dezincification must be sought elsewhere. 

Turning to the photographs exhibited in Plate I. [Fig. 4], 
specimens in row A were extremely uniform in ap 
ance, more so, indeed, than was usually the case with un- 
treated condenser-tubes corroded for thirty — The 
very different appearance of row B might perhaps be 
accounted for on the grounds that the close packing of 
the coke around the specimen prevented the corrosion = 
ducts from falling away from the alloy, but enabled them 
to stick on to the tube. The photographs in Plate II. 
[Fig. 5] were more interesting. Again, specimens in rowA 
were extremely uniform in appearance, and that might 
perhaps be due to the heat treatment adopted. Speci- 
mens in row B showed distinct pits and curious longitu- 
dinal furrows which did not appear in any of the other 
specimens. The writers assumed that that appearance 
corresponded to something real in the actual specimens, 
mer it was possible that it might be due to some 
purely photographic effect. If those furrows were real, 
it was curious that Mr. Philip did not refer to them.* 
They appeared to be most omy marked about the 
middle portions of four out of the five specimens. The 
definite pits, on the other hand, seemed to be most 
strongly marked near the lettered end of each specimen, 
though they occurred over the whole of the surfaces to 
some extent. Mr. Philip stated that only the lower half 
of the specimens were packed in coke, and it was difficult 
to see how the pits on the top parts of the specimens 
could have been produced by the coke unless, of course, 
certain pieces floated up and touched the specimens 
higher up. In these circumstances it seemed to the 
writers improbable that such loose and variable contact 
could have allowed any electro-chemical action to be set 
up, and it would seem that some direct chemical or 
mechanical action must have been set up. But Mr. — 
washed and prepared his coke carefully, and it was diffi- 
cult to suggest any probable direct chemical action. 
Some mechanical action seemed more likely, especially 
in view of the striated appearance to which reference had 
ready bhecn made, and for which it was difficult to 
account «n electro-chemical lines. They would like to 
ask Mr. Philip whether his coke was packed so tightly 
in the tubes that no movement could take place under 
the action of the flow of water, and whether erosion was 
> an important factor in his experiments with rough 
coke? 

They were prepared to admit that they were much 
surprised at the results of Mr. Philip’s experiments, 
which were directly at variance with their own experi- 
mental experience. But they were not yet prepared to 
vdmit that coke had any electro-chemical action on con- 
lenser-tubes in sea-water. The conditions of Mr. Philip’s 
experiments were so different from those of their own 
that it was as yet impossible to ——s of those con- 
ditions had affected the result. ey need hardly add 
that a further experimental investigation of the problem 
would be made. 





THE OXYGEN CONTENT OF OPEN-HEARTH 
STEEL.t+ 


By J. Aten Pickarp, B.Sc., A.R.C.Sc., and 
F. M. Porter, B.Sc., A.R.C.Sc. 


Tue following work was undertaken as part of a 
systematic examination of the oxy, content of com- 
mercial steels with a view to ecting trustworthy 
evidence as to the amount of oxygen normally to be ex- 
ted in good-class material, and the limits within which 
1t is desirable to restrict this element. 

The method of estimation previously communicated to 
the institute by one of us,t which consists in heating the 
steel in a confined volume of hydrogen with a weighed 
boat containing phosphorus pentoxide and measuring 
the increase in weight of the boat, has been used through- 


bes, | out and has fully confirmed the opinion arrived at as to 


its convenience and reliability. The importance of 
adhering strictly to certain details of p ure, chiefly 
in the precautions necessary in the insertion and removal 
of the ee ae boat of phosphoric oxide, has, however, 
been clearly shown, and for the convenience of others 
using the method it will be well to state these precautions 
here. Care must be taken that the boat is removed from 








* Inspection of the specimens showed them to be 
really covered with a large number of fine grooves 
paere along the specimens in the direction of their 
ength. 

+ Paper contributed to the Iron and Steel Institute and 
now oj for discussion by corres: ence. 

~* Gremasts Scholarship Memoirs,” 1913, page 70. 

§ The complete apparatus may now be obtained from 
Messrs, C, E. Miiller, Orme an ., 148, High Holborn. 


the weighing-tube and inserted in the mouth of the com- 
bustion-tube as quickly as possible and the cap age in 

tion at once, contamination by moisture the 

th being, of course, carefully avoided. It is also 
necessary to have the boat ready close to the combus- 
tion-tube before removing it from its containing vessel, 
so that the distance of transport through the free air is 
as short as ible. The total time occupied in inserting 
and removing it should not exceed 6 seconds, and may 
be less. In these circumstances a blank of 0.0010 to 
0.0013 gramme is obtained, but defects in manipulation 
may cause the blank to run as high as 0.0035 gramme, 
which is too large a proportion of the total increase in 
— obtained to allow of a proper feeling of certainty 
of the final result. In weighing the boat the usual pre- 
cautions in polishing the weighing-tube must be observed, 
and the sensitiveness of the balance must be adjusted to 
weigh with exactness to one-tenth of a milligramme. If 
drillings are clean and bright, no error in the estimation 
will be introduced by surface oxidation or condensation 
of air. An amount of oxygen equal to 0.020 per cent. 
would represent 0.090 per cent. of ferrous oxide, or 


- | 0.022 gramme on a 25-gramme sample. [f in the form of 


rust containing hygroscopic moisture and carbon dioxide, 
the weight might easily be 0.035 me, which would 
produce a sheet 0.1 millimetre thick and 1 square centi- 
metre in area, and would easily be detected by inspec- 
tion. The condensation of air on the surface has been 
dealt with in the former paper, and has been shown to 
have no influence. 
_ The determinations were in most cases carried out 
in duplicate by the two authors independently. The 
weights of steel used in each estimation were from 
20 grammes to 30 grammes or more, and the furnace 
was heated to a temperature estimated at 1000 deg. 
Cent. No increase in the percentages found was o 
served on employing higher temperatures or longer times 
of heating, 30 minutes —s quite sufficient. e blank 
remained unchan when longer periods of heating were 
given; indeed, the blank obtained if the heating be 
omitted altogether is practically identical with that when 
the whole experiment is carried through in the ordinary 
way. This fact is important as showing that the walls of 
the tube are totally impervious, and that no oxygen from 
the air leaks through during the course of the experiment. 

The ae of samples examined in this work were 
courteously — to the authors by Messrs. 8. Fox 
and Co., Limited, of Sheffield, and the Cargo Fleet Iron 
and Steel Company, Limited, of Middlesbrough. All 
the steels were made by either the acid or the basic open- 
hearth process, and, as far as can be _—_ from their 
analyses, they were generally of ex t quality. In 
the following tables the samples are arranged in order of 
carbon content. The actual figures obtained for oxygen 
in —— analyses are given in the last two columns, 
and show the amount of agreement ordinarily obtained 
when using this method. Six of the results are reprinted 
from the former paper, and are included here for ease in 
reference. 

TaBLe I.—Acid Open-Hearth Steel. 
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TasLe II.—Basic Open-Hearth Steel. 
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|e 1.35 


= —_— — ! == 
0.35 | 0.020 | 0 633 | 0.018 
| 0.060 | 0.026 
| 0.120 | 0.080 | 0.081 


| = | 0.051 | 0.020 


Mean : 
Carbon, 0.25 
Oxygen, 0.021 


| Mean : 
Carbon, 0.52 
Oxygen, 0.021 


Mean : 
Carbon, 0.81 
Oxygen, 0.011 

Mean of all : 
Oxygen, 0.0189 


0016 0.025 


‘onsideration of Results.—It had been expected from 
the results published in the former paper that it might be 
possible to esover some relationship between the —— 
and the carbon content, but the results quoted lend but 
little support to this theory. Samples 9 and 12, contain- 
ing 0.14 and 0.26 per cent. of carbon —— ge: contain 

0 011 and 0.005 per cent. of oxygen, while No. 14, 
with 0.32 cent. of carbon, contains 0.041 per cent., an 
even No. with 0.61 per cent. of carbon, also contain’ 
0.041 cent. of oxygen. One most important conclusion 
to be drawn is that it 1s possible to make all kinds of open- 
hearth steel, even low-carbon low-silicon basic (No. 9), 
practically free from oxygen—containing only 0.010 per 
cent. or unter. some steels are made containing 
more than that amount is, however, abundantly shown by 
the other results, and it is to be observed that the cheaper 
steels contain higher oxygen. ; 

Acid open-hearth steel is generally admitted to be of 





better quality than basic open-hearth, and it has been 
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8 ted that this is due to the higher oxygen content| These results are somewhat startling as indicating that | mens; to the trustees of the Dixon Fund of London 
in basic steel. In the foregoing tables all the high-oxygen | sound steel contains a higher np ante of oxygen than | University for a grant which has defrayed part of the 
steels—that is, over 0.020 per cent.—except one (No. 2) | unsound, a result which would be remarkable in the light | expenses of the investigation ; and especially to Dr. 


are found in the basic group, so that the evidence does 
support the conclusion that basic steel is higher in 
oxygen. It is to be noted, however, that only two of the 
basic steels are higher in carbon than the lowest of the 
acid group, and no marked difference is to be noted in 
those samples comparable in carbon content; indeed 
No. 2, an acid steel, is higher in oxygen than Nos. 23, 25, 
and 26, which are basic. : 

An interesting po is raised b; t 
samples that must have received most hot-working are all 
high in oxygen. Nos. 14 and 15 were taken from two 
fich-plates, No. 22 from a rail, while the other samples 
were from fair-sized billets. The possibility that the 
oxygen content may vary after the steel has solidified has, 
so far as the authors are aware, not hitherto been con- 
sidered. It must be borne in mind, however, that these 
steels, as judged from their other constituents, were not 
of the very highest quality, and that Nos. 8, 10, 13, 18, and 
21, which are all high in oxygen, were of cheap make. Ib 
is hoped to investigate the influence of hot-working on 
the oxygen content in a subsequent paper. 

The results obtained by previous workers are very 


the fact that the 








scanty. The authors have only found the figures given 
by Cubillo,* who gave for acid open-hearth steel in the 
ladle 0.004 per cent. of oxygen; and R. H. McMillen,+ 
who has published the following data :— 
: oc —- — es 
Sample. | © | Mo} si | & | P. | 0. 
—. a Fry Erg pre ee — ———— 
-C. | .c. | p.c. | p.c. -C. | Ce c 
pc. | p P. | P. P | Ch) ti) 
Basic, open-hearth, 0.07 | 0.06 | 0.08 | 0.019 | 0.008 | 0.113 | 0.115 
Ditto 0.08 | 0.22 | 0.01 | 0.016 | 0.008 | 0.079 | 0.072 
Ditto 036 | 0.69 | 0.03 | 0.040 | 0.046 | 0.043 | 0.042 


The method of reduction in a current of hydrogen, used 
by both workers, is open to several objections which have 
been pointed out in the paper tees / ci With 
regard to McMillen’s figures it is noticeable that they are 
very much higher than those found for any steel examined 
by the authors. Taking this in conjunction with the fact 
that no steelexamined by McMillen gave a lower value 
than 0.035 per cent.—even crucible steels, containing 1.17 
per cent. and 1.14 per cent. of carbon, showing 0.035 per 
cent. and 0.045 per cent. respectively of ——-> 
authorsare inclined to think that he must have been the 
victim of a systematic error not recognised. 

A necessary and important consequence of low-oxygen 
content, if the determination of oxygen be made by the 
method used, is that the gas content must also be very 
low, at least in respect of carbon monoxide and dioxide. 
It was shown in the paper already mentioned that the 
oxides of carbon are uced to water under the condi- 
tions of the experiment; and consequently carbon 
monoxide and carbon dioxide contained in the steel, or 
given off from it on heating, are reduced, and their 
oxygen appears in the final result. 

If asteel gives off its own volume of carbon monoxide 
on heating, the oxygen in the gas represents an amount 
equal to 0.0091 per cent., a similar amount of carbon 
dioxide representing 0.0182 per cent. 

This conclusion is not invalidated by the fact that the 
steel is used in the form of fine turnings, as, although gas 
may be lost during the operation, the oxides of carbon are 
invariably practically absent from the gases obtained, 
which consist of nitrogen and hydrogen. 

T. Bakert examined two ingots of the same steel, to 
one of which aluminium had been added before casting, 
and gives the analyses shown in Table III. The oxygen 
percentage is calculated from the volume and composi- 
tion of the gases :— 

Taste III. 


(1) Free from Blow-Holes. 
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Volumes of Gas 
CO. | Mn. | Si. 8. P- | Al. | per Gramme 
| "of Steel. 
pc. | pe. | pe | pe. | pc. p.c. | 
0.900 | 0.096 0.088 | 0.023 0-019 0.033 | 1,326 
Composition of Gas. | 
er amet ars | Oxygen Indicated. 
00, | CO. | H. | OH, | N. 
p.c. pe. | pe | pe. p.c. 
168 | 45.54 | 52,00 0.72 0.08 0.0810 
(2) With Blow-Holes. 
| | Volumes of Gas per 
0. Mo. | Si. 8. P. Gramme of Steel. 
p.c. p.c. x3 p.c. .C. 
0.810 0.050 6.080 | 0.028 dots 0.665 
' 
Composition of Gas. | 
mi | | | Oxygen Indicated. 
O00». co. H. | OH, N. 
P.c. | p.c. p-c | p.c. p.c. 
0.84 | 4241 | 54.60 | 1.72 | 0.46 0.0366 


* Journal of the Iron and Steel Institute, 1903, No. 1, 
page 293. 


+ Metallurgical d i i i 
okie 4 and Chemical Engineering, 1913, 


+ Carnegie Scholarship Memoirs, 1909, page 219. 








of accepted views on the subject. In attempting to 
account for the vou Mig figures for the gas content of 
btained b er, 


Ss r) the authors have been struck 
by the fact that the Toepler pump used in the extraction 
of the gases was unprovided with adrying-tube. It is 


well known that it is impossible completely to remove 
water vapour along with the gaves from any space by 
means of a —s pump without this adjunct. Since 
water vapour would not reveal itself in the blank deter- 
minations when steel was not present, and its presence 
could only be detected by means of a manometer, which 
was not included in the apparatus, it is possible that 
practically the whole of the gases obtained resulted from 
the action on the steel of water vapour present in the 
—— and from the surface moisture on the metal. 

is opinion is suppor by the evolution of large 
quantities of h og + be low temperatures in Baker's 
experiments. The ced reaction, 


4H, 0 +3 Fe = Fe, 0,+4H, 


takes place | mg - | com letely from left to right 
between 200 deg. to 300 deg. t.* This explanation is 
rendered more probable by the fact that other workers 
on this problem have found a primary evolution of carbon 
dioxide in all cases, and by the fact that in the sound- 
steel gases the ratio H,: O. is almost exactly 2:1 by 
volume. The carbon monoxide could be accounted for 
by subsequent reduction of the oxide by the carbon of 
the steel. It is possible that Dr. Baker may be able to 
correct the authors’ inference as to the cause of bis other- 
wise puzzling results, and it is hoped that he will be kind 
enough to mention in the discussion any aspect which may 
have escaped their attention at the difficult and impor- 
tant researches he has carried out. 

By os steel in acid copper-potassium-chloride 
solution Goutal} obtained the figures given below, from 
—' the oxygen percentage in the last column has been 

cu 








ise. | 

ge | 3s | i. (ESB ¢ 

sreel & | $5 | $8 |fee| & 

a | 83 | @s |838| & 

<) 2) -) 12) ; 6 
per cent per cent per cent per cent|per cent 
Medium soft .. . 0.2867 | 0,0057 | 0.€051 | 0.0009 | 0.0220 
Hard .. ee --| 0.6375 | 0.0185 | 0.0059 | 0.0171 0.0573 
Extra hard - 1.3775 | 0.0216 0.0061 | 0.0158 | 0.0656 


It will be noticed that the oxygen nt increases in 
this case with the carbon content, and reaches the high 
value of 0.0656 in the case of the highest carbon steel, a 
result which is remarkable enough to justify a more com- 
plete investigation. 

Belloc,} working on basic open-hearth steel of the com- 
position— 


Per Cent. 
Carbon 0.12 
Manganese 0 36 
Silicon 0.03 
Sulphur ; 0 02 
Phosphorus . 0.018 


has obtained the foilowiny fi,uses frum which the oxygen 


in the last column is calculated :— 
Weight Gases Found. Oxygen 
“ Taken. Calcu- 


©0,.| co.| H | N lated. 





Average sample | 50 gm. M0 | 13.49 PS lore eve. 0.5300 











This result is of the order which the writers have been 
led to expect from the results for oxygen content given 
above. 

Zyromski§ fiads for soft basic open-hearth steel con- 
taining :— 


Per cent. 
Carbon 0.05 
Manganese 0.288 
Silicon trace. 
Sulphur sa nie * dis o 
Phosphorus ... mn 5 be 0.024 


that the following composition and amount of gas is 


evolved representing the oxygen figure given in the last 
column :— 





o | a | = 





| Volumes per Volume | 
of Reel. | Oxygen. 
per cent. | per cent. per cent. | per cent. Per cent. 
7.9 57.8 | 34.7 5.45 | 0.0043 





Although the nitrogen is unusually high in the 
- “ , the oxygen figure is as low as any we have 
ound. 


In conclusion, the authors desire to express their 
indebtedness to Messrs.-8. Fox and Co., of Sheffield, 
and to the Cargo Fleet Iron and Steel Company, of 
Middlesbrough, for the interest they have shown in the 
work, and for most kindly supplying some of the speci- 





* Mellor, ‘‘ Chemical Statics and Dynamics,” page 175. 
+ Comptes Rendus, 1909, vol. cxlviii., page 988. 

t Revue de Métaliwrgie. 1908, _— 

§ Stahl und Eisen, 1884, page 536. 





F. 
Rogers for continued encouragement and many helpful 
suggestions. 








COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Journal, urther information concerning these 
a be obtained from the Commercial Intelligence 
yo Board of Trade, 73, Basinghall-street, London, 
New Zealand : The office of His Majesty’s Trade Com- 
missioner for New Zealand re that, according to the 
local Press, the ratepayers of Westport have sanctioned 
the installation of a sewerage scheme, at an estimated cost 
of 28,500/., with 5000/. extra for private connections. 

Canada : The Imperial Trade correspondent at Toronto 
reports that a company has been formed in Ontario, with 
a capital of 2,000,000 dols. (about 411,000/.), for the purpose 
of manufacturing and dealing in iron, steel, and other 
metals ; to construct and opetate dry docks, harboure, 
elevators, warehouses, terminals, wharves, &c., and to 
carry on the business of a wrecking company. The com- 
pany intends to construct a dock, 775 ft. long, 104 ft. wide, 
and 21 ft. over the sills. 

in: The Gaceta de Madrid notifies that tenders 
will be opened at noon on October 20 at the Direccién 
General de Obras Puiblicas, Ministerio de Fomento, 
Madrid, for the construction of a dock, as an anchorage 
for small vessels, at the port of Cadiz. The estimated 
value of the contract is 296,744 pesetas (about 10,9907.) ; 
@ provisional deposit of 14,838 tas (about 550/.) is 
required to qualify any tender. The conditions of con- 
tract contain clauses to the effect that at the first com- 
petition the materials to be used will be confined, with 
certain exceptions, to products of Spanish manufacture, 
but that in the event of no decision being arrived at, a 
second competition, in which foreign ucts mey be 
accepted, will then take place. In the latter event, 
Spanish products will have a 10 per cent. margin of pre- 
ference over foreign. 

Morocco: H.M. Chargé d’Affaires at Tangier reports 
that tenders are invited by the special committee of 
Public Works for the construction of a lighthouse and 
adjoining buildings at Cape Nador, near Laraiche. 
Tenders, 3. ey by certificates of competency, will 
be received by M. le Président du Comité Spécial des 
Travaux Publics, Dar En-Niaba, Tangier, up to 11 a.m. 
on November 23. The estimated value of the contract is 

Jaced at about 246,284 francs (98501.), and a deposit of 
F000 francs (120/.) is required to qualify any tender. The 
contractor must elect domicile in the neighbourhood of 
the works. 





American Locomotive Company.—The gross earnings 
of the American Locomotive Company for the twelve 
months ended June 30, this year, were 29,987,438 dols., 
showing a decrease of 24,880,738 dols. Working expenses, 
allowance for depreciation, &c., amounted in 1913-14 to 
27,425,187 dols., showing a decrease of 20,616,504 dols. 
The net earnings for 1913-14 were accordingly 2,562,251 
dols., showing a decreare of 4,264,232 dols. Interest 
charges in 1913-14 were 486,124 dols., showing a decrease 
of 155,055 dols. The balance available for dividend in 
1913-14 was accordingly 2,076,127 dols., showing a de- 
crease of 4,109,177 dols. The dividend on preference 
stock for 1913-14 absorbed 1,750,000 dols., leaving a 
surplus of 326,127 dols. No dividend is propoeed for the 
eS year upon the ordinary stock. The new orders for 
ocomotives received by the comqnny in 1913-14 repre- 
sented a value of 14,454,831 dols. This total was equiva- 
lent to only about 25 per cent. of the productive capacity 
| o undertaking. : he on aoe ng | — en the books 
of the com at the inning the past fiscal year 
were 17, 156, 388 dols. ; A close of the year they had 
declined to 4,162,356 dols. ‘ 





Larce Provecrep Hypro-Eircrric Station 1N 
Norway.—The proposed exploitation of the water-power 
in the Take Falls, with the co-o tio of the Norwegian 
State, is one of largest undertakings in the country. 
The first “—- is the building of a power-station with a 
capacity of 125,000 horse-power, which can be obtained 
simply by the regulation of the Totak, by retaining 
the water of the Totak during the high-water season 
and using the power of the Vinje waters without any 
regulation. The = is based upon an English Compan 
contracting for about 100,000 horse-power for a peri 
of thirty years, with the option of a further twenty 
years at 26 kr. (29s.) per horse-power per annum, the 
yf to be supplied as alternate current of some 
10,000 volts, the factories in question to be erected within 
a distance of 100 kilometres from the power-station. 
The Take waters represent one of Norway’s largest and 
best water-power streams. By regulating the Totak and 
the Vinje waters a capacity of 250,000 horse-power is 
a reckoned upon, and of this 140,000 horse- 
power will’ come from the Totak after regulation. Of 
this the Hyllands Fall ts 15,000 horse-power. 
The exploitation of either the Totak and the Vinje is not 
ex | to offer any difficulties whatever from a tech- 
nical point of view, and the cost can, it is confidently 

pert be kept at a comparatively low figure, the 
existing roads for trans’ for one thing, being a. 
The cost of the finished power-station for the first 125,000 
horse-power is calculated at 100 kr. (5/. 10s.) per electric 
horse-power, and the next 125,000 horsee-power will 
eatanily come out somewhat cheaper. 
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CATALOGUES. 

Ships’ Fittings and Furnishings.—From the Carron 
Company, of Carron, Stirlingshire, we have received a 
catalogue of cabin-seat stands, smoking-room tables, 
ventilators, storm-valves, coaling-scuttles, hatch-cleats, 
and other fittings and furnishings for ships. 


Air-Filters.—A small pampblet, illustrating and de- 
scribing the Sturtevant water-spray air-filters for cooling 
and purifying the air supplied to electric generators, 
transformers, &c., has been issued by the Sturtevant 
Engineering Company, Limited, 147, Queen Victoria- 
street, E.C. 


wy sonong Small Tools.—From Messrs. Thomas Firth 
and Sons, Limited, of Norfolk Works, Savile-street East, 
Sheffield, we have received a copy of a very attractive 
catalogue, giving full particulars, including pri of 
reatmers, drills, milling-cutters, saws, &c., made of their 
** Speedicut ” high-speed steel. 


Power-Transmission Accessories and Enginecrs’ Sum- 
dries.—Messrs. C. J. Edwards and Son, Limited, of 32 
to 34, Great Sutton-street, E.C., have sent us a copy of 
their lasest catalogue, giving prices of belting and belt- 
fasteners, shafting, set-collars, couplings, plummer- 
blocks, hangers, wall-brackets, pulleys, files, twist-drills, 
lubricators, bolts and nuts, and many other tools and 
sundries for engineers. 


Electrical Pyrometers.—We bave received from Mr. 
R. W. Paul, of New Southgate, London, N., an inter- 
esting and useful catalogue and price-list of electrical 
ap’ tus for temperature measurement in industrial 
and laboratory work. All necessary instruments and 
accessories for thermo-couple, resistance, and radiation 
pyrometry, including projection and recording apparatus, 
are dealt with. 


Hydraulic Leather:.—The Leathers Company (Altrin- 
cham), Limited, of Grafton Works, Altrincham, Man- 
chester, have issued a little booklet containing some prac- 
tical notes on hydraulic leathers and the use of hydraulic 
machinery, and also stating prices for cup, hat, and U 
leathers. The latver can be made up to 80 in. in diameter; 
a U leather 72 in. in diameter, whish is said to be the 
largest ever made, is illustrated in the booklet. 


oy ee TS Messrs. Charles Churchill 
and Co., Limited, of 9 to 15, Leonard-street, Finsbury, 
E.C., we have received copies of two pamphlets they 
have recently issued relating to their grinding hi 

In one of these pamphlets a new gear-box drive for table 
and work s on plain, universal, and internal grinders 
is dealt with. This enables all the necessary speeds and 
feeds to be obtained on the machine itself, so that the 
countershaft is greatly simplified. The other pamphlet 
contains diagrams showing all the various types of drives 
with which Churchill grinding-machines can be supplied. 
It also gives general particulars of standard sizes of 
plain, universal, and internal grinding-machines. 


Fencing.—A catalogue giving full particulars, with 
rices, of ‘* Crusader” wire-mesh fencing, has reached us 
rom the sole selling ts, the Darlington Fencing 

Company, Limited, of Hopetoun House, 5, Lloyd’s- 
avenue, E.O. This fencing is claimed to be much stronger 
than wire-netting, which it is intended to replace, and to 
have the additional advan that it can be be easily 
repaired. Prices are quoted for rolls containi uare 
yards of fencing, with 1-in. to 4-in. mesh, made of 10 to 
16 gauge wire. Practically any length and width can be 
supplied in a single piece. The fencing can also be 





employed for protecting windows and for guarding | q 


machinery. 


Aluminium Cables. — We have received from the 
British Aluminium Company, Limited, of 109, Queen 
Victoria-street, E.C., an interesting and attractive pam- 

hlet entitled ‘‘Power: Its omical Distribution.” 

t relates to the distribution of electrical energy by 
means of insulated cables with aluminium conductors, 
and first compares the cost of aluminium and copper 
cables of the same capacity. The questions of jointing, 
scrap values, rating of cables are all fully dealt 
with, and a very strong case is made out for the newer 
conductor. Technical data for bitumen-insulated cables, 
lead-covered paper-insulated cables, and cables insulated 
with vulvanised india-rubber, are included, together with 
some notes on cables for high-tension work. 


Polishing and Scouring-Machines.—Mr. Edward White, 
of Windsor Works, Redditch, has sent us a catalogue 
illustrating various machines he makes for polishing and 
scouring small metal s. Most of the machines, which 
are extensively used in the steel-toy trades, consist of oak 
barrels mounted so as to rotate about an inclined axis, 
but in one of the machines illustrated the goods to be 
polished are placed in leather which are held in 
steel clamps and given a ne motion. Another 
machine consists of a number of small hexagonal tin 
barrels, which are made to rotate about a horizontal axis 
by means of spiral gears. They are intended for scour- 
ing small quantities of different articles, which can all be 
kept separate. Any of the barrels can be lifted out and 
replaced without stopping the others. 


Ore-Crushing Mill.—A pamphlet illustrating and de- 
scribing the Akron Chilian mill has reached us from 
Messrs. Sandycroft, Limited, of Sandycroft, near Chester, 
who have taken up the manufacture of this mill for all 
countries except the United States. These mills are 
of the high-speed edge-runner type, and have three 
rollers. They usually operate on ores which have been 
reduced to — i in. size, —e them ren almost 
any degree of fineness required. pamphlet full 
pe ~s the construction of the mills, and points a 





their ial features, mentioning | the latter that 
the ro’ can be adjusted while the mill is in operation, 
and that the bearings and wearing parts are easily acces- 


sible for examination and repairs. The mills are also 
claimed to have an even distribution of feed, and a large 
screen capacity, as well asa very high efficiency as regards 
output, water consumption, and wear. Two sizes are 
je, with 5-ft. and 6-ft. pans, and with capacities of 
25 and 50 tons a day of twenty-four hours respectively. 


Fire - Appliances. — The Featherstone Manufacturing 
Company, of 5, Henrietta-street, Covent Garden, W.C., 
have issued a catalogue of fire-appliances manufactured 
by them. These include the ‘‘ Featherstone” automatic 
valve for fire-hydrants, the special feature of which is 
that the water is turned on by pulling the hose when 
the fire is reached. When not in use the nozzle is 
held in a clip-bracket, which acts as a safety-lock, so that 
the water can only be turned on when the nozzle is 
removed. By means of an automatic adaptor, illustrated 
and described in the catalogue, any existing installation 
can be arranged to work on the principle above described. 
The catalogue also gives particulars of a combination-tap 
and automatic valve for domestic use, a serving-cradle 
for hose, water-pressure gauges, canvas hoee, hose- 
couplings, &c. Prices are stated for all these appliances. 


Air-Compressors, Portable Tools, 4&:c.— Among the cata- 
logues recently issued by the Consolidated Pneumatic 
Tool Company, Limited, of 9, Bridge-street, Westminster, 
8S. W., is one relating to air-compressors built by the com- 
pany. construction of these compressors is illus- 
trated and fully described, and their many special features 
are pointed out. Full particulars are then given of belt- 
driven and steam-driven compressors of the single- 
cylinder, duplex, and two-stage types with capacities 
ranging from 31 to 2110 cub. ft. of free air per minute. 
Particulars are also given of portable compressors driven 
by petrol-engines, and of large two-s compressors 
driven by compound steam-cylinders having Corliss 
valves. These compressors have capacities up to 3480 
cub. ft. per minute. The catalogue also illustrates 
examples of compressors driven by electric motors, and 
concludes with a number of useful tables relating to 
pneumatic-power transmission. Other catalogues from 
this firm deal with “‘ Duntley” electric drills and accessories, 

table electric grinders, electrically-operated stone- 
ammers, scaling-hammers, ‘‘ Little Giant ” pneumatic 
drills, and a portable mine hoist operated by compressed 
air. We have also received a catalogue of repair parts 
for pneumatic hammers, riveters, drills, and other port- 
able tools made by the firm. 


Boat-Launching Gear.—We have received from the 
Welin Davit and pate Company, Limited, 
5, Lioyd’s Avenue, E.C., a very me album of 
illustrations of their well-known launching appliances 
for ships’ boats. The album contains over 340 pages, 
strongly bound in blue-cloth covers, and its price is one 
guinea. The first part of the album is occupied with 
reproductions of photographs and drawings of different 
types of quadrant davits, of which over 600 installations 
have been fitted on merchant vessels and warships of all 
b and nationalities. The Welin planet gear is also 
illustrated and described. is gear, which can be 
applied to existing davits, has been designed to enable 
the boats to be turned out against the maximum list 
under which the lowering of boats is possible. Illustra- 
tions of Lundin decked lifeboats, which are tonstructed 
of steel, and of other life-saving craft designed and con- 
structed by the company, are also included. The re- 
mainder of the album, rather more than half of it, is 
jevoted to full-page engravings, reproduced from photo- 
graphs, of steamers on which the firm’s appliances have 

m installed. The book is well printed, and the illus- 

trations are excellent, so that it makes a very attractive 

ublication, and one that is well worthy of a place on the 
kshelves of shipbuilding and ship-owning firms. 


Steel Plates and Sections.—Messrs. David Colville and 
Sons, Limited, Dalzell Steel and Iron Works, Mother- 
well, Scotland, have issued a very attractive catalogue 
giving particulars of the various sizes, brands, and quali- 
ties of steel plates and steel and iron bars they manufac- 
ture. The steel is produced by the Siemens open-hearth 
process only, and the works can turn out over 10,000 tons 
of ingots The catalogue contains 180 
bound in blue-leather covers and having gilt edges. It 
first gives a number of illustrations, reproduced in colours 
from oil or water-colour painti showing the furnaces, 
rolling-mills, and other parts of the works. These are 
followed by Sacigmens of the various brands of boiler, 
structural, shipbuilding, and special steels made by the 
firm, and, after these, particulars are given of the tests 
imposed by different authorities. The greater part of the 
catalogue is, however, occupied with tables showing the 
sizes to which plates and sections can be rolled. The 
sections listed include angles, channels, pillar cections, 
zeds, tees, rounds, hexagons, squares, flats, cope-bars, 
convex bars, and many special sections. In all cases 
English and metric measurements are given, and the 
sections are coloured to indicate whether they are rolled 
in steel only, in steel and iron, or in iron only. The 
catalogue, which is altogether a very useful = higbly 
creditable production, concludes with a number of tables 
of equivalent English and metric measurements. 


Pump - Governor.— We have received from Messrs. 
Ronald Trist and Co., Limited, Coronation House, 
4, Lloyd’s Avenue, E.C., a booklet illustrating and ex- 
plaining their ‘‘ Thermofeed” differential pump-governor, 
which is desi to stop any class of steam or power- 
driven pump if the pressure should become excessive, and 
to restart t mp when the pressure falls below some 
predetermined limit. Its method of operation is, briefly, 





as follows :—Water pressure from the pump delivery is 
admitted to the lower end of a vertical column, the upper 
part of which is filled with cylinder oil and is in communi- 
cation with the upper part of a small cylinder fitted with a 
spring-controlled piston. When the pressure rises, the 
piston is forced downwards against the action of thespring, 
thereby opening a small valve, which controls the supply 
of steam to another cylinder. This cylinder contains a 
piston and piston-rod, which are connected to the spindle 
of a double-beat throttle-valve controlling the supply of 
steam to the © that when steam is admitted to 
the cylinder, as ve described, the tbrottle-valve is 
dened. When the water pressure has fallen sufficiently, 
the piston of the first-mentioned Be pd is forced 
upw: by the spring, and the small valve is moved 
so as to open a passage from the steam cylinder to the 
atmosphere. The piston of the steam-cylinder, and with 
it the throttle-valve spindle, is then drawn upwards by 
means of springs, thus opening the valve and restarting 
the pump. © device is claimed to be simple, reliable, 
and quick-acting, and to effect a considerable economy in 
steam consumption. It can be operated by pressure 
variations of from 3 lb. per sq. in. upwards. 


Water-Strainer.—We have received from the London 
Electric Supply Corporation, Limited, 25a, Cockspur- 
street, S.W., a pamphlet illustrating and describing a 
new type of water-strainer they have put upon the 
market. The ‘‘ Deptford ” strainer, as it is called, is of 
the self-cleaning type, and is principally intended to be 
used to separate solid matter from the circulating water 
used in surface-condensing plants, though it is, of course, 
quite suitable for straining water required for any other 
pur; . It consists of a cast-iron casing containing a 
perforated cylindrical gun-metal drum, which is slowly 
rotated about a horizontal axis by worm-gearing. The 
water enters at the side of the casing, passes through the 
a cylinder from the outside to the inside, and 
eaves at one end, so that foreign bodies contained in the 
water collect on the outer surface of the cylinder. The 
solid matter thus collected is removed by means of a 
stationary scraper made of hard nickel bronze, and 
machined to a cutting edge, which bears on the lower 
part of the perforated cylinder. The dirt falls from 
the scraper into the lower part of the casing, which 
is hopper-shaped, and, being out of the flow of 
the water, it settles, and is removed at intervals by 
opening a sludge-valve. The strainer is usually placed 
between the circulating 5 pum and the condenser, so that 
there is from 10 ft. to 20 ft. head of water available for 
flushing pu ; the general arrangements can, how- 
ever, be modified according to circumstances. The pam- 
_ gives particulars of four standard sizes, capable of 

ealing with from 250,000 to 1,000,000 ions of water 
td hour. It is mentioned that two of these strainers 
ve been working satisfactorily for three years with 
Thames water, containing large quantities of rubbish of 
all kinds. During this time it is stated that no parts have 
required renewal, and the cost of u —_ has been trifling, 
though the design has been considerably improved since 
these strainers were installed. 


Machine-Tools.—Three sectional catalogues, dealing 
respectively with combination turret-lathes, automatic 
screw machines, and universal cutter and tool-grinding 
machines, have reached us from Messrs. Alfred Herbert, 
Limited, of Coventry. The turret-lathes have a geared 
headstock with a single driving pulley, an improved 
chasiig mechanism, a patent dial feed-motion, and all 
feeds are reversible. These and many other leading 
features are described in the catalogue, which also gives 
full particulars of the four sizes made, which have 9-in., 
11-in., and 14-in. centres. Particulars of chucks and tools 
for use with these lathes are also given. The automatic- 
screw machines, dealt with in a separate catalogue, are 
made in four sizes, to take 1-in., 14-in., 2-in., and 3-in. 
bars. Full particulars of these machines, and of standard- 
tool outfits Tee use with them, are given. This catalogue 
also deals with an automatic stud and bolt machine, a 
machine for making copper stay-bolts, and another special 
machine for making condenser ferrules. The third cata- 
logue illustrates and describes the firm’s No. 4 universal 
grinding-machine, which is intended for general tool- 
room use, and will do almost any variety of circular and 
surface grinding. Ib can also be used for sharpening 
saws, either on the top or on the face of the teeth, as 


pages| well as for sharpening all kinds of milling-cutters, 


reamers, hobs, counter-bores, form-tools, and gauges. 
Micrometer adjustments are provided so that cutters and 
reamers can be accurately ground to any desired clear- 
ance, and clearance tables are furnished which enable 
correct settings to be made. The machine will use either 
cup or disc wheels, so that the advan of straight 
clearance can be obtained whenever desired. It can be 
supplied in a simple form for ordinary cutter and reamer 
grinding, or complete with various equipments for special 
purposes. Full particulars of the machine and _ its 
accessories, which can be purchased separately, are given 
in the catalogue. Some useful notes on cutter-grinding, 
and on the use of the machine generally, are also included. 





AMERICAN Rivers.—A Bill has been sed by the 
Senate of the United States appropriating 20,000,000 dols. 
to be expended, under the direction of the Secretary at 
War, the su’ ision of the Chief of Engineers, for the 

vation call makstenensd of existing river and har- 
ur works, and for the prosecution of projects considered 
desirable in the interest of commerce and navigation. 
Allocations for the improvement of the Mississippi from 
the head of passes to the mouth of the Ohio are to be 
expended under the direction of the Secretary at War in 
accordance with plans, specifications, and recommenda- 
tions of the Mississippi Commission. 
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pate mye. 6 readily removable ring or Fn he for e direction of the gun, the direction from the 
*“*ENGINEERING” ILLUSTRATED PATENT | rounds ana ea around an outer portion of this mounti’ > end point which is immovable relatively to the corresponding 
RECORD chambered around its inner gartace to provide a space b scale to the other end point having in the case of one of the 
OTS OF RECENT PUBLISHED SPEOIFI-| ring or casing to cthertion provsied tor. As ietwcen the mounting apd the | suber ede, wan eotag cand the triangle ve covaaia Sonen, 
ig or is ‘or. » r ie, when moving ro tr na sense. 
wt tt ytd BP ow bn yb pg Fey 4 BH In the frame A of the which is conveniently attached 
“s communicates with the between it and the mounting, and | to one wall of a cover placed near the gun, is ited a slide B 

The number of views given in the Specification Drawings is stated | an outiet-pipe for the fuel and air passes out from the other side | which can be moved in a longitudinal direction by means of a 
in each case ; none is mentioned the Specification is not | of the ring or casing. A is a hollow cylindrical mounting which | screw spindle O. The slide B is provided with a pa ol ‘about 
illustrated. ie open at ite lower end and is closed a% ite u end, the spark- | which a circular graduated dise D loose! To 
Where inventions are communicated from abroad, the Names, éc., ing-plug B being shown as screwed into the upper end. The | the hub of the graduated diss D is rigidly attached an arm a, 
Co ee taal ae mounting A is shown to be screwed into and to form the cap ot which is pivotally connected to a sleeve E by means of a pin, the 
Copies of Sp y be at the Patent Office, Sales | cover tor the induction valve-box ©, and the open end of the | axis of which is lel with the axis of the pin bl. The sleeve E 
vans, 2, “Southampton Buildings, Chancery-lane, W.C., at | mounting A is always in communication with the combustion- | is adapted to slide on a graduated bar F, Fyhich te pivoted by 
the uniform price 0 of 8d. chamber of the cylinder D through the passage Surrounding | means of a pin G to a MA. 4k a) mounted on one end of the 
The date of the advertisement given after the abatact, untae the the upper of the mounting A isa ring F which is cham= frame A and rigidly reto. The axis of the pin G is 
—=- rom mg case, abstract, wnless the | bered on the inside, thereby providing an annular chamber with the axis of t of ry pin bd) and lies in the plane of move- 


en Geass df eating at 
ge pe eet nem whe may, at —— within two mente from the the | date of 


of a 
ive notice at wat the Potent Othe of appocition to the grant of a 
Patent on any of the grounds qnmnstoned @ in the Act. 


ELECTRICAL APPARATUS. 


2409/14. Siemens - Schuckertwerke, G.m.b.H., 
, terna: -Current Commuta- 
tor-Motors. “ Figs. ] January 30, 1913.—This invention relates 
to the speed r tion of electric pol commutator 
motors of the type in which the rotor windings are connected 
to the | mains through slip- rings, and the stator windings are 
d to pairs of commutator brushes. The 
invention consists in a reducing the inclination of the 
chord joining the — positions of any brush pair relatively to 
the axis of the stato and then increasing it in the 
opposite direction as the brushes pass through the position cor- 
ding to synchronous speed. st is the stator winding, and 
k the commutator. The position 1, I of the brushes, which 7 
only indicated for one phase, corres; corresponds to the lowest 
the motor, and at the same time compensates the die 
placement ; the chord of the arc between the brushes is inclined 
for this at an angle a relatively to the axis of the cor- 
responding stator winding. In order to increase the the 
brushes are relatively displaced, but by different amounts. y 








are a a in > ition 2, Il, which corresponds to syn- 
chronous speed. e position 3, III, the motor attains its 
highest , and the dieplacement is again compensated ; 
the chord of the arc joining the brushes is inclined my an angle 


B to the axis of the stator winding, and in the opposite direction 
to the former inclination. Since motors of this tyye generally 
have a better power factor when running at over synchronous 
than at under synchronous speeds, it is important that the angles 





a and f should not have the same value, but the under syn- 
chronous value of the inclination a should be increased rela- 
tively to the over synchronous inclination 8. This is very 
simply attained if the coincident — of the brushes is not 
quite symmetrical, th the axial direction of the 
stator winding. mo the 0 coincident tion of the brushes no 
additional vol on the stator winding to 
compensate ‘or th the xh poe] When a motor 
been constructed, the brush positions in which a _——_ ay nd 
factor and efficient working conditions are obtained can be de- 
termined oy both for over and under synchronous 
speeds. The displacement of the brushes may then be made to 
conform to the law obtained, by means, for example, of ions 
connected to the brush- holders gearing with racks A 
curved discs or in curved grooves of eajustable sli —- 
or resting on suitably-formed a5 lates, the plates being 
moved by the control lever. If it esired to avoid any com- 
plicated devices, the brushes may be moved “~ oe simply by dis- 
placing them uniformly but at different rates. In this case, the 
nd positions, corresponding to the highest and lowest speeds 
and also the coincident position mding to the syn- 
chronous speed, give very favourable power factors, but in the 
intermediate positions there are small variations from the most 
favourable results. In this arrangement, the brush-holders may 
be moved, for example, by spur-wheels, or by levers from a 
common driving device, connected to the separate brush-holders 
4 is) same pair through different gear ratios. (Accepted July 15, 
4 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
15,887/13. The Austin eter, Sere, iputeoe, 


and H. A ternal. 

{2 Figs.) July 10, 1913.—This invention ~~~ to 
the type of vaporiser for heavy liquid fuels (such, for instance, 
as paraffin), used with internal-com jon engines, in which the 
vaporisation of the fuel is caused by the transmission thereto of 
heat from a chamber which is culaher to, but always in com- 
munication with, the main combustion space of the cylinder to 





which it is fitted, and is surrounded by a chamber, 
cylindrical, through which = —_ passes to the 

to cylinders of the —. to this tavention, there 
is provided in respect of the o ia, or in respect of one 
or each cylinder of a mer ay or multi-cylinder engine, a 

hollow, and conveniently cylindrical, mounting, which is open at 
i's ipner end and closed & Hs its outer end, = open end of the 
mounting being in constant communication with the main com- 
bustion space of the cylinder to which it is fitted, as has been 


cylinder 





between itself and the outer surface of the ~——» F 2 Pr. 
7 pe G, for heavy fuel and air, ‘communioanen ot 
r at one side thereof, and an outlet-pipe G! tro G! from roy n the oppo: | the 
Gouna the chamber carries away the fue 
ee through such chamber, having been heated y+ - by the 
eat which passes from the interior of the ae: Goons 
the wall thereof, to the chamber. The mounting A 
with a flange a between the lower face of which and the u 
face of the valve-box C is inserted a _—- The ri “epee & 
tightened down upon a packing which “pe the upper 
= flange a, by means of a nut H, which is screwed u 
r end of the mounting A, a packing being inserted between 
upper face of the ring F and the nut H. Conveniently, the 
portion of the mounting A upon which the nut H is screwed is of 
reduced ee. Oe wn, the exterior of the mounting sud- 
denly the larger to the smaller eter, and the 
chamber of ry ~~ pe csenpeninny “ve tapering at or near its outer 
end, as — The pipes G and G! are fitted within branches of 
the ring, and the connections made gas-tight by packing-glands. 
a ly "other projections may be ee at the exterior surface 
the portion of the mounting A which is surrounded ty the the 
» h F to provide extra radiating surface within the chamber. 
(Sealed September 17, 1914.) 


J. G. Wa igat = P. H. 
tkinson, name, 


June 4, 1913.—This invention consists in h. 
tubes for Bunsen burners. According to th 
tube or burner is employed —— an en d mixing-chamber 
at or near the nozzle, such as has been heretofore used, and in the 
enl mixing- chamber is arranged an air and gas-mixer and 
back-light —— consisting of a ring having a series of 
parallel flat bars, or two or more of the ri arranged one above 
the other, the bars of one ring preferably crossing the bars of the 
other at a right or other angle. The improvements constituting 
this inven are jally useful in connection with the 
Bunsen burners of inverted incandescent burners. Fig. 1 of 
the drawing is a vertical section (partly in ayy 2 of part 
of an inverted incandescent gas-burner. a is the Bunsen or 
— -tube of the burner, am a slightly tapering form, ter- 
minating at its lower end, or part adjacent to the mantile-sup- 


An 


soovements ia mixing- 
a a Bunsen 





ee, in the enlarged mite. -chamber a2, having within 

air and gas-mixer and back-light preventer tor ensuring & 
perfect intermingling of the gas and air before the same enters 
the nozzle b, at the mouth of which the combustible mixture is 
burned as is. usual The mixer c consists of a pair of rings, 


having a series of parallel bars c®, the Parallel bars ca 
wa hy ing c being preferably placed to cross at = les the 
te AT OR TL by an 
examination of the sectional part of Fig.2. Where the re 


pressu 
of the gas is low one ring only is emplo: ed, and in places where 
the air drawn into the burner is liable le to be charged with an 
abnormal quantity of dust, and two rings are employed, the said 





with their liel bars or strips c? coincident. 
By the o Contraction of mixer described, a very efficient mixing of 
is ensured and backlighting “4 rendered practi- 
eal ip ipo ble, the mixer re p burners 
(Accepted July 15, 1914.) 
GUNS AND EXPLOSIVES. 
15,615/13. Fried. Krupp Aktiengese Essen, 
¥ tationary 
(2 Figs.] August 10, 1912.—This invention relates to that class 
of apparatus for determining the sighting quantities in the 


indirect sighting of stationary ordnance, in which, when the dis- 
tance of the gun from a stationary observing station lying 7 
from the gun is known, a mechanical triangle which corresponds 
to the triangle determined by the gun, the t and the ob- 
serving station (and which therefore contains a side of a given 
length cor ding to the fixed distance of the gun from the 
observir g station) can be produced by adjustir.g one side adjacent 
to the first-named side yy! to the distance of the target 
from the observing station and one angle bounded by the two 
sides to tion of a line sw to be drawn 
from the observing station to the - kind, yy —_ 
tion is to provide an apparatus of t e nguishing 
feature of which is, that the scale of the ical triangle can 

be made comparatively large, without the ease of in: 
the reading-off appa 





spection 

ing reduced. This object is attained 
according to the invention by making the length of the two sides 
of the mechanical t le, which meet at the point correspond- 
ing to the target, adjustable each to a —_ —— in the 
direction of the particular side of the tria: ‘in 

at that end point of one of the two sides of 
movable relatively to the 


of 
ratus be 


ing scale, a grad 


ment of this The axes to the three pins determine the 
mechanical t le which cor to the triangle formed by 
the gun, the target, and the observing station. corners of 
Saar ceils ae Law Fig. A 18, pont hm | " 
corner 1 correspondin the gun, corner Z to the target, an 
the corner 8 to the observing station. The h of the side 3, 2 
of the triangle is read off on a distance-scale inscribed on the 


frame A by means of a mark which is located on a re 
secured to the slide B. The length of the ‘side 1, 2of the 
be read off at one end e? of the sleeve E on a scale on the gr =e 


bar F. The zero pointe of these two scales lie at those nae of the 
two scales which are next the pin G. On the outer edge of — gra- 
duated disc D isan angular scale d?, which corresponds to the angu- 
lar scale of a fixed graduated sector situated in the observing sta- 
tion. The corresponding reading-off mark is placed on a pointer b+, 














rigidly connected to the slide B. The position of the zero point of 
the angular scale d@? is so chosen that the angle which the side 3, 1 
the triangle forms with the side 8, 2 of the triangle when the 
poin Pin daen ae equal to the angle which 
the observing station and the on forms in the 
zero direction of the fixed graduated sector 
station. The direction to be® im to the 
an an 
a 


Q 


Fs 
A 
a 


s 
Fos 


4 


parted 
gular scale d?, which is concentric with 
q = likewise inscribed on the graduated 
is based on the same angular unit as the angular 
fou graduated sector of the gun. The corre- 
sponding Se 3 ek 2 oo See E 
movable in a circular guide in graduated disc D. This annular 
sector H has internal teeth, with which gear teeth on a sector J. 
surrounds the hub of a r-wheel K, adapted to 
rotate about a in an arm M, — in ite turn can rotate 
freely about the hub of the graduated The arm M is con- 
nected to the sleeve E by a =. rod N, and the conditions 
are so arranged that the N, M and d! form a pivoted 
lie} . Thespur-wheel K, which is any of rotating 
ly re! tively to te, is i with an internal ring of 
teeth d4 on the D, and carries rigidly mounted 
dee K}, ch which is inscribed an angular 
enables tractional parte of the unit, on which the 
engeies come & MSaaee, to be read ff. The corresponding read- 
a on _- annular fillet ¢ of the sector J, i which 


fi SS i For the ene 
of enabli e, such as Ki Vor the pe ow 


for the di caused by hy ition. side de de ag &c., the mark on 
the fillet @ can be moved within certain limits by means of a elt. 
locking worm P, rotating in two bearings on the arm M, and 
gearing with teeth on the sector J. The corrections are read off 
on an angular scale inscribed on the annular fillet @ by the aid of 
@ mark on a pointer m* fixed to one of the two bearings 
of the worm. (Accepted July 15, 1914). 


HYDRAULIC MACHINERY. 


1 J. Stone and oe Limi Deptford, 
Beckenham, an rest Hill. 


F. 

Valves for draulic ae {4 Figs.) July 3, 
1913.—This inven ery to improvements in valves tor 
hydraulic systems, es such a as are applicable for 
operating bulkhead rs and the like, and more particularly it 
relates to an improved means for automatically putting the ram 
of a hydraulic cylinder or cylinders rating each door or device 
in equilibrium on the ion or failure of hydraulic pressure in 
the mains, so that the door or device may be — of manual 
operation with perfect freedom. According to this invention, a 
separate by- onuling device is provided in a duct communtenting 


Lilie 
di 


g 





with both atte of the 


pom A ee or with both of the cylinders, which 


& valve arrangement of such a nature 
that, when — is cdmitted to either end of the cylinder or 
to either cylinder, the valve arrangement au ly cute off 
a — = oe other end or other cylinder, end, 
Ny restrained from action by the 
ys ~ e "+7 of =, is 
valve quanpement lor ing two ends of the 
ee , or the two cylinders, in direct communication or short 
revit. a indicates a +o or chamber b 
having two oppositely i spo ° and cl leading there- 
are placed in communication, one with each 





ee trtane je, which from, which 
juated disc 


end of the cylinder inder i in the case of a system employing a double- 
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acting cylinder, or one with each cylinder in the case of a system 
employing two single-acting cylinders. Within the chest or 
chamber b is placed a double-acting valve d, which may be of any 
convenient form, but is conveniently cylindrical, with valve- 
faces ¢ formed on the ends, and is supported in axial alignment 
with annular seatings f around the two openingscandc!. The 
valve d is preferably supported by two wii projections 
axial continuations g of the cylindrical-valve member, which pro- 
jections are to project into and are slidable within the 
openings c and clin the chamber. The ends of the cylindrical or 
body portion d of the valve are adapted, when in ei extreme 
position, to close the ing opening in the chamber } 
and prevent the passage of fluid from the chamber through that 
opening. Thus it will be seen that when one end of the —— 
cylinder or one cylinder is placed in connection with the pres- 
sure-fiuid, there will be a flow of pressure-fluid into the corre- 
sponding opening in the valve - c ber b, which will imme- 

ately cause the valve d to move across the chamber and 
close the opposite ing, and thus cut off the connection 
between the two me ay of the cylinder or the two cylinders. 
In order that the valve may be ind 
position upon the failure of pressure in the system, there 
provided a plun h, which is situated at right angles to 
the axis of the valve-body d, and substantially midway between 
the ends thereof when the valve is at ite mid-position. The 
plunger A projects into the valve-chamber b, and is provided with 
acon or other suitable end i which projects into a similarly- 
shaped or suitable hole or opening j f in the valve body d. 
The plunger A which is normally forced outwards by pressure in 
the chest b, in which tion it leaves the valve free, is ssed 
up into operative tion when the hydraulic preseure fails or is 
cut off by means of aspiral or other spring k acting upon the 
other end. The spring k may be carried in a box or chamber J 
attached to the main casing a of the valve. The spring-pressed 
plunger A is preferably provided with a stuffing-box arrangement 
to prevent leakage of pressure fluid. It will now be seen that 
when one opening of the valve chamber is placed in communica- 
tion with the pressure fluid the spring plunger A will 

up, and the valve d will then be free to move over under 

the pressure or flow of the fluid and close the ite opening, 
as above described. When now the pressure in the system fai 
from some cause, or is cut off, the plunger h will be forced inwards 
by its spring k. The conical extension i thereon will thereupon 
engage with the aperture jin the valve d, and the extension i 
will, by a cam or inclined-plane action, draw the valve d into ite 
mid-position, thereby putting both ends of the cylinders, or both 
cylinders, in communication, and allowing the door connected 
thereto to be freely manually operated as desired. (Sealed Sept- 
ember 17, 1914.) 


MOTOR ROAD VEHICLES. 


21,695/13. Albion Motor-Car Com , Limited, 
and TB Murray, Scotstoun. Motor-Vehicle Rear 
Axles. [4 Fiys.) September 26, 1913.—It is very important 
in motor vehicles, particularly of | type running on 
sol'd tyres, that the weight of the rear axle and its appur- 
tenances (which is, of course, unsprung) should be as small as 
possible, that its construction should be as simple as may be, 
and that such weight as there be, should not be concentrated 
at the centre of its length where the momentum effect is a 
maximum, but rather dis towards its outer ends where 
this effect for a given massisat a minimum. According to the 
invention, the body of the axle, including those portions upon 
which the rear road-wheels run, miy conveniently be a single 
steel forging, the central — of which is of { section, thus 
combining lightnees with strength. On either side of this 
central portion the bedy of the axle is of circular form in one 
plane and pierced by apertures, the axes of which are sub- 
stantially at right angles to that plane, and which are preferably 


uced to occupy a midwa; 








of circular form. These apertures respectively receive bevel 
or worm-gearing for the transmission of power to outwardly- 
extending shafts connected at the outer ends by dog-clutches 
or other Eindred means to the road-wheel*. The axle beyond 
these pierced paris is of tubular form to receive within it these 
shafts, and on it may be mounted the spring palms and rear 
wheels. The body A of the axle, including those end portions B 
upon which the road-wheels run, and including the portion upon 
which the spring palms © are mounted, is in the form of a 
single forging with the central portion of }{ section for the sake 
of lightness with strength. On either side of the central por- 
tion the body of the axle is of cireular form in substantially 
vertical plane and pierced by circular apertures D, the axes 
of which are substantially horizontal. ese apertures receive 
bevel or worm-gearing for the transmission of power to the 
usual shafts within the axle ends made tubular for this pur- 

The outer ends of these shafts are connected to the road- 
wheels in the usual manner. ‘Sealed September 19, 1914.) 


1 3. G. H. mr ig and the Leashes iter 
= (6 Pet daly 6, 1913.—This eo has for its object 
to construct a folding seat, table or the like for use on motor 
road vehicles and for other a, such article being of the 
type in which links are pivotally attached to the edges of the 





Fig.1. 


~ 8 
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article and to suitable points on the support in such a manner 
that the article can be rigidly -~ o-w4 thereby in a horizontal 
position, or folded compactly into a ve position. The 
present invention comprises the combination with a support, the 
rigidity of which is independent of the folding-seat, table or like 
article of a folding ion attached by links to the yy and 
secured in the service position by the simple abutment of its rear 











g a pair of opposite links. In the construction of a 

-seat for a motor road vehicle, in accordance with this 

inven , a8 shown, the seat a has attached, at or near the rear 
end of each lateral edge,a link }, which is pivoted to such end, 
and is also pivoted to a noint on a fixed portion of the frame ¢ of 


4 against the support or stop or stops thereon, and a torsion- 
connectin, 


or| the vehicle vertically ovelow the point of connection with the 


seat. At a convenient distance along each lateral edge of the seat 
is Tae another link d, which, at its opposite end, is pivoted to 
a fixed t on the frame of the vehicle vertically above the fixed 
point of connection with the links first described. 
arrangement of links the seat can be folded compactly 
vertical position against the side of the vehicle to which it is 
attached, or it can be turned into a horizontal tion, in which 
it is rigidly secured by the combined action of the links and the 
abutment either of the rear edge of the seat against the side of 
the vehicle, or the ends of the links b against —e f. When 
in service there is no possibility of the seat moving in any way 
under the weight of the person —— the same. To prevent 
any twisting or binding action in the links when the seat is 
operated, any convenient opposite pair of links are connected by 
a torsion-rod. In the arrangement shown, the rod ¢ connects the 
ends of the links », and passes along a socket at the rear of the 


By such an 
tly into a 


seat. (Accepted July 15, 1914.) 
PUMPS. 
4528/14. G and J. Weir, Limited, and J. Peter- 
moller, Glasgow. Cen Pum: (2 Figs.) 


ps. 

February 21, 1914.—The invention relates to centrifugal pumps 
driven direct y by steam-turbines, the turbine and pump rotors 
being mounted on a common shaft. e object of the invention 
is to allow of the construction of a unit of this nature which can 
be put into action quickly without previous — up, and 
without serious risk of injury due to unequal expansion, and in 
which, moreover, the axial clearances between the rotor and 
stator of the pump can be kept extremely small. In carrying 
the invention into effect, the pump is constructed of the single- 
stage, single-admission balanced type, and the turbine of the 
single-pressure-stage impulse type, the rotor of the turbine, 
therefore, having very little tendency to axail movement due to 
steam pressure. The turbine and pump rotors are mounted on a 
common shaft, but within separate casings. The pump suction 
is arranged at the side of the pump remote from the turbine, and 
a bearing is provided for the commen shaft between the turbine 
and the pump, and a second bearing is situated on the other side 
of the turbine. Means are provided for adjusting the first-men- 
tioned bearing in a direction parallel to the axis of the shaft, and 
the shaft is provided with a guide-collar on each side of this bear- 
ing, each of the two collars being adapted to engage—when 
necessary—with one or other side of the bearing, in order to limit 
the axial movement of the shaft and aye the rotor of the 
pump from coming into contact with the stator. a is the tur- 
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bine-casing and ) the turbine-rotor ; c is the pump-casing and d 
the pump-rotor ; ¢ is the common shaft for the two rotors, which 
shaft is supported in a bearing / situated between the turbine and 
the pump and a bearing g hesond the turbine. Thes: bearings 
are supported in casings h. k, of which the casing / is formed 
integrally with, or rigidly attached to, the adjacent cover m of the 
pump-casing or other structural part of the pump-casing. The 
pump-rotor is formed with very fine axial clearance at g. and any 
contact between rotor and stator at this place shoutd be + 
vented It has also very fine radial clearance at o and p, and it is 
of course desirable that if the packing-rings sheuld once touch 
the impeller d and cut a groove in it, this groove should not be 
widened by the shaft travelling axially. The pump is arranged 
to be balanced when running, but, when being put into action or 
on other occasions, there may be a tendency fur end movement 
on the shaft, and it is therefore necessary to provide guide- 
collars. These ide-collars, according to this invention, are 
placed on either side of the bearing f, and are —- by r 
and s. They are fixed on, and rotate with, the shaft, and allow 
the shaft very little end movement with respect to the bearing /. 
This bearing can have its longitudinal or axial position adjusted 
by mneans of the pin ¢, which is carried eccentrically by the shaft 
u, means being provided for rotating this shaft through the 
nec: ssary angle. The pin ¢t works in a slipper, which is adapted 
to slide in a transverse slot cut in the bearing. The adjustability 
of the bearing / allows of the fine axial clearance or clearances at 
the pump to be regulated as desired. (Sealed Septembcr 17, 1914.) 


RAILWAYS AND TRAMWAYS. 


1 P Lines and C. B. Lin Calcutta, 
India Ridiwe Point - “hyplianess. 
{3 Figs.) A it 20, 1913.—-This invention relates to an appliance 
for safeguarding railway switches and their operating rodding 
from damage—for instance, in the case where switches are burst 
open by a passing vehicle—and is for use in connection with rail- 
way points or switches of the kind which are ,7_—— by rodding 
from a distant signal-cabin. In carrying this invention into 
practice, a steel or iron cradle is provided which carries a helical 
spring, through which 3a plunger, the one end of which is 
provided with an eye which is attached to the operating rodding 











by an ordinary double eye and pin. The spring is secured longi- 
tudinally on the plunger by two pins, one passing through the 
lunger at each end of the spring. The ends of these pins project 
nto guide-slots formed in the spring cradle. At one end of the 
of the cradle a double eye is formed so as to engage by means 
of a pin with the single eye which is provided in common - 
tice on existing stretcher-bars. The other end of the top of the 
cradle is provided with an eye so as to receive two glands or cli 
which are secured tightly to the stretcher-bar by the pin ~ 
or clips being pulled in by the tightening of a bolt. The spring- 
rod A is connected in the wi manner to the point rodding 
which runs from a lever in the cabin and is connected at eye B. 
The spring ©, which is mounted on the spring plunger A, is 





of such strength that when the spring-rod A is pulled tothe right, 
the points are moved over to the other running rail. D is the 
spring cradle with the double eye, by which it is connected to the 
ordinary single eye with which stretcher-lars Q are usually " 
vided. The spring cradle has also a double or single eye at by 
which it is attached by glands H to the body of the stretcher-bar. 
Passing through the spring-rod are cotter-pins which are free to 
slide in a slot or recess at each end of the spring-cradle. The 
action of the appliance is as follows :—When a vehicle forces 
itself ea through the points when the points are set 
against it, the point-blade M is forced open from the running rail 
N, and point-blade O is forced against the running rail P. As the 
rodding between B and the signal-cabin is rigid, and cannot 
yield, the travel given to the stretcher-bar Q is transmitted to the 
spring-cradle D and to the spring C, which is compressed against 
one of the two cotter-pins. As soon as the flange of the passing 
wheel has cleared the points, the energy stored in spring C 
replaces point-blades M and O in their original position, and the 
yield of the spring C has prevented damage being done to the 
oe anime) streteher-rous, or other connections. (Accepted 

y 8, 1914. 


3594/14. Allgemeine Elektricitats - Gesellschaft, 
Ber Germany. Current Collectors, [1 Fig.) Feb. 
ruary 12, 1913.—The invention relates to current collectors for 
electric-traction systems, and particularly to current collectors 
of the kind in which two contact members bear on the trolley 
wire. On high-speed railways it is desirable to use two contact- 
members in order to obtain an uninterrupted supply of current 
if one of the contact members jumps off the trolley-wire. This 
is sometimes done by arranging on the vehicle two separate 
parallelogram current collectors, each of which supports a 
contact-member. aggre to the present invention, two 
contact-members are provided, each of which is supported on a 
parallelogram type of frame, the two frames being so connected 
that they have common lower arms and common fixed axes. 
There are two parallelogram-type frames, one of which is formed 








(3594) 


by the arms c, m, f, d, and the other by the armsc, ¢, n,d. The 
upper arms m, f of the one frame are pivoted together at 9, 
where they support one of the contact-members, and the upper 
arms ¢ and n of the other frame are likewise pivoted together at 
h, where they support the second contact-member. i upper 
arm f of the one frame crosses the upper arm e of the other frame 
diagonally, the lower ends of these arms being pivoted at an 
intermediate point of the opposite lower arms respectively. Thus 
the two parallelogram frames are interconnected in such a 
manner that they have common lower arms c and d, and common 
fixed axes on the vehicle at a and b. The reference letter i 
indicates the trolley-wire. In order to strengthen the arrange- 
ment it is convenient to extend the lower arms beyond the 
pivots a and b as shown, the arm c having a bell-crank extension 
and the arm d a straight extension, the two free ends being con- 
nected by alink 0. (Accepted July 15, 1914.) 


SHIPS AND NAUTICAL APPLIANCES. 


21,844/13. Sir W. G. Armstropg, Whitworth and 
Co., Limited, and E. L. Orde, Newcastle-upon-Tyne. 
Ice-Breaking Steamsbips. [4 Figs.) September 27, 1913. 
—Where ice-breaking steamers are working in certain parts of 
the world they sometimes meet a serious obstacle in the shape of 
spongy ice, known by the name of “ frazil” or “ lolly” ice, which 
is often found extending some 20 ft. or 30 ft. below the sheet of 
solid surface ice. A slight increase in temperature of the sur- 
rounding water is apparently sufficieni to dissolve this “ frazil” 
ice, but unless this increase in temperature can be secured, the 
ice-breaking steamers are generally brought to a standstill, and 
find it impossible to make progress in either direction. According 
to this invention, the temperature of the surrounding water is 
raised by injecting steam or heated water into it by means of a 
special arrangement of steam-heaters fitted in convenient parts 
of the bottom or sides of the ship. There are two cases which 
have to be dealt with :—1. When the ship is prevented from 
moving by “ frazil” or other ice. In this case the whole of the 
shell of the vessel is surrounded with a layer of water of a tem- 
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Byes) 
perature sufficient to dissolve the ice. 2%. When the ship, 
although free to move, has to face a large mass of “‘frazil” ice. 
In this case heaters are placed in such a position that the heated 
water is directed to the bow propeller, and is thus spread 
amongst the mass of “frazil” which it is desired to break down. 
The heaters are preferably in the form of ordinary steam injec- 
tors, and when necessary, guide-plates are provided to — 
the heated water evenly over the bottom of the ship. ig. 1 
is a diagrammatic longitudinal section of an ice-breaking steam- 
ship constructed a to this invention. Fig. 2 is a section 
of one of the heaters. e ship shown is about 220 ft. long 
and would be provided with about eight or ten heaters, 
of which would deliver say 3000 Ib. of steam oy hour, but the 
dimensions of the vessel and the b apacity of the 
heaters can be varied within wide limits. The heaters are 
similar to ordinary steam-injectors, and are provided with an 
inlet a for the cold water from outside, an outlet } for the heated 
and a steam-nozzle c. These nozzles are supplied by 
steam-pipes d. The heaters are arranged in water-tight com: 
partments ¢. (Sealed September 23, 1914.) 
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FOUNDRY CRANES AND POWER 
AGENCIES.—No. I. 
By JoserH Horner. 

Wuen the foundry machinery of the lavish 
present is contrasted with that of the meagre past, 
one of the more obvious facts is that the range, the 
utilities, and necessarily the cost of the power 
agencies employed for lifting and carrying, are 
much larger than they were. Some of us remember 
a time when power of any kind but steam was 
scarcely known in foundries. That was necessary 
for the fan and the coal-mill, often the only machines 
for which power, other than that of human muscle, 
was employed. When power was employed at all it 
was not for the machines and plants which have 
formed the subject-matter of previous articles, few 
of which, in fact, had come into existence, but for 





any single form of poweragency. That might have 
been quite proper in the past, but it does not meet 
the varied and extensive requirements of the 


present phases of foundry practice. We may look 
rather more closely into these requirements, 
taking first extreme illustrations. It is not 
judicious, hardly possible in fact, to consider the 
question of crane service apart from the power 
service or services of a foundry. The extensive 
installations of foundry machinery, now common, 
render necessary the comprehensive views which 
embrace the whole of the power services in the 
foundry. 

Take first, as representative of one extreme, a 
big marine-shop or a pump-shop, or anyone that 
deals chiefly with a heavy class of manufacture, and 
com it with an ordinary brass foundry, or a 
foundry that handles mainly cock and valve work 









































































” e dina QRaNE ° 
“fron 
” 4 “ JIB CRAME 
rm. ee 
TON —— 
~ “ HIB GRANE ison 1 
i “ oo — 
” ial ” . 
“ “ "IB GRANE “Ss 
10 TON 0TON = JO TOMOVERHEAb = 
ELECTRIC ELECTRIC ELECTRIC CRANE % 
» CRANE CRANE ° wa nm. % 
70 ‘vi 
“ “ 4B GRANE 4 Oc 
. " ° Qaurash } 
10 TON OVERHEAD ._ 
ELECTRIC CRANE | ~*~ 
\/TON ENGINE 
as . "iB ERANE 
sotgwovernean|) "°° 
ie ELECTRIC CRANE 
| /TON 
= “wagrane “ 
io rs, 
\v70n 
4 gh ” 
ms = - 
|/TON a ' 
Raiway To" RENNIE ath, Bl 
ENGINEERING WORKS ' -" DRESSING ica rs @ 
— ; # 4 (TON 
H ‘JIB GRANE (levmacer 
OFFICE : ed 
' Vs KER 
< ame 
hesvnsven Lavatory || 
(3860 Aj 
Fie, 1. Puan or tHe Founpry or Messrs. Jonn LANG anv Sons, 


Jounstonr, N.B. 


the hoisting-machines. And even these were often 
hand-operated. The exceptions in the minority of 
foundries were the overhead steam travellers and 
the hydraulic cranes. Neither compressed air nor 
electricity had come into the field, or had hardly 
been suggested. But it must be remembered that 
at that period e foundries such as are common 
now were unusual. Few comparatively dealt with 
specialities, hut they executed all kinds of orders 
indiscriminately, and good prices were obtained for 
castings. Machine - moulding was in its very 
infancy, and such machines as existed were almost 
all hand-operated, and invariably of very small 
dimensions. The problem of power and the choice 
of several power agencies therefore did not worry 
the foundry proprietors and managers of that not 
so very distant period. Very different is their 
attitude now. Ifa big foundry is to be run with 
one source of power only, the selection of that one 
requires some prolonged and anxious consideration. 
Steam, compressed air, pressure water, or elec- 
tricity, each has strong claims. In connection 
with the two last agencies, the choice wil] often lie 
between the installation of a generating plant or of 
purchase from a central station. It is impossible 
to state a case or to suggest a selection that is 





Suitable for all foundries alike. Neither is it 
desirable in large foundries to be confined now to 


in brass and iron. Obviously the working plant, 
the hoisting tackle, the methods of moulding and 
handling, are as broadly different in each as they 
can possibly be. But, again, large numbers of 
founiiden occupy a position somewhere between 
these extremes, inasmuch as they deal with heavy, 
light, and medium castings. The big general 
crane-shops, the large railway-shops, the foundries 
that work for the trades that prefer to order their 
castings out, the general pipe-shops, and man 
others, handle a large volume of work ranging a 
the way from heavy to light in all intermediate 
grades. In these, therefore, the problems which 
are peculiar to specialised shops are combined. 
Heavy, light, and medium castings are made 
heneath one roof, though properly and usually in 
areas separated from each other. Loam, heavy 
green sand, and light hand and machine mould- 
ing, all occupy different parts of the big compre- 
hensive foundry, and engage different sets of men. 
Each also requires different kinds of hoisting 
tackle, machines, and aids. These are the facts 
which complicate the questions relating to power 
for general hoisting and carrying, for moulding- 
machines, for the preparation and transportation 
of materials, for cleaning castings, and for the 
service of the cupolas. 

Hand-operated moulding - machines outnumber 





those which are actuated by power. But for 
heavy moulds, for the production of which the pro- 
portion of heavy machines continually increases, 
power is necessary. At the same time the light 
machines which are power-operated also grow in 
numbers. For these steam is only used slightly, 
hydraulic power and compressed air being the usual 
agencies, and electricity in but a very few cases as 
yet. Compressed air has become an almost indis- 
pensable help in most foundries for numerous 
other services, and therefore that is one point in 
its favour for the operation of cranes. Several 
moulding-machines of this kind are built, including 
the recent heavy jar-ramming types. But the 
hydraulic machines occur in much seal numbers, 
and pressure water has no elasticity, is under such 
absolute and minute control that it seems indis- 
pensable in the present rh machine moulding, 
where the heaviest work is being done. This being 
the case, — with the fact that the largest and 
heaviest machines are hydraulically operated, the 
jar-rammer alone excepted, renders an installation 
of hydraulic power desirable in shops where heavy 
machine moulding is in contemplation. A small 

lant, designed specially for the foundry service, can 
Ss installed when the locality is not in the neigh- 
bourhood of a system of public supply. Here a 
firm, which has both a boiler-shop and a foundry, 
can tap the boiler-shop plant for foundry service. 
Or, in laying down a ent specially for foundry 
use, it will be judicious to entertain the project of 
installing some hydraulic fixed jib-cranes, though in 
shops where electricity is in service it seems better 
now to employ this for the cranes. But so valuable 
is the hydraulic system that where a large volume 
of heavy foundry work is done a firm would be 
justified in laying down hydraulic plant to deal 
with that alone. 

The kind of power suitable for the preparation 
and transportation of sands and other materials 
may be t of an engine or an electric motor. 
Most of the machinery of this kind used is belt- 
and-shaft driven, so that either kind of prime 
mover, an engine or an electric motor, is equally 
suitable. The selection may thus depend on what 
a firm happens to have installed, or to have in 
contemplation for other purposes. An electrical 
generating plant may be drawn upon, or an engine 
—steam, gas, or oil driven—may be laid down. 

The kind of power most suitable for cleaning 
castings is compressed air, both for sand - blasting 
and for pneumatic tools, and a steam-engine or 
electric motor for driving tumbling-barrels and 
emery grinding-wheels, saws, and gate-cutters. A 
compressed-air plant should be designed for sand- 
blasting, for reasons which have been given in the 
articles on ‘‘ Foundry Plant and Machinery.” It 
is not required for plain tumbling-barrels, which 
are suitable enough for small, plain castings, 
though for intricate articles, cored work, and cast- 
ings of large dimensions, sand - blasting has such 
great advantages that a special air-compressing 
plant may be a sound investment. 

Power for the service of the cupolas hardly need 
be considered apart from other agencies, because 
either steam or electrical driving can be utilised 
equally well for fans, blowers, and hoists. Hydraulic 

wer also, when available, or compressed air can 

be employed for the cupola hoists, so that this 
service may be regarded as a secondary issue by 
comparison with others of wider scope. 
The power suitable for gunssal belstieg and 
carrying includes hand, steam, pressure water, com- 
pressed air, and electricity, all of which, as we have 
seep, have their applications in other foundry 
services. The applications of these agencies are 
made to fixed cranes, to overhead travelling-cranes, 
overhead trolley tracks, with their hoists, and floor 
tracks and trolleys. We will briefly consider these 
in the order named. 

Hand-power cannot be ruled out so summarily 
as some may be disposed to think. Many small 
foundries are wholly dependent on it, and, as of 
old, get along very well without motive power of 
any kind excepting that which is required for 
driving fan or blower, sand and coal-mills. Small 
foundries, whether casting iron or brass, would not 
find power-operated cranes so economical as hand- 
worked ones, because the service is so intermittent 
and occasional that the hoisting- machines are 
standing idle during a large proportion of the time. 
And this is so no matter whether the work is of 
light or heavy character. The sphere of the power- 
operated cranes and hoists is in those shops where 
lifting is going on nearly continually over some 
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area or another. When it is occasional only, the 
service of hand cranes and hoists, operated by 
the men themselves, is to be postensed ¢ to power 
agencies. Three kinds of lifting- machines are 
suitable for such services: the overhead hand 
travelling -crane, the triangular jib-crane of the 
regular *‘ foundry” type, and the hand-operated 
hoists or pulley-blocks which run along on overhead 
tracks. The first two are suitable for all loads, 
heavy and light; the last is used for the lighter 
class of service only. None of them interfere 
with the floor area. The first and last will cover 

ractically the entire area of the floor; the jib-crane 
is limited by its radius, but is a most useful adjunct 
to the overhead traveller. 

Steam as a power agent, used directly in a steam- 
engine, is employed in a rapidly-lessening extent. 
It is used to generate electricity, though large gas- 
engines frequently fulfil that function with higher 
economy. Steam travelling-cranes and steam jib- 
cranes are seldom built now. Steam-engines are 
often coupled to blowers. Engines are also em- 
ployed for driving sand and coal-mills, fettling- 
drums, and other machinery, through shafting and 
belting ; but it is nevertheless a decadent power 
in foundry service. 

Pressure water is perhaps of more value now in 
the service of moulding-machines than of cranes. 
The only foundry cranes for which it is suitable 
are the fixed post-cranes, which are still employed, 
though generally regarded now in lower favour 
than the electric types are. Hydraulic power is 
not suitable for overhead travellers, or hoists, or 
blowers, or sand-preparing plants, or fettling 
plants, and is thus put at a disadvantage by com- 
parison with electricity. If installed at all, it is 
better to restrict its service to the operation of 
moulding-machines, and, within suitable condi- 
tions, to jib-cranes also. 

Compressed air is, electricity excepted, the most 
valuable present power agency in the foundry. It 
occupies an indispensable place when certain plants 
are installed, as sand-blasting, and pneumatic tools, 
for ramming moulds, and chipping castings, and is 
the only agent possible for these. But it is used 
extensively for light hoists, for jar-ramming mould- 
ing-machines, and for several other types of 
moulding-machines. The compressing plant is not 
very expensive in proportion to its numerous 
utilities in a large modern foundry. 

Electricity is now the most largely used, the 
most mobile, and the most comprehensive power 
agent in any advanced type of foundry. One great 
advantage which it has over others is that it is 
suitable for the intermittent demands made upon 
it, and foundry work is more or less intermit- 
tent. At certain times the cranes and the 
machines will be idle, or only partly engaged, at 
others they will be all working at high pressure. 
No electricity is being used when machines are 


idle, and, employing suitable motors, the quan- 
tity used is a to the work done. hen 
cranes are lifting sometimes heavy, sometimes 


light, loads, the auxiliary hoist is a valuable 
adjunct peculiar to the electric cranes. So is the 
rating of motors for the several motions in place of 
the old wasteful speed transmissions through gears 
for hoisting, travelling, and cross - traversing. 
Again, the transmission of the electric current 
is effected with less loss and inconvenience than 
that of any other power agent, whether steam, 
water, or air, each of which is liable to leakage. 
The cables can be carried in any directions and to 
distant parts with no ap iable loss, such as 
occurs in the friction of the other agents, and in 
temperature losses, or with square shafts or cotton 
ropes ; and where machines are grouped, as in sand- 
preparation plants, in fettling-shops, in blower- 
rooms, the separate machines can be belted from 
shafts driven by a motor suitably located. Electric 
hoists are also suitable for overhead tracks, more 
so for the heavier duties than the pneumatic types 
are. Most engineering firms now use electricity, 
either of their own generation or purchased from 
central stations. It is easily extended to the 
service of the foundry. 

The following are the crane types employed in 
foundries : —- 


Fixed cranes as high a value in the 


performance of some classes of foundry work as | tracks 


the travelling ones do. Some moulds and cores 
uire much more handling, lifting, turning about, 
a setting than others do. in, there are 


when others also are waiting for its help. It is in 
such kinds of work that the fixed-post swinging 
jib-cranes are of exceptional value. A single over- 
ead travelling-crane cannot serve a shop of fair 
size. Its special value lies in transportation. 
When boxes require much handling, or are sus- 
= in a crane fora considerable time, the over- 

ead traveller, if occupied thus, is unable to 
answer the varied calls made upon it, and then the 
jib-cranes, each covering a limited area, and located 
against pillars down the shop, become indispensable. 
Overhead travelling-cranes are as valuable in 
large foundries as in machine and boiler shops. 
They may range in power from 1 ton upwards to 
the maximum loads handled. Except that they all 
span the shop or bay, there is not much in common 
between the designs of different types and sizes 
made. Hand travellers are still used in the 
smaller shops; steam - operated travellers now 











Fie, 2. A Bay or tHe Heavy Founpry ; 


rarely. Nearly all the new travellers are operated 
by electric motors, and the majority also have a 
separate motor to drive each motion, the single- 
motor crane being seldom built, though firms will 
do so when required. It is not an economical 
design, though the first cost is less than that of 
individual motor designs, and it is preferable to any 
form of steam traveller for foundry service. The 
heavier the work done in a foundry the more valu- 
able is the overhead traveller. But it is also often 
used in bays or in shops where light work predomi- 
nates. A main bay may have a heavy traveller, the 
side bay or bays lighter ones. 

Overhead trolley tracks and hoists come into 
rivalry with the travellers only when the lighter 
kinds of work are being done, not exceeding, say, 
from 3 to 5 tons in weight, and mostly under 1 ton. 
Traveller girders are supported substantially upon 
runways, while the hoists are hung from the over- 
head tracks, which again are attached to roof prin- 
cipals, or to beams—an important distinction. The 
are preferable to travellers in the light 
foundries. A number of hoists can be distri- 


buted about, so that no man need have his work 
hung up, as when waiting for a traveller. 





some sections of moulding which hold up or mono- 
polise the services of a crane for a long while, 


The floor tracks and their trolleys are rivals to 





transportation purposes only. 
lies in carrying ladles of metal, moulding-boxes 
and ee They may be laid down to 
supplement the crane service, though ma ‘ 
dries do without them. 4 = 

We will now consider in some detail the 
groups of cranes, and dispose first ot the j 
in this article. 

The jib-cranes have beensomewhat overshadowed 
and have suffered depreciation in the estimate of 
some by the increasing adoption of the overhead 
travelling-cranes, and of the light hoists on over- 
head tracks. The foundryman does not share that 
view. They have but suffered a temporary eclipse, 
sinc no large foundry which deals with average and 
general products can afford to dispense with this 
very useful type. The sphere of utility which 
these cranes occupy is, as already noted, that of 


Their chief value 


principal 
1b-cranes 


|localised work which holds up a crane for long 





Messrs, Taneyes, Limirep, BirminecHamM. 


periods. This happens with heavy core making, 
with loam moulds, with green and dry-sand work, 
moulded by turning over, and using two or three 
box parts, with moulds which include a great deal 
of intricate coring, as cylinders and pumps, and 
some beds and base-plates. A crane in these cases 
may be held up in nearly constant service for 
several hours. On the other hand, the radius of 
action cannot be larger than the jib of a fixed crane 
is able to cover—say 12 ft. to 25 ft. The traveller 
which covers the entire shop area is neither wanted 
for this kind of service nor may it be retained in 
use in any one area to the neglect of others. Its 
proper sphere lies in the transit of tackle and cast- 
ings about the shop, in incidental and temporary 
local services over all areas, as taking Jadles of metal 
to moulds to be poured, &., but not for long- 
continued or permanent occupation in any one 
spot. The larger the foundry the more numerous 
should the jib-cranes be, while the heavier the 
work done the more essential they are, because 
their place for heavy duty cannot be taken by the 
light cranes, which alone can be carried on over- 
head tracks. In many foundries a dozen or more 
of these jib-cranes are located over different areas, 
and often nearly within reach of each other. Their 





the overhead tracks and trolleys, and cranes for 


powers vary with the weight of work carried—say 
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1 ton to 10 tons, the latter being heavy. Usually 
the power range extends between about 2 tons 
and 5 tons. The heaviest duty is usually that of the 
loam department, where the castings made are 
often massive. 

A plan view of the lay-out of the foundry of 
Messrs. John Lang and Sons, of Johnstone, Fig. 1, 
page 495, affords a good illustration of these 
arrangements. The bays for heavy work are ct 
vided with 10-ton overhead electric cranes. ose 
for light castings have numerous 1-ton jib-cranes 
pivoted to the columns which support the roof. The 
railway tracks, by which the shop is served from 
the sand-bins, and by which it is connected to the 
railway, will be observed. 

The photograph, Fig. 2, page 496, which illus- 
trates one of the bays in the heavy foundry of 
Messrs. Tangyes, Limited, of Birmingham, shows 
a row of jib-cranes ranged down the wall. The bay 
is also served with two electric travellers. 

Having concluded that the jib-cranes are indis- 
pensable in any foundry except those which deal 
with very light castings, as brass, and very light 
iron foundries, the best selection of cranes eome 


be of no use for foundry service. The horizontal 
jib permits of exact and easy radial adjustments of 
the racking iage, while the pivoting of the om 
around the axis of its post enables a considerable 
floor area to be covered. Sometimes cranes are 
arranged so closely that two adjacent can lift a 
joint load at maximum radius, or transfer a load 
from one to the other. The framework of many 
of the old cranes was constructed of timber, and 
this had a long life. The lower faces of the jib 
and strut were protected from the heat of the 
metal in ladles with iron plates. But rolled-steel 
joists or built-up steel sections are now nearly 
With the sel 

ith respect to the selection of operating 
agencies, each individual firm must dunes its 
own selection. A great deal might be said in favour 
of the hand-cranes. Nothing is better, perha: 
nothing so satisfactory, as a hand-lift ~ e 
delivery of patterns and for the turning over of 
boxes. With the chain ‘‘on the strain” the 
labourer has perfect control of a delicate lift, 
responsive to the moulder’s signs. So too in lower- 





next for consideration. Three types exist: the 






































ing tops on bottom , where the slightest 
carelessness might uce a crush of sand, or 


racking are wound or unwound on the drum. A 
ratchet to sustain the load is fitted at G, and a 
hand band-brake for lowering at H. 

Until the invasion of electricity, hydraulic cranes 
were the best power-cranes for foundry service. 
The slow and regular movements produced by water, 
and the instant control, are ideal from the moulder’s 
point of view, whether in drawing patterns, lowering 
tops, or rolling over boxes. The fixed character of the 
cranes is favourable to the supply of water, avoidin 
the jointed pipes and temporary connections whic 
are required for portable cranes. Many large 
foundries were thus oqeipped many retain those 
cranes to-day. Where hydraulic power is installed 
in a foundry for moulding-machines, or in a works 
for the boiler or plating departments, the inclusion 
of hydraulic cranes should have very careful con- 
sideration. They are modified in design to suit 
light and heavy duty, and are very easily operated. 

The simplest design is the direct-acting, in which 
the lifting alone is done by the water pressure. 
In this the vertical movements of the jib are made 
to lift or lower the load, and these are produced 
by attaching the jib to the lifting-cylinder, which 
is of inverted type, moving on the ram, which 
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Fies. 3 anp 4, 3-Tow Inpepenpent Jrp-Crane ; Messrs. THwatres 
Brorners, Limrrep, Braprorp. 


forms the bottom centre of the crane. The jib 
in this case has no strut, but a tie coming 
diagonally from the top of the cylinder to the 
ox of the jib. The changes are rung in several 
details on this general — The racking is 
accomplished by pulling at the lifting-hook which 
hangs from the jenny. Slewing is performed by a 
similar ll. In one variation the jib is fixed, and 
the cylinder is suspended from the jenny, and its 
water supply is brought through a walking pipe. 
Loads of 1 ton or 30 cwt. are seldom exceeded in 
this type of crane. At the next stage, from 30 cwt. 
to 3 or 4 tons, the lifting-cylinder is carried within 
the channels of which the mast is built, and the 
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wall-cranes, which, being located next a wall, 
sweep round through half a circle only ; the inde- 
pendent cranes, which, pivoted in steps in floor 
and roof, make a complete circle ; or those types 
which are carried on a foundation-plate only. 
is operated by hand, or by hydraulic, or electric, or 
meaner power. Steam, once employed and 
rought through a central swivel-pipe, must be 
regarded as obsolete for these. Each of the other 
agencies is good and suitable under the various 
conditions already laid down. 

When a foundry is bounded by walls alone, the 
wall - cranes are suitable ; but when, as often 
happens in the later shops, a broad area is divided 
mto several bays, with columns only intervening 
to support the roof principals, then the independent 
crane may be preferable. Swinging through a com- 
plete circle, it will serve gangs of men in adjacent 
bays. The foot-step and the top pintle when adopted 
must have adequate security in the foundation-plate 
and the top casting. The pote of such cranes must 
never occupy the centre of a shop or bay. 

There is only one broad type of foundry jib- 
crane, however greatly its details are varied. It 
is that in which the jib is horizontal, and the 
framing is composed of post, jib, and strut, form- 
ing 4 triangle, or an approximately triangular 
outline, since the strut may be curved or cambered 
to give more room for racking towards the . 
The load is racked by means of the jenny or block. 
carriage running on tracks along the jib. The 
powers of these cranes may range from 1 ton to 
10 tons. A raking jib-crane, or a derrick, would 


cheap and useful 
hand-cranes. 

Most hand-cranes have two speeds of lift through 
‘*quick” and ‘‘slow” gears, two winch-handles, 
and a hand-lever band-brake, all situated at the 
back of the post. The hoisting-drum is at the 
front, whence the chain or rope runs along over a 
guide-pulley to the pulleys on the jenny and down 
to the hook direct, or round the pulley in the 
snatch or return-block, to which the hook is 
attached. The racking is done by pulling an end- 
less chain which depends from a wheel, the shaft 
cf which carries a pulley that moves the jenny 
inwards or outwards. Slewing is done pulling 
at the chain-hook. Only the more powerful cranes 
have gears for this motion. When they have it, a 
winch - handle operates, through bevel - gears, a 
vertical shaft, which carries a pinion engaging with 
a ring of teeth on the foundation-plate. 

Figs. 3 and 4 illustrate a typical independent crane 
of 3 tons power, by Messrs. Thwaites Brothers, 
Limited, of Bradford, Yorkshire. The er is 
made of rolled channels. It has one s of lift, 
through double gear. It slews round a central 
post of wrought iron, stepped into the foundation- 
plate, bolted into a deep concrete foundation (not 
shown). Cast-iron cross-girders at top and bottom 
carry the rollers which run round the post. A is 
the endless racking-chain running over its sheave- 
pulley B, the shaft of which is geared to that of the 
chain-pulley C, whence the jeany or block-carriage 
Dis racked along. The hoisting wire rope E, coming 
from the drum, passes over the pulleys in the jenny 
to the sheave F below. Being anchored at the end 





chain from the multiplying pulleys over & 
guide-pulley to the guide-pulleys on the jenny, and 
round the snatchblock below. Both racking and 
slewing are effected by hand, the first by an end- 
less chain, and the second by pulling at the hook. 
In the completely-equip design, suitable for 
loads of from 5 to 15 tons, each motion is produced 
by its own cylinder or cylinders. The lifting- 
cylinder, located between the mast-cheeks, has one 
ram in low-powered cranes, and two rams, tele- 
scopic, for the high-powered ones, to deal with two 
separate loads, whence the chain passes to the 
jenny and snatch. The racking is often done by 
Losinental cylinders, one being placed on each side 
of the jib. The slewing is ormed by cylinders 
placed behind the mast. All the levers are brought 
to the rear or to the front, where the attendant 
stands. 

Electric jib-cranes rank high 
power-cranes. They may 
sign, the motors being separately rated for hoisting, 
slewing, and racking. otors are located behind 
the mast, and a man standing there on a platform 
has the various controllers within reach. A chea) 
design has a single motor only, used for lifting 
-with two speeds, leaving the racking and the slew- 
ing to be done by hand. The electric foundry 
crane is not necessarily an all - electric design, 
because the maximum loads lifted are not usually 
large. The 5-ton crane covers most foundry ser- 
vice, and for this an electric lift is sufficient, 
leaving the traversing and slewing to be done by 
hand, the first being accomplished by an endless 


in utility among the 
of three - motor de- 





of the jib, its varying lengths for hoisting and | by merely pulling at the load, or by hand-gear 


chain depending irum a sheave, whence the jenny 
is traversed in the usual way ; the second is done 
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actuating a pinion and curb-ring. The hoisting- 
motor is carried on a platform within the frame- 
work of the jib and mast, and the switch is 
located at one side of the mast within reach 
of the man. The virtue of a hand-lift has been 
already emphasised. It is therefore fitted to some 
electric cranes for the delivery of patterns and the 
turning over of boxes. It is put into and out of 
action by clutches, so that it or the electric drive 
can be instantly brought into operation. 

The last type of jib-crane is the pneumatic. In 
this the hoisting cylinder is either carried ver- 
tically in the jenny along the jib, and the lift is 
direct, or it is disposed horizontally. The latter 
arrangement is often preferred because the head- 
room under the jib is not reduced by the hanging 
down of the hoist. These designs will be noticed 
more fully in the description of pneumatic hoists. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS 

An ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
16th inst., at Storey’s Gate, Westminster, the chair, 
in the absence of the President, Sir H. Frederick 
Donaldson, owing to pressure of Government 
work, being taken by Mr. Michael Longridge, Vice- 
President. 


Tue Institutions’ BATTALION. 


The formal business of the meeting having been 
transacted, the Chairman directed the attention of 
members to the battalion of engineers which it was 

roposed to form from the Institutions of Civil 

ngineers, Electrical Engineers and Mechanical 
Engineers. The original scheme had been abandoned, 
but a suggestion had later been received from the 
Admiralty that a contingent of engineers might be 
recruited for the Nava —— which was bein 
formed. Men had been invited to enlist for this, an 
the number who had done so up to the 10th inst. had 
been 500, a fair proportion of members of the Institu- 
tion of Mechanical Engineers having joined. Three 
among the latter had been allotted commissions. 
There were attached to that section of the Naval 
Brigade a certain number of navvies and artisans, 
the wives and families of whom were dependent upon 
the se tion allowances, &c. It had been thought 
advisable to form a small committee to look after 
those families ; not as regards financial assistance, 
which would come from the proper funds, but to 
see that all those cases which Sealed assistance got 
it. That committee had been formed of two members 
of each of the institutions concerned, and at the 
Council Meeting that afternoon the Institution of 
Mechanical Engineers had appointed as_ their 
members Dr. Clerk and Mr. Patchell, who had had 
a good deal to do with the recruits. He trusted 
that the young men who had volunteered for service 
would all return safe and sound. 

The Secretary then read the results of the ballot 
for the election of new members. 


REFRIGERATION RESEARCH. 


Sir J. Alfred Ewing, K.C.B., then presented a 
summary of the ‘Report of the Refrigeration 
Research Committee.” This Report we commence 
printing in full elsewhere in this issue. 

Before the discussion opened Professor C. Frewen 
Jenkin made a few remarks. He desired to apolo- 
gise for an error which would necessitate reprintin 
the table relating to sulphurous acid in Appendix I. 
The data had m taken from Mollier’s data 
instead of from Hybl’s, The results should have 
been more carefully checked. We print this 
table in its correct form elsewhere with the Report. 
The data used for the charts and tables were known 
to be faulty, and there was therefore some doubt 
as to how valuable they really were. They had the 
advantage, however, that they were consistent, and 
if used by everyone, reasonable comparisons could 
be made. In the past, everybody used data 
from different sources, making comparison difficult. 
It was very important that more accurate data 
should be obtained, and he hoped to do somethi 
in this way. He had already completed a omall 
research on the 7 of brine, the first step for 
obtaining one set of the data required. A paper 
on the same subject had just been mted to 
the Institution containing the results of work 
done, he believed, by a student of the Liverpool 
University. Research 
time. 


was hampered at the present 
His chief assistants were absent on account 


second Appendix was really a paper written by Sir 
Alfred Ewing. He thought it would be found the 
most valuable part of the Report. The whole of 
the theory was more clearly expressed in it than 
anywhere else. 
e Chairman said the subject under discussion 
was of great importance. The need for some 
system of rating had been felt for a long time. 
Suggestions were made in 1906 that research 
should be undertaken. There had been various 
— on the subject, the last, two years ago, 
ing contributed by Mr. Anderson and . 
Grindley. The Committee on the Efficiency of the 
Steam-Engine had had a difficult task. Refrigera- 
tion was an even more difficult subject, and it was 
surprising that in so short a time the Committee 
should have presented such a valuable report. 
Mr. F. A. Willcox said that at the time of the 
pers by Mr. Anderson and Dr. Grindley, he had 
questioned the utility of a standard of refrigeration. 
He had since assisted on the Committee, and now 
agreed with the recommendation that a definition 
should be adopted. The unit would only be useful 
to those having sufficient knowledge to indicate 
the units of refrigeration required for any par- 
ticular installation. There were two classes of 
users to be considered—the small and the large. 
The former generally required a machine as 
an auxiliary to a larger and more important 
process, and relied upon the manufacturer or a 
consulting engineer, or was protected by guaran- 
tees. The larger user was either himself an expert 
or employed a consulting engineer, maintained an 
expert of his own, or, again, relied upon the manu- 
facturer. One result of the demand for a unit had 
been the evolution of one that was used in the United 
States of America and in this kingdom, but was not 
accepted on the Continent of Europe. That was the 
**ton of refrigeration,” based on the latent heat of 
fusion of ice. The ton was the 2000-lb. ton, and 
the ton of refrigeration represented the amount 
of heat abstracted in forming 1 ton of ice in 
twenty-four hours, or 288,000 B.Th.U. To convert 
that into a measure of the capacity of a refrige- 
rating-machine the American Society of Mechanical 
Engineers had attempted to define the limits of tem- 
perature, adopting 90 deg. Fahr. as the temperature 
of the ree my agent in the coils of the conden- 
ser, and 0 deg Fahr. in the coils of the evaporator. 
One of the largest American makers of refri- 
gerating machinery based their calculations on 
a temperature of 0 deg. Fahr. in the coils of the 
evaporator, with the water at 60 deg. Fahr. passing 
round the coils of the condenser, giving a con- 
densing temperature of the refrigerating agent as 
65 deg. A leading text-book issued in this country 
used 288,000 B.Th.U. per 24 hours while abstract- 
ing heat at a temperature of 32 deg. Fahr., the 
temperature of the water at the condenser being 
60 deg. The performance of a machine might be 
described as so many tons of refrigeration, but 
no one knew the meaning of that expression. 
In other instances the term ‘‘tons of refrigera- 
tion ” was used, though in one case the capacity of 
a machine had been worked out with water at a 
temperature of 75 deg., and in another with water 
at 50 deg. The unit proposed by the Committee 
had the advantage of complete definition. It had 
been suggested to him that if, in designing a 
machine, he knew the diameter of the compressor, 
the stroke, condenser and evaporator surface, &c., 
there was no advantage in the unit proposed. The 
unit pro cooling the brine at 23 deg., whereas 
another installation might be worked with brine at 
zero. If the manufacturer stated the units of 
capacity of the machine, the designer might readily 
estimate the worth of another machine used for 
some other pu , just as the steam engineer, 
knowing the indicated horse-power developed by 
an engine, and its revolutions, could form a 
idea of the capacity of the engine. It would bea 
great advantage if the Committee’s unit could be 
universally adopted. There should be no real 
difficulty in that, since the capacity was commonly 
expressed as a capability of abstracting so many 
thermal units from brine at a certain temperature, 
when the machine was supplied with condensing 
water at another certain temperature. 
Mr. Wilfrid Stokes contended that the condi- 
tions of testing should be those met with in 
ordinary Aer The standard of cooling water 
was fixed at 59 deg. Fahr., a temperature which, 
he thought, was low. When higher temperatures 
of cooling water had to be contended with, the 





of the war, as were also nearly all his students. The 


depending entirely upon the refrigerant used. A 
further complication arose with multiple-effect com- 
pene. At Messrs. Watney, Combe and Reid’s 
rewery there was a large carbonic-acid machine 
working with water at 60 deg. That machine having 
been converted from ordinary to multiple-effect 
compression, the output was increased by rather 
over 50 per cent., the economy in power being 
at the same time 15 per cent. Supposing the pur- 
chaser of such a machine were desirous of comparing 
it with another machine working on the ordinary 
cycle, he would find that, with water at 90 deg., 
the increase in the output of the multiple-effect 
compression would be about 100 per cent. as com- 
Ere with the ordinary cycle, the economy in power 
ing about 50 per cent. 
The unfortunate purchaser was therefore met by 
the complication that, taking the standard proposed 
by the Cessna, he would not in the least Seow 
what to expect when working with a machine at a 
higher temperature, a temperature with which he 
might have to contend for several weeks or months 
during the year. The standard, to be complete, 
should include the performance of the machine at 
higher ranges of temperature for the cooling water. 
From his experience of CO, compressors, he found 
that the temperature of discharge of gas from a 
compressor had a very marked effect upon the pro- 
duction of cold by the machine. Sir Alfred Ewing 
had suggested that the most economical discharge 
temperature was when the gas was slightly super- 
heated. He considered that it was a great deal 
higher than that. If no restriction were placed on 
the discharge temperature in this ideal cycle, he 
thought users would work with a much higher tem- 
perature than they should permit if the leathers 
were to have a reasonable life. For leather-packed 
pistons, therefore, to make the ideal cycle com- 
plete, the temperature of discharge should be 
restricted to that at which the machine might 
safely be worked over long periods. 
The Report eontained a slight reference to 
multiple-effect compression, although not under that 
name, and it was suggested that comparison should 
be made, when desired, between the standard cycle 
and the other cycle. He failed to see how that 
could be done, particularly as in Clause 7 of the 
Report the temperature of the refrigerant was to be 
taken immediately before and immediately after 
passing the expansion-valve. With multiple-effect 
compression there were practically always two 
expansion-valves. The multiple-effect system had 
been established in practical working for over a 
year, and had sneeel itself most economical and 
reliable, and without drawbacks, and he would 
urge the Committee to frame their regulations so 
as to include a comparison between the multiple- 
effect and the ordinary machine. He would be 
pleased to place at the disposal of the Committee a 
demonstration machine, if it would further matters, 
and also a considerable amount of data in his posses- 
sion. It was suggested that the refrigerant leaving 
the condenser should be actually at the temperature 
of the cooling water. He thought it would be 
better in practice to allow 2 deg. difference, so that 
there might be some chance of heat ing from 
one to the other. Otherwise a little difficulty 
might arise. 

Mr. Henry Brier remarked that the temperature 
which it was proposed to use with the unit—near 
freezing-point—would give the manufacturers of 
refrigerating machinery the trouble of using brine 
for only about 5 deg. below freezing. On the other 
hand, if it had been 5 deg. above freezing, it would 
have enabled them to work with water, which was 
much more sensible, and more reliable for calcu- 
lating the thermal units. If taken below freezing 
at all, why not go down to zero, or the tempera- 
ture at about which ice was made ? 

It was habitual to work at 15 deg. to 17 deg. for 
ice-making, and if that temperature could be worked 
to, there would be a practical, valuable result for 
an ice-making firm. Taking machines used simply 
for water-cooling at about 40 deg., there would be 
no wish to go down even to freezing. Many units 
were at present used by refrigerating firms in which 
they tested only from 60 deg. to 38 deg., with cooling 
water at 60 deg. The “‘ ton of ice” had been referred 
to as a unit. at was hardly ever used. All tests 
in the workshops were made in the British thermal 
unit. Would not three units be possible? There 
might be a unit for cooling water, say 40 deg., the 
common temperature employed, down to 33 deg. 
for ordinary machines, and down to about 15 deg. 





performance of the refrigerating-machine fell off, 
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ing to the nee. indications of power might be 
taken from the compressor or from the steam- 
engine. He had been criticised for indicating his 
engine at the steam-cylinder. The recommenda- 
tion left the ambiguity that the catalogue powers 
could be put forward as indicated power, either 
from the compressor or from the steam-engine. It 
would therefore become advisable to mention which 
was used, or the Committee should say which was 
to be adopted. It would be most valuable if some 
really reliable experiments could be made on 
multiple-effect compression. 

Mr. Shinkles, of the American Society of Mecha- 
nical Engineers, who spcke next, remarked that 
the thoroughness with which the paper was pre- 
sented and discussed had interested him, and 
afforded him a basis for comparison with the 
manner in which such proceedings were carried 
on in the States. 

Captain H. Riall Sankey remarked that a com- 
parison of the thermal efficiency of a refrigerating- 
machine with that of the steam-engine had been 
hinted at. The steam-engine standard chosen by 
the Institution of Civil Engineers was the Rankine 
cycle, but there were differences. In Fig. 5 of the 
report a theta-phi or tau-phi diagram was given, 
which might be made to represent the Rankine 
cycle for the steam-engine. Starting at g, where 
the water began to be warmed in the boiler, heat 
was taken in as represented by the curve gd and 
dc, at which point dry steam was formed. Con- 
tinuing from c¢ to b the steam was superheated, 
after which b a represented adiabatic expansion. 
Back along the line ag represented heat given up 
in the exhaust. In the case of the refrigerator 
the process was reversed, the start being from a, 
going up to b, and so backwards. The difference 
arose at the point e, along the linee f; that marked 
what occurred at the expansion-valve. That part 
of the cycle was non-reversible ; but in the case of 
the steam-engine the whole cycle was reversible. 
There was another point of difference. The Rankine 
cycle chosen was that which agreed with the steam 
conditions of the particular engine under considera- 
tion ; if a superheated-steam engine, the tempera- 
ture of the superheat was taken as the higher 
temperature, and the temperature of exhaust as 
the exhaust of the engine, whether non-condensing 
or at any particular degree of vacuum. Therefore 
the ideal engine chosen for comparison was one 
which might be called the actual engine idealised. 
In the case submitted by the report he understood 
that a particular range of temperatures had been 
taken to cover all the different temperatures of a 
refrigerater. Mr. St« kes had practically referred to 
the point in saying that the cycle adopted would not 
fit certain conditions. If the refrigerator standard 
cycle were made to fit the temperatures of the par- 
ticular refrigerator considered, that objection would 
disappear. It might make the matter too compli- 
cated for refrigeration ; he would offer no opinion 
as to that. 

The Report referred to ‘‘ relative efficiency ” as 
the ratio between the efficiency of the actual 
refrigerator and the ideal machine. That he 
regarded as a ratio of efficiencies, not as a real 
efficiency. The same idea occurred in the case of 
the steam-engine ; the thermal efficiency of the 
actual engine divided by the thermal efficiency of a 
corresponding Rankine cycle gave the ‘‘ efficiency 
ratio,” a term now used generally. The Committee 
might substitute ‘‘efficiency ratio” for ‘‘ relative 
efficiency.” He desired to congratulate Sir Alfred 
Kwing on the preparation of the Report, and parti- 
cularly on Appendix II. In regard to the two 
forms of the diagram used, the tau-phi and the 
phi-I, he considered the former to give a better 
pictorial view of the heat quantities under discus- 
sion, but, in a case of actual calculation, he felt no 
doubt - bey Mollier chart was the better one to 
use. e ormerly pre a di m showing 
what became of the Lettentte soobaenl in the 
furnace in the case of a steam plant. It took the form 
of a stream of water divided into several branches. 
One showed the loss in the flues ; another the heat 
going through the steam-pipe ; another the heat 
lost in the exhaust ; and, fina y, a very small stream 
showed the heat usefully applied in the engine. He 
thought & similar diagram might be pre for a 
refrigerating-machine. He would see whether this 
could be done, and if so, would add it in a written 
contribution to the discussion. 

The Chairman, before calling on Sir Alfred Ewin 
to reply, announced that the Report would be sual 
and further discussed at a meeting of the Institution 





which it had been decided to hold at Manchester 
on Tuesday, the 20th inst., in the Portico Library. 

Sir Alfred Ewing, in replying to the discussion, 
observed that many of the friendly comments made 
were useful and apposite. It was a fact that the 

rformance of a machine fell off as the cooling water 
sana warmer, and consequently any statement 
of rating for one particular temperature of cooling 
water, or even a particular temperature of the 
cold body, ceased toapply to different temperatures 
of one or the other. Yor any expression of perform- 
ance it was n to assume four temperature 
differences between which the machine was to 
work. There was no avoiding that. It would 
undoubtedly be a great advantage to go a step 
further and say that when a machine had been 
rated as of so many units capacity under particular 
conditions, it could then be inferred that it would 
be of so many units capacity under other conditions. 
It would, however, probably be impracticable to 
so far without a great deal of experiment. For the 
full rating of a machine a whole family of curves 
would be needed, and not the statement based on 
an individual unit. These curves would have to 
express the performance of the machine with all 
sorts of temperatures, both at top and bottom. 
The unit was, however, better than nothing. It 
gave a definite figure of performance for one 
ase grad temperature condition ; that was the full 
ength to which the Committee were prepared to 
go on the rating question. 

He would draw attention to a phrase in the Report 
bearing on that subject. Their second recommenda- 
tion suggested that the refrigeration might be stated 
for particular conditions, or for stan conditions. 
It was open to the manufacturer to take other 
conditions than those specified in the Report, and 
say :—‘* With these temperature conditions, my 
machine is capable of doing a certain number of 
units of refrigeration.” That was an intelligible 
statement, provided the temperature conditions 
were definitely stated. The report did not exclude 
that possibility, although it considered it advan- 
tageous to take as far as possible one definite set of 
temperature conditions, as laid down in the report. 
Another point referred to by Mr. Stokes was the 
degree Ay dryness or wetness in the working 
substance in compression as affecting performance. 
Mr. Stokes had said that he thought something 
more than a trifling amount of superheat was 
desirable. That was perfectly correct. Probably 
he thought better results would follow with a drier 
compression than that indicated in the report. 
The subject had only been touched in relation to 
the ideal performance in the adiabatic compressor. 
In such a case, with no exchange of heat between 
the working substance and the metal of the cylin- 
der, nearly wet compression was the most efficient. 
That was perfectly consistent with the fact that in 

ractice, where there was such an exchange of 
heat, dry compression was preferable, since it had 
the effect of limiting the exchange of heat. That 
was an altogether different point. 

The Report spoke of the ideal cycle under theo- 
retical conditions only, or conditions of adiabatic 
compression, when, as the Appendix to the Report 
showed, wet compression was ideally the best. 

On first reading the Report it might be difficult 
to bear in mind that the two parts of the Report 
dealt with two entirely different things. The first 
part was concerned with the practical working of 
refrigerating-machines ; the second part with the 
working of the ideal refrigerating-machine. 

The advantages of multiple or compound action 
were undoubted. The Committee were, however, 
endeavouring first to lay down a manner of rating 
that would apply equally well to a multiple or com- 
pound machine as to a simple machine ; the multiple 
machine worked between definite limits of tempera- 
ture just as the simple machine did. The recom- 
mendation of the Committee was rather to the 
advantage of the multiple machine, because it indi- 
cated that comparison was to be made between 
the actual machine (and all the advantages that 
were given by multiple action) with the ideal 
simple machine. Consequently a better comparison 
was obtained, as far as efficient action was con- 
cerned, than if an ideal cycle were iaid down of the 
same type as that which the multiple machine 
actually performed. By taking a simple cycle for 
the ideal action the multiple machine had all the 
advantage. The multiple machine being, as he 
believed, more advantageous than the actual simple 
machine, it would the better com with the 
ideal cycle on the basis of the simple machine, Mr. 





Brier’s remarks concerned the same question, to 
some extent, as Mr. Stokes’s observations—namely, 
the rating with reference to definite statement 
of temperatures. 

Mr. Brier had asked whether there could 
not be three units applicable to three different 
conditions of temperature. There could ; indeed, 
there might be thousand, because all sorts 
of ran of temperature at top and bottom 
had to be considered, each giving a different unit. 
But multiplication of units, even to the extent 
of three, would repel the user by complication ; 
the user would not know which applied to his 
particular wants. Better, therefore, to begin with 
one unit of rating, and see what the results were. 
The Committee taken a range of 0 deg. to 
—5 deg for the brine. Mr. Brier had urged some- 
thing higher, and again something lower, stating 
that with something higher the use of brine could 
be avoided in testing, while something lower gave 
results in better accordance with the ordinary 
practice of theice-maker. The temperatures taken 
were in general ment with the practice of 
persons concerned in keeping rooms cold, &c., and 
were in general agreement with the temperatures 
ommnel for the same general purposes by other 
bodies interested. 

Mr. Brier had also referred to the question of 
how the power expended in compression was to be 
measured. The report said the power expended 
in compression might be measured in two ways 
—either by indicating the compressor, or, if 
driving by steam, by indicating the steam-engine, 
or taking the brake-power of that engine; or, 
again, if the driving were electrical, by measuring 
the exact electrical input to the motor. Indeed, 
there were several ways in which the net or gross 

wer expended in compression could be measured. 

at, however, did not affect the question of rating ; 
it came into question only when working out the 
practical efficiency of the machine for the pur- 

e of comparing that with the efficiency of the 
ideal machine. It was not feasible, he thought, 
to escape from the possibility of makers or 
users sometimes measuring the efficiency in one 
way and sometimes in another. In some cases 
the only practicable method was to take the indi- 
cated power of the compressor ; in other cases it 
was valid and possible to take the external power 
applied to the compressor and measure that. ere 
would be no ambiguity, so long as the report of the 
test made it clear which measurement was used. 
In any case, it did not affect rating. 

He agreed with Captain Sankey’s criticism of 
the use of two terms to express one idea. The 
use of the term “relative efliciency” was reall 
an oversight; the expression “efficiency ratio,” 
used in relation to the steam-engine, had been 
overlooked ; if it had been remembered, it would 
most probably have been used. Perhaps it might 
not be too late to introduce it now. He agreed 
also as to the relative advantages. of the graphic 

i . Captain Sankey had assisted in creating 
a partiality for the entropy temperature diegram, 
but when anyone once become familiar with 
the Mollier chart, he thought he would have no 
doubt as to its superiority in practical use. 

The Chairman then announced that the next 
ordinary meeting of the Institution would be held 
on Friday, November 20, when a paper on ‘‘ The 
Effect of Vacuum in Steam-Turbines,” by Mr. G. 
Stoney, of Newcastle-on-Tyne, would be read and 
discussed. 

The meeting having terminated, a meeting of the 
Benevolent Fund of the Institution of Mechanical 
Engineers was held, as reported on another page of 
this issue. 





Tue Mancuester Meerina. 


As announced by the Chairman at the meetin 
held in London on Friday last, a meeting was held 
in Manchester on Tuesday, the 20th, for the pur- 
of further considering the Report of the 

h Committee on Refrigeration. Such a 
meeting is, of course, somewhat unusual for the 
Institution, but it will be remembered that a very 
successful ene was held last winter, also in Man- 
chester. The Council, as is well known, has been 
endeavouring to make the Institution more useful 
to rovincia members, and, with the last notices 
al issue of the journal, post-cards were sent out 
asking members if they would like the Report of 
the Refrigeration Committee to be discussed in 
centres outside London. The demand from Man- 
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chester seemed to warrant holding a meeting there, 
and it was consequently held in the Portico Library, 
Mosley-street, at 8 p.m., on Tuesday last, Mr. 
R. Matthews, Member of Council, occupying the 
chair. 

In opening the meeting, Mr. Robert Matthews 
explained how it was he came to occupy the chair. 
Dr. Hopkinson was unable to be present. Mr. 
Michael Longridge was absent from Manchester 
owing to ill-health, and Mr. George Hughes, who 
had promised to take his place, had been called up 
to London the day before on urgent Government 
business. Although he(Mr. Matthews) also had had 
other work, he felt, when he was asked to preside 
at the meeting, that it was his duty to do so, but 
owing to the short notice he was sorry that he had 
not been able to prepare himself adequately for the 
task. The paper dealt with a matter of immense 
interest to Great Britain. The importation of 
meat was of vital interest toall of us. Thirty-three 
years he had been interested in the Giffard 
machines and had equipped steamships with cold- 
air machines. That, of course, was a thing of the 

. The compressed-air machines had been re- 
placed by the more complicated and highly scientific 
machines now in use. He had omitted to mention 
that Mr. Wemyss Anderson much regretted that 
other work prevented him from being present that 
evening. 

The Secretary, Mr. E. Worthington, then read 
the Report of the Refrigeration Research Committee, 
remarking that he regretted that no member of 
that Committee had found it possible to be present. 
The Committee, he explained, was thoroughly 
re tative. On it were tlemen represent- 
ing the theoretical side, the industries concerned, 
the great ports, and the various types of machines 
in use. At the conclusion of the Report, Mr. 
Matthews called upon Mr. G. Daniels—who had had 
connection with t _ a of the Committee, and 
was connected wi e refrigeration industry in 
Liverpool—to open the discussion. 

Mr. Daniels said that he was afraid he was a poor 





substitute for Mr. Wemyss Andeison, to whose 
gen of two years ago the Report was largely due. 

ere were two reasons for putting forward the 
cycles suggested in the Report :—(1) The scientific 
reason, and (2) the requirements of the practical 
man. A man could send out a specification for a 
steam-engine, and would in response be sure of 
getting a properly-rated machine. That could not 


one at present with refrigerators, owing to the | p 


variety of units in use. The proposed unit did not 
depart far from one already inuse. The Committee 
wanted the views of members as to the suitability 
of the one they had settled upon. Then at present 
there was no standard cycle. The Committee had 

ut one forward. Captain Sankey had suggested 
in 1912 that any cycle adopted should fulfil three 
requirements : it should ideal, simple, and 
should follow as near as possible the cycle of 
_—— of the actual machines. The cycle 

opted satisfied these points. Mr. Daniels then 
proceeded to explain the use of the charts accom- 
Panying the Report, and further explained that 
while the cycle chosen was ideal, it would not 
necessarily suit the conditions demanded by the 
practical man. It was, for instance, possible, 
under some conditions, to get greatly improved 
results by working away from the theoretical cycle. 
Speaking as a representative of makers of refri- 
geration machines, he could say, however, that 
they were quite prepared to take up the units and 
cycle which the Cotmnaiitas pro bs 

Mr. J. Butterworth said that, unfortunately for 
the discussion, refrigeration had been practically 
dropped in the Manchester district. He taken 
an academic interest in the matter, and had tested 
both carbonic-oxide and ammonia machines, and 
had done a good deal of repair work on them, &c. 
He had come to the conclusion that there were so 
many wrinkles and dodges connected with the 
practical side of the working of such machines that 
the question of a unit was of comparatively little 
importance. For instance, with regard to brine. 
Brine was an excellent thing, but on shipboard it 
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was the worst thing to use. What was wanted was 
direct cooling. If the frost were kept off the pipes, 
better results would be secured. Wrinkles in 
working, and good workmanship, meant more than 
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units and standards. In Manchester they could 
turn out practical jobs, and there was now a possi- 
bility, he understood, of Manchester firms taking up 
the manufacture of refrigeration machinery. The 

a unit would probably be adopted, but the 
works would see to it that the job was turned out 
properly. 

Mr. E. Worthington said the Committee was 
well aware that in all machinery a great deal 
depended upon wrinkles, because bad handling and 
workmanship would result in the loss of every- 
thing that it was hoped to gain by correct theory. 
Sir Alfred Ewing laid stress upon the fact that the 
+ peg mes t = did not actually exist. 

t was an ideal ado or comparison purposes. 

Mr. A. Saxon, "che followed, ne the 
Report and the policy of reading it in Man- 
chester. It followed, he imagined, upon the very 
successful meeting they had had last year, and 
he felt that, if they were silent on the matter, it 
might be taken to mean a lack of interest. Without 
much knowledge of the subject, he was glad to 
have the Report, as a wide fund of information was 
valuable to the engineer. The subject of refrigera- 
tion was important. Some well-known firms ial- 
ised in the matter, and wanted, he thought, to be 
a kind of law unto themselves. He did not agree 
with the views of the last speaker but one. There 
had been room for research, and he complimented 
the Committee on their findings. The ideal unit 
was certainly wanted, and he thought it time that 
what he might call the haphazard and hit-and-miss 
methods at present in use should be abandoned. 
The Committee should continue its work, and 
follow up its inquiry for the data still wanted. 

Mr. C. W. Hone although not connected with 
the Institution, being a member of the Manchester 
Association of Engineers, welcomed the discussion 
of papers of the Institution in Manchester. He was 
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a student in the matter of refrigeration. He had 
had experience in South Africa, where the matter 
was one of great importance, as it was elsewhere in 
hot climates. It was excellent that relative values 
should be assessed in the manner accomplished 
in the Report, and he — the values given 
should be adopted. He would like to go a step 
further. Could not the values my ney be given 
an official status? The authorities drawing up the 
Report were the highest possible, and if their find- 
ings could be adopted by the State, it would be of 
value to the whole world. . They would be more 
widely recognised. 

Mr. Drummond Paton said the whole matter of 
refrigeration was one of the transfer of heat. Had 
any data been collected with regard to the transfer 
of heat from the gases under different conditions ? 
He would like information with r 
coefficient of heat transmission under different 
conditions. 

Mr. Robert Matthews said, with regard to 
remarks on wrinkles and dodges, there had been 
a lot of trouble with the early Giffard machines. 
The first patent for a cold-air machine was, he 
believed, taken out by Sir W. Siemens, in 1856; 
but the matter lay dormant long after that. In the 
Bell-Coleman system the attempt was made to 
compress the air isothermally by injecting water 
into the suction. The system appeared satisfactory 
from the labour-saving point of view, butit had the 
drawback that ice and snow formed, and cut the 
slide-valve badly. In an early patent taken out 
by himself he had got over the injection trouble 
by jacketing, but ran the risk of freezing up his 
water-jackets. The valves were also jacketed, and 
the snow in the cylinder was reduced. He also 
used Corliss valves under the cylinder, and the 
piston raked the snow and ice into the valve- 
pockets. They never lost a in the ships 
which adopted those machines. The Giffard ma- 
chines came later, and then Linde introduced the 
chemical systems. These made headway very slowly, 
because a burst pipe or other defect might cause a 
lot of trouble, and heavier insurance had to be paid 
on cargoes cooled by such machines. As workman- 
ship, &ec., improved, these points, of course, were 
more easily coped with. 

Mr. Daniels, in reply to the discussion, said that 
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the argument that units were no good because of 
the greater effect of bad workmanship, could be 
_— to all classes of machines, as, for instance, 

@ gas-engine, which could be greatly altered by 
little adjustments ; yet units were not di ed 
for that reason. The use of brine in ships was 
dictated by practical requirements. With brine 
they had a reserve of cold. If direct expansion 
were adopted, there was only a small quantity 
of vapour in the pipes, and if the machine 
varied, the temperature would rise quickly. Brine 
enabled a uniform temperature to be maintained 
The Centigrade degree had been chosen with 
a view to the universal adoption of the unit. 


A t deal of data on heat transmission was in 
the hands of makers, but it was regarded as secret. 
Figures were given, however, in . Anderson’s 


r. From these it > ge that about 100 or 
150 units per hour coul transmitted per foot 
of 1-in. wrought-iron pipe. The unit would un- 
doubtedly be useful. At present there was nothing 
prralle] to steam-engine practice, and, with such 
different systems of rating, prices obtained in 
tenders were ho guide. 

Mr. R. Matthews then called upon the meeting 
to a vote of thanks to Mr. Daniels for ex- 
plaining the Report, after which he asked for 
suggestions as to a convenient date for the next 
Thomas Hawksley lecture, to be given in Man- 
chester. It would be delivered by Mr. W. J. 
Bi The date proposed was either November 3 
or November 6, He also added that members had 
requested that the Report on Refrigeration should 
be read in Manchester. Liverpool members had 
also asked for a meeting, but the number of 

uests from Manchester was the larger. He 
could not help thinking that if it had been read in 
Liv 1 instead, it might have been better dis- 
cussed. The meeting then terminated. 





THE BENEVOLENT FUND OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue second general meeting of the members of the 

Tngeegosubed } Benevolent Fund of the Institution 

of Mechanical Eng:neers was held at Storey’s Gate 

on the 16th inst., immediately following upon the 









conclusion of the ordina: 
Institution reported elsewhere. The chair was taken 
Mr. Mark Robinson, in the absence of Sir H. 
rederick Donaldson. 
The Secretary read the notice convening the 


general meeting of the 


meeting and also the minutes of the first general 
meeting held on October 24, 1913. The Chairman 
then directed attention to the fact that the accounts 
in the report of the Committee of Management, 
which been issued to members, and was now 
submitted to the meeting, related only to 1913. 
Certain small grants had actually now been made. 

The Chairman then proposed for election, to fill 
vacancies arising from the retirement and death 
of certain members of Committee, the following 

tlemen, namely :—Sir Robert A. Hadfield, 

.Se., &.; Dr. William H. Maw; Mr. James 
N. Paxman; Mr. Charles Wicksieed. Mr. W. 
Patchell seconded the proposal, which was ag 
to the meeting and carried unanimously. e 
re-election of Mr. Arthur Huson as Honorary 
Treasurer was then proposed from the Chair, was 
seconded Captain Sankey, and carried unani- 
mously. The Gheiomen further proposed the re- 
election of Mr. Edgar Worthington as Secretary 
to the Fund. This proposal was » and 
carried unanimously. It was then proposed by 
Mr. Oxley, and seconded by Mr. Patchel], that 
Mr. J. P. Maginnis and Mr. Sidney Sharp should 
be re-elected as honorary auditors. The proposal 
was carried unanimously. 

The Secretary then proceeded to explain the 
accounts, arene, bows that certain figures to be 
added thereto to bring matters up to date. Since, for 
instance, the date at which the total of 38551. 6s. 8d. 
for donations, subscriptions, &c., was reached, the 
funds had increased 16671. in donations and 
1911. from annual subscriptions. The total number 
of ordinary members was at present 120. The 
Committee urged an increase of these members. 
A pera re form of application for benefits 
was now available toany member of the Benevolent 
Fund. One of the supporters had to be a member 
of the Institution or a well-known public personage, 
and, without exception, one must be a member of 
the Fund. 

The Chairman, commenting upon the figuree, 
urged that every endeavour should be made to 
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increase the number of annual subscribers; the 
figure of 120 being very small relatively to the 
number of members of the Institution. Mr. Edw. 
Batten considered the fewness of subscribers to be 
di inting. He felt that it would be a help if 
some indication could be given of the need for the 
fund. If a large number of members gave even a 
very small subscription, it would produce a con- 
siderable annual income. He was confident that if 
the actual need was known, a large number of 
subscribers would come forward. In reply to this, 
the Chairman remarked that members had been 
freely circularised as to the need for the fund. It 
was not imaginable that the funds could be in 
excess of requirements. Small grants had already 
been made (out of accumulated interest) in deserv- 
ing cases, but with a total income approaching 
only 5001..a year, even the humble efforts at relief 
already attempted would be impossible unless 
further support was given to the fund. Mr. Michael 
Longridge thought it would help matters if the 
Committee stated from time to time the amount 
needed to treat adequately cases coming under their 
notice. 

The Secretary pointed out that although the 
voting power belonged to the 120 members men- 
tioned and donors of 10/. 10s. and upwards, quite 
a large number of persons had donated less than 
101. 103. The number of contributors was therefore 
much greater than the number indicated by the 
voting members. Captain H Riall Sankey agreed 
that a small sum per member would produce a 
considerable sum per annum. If it were known 
that a sum of even 2s. would be received, there 
would probably be a great many more subscribers. 
The Royal Engineers had a similar fund, the sub- 
scription to which was limited to one day’s pay, 
which in the case of subalterns did not amount to 
much. The total, however, represented a good sum. 

Mr. W. H. Patchell did not consider that 
adequate treatment could be given to the business 
before the meeting at the hour and occasion selected, 
and hoped that some more suitable time might be 
chosen for future meetings. The proceedings ter- 
minated with a vote of thanks to the Chairman. 





WET AIR-FILTERS. 

Wer air-filters of one kind and another have been 
in use for many years for cleaning and purifying air 
for large buildings, and in conjunction with humidify- 
ing plants for the textile industry. A more recent 
development is in connection with the ventilating air 
tupply to electrical machines, particularly turbo- 
alternators. The first practice with such machines 
was to employ dry filters, and they are still very 
largely fitted, but during recent years the wet filter 
has been used for the same service. Both types are 
satisfactory, and there is no need that we should 
attempt to make the special case of one or the other. 
We may say, however, that, other things being equal, 
in the case of a machine up to about 3000 kw. 
capacity the dry filter will in general be the cheaper 
in capital cost. From 3000 kw. to 5000 kw. the costs 
will about equal, and above 5000 kw. the wet 
filter will be the cheaper. In all cases the upkeep 
costs of the dry filter will probably be higher, owing 
to the necessity of cleaning, and at times replacing 
the cloth filtering medium. In smaller sizes this 
greater upkeep cost will not necessarily outweigh the 
capital saving on the dry filter. The running costs 
of the wet filter will usually be higher, since it must 
include some pumping system for the circulation of 
the cleaning water. ere ig no corresponding power 
expenditure fer the dry filter. Taking everything 
into account for a 3000-kw. set, there is little to 
choose on the score of cost per annum between the 
two types. 

Messrs. Balcke and Co,, Limited, of Broadway- 
court, Broadway, Westmiuster, London, S.W., who 
have long made dry filters, have recently introduced a 
wet type, and two characteristic examples, together 
with some details, are illustrated in Figs. 1 to 8, pages 
500 and 501. The filter may be used for electrical 
machines, or for general air-cleaning, and examples of 
both applications are illustrated. Figs. 1 and 2 
show the standard form of filter which would 
normally be employed for a turbo-alternator. As will 
be seen, the arrangement is very simple. The filter 
consists of a rectangular iron box, galvanised after 
construction, containing a series of water ys at 
one end, and a series of baffle-plates at the other. 
Each end of the box is open, the air entering at one 
end and leaving at the other. The inlet end is 
furnished with perforated doors or louvres to admit 
the air freely, and to prevent interference with the 
spray-nozzles. The outer end is formed to fit an air- 
duct which would carry the cleaned air away to the 
machine. The bottom of the box forms a water-tank, 





and the same water is used over and over again, being 
circulated by means of a small motor-driven centri- 
f ump. The pump draws from a sump at the 
back end of the filter, which is separated from the main 
part of the tank by a sloping partition. A baffle- 
plate overlaps the partition. ‘the flow of water 
towards the sump is very slow, so that all impurities, 
except the most minute, settle to the bottom of the 
tank without getting intothesump. Floating particles 
are stopped by the baffle. 

The tank is provided with an overflow and a make- 
up supply fitted with a ball-tap, which keeps the level 
correct. A cock and wash-out connection to the drain 
are fitted at the front end, and all that is necessa 
for cleaning out is to open this cock and flush the tan 
down with a hose. The arrangement of the baffles 
can be seen from Fig. 2, while details to a larger scale 
are given in Figs. 3 to 5. As will be seen, they con- 
sist of & series of galvanised-iron strips set at 45 deg. 
to the longitudinal centre-line of the filter, alterrate 
rows being set in opposite directions. Each baffle is 

rovided with an upright channel at its back edge, 
into which the particles of moisture and impurities 
are thrown and drain to the bottom of the filter, pre- 
venting any deposit being carried through from one 
row of baffles to the next. The arrangement is built 
up of strips bent over and riveted to a T-iron bearer 
at the bottom, and the case at the top, and stiffened 
with through-bolts and pipe-washers. Details will b» 
clearly understood from Figs. 3 to 5. 

The Spraying arrangement consists of a horizontal 
pipe comaatiel to the pump delivery, and leading to a 
series of vertical risers, to which the nozzles are fitted. 
The nozzles are of the type illustrated in Fig.6. They 
are of gun-metal, and do not easily choke. If neces- 
sary, access may be had to them through the inlet 
doors while the filteris working. It will be clear that 
the fine spray thrown by the nozzles opposes no resist- 
ance to the flow of the air through the filter, but, on 
the contrary, assists it, and eases the load on the 
generator fan. The air resistance of the filter when 
working is equivalent to about 2 mm. of water. 
This is, of course, constant, and compares with 4 
resistance of 1 mm. for a dry filter when first cleaned, 
rising to 6 or 8 mm. when dirty. Experience has 
shown that the baffling arrangement is so effective 
that even on continued overload no free moisture has 
ever been found to pass the next to the last set of 
baffles. The last set is fitted as a final and almost 
unneceseary precaution. The usual speed of air 
through the filter is about 10 ft. a second. 

Our remaining two illustrations on 501, Figs. 7 
and 8, show a filter recently installed by Messrs. 
Balcke in connection with an ozonising plant for the 
Baker Street and Waterloo Tube ilwav. The 
arrangement and proportions of the plant differ from 
those of that shown in Figs. 1 and 2, but in all essen- 
tials the two filters are the same, and no detailed 
description of Figs. 7 and 8 is necessary. The filter, 
as will be clear, is a large one. One point which may 
be noticed is that fewer baffles are used than in the 
standard filter we have described. This is on account 
of the different class of work for which the second 
plant is intended. Being installed to clean air for a 
railway, it is less essential that no free moisture 
should get through than is the case for an electric 
generator. Advantage has accordingly been taken of 
this fact to omit some of the baffles and build a-slightly 
simpler and more compact plant. 





INDUSTRIAL NOTES. 


Tue General Federation of Trade Unions has just 
issued a manifesto, of which the following is an 
abstract :— 


‘In Germany and in Austria, and also in the 
neutral States of Europe and America, persistent 
attempts are being made to misrepresent the attitude 
of the British Labour movement towards the Govern- 
ment, and towards the crisis through which Europe is 
passing. Extracts from speeches and cuttings from 
newspapers are collected, and conclusions drawn which 
cannot be justified by facts, and which do not repre- 
sent the real opinion of the British working-class 
movement. 

**Under such circumstances, an organisation like 
the General Federation of Trade Unions, which repre- 
sents, and is to a great extent interested in the 
financial stability of, 1,006,904 trade unionists, must 
remove all doubt concerning its own position and 
intention. 

“Tt cannot better begin this task than by stating 
that it is, and always has been, on the side of inter- 
national as well as industrial . It has con- 
sistently tried to develop fraternity a 
of different nationalities; it early identifi itself 
with the international trade-union movement, at- 
tended its con; , contributed to its upkeep, and 


endeavoured to extend its influence. With the General 
Federation and its members, faith in the common 
interests of working humanity, and determination to 
advance them, was warm 


strong, while the possi- 








bility of war was regarded as one regards the shadow 
of an indescribable catastrophe. 

‘* The Federation entertains no delusions concerning 
the consequences of war, or the share of these which 
the class it represents will bear; and in placing its 

ition before the world it is actuated only by the 
esire to prevent misapprehension, and to secure 
effective national and ordered consideration of all 
those interests it directly or indirectly represents. 

**To fully analyse and discuss the causes of the 
war and the responsibility for its outbreak is beyond 
the intention of the Management Committee. Suffi- 
cient for the moment to say that, in the opinion of 
millions of trade unionists, the responsibility for the 
war does not rest upon the policy or conduct of Great 
Britain. ; 

‘This opinion is supported from our own side by 
documentary evidence, and by the fact of our own 
unpreparedness, and from the opposing side by the 
utterances of their soldiers, their statesmen, and 
their teachers, and by their terrible and immediate 
capacity for striking effective and terrorising blows. 

‘*Of this capacity to strike the Press of the world 
has, since the beginning of August, borne daily testi- 
mony. The intention tostrike whenever and wherever 
opportunity offered has been openly and generally 
expressed, and was facilitated by the fact that the 
German army is in effect always mobilised. 

** Concerning the preparations for war it is difficult, 
and perhaps futile, for the non-military mind tospeak, 
but even to the non-military mind the feverish activity 
of men who during June swarmed and worked like 
ants on the strategic railways of Germany had a 
sinister significance and strengthened the impression 
that, however peaceful the desires of the German 
people might be, their masters had already determined 
on war. 

‘*It is obvious that the immediate participation of 
Britain in the war was neither desired nor expected ; 
her day would gladly have been postponed. Loyalty 
to herself, to her best traditions, and to her treaty 
obligations made abstention from the conflict impos- 
sible, and to-day her people, especially her work- 
people, are determined to support not only the 
neutrality of heroic Belgium, but the honour of nations 
and the inviolability of treaties. 

**Once involved in such a war, the duty of the 
movement stood out clearly. It became necessary, 
— from all personal considerations of friendship, to 
offer the fiercest resistance to the aggressor, and to 
make any sacrifice necessary to bring the war to a 
definite and honourable conclusion ; to join with others 
in making the fullest provision for this policy ; to see 
that the political circumstances arising were used to 
develop and broaden national life and outlook, and 
particularly to insist that the economic and moral 
disabilities of war should not fall altogether on the 
shoulders of the poor. 

‘** A real love of country inspired the leaders of the 
people to ask of the manh they represented the 

reatest of all sacrifices. In acting so there was no 

esire to arouse or develop racial animosities, but 
there was a general determination to prevent in this 
country the outrages on women and children, and the 
massacres and burnings which have desolated both 
Belgium and Northern France. 

‘* Not less imperative than the problems of national 
defence are those problems which affect the political 
and economic life of the State during the war, and 
which will continue to affect it long after the war is 
over. The consideration of these does not imply 
hostility or lack of patriotism; it simply indicates 
foresight and a desire to turn the extraordinary 
circumstances of the war to national account. Some 
of the problems which affected transport and the public 
services have been dealt with on communal lines. 
Under the stress of war, the Government assumed 
control of the railways and fixed maximum food 
prices ; the impossibilities of years became actualities 
in an hour when the alternative was national disaster. 
The lessons learned in the hour of danger must not be 
lost, but improved upon, and return to anarchic methods 
must be strenuously fought. If railways can be 
nationally and effectively controlled, co-ordinated, 
and worked under abnormal war conditions, they can 
be so dealt with under the easier conditions obtaining 
in times of peace. 

‘*War hes compelled the Government to give 
practical effect to the admission, long made verbally, 
that the State was responsible for the physical 
efficiency of its units, and measures of relief have 
been The Management Committee is cer- 
tain that these measures are altogether inadequate, 
and cannot meet the situation. The Management 
Committee also insists that works of relief must be 
also works of utility. Nothing so discourages men as 
to find that their work is without intrinsic value or 
use ; nothing so infects so-called ‘‘ relief ” with the 
taint of pauperism. The pamphlet on ‘‘ Unemploy- 
ment,” published by the Management Committee 
in ~ suggests examples of useful and co-ordinated 
work. 

** The Government has paid for the material things 
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it required for the war, it has extended its financial 
assistance and credit to banks and private concerns, 
and it would act illogically if it hesitated to meet the 
demand for payment for that human element, without 
which States cannot exist or wars be made. Surely 
if the human element voluntarily places itself at the 
service of the State, it is the duty of any Government 
to py for this at least as fairly as it paid for its coal 
and its corn. 

‘**Great Britain is the richest country on earth, yet 
she largely depends upon charity for the care and 
comfort of her disch soldiers and sailors. The 
biggest effort yet e in this direction is totally 
inadequate ; even the Prince of Wales’s Fund, large 
as it seems to the thoughtless, can only relieve a tithe 
of the distress which Sueelhy exists. In this war the 
men at the top of the social scale have given their 
lives freely, and it would be ungenerous not to give 
credit for, and express appreciation of, their gallantry 
and self-sacrifice. The workman, too, at the call of 
his country has left his job and his home, and is doing 
his share, and doing it voluntarily; but there is a 
large percentage of the comfortable class whose main 
contributions during this crisis have been in the nature 
of criticism and advice. It is these who must be made 
to contribute, and to contribute regularly and in 
proportion to means. If one-half of last year’s in- 
creased profits upon industry and commerce could be 
exacted by means of a special income-tax, the totals of 
all the voluntary funds would be instantly eclipsed, and 
the basis of a practicable fund provided. 

‘* Tt is necessary to at once withdraw from ‘he realm 
of chance and charity the interests of the soldier and 
his dependants. For ages writers and poets have 
joined in singing the praises of soldiers, extolling 
their sacrifices and glorifying their prowess. Times 
have changed, and to-day there is a labour movement, 
dissatisfied with mere vocal effort, and strong enough, 
and also wise enough, to see that the soldier receives 
more than adulation in life and laurels in death. To 
leave him or his dependants to the care of charity is 
unworthy of a great nation. Inquisitorial methods 
and voluntary effort must give place to specific scales 
of pay and proper public State control. 

‘* Reform in the Army itself must be pressed, par- 
ticularly in the direction of increasing allowances and 
facilitating | pega from the ranks. An immediate 
minimum of 1/. per week is not too much to ask for 
soldiers or sailors who are wholly or partially dis- 
abled by wounds or disease contracted in active ser- 
vice. ere is also need for more humane treatment 
of the dependants of men who die of disease, similarly 
contracted, shortly after discharge. The fact that 
these reforms will cost money should not retard their 
institution. We believe in a volun Army; we 
expect it to cost more per head than if it were obtained 
by conscription ; we believe also that the relationship 
of the Army to the State needs overhauling, and 4 
Royal Commission, including representatives of Lavour 
with personal and first-hand knowledge of labour con- 
ditions and needs should be appointed now. 

“The co-ordination of existing charities and relief 
funds is imperative. Already in London much has 
been done to prevent the waste and overlapping con- 
sequent upon the multiplicity of organisations, but 
much remaios to be done, and it will be done better 
and more sympathetically if organised labour co- 
operates. : 

“‘ Amongst the voluntary associations which may 
justly demand consideration at the moment, the trade 
unions stand pre-eminent. Some have made magnifi- 
cent efforts to meet the distress consequent upon 
unemployment, but they cannot indefinitely con- 
tinue their disbursements. The contributions and 
benefits were calculated on a peace basis. They never 
attempted to secure, nor could they have secured, had 
the attempt been made, contributions equal to the 
requirements developed by a great war. The colla 
of their efforts would mean more than trade-union 
humiliation and bankruptcy, it would mean national 
disaster. Subsidies have already been promised and 
given. These must be extended and increased, and 
wherever trade unions have securities not easily 
realisable these should be taken over, where request 
is made, by the State, and the unions given the equi- 
valent in cash. 

**The sickness and disablement which will follow 
upon the war must disturb the actuarial equilibrium of 
most approved societies, and these should combine to 
secure themselves from the disaster which threatens 
unless the State shoulders at least that part of the 
burden arising from the war. 

‘In the furtherance of all these objects the 
Management Committee is prepared to act with all 
the force and influence at its command, and it invites 
the co-operation of all persons or organisations who 
desire to realise the objects set forth. In explaining 
its — and advancing the claims of the people, it 
wishes to avoid the folly of the Chauvinist and the 
meanness of the merchant who haggles while death 
waits at the door ; it s only in the discharge of 
its duty, and it is certain of the co-operation of Rese 
who were responsible for its election. It does not over- 





look its obligations to the workers in other lands, and 

it hopes that with the destruction of the Prussian 

militarist caste, which for forty years has worked for 

war, international friendships and efforts may be 
peaege but for the moment its whole duty lies at 
ome.” 


The director of the Department of Labour Statistics, 
Board of Trade, gives the following information on 
the labour market in September :— 

Employment in September was below the level of 
the months immediately preceding the war, but, on 
the whole, it showed a considerable recovery as com- 

with August. There was stilla great deal of 
short time, but both this and the number of work- 
people entirely unemployed were much less. To some 
extent the situation as regards employment for men 
has been relieved by the large number of enlistments. 

Work on Government contracts caused t activity 
in certain trader, and in some districts the shipbuild- 
ing, engineering, woollen, worsted, hosiery, boot, 
leather, clothing, and some miscellaneous trades have 
been very busy, with much overtime. Employment 
also improved in the coal-mining, iron and steel, tin- 
plate, and cotton trades, and in the provincial dis- 
tricts of the building trades. There was some shortage 
of agricultural labourers, owing to the number of men 
joining the army. 

Com with a year ago, when employment was 
good, there was a general decline, which was most 
marked in the pig-iron, tin-plate, textile, and pottery 
trades. The shipbuilding industry, however, remained 
at about the same level as in September, 1913. 

The chan in rates of wages taking effect in 
September affected 2100 workpeople and amounted to 
170. per week. All the changes were increases, but 
none affected a large body of workpeople. 

The number of disputes beginning in September 
was 23, and the total number of workpeople involved 
in all disputes in progress during the month was 
13,025, as compared with 49,804 in August, 1914, and 
131,496 in September, 1913. The estimated total 
aggregate duration of all disputes during the month 
was 229,800 working days, as compared with 526,900 
in the previous month, ani 1,449,800 in September, 
1913. 

At the date of publication the number of disputes 
in progress was 22, involving about 8000 workpeople. 

Gow dealt with during the month included saddlers 
and general leather-workers, in the Birmingham and 
Walsall district ; granite q men, Devonshire 
(Chudleigh district); printers, on ; painters, 
Edinburgh ; joiners, Helensburgh ; boot and shoe 
eno, Leicester ; steel-workers, West of Scot- 


Under the Coal-Mines (Minimum Wage) Act, His 
Honour Judge Moss had succeeded the late Mr. B. 
Francis-Williams, K.C., as chairman of the Joint 
District Board for North Wales. 

It had been agreed by the parties that the Railway 
Conciliation Scheme, which would otherwise expire 
on November 30, should remain in operation. During 
the month the chairman of the Lancashire and York- 
shire Board had been appointed to consider certain 
matters. 

The average weekly number of vacancies notified to 
all labour exchanges for the four weeks ended Sept- 
ember 11, 1914, was 29,339, as com with 26,874 
in the previous four weeks, and with 22,460 in the 
four weeks ended September 12, 1913. The ave 
weekly numbers of vacancies filled for the same peri 
were 23,107, 21,162, and 16,898 respectively. 





According to Reuter’s Amsterdam correspondent, 
Swiss importers are reported to have sent represen- 
tations to the Swiss Federal Council and to the British 
Minister at Berne, asking both to use their influence 
in London to facilitate the import of raw materials 
and raw wool in order to prevent a crisis among Swiss 
industries. This confirms the paragraph we gave on 
page 486 ante. 





In the monthly report for October issued by the 
United Society of Boiler-Makers and Iron and Steel 
Shipbuilders, the secretary makes the following state- 
ment :—‘‘Our returns to hand show an improvement on 
last month. We have 553 less on our books out of em- 
ployment. During the first month of the war there 
wasa good deal of dislocation and loss of time through 
the break-up of squads due to our members joining 
the various branches of the national services. Part 
of the dislocation was also due to the transference of 
our members from merchant work to urgent Govern- 
ment work. 

** When we consider the shock caused by the sudden 
and dramatic declaration of war by one Power after 
another amongst the nations of the Old World, and 
the constant strain of continuous battles extending 
over hundreds of miles, involving millions of men 
armed with the most deadly weapons for the destruc- 
tion of life and property, it is remarkable that in our 
trade and in other set ad we have so quickly restored 
almost normal conditions. 








































** We have made it clear to the Government and to 
private employers of labour that no ill-considered 
action of ours will in any way jeopardise our trade 

rity or hinder the making and the keeping in 
—_ a of the strongest and most efficient Army 
avy. 

- For ‘this restored confidence in industrial and 
financial affairs we are much indebted to the Govern- 
ment, who in this t crisis have handled home 
affairs in a businesslike manner, such as no previous 
Government have ever equalled. This success has 
been achieved through the practical advice and co- 
operation of our Labour Members in Parliament and 
our trade-union leaders throughout the country. I 
hope that through a continuance of the present co- 
operative efforte of all classes our trade will be con- 
tinued and improved, for if we can accomplish this, 
we can also maintain and increase our fighting forces 
until victory is won, and the earlier we can make this 
=— to our enemies the sooner they will throw up 

e 8 

** As a result of our appeal to the Government for a 
subsidy to enable us to meet the extra ex iture on 
wasumhiquesdts benefit due to the war, it is some satis- 
faction that the Government have decided that in 
addition to the one-sixth already payable from the 
Board of Trade, we may have a further third of our 
unemployment benefit refunded, on condition that our 
unemployment is abnormal and that we pay a levy to 
assist our own funds. In other words, for every 12s. 
paid in unemployment benefit we may have 6s. re- 
turned from the rd of Trade. I trust our members 
will give the proposal of the Government their favour- 
able consideration when the question is submitted to 
them, as it shortly will be.” 





Notices given to the workmen, to the number of 
about 200, employed in the Lidgett seam at the Hoy- 
land Silkstone Colliery, terminated on the 14th inst. 
This seam has now been temporarily closed, owing to 
the large number of men who have enlisted. Work 
will be found in the other pits of the company for as 
many as possible of the men who remain. Notices 
were posted up on the same day intimating that work- 
men would be employed subject to one day’s notice. 





CUAL-HANDLING PLANT ON THE UNITED 
STATES FLEET COLLIER “ JUPITER.” 
WE reproduce on our two-page plate detailed diaw- 

ings, and on 504, 505, and 508, pers ive 

views of the coal-handling plant of the United States 
fleet collier Jupiter, as these are of special interest at 
the present time, in view of the importance of the 
rapid recoaling of warships. The Jupiter, which was 
built in conformity with the rules of the American 

Bureau of Shipping, at the Mare Island Navy Yard, 

cost, ape po indirect charges, but excluding leave, 

holiday and — ' a ne is of = 

twin-screw single-deck type, designed for a speed o 

14 knots when 7) a loaded di lacement of 19,230 tons, 

the draught then being 27 ft. 6in. In addition to 

having interesting equipment for the handling of coal 
and oil-fuel, the vessel is notable, as the propellers 
are driven by electric motors, current bei —— 
to these by turbine-driven generators, the shaft horse- 
power available for a being 5500. The 


dimensions of the vessel are as follow. :— 
Length over all... oes Neen” 542 fb. 2} in. 
Length between perpendiculars 520 f. 
Length on load water-line ... 520 ,, 
Beam, extreme... 65 fo. +2 in. 
ied on 65 fb. 
Draught, mean designed __... ... 27 fe. Gin. 
Displacement on designed draught 19,230 tons 
Displacement per inch on load 
water-line... A sii ... 64.75 tons 
Area of midship section, moulded... 1,655 sq. ft. 
Area of load water-line plane _—..._-27, a 
Area of wetted surface at 27 ft. 6 in. 
draught . 27,750, 


O.B. above bottom of keel ... os eee in 
Transverse metacentre above C.B. 12 ,, 11},, 
Longitudinal metacentre above C.B. 624 ,, 


Coefficient of fineness, block 00s 0.721 
Ditto re section 0.9783 
Ditto L.W.L. 0.7954 
Ditto cylind 0.7375 


The naval complement is 11 officers and 148 men ; 
of the latter 55 are deck hands, 10 are artificers, 59 
are in the engineer department, and 15 in the com- 
missariat department, the remaining nine being for 
special work. 

The ship has four decks forward and five aft, with 
poop and forecsastle at a vr: higher level than the 
upper deck, as shown in the ive view of the 
vessel completed (Fig. 1, page 504). Amidshi 
ever, in the 8 , there is only one deck. The 
interior is divided into compartments by nine water- 
o— ao five of tlinatd te been made oil- 
tight for the ing. of liqui el as cargo, while 
the double cottons = arranged in fifteen Compest> 
ments, several of which are rendered oil-tight, to be 
utilised for cargo space when the holds above them 


, how- 
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are used also for oil. The crew is accommodated on 
the upper and berth decks aft, the chief petty officers 
on the port side of the upper deck aft, there being a 
sick bay on the starboard side, while the officers are 
arranged for on the poop-deck. The store-rooms are 
on the lower deck aft and on the lower and berth- 
decks forward. The oil-cargo pumps are accommo- 
dated forward in 9 compartment which extends from 
the level of the forecastle deck to the top of the forward 
peak tank ; there are also two peak tanks aft. 

There are thirteen holds for coal and oil, the liquid 
fuel being carried in eight of these, arranged in pairs 
on each side of a forward and aft bulkhead, with the 
necessary cofferdams. The holds for coal, however. 
extend the whole width of the es of the self- 
trimming type. The propelling machinery is arran 
aft, and tio neeh-Sunbees ato _aroeem the peda = 
and the machinery compartment. The total cargo 
capacity is 966,265 gallons of oil and 9856 tons of coal, 
or, —~ (rere a 405,617 gallons of oil and 11,377 tons 
of coal. 

The coal-handling gear was furnished by the Mead 
Morrison Manufacturing Company, and the stipula- 
tion of the contract was for the delivery of 100 tons 
per bucket per hour when the gear was operated by 
winchmen of one week’s experience. We take the 
main particulars of our description from a paper by 
Lieutenant 8S. M. Robinson, of the United States Navy, 
contributed to the Journal of the American Society 
of Naval Engineers. In this paper he stated that the 
support for the booms and rigging is a series of towers; 
each consists of two A-frames tied together with 
cross-bracee. There are seven of these towers in the 
waist of the ship and one on the superstructure. 
There is a single A-frame between the two after 
(7 and 8) towers, which acts as an additional support 
for the fore-and-aft trolley-way which runs between 
towers 6 and8. This trelley-way is a semi-box girder, 
and takes the place of the athwartship cable-span when 
transferring coal from the aftermost hold to No. 1 
bunker. Fig. 2, on the two-page plate, is a longitu- 
dinal section showing the single-frame tower 
the aftermost towers, which are typical of all in the 
waist of the ship. The trolley-way for the conveyance 
of coal from the holds to the ship’s bunkers is also 
seen. Fig. 3 is a longitudinal section showing the 
forward towers. 

At each tower, except thos: at each end, there are 
four jibs or booms, two on each side of the tower; the 
end towers have only one boom on each side. The out- 
reach and the gear of these booms is well shown on 
the cross-sections on the two-page plate, Figs. 4 to 6, 
showing respectively the aft, the midahip and the for- 
ward towers. The constructi: nal details of the towers 
and booms will be further understood by reference to 
the perspective views on page 508. The heel of each 
boom, it will be seen, is stepped into a socket on the 
side of the tower, and is sup y @ standing- 
wire topping-lift ; there are two guys for holding the 
boom in the per position in a fore-and-aft direc- 
tion, Figs. 2 and 3. The athwartship cable- > 
which acts asa track for the trolley, Figs. 5 ani 6, 
runs from a boom-head on one side of the ship to a 
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boom-head on the other side, the forward pair of 
booms on each tower plumbing the hatch just forward 
of it, and the after pair of booms the after hatch. 
The cable-span gives a travel of 20 ft. beyond each 
side of the ship, and has a sufficient height to clear 
20 ft. above the collier’s deck. Each m has a 
manila topping-lift for topping it up into a vertical 
position for housing ; it is held in this position by 4 
pin and also by a wire preventer. 

There are two winches, as shown in Figs. 4 and 6, 
on the two-page plate, and Fig. 7, on page 505, one 
clam-shell bucket of 1 ton capacity (Fig. 8), and a 
trolley for each pair of booms (Fig. 9). One winch 
has two drums, one for holding, the other for opening 
and closing; the other winch has one drum for 
traversing. The trolley consists of a carriage with 
two sheaves in the top f, which travel on the cable 
span, and with four sheaves in the lower half, these 
being for the opening and closing and holding lines. 
The line for traversing also makes fast to the trolley, 
but runs through no sheave in it. The grab-bucket is 
provided with an — head, to which the links are 
pivoted, and with a bottom head, to which the seg- 
ments of the shell are pivoted ; there is a triple-block 
in the lower head and a double-block in the upper 
head. The shell of the bucket is § in. steel plate, 
reinforced at the mouth with 1-in. by 8-in. steel jaws, 
bevelled at the cutting edge. The shell segments are 
hinged to the bottom head, and are connected by links 
to the upper head ; the construction of the bucket is 
such that when suspended from the upper head the 
segments will swing open and stay open until the 
upper and bottom heads are pulled together by the 
opening and closing line, which reeves through 
the blocks in the upper and bottom heads. There are 
supplied ten 1-ton and three }-ton grab-buckets. 

bucket, as shown in the various sectional draw- 


ings, is s ded in a bight by both the opening and 
closin holding lines, thus making these lines 
ind dent of the position of the trolley. The tra- 


versing line is continuous, so that it unreeves on one 
side of its drum as fast as it reeves off on the other 
side. One end of the opening and closing line makes 
fast toa boom-head (the one on the opposite side of 
the ship from its winch) ; it then reeves over a sheave, 
in the trolley, then through triple and double blocks 
in the bottom and upper heads of the bucket, then 
back through a sheave in the trolley, then through a 
sheave in the boom-head (the one on the same side of 
the ship as the winch), then up to a sheave in the top 
of the tower, then down to the drum of the winch, 
where it makes fast (Fig. 5). The lead for the holdin 
line is practically the same as that for the opening 
closing line ; the difference is that it reeves through a 
single block attached to the upper head of the 
bathet. The main function of this line is to rr 
the bucket when the opening and closing line is slacked 
off; the normal ition of the bucket being wide 
n, it immediately swings into this position as soon 
aa opening and closing line is slacked. When this 
line is closing in, the double and tri on 
the bucket are pulled together, and this pulls the 
halves of the bucket together, and keeps them 











that way as ra Ay the line is kept taut. The 
opening and closing line really acts also as a hoisting- 
line, and as soon as the bucket is closed, both open- 
ing and closing line and holding line are taken in 
together, and both act to hoist the bucket. The 
traversing line makes fast to a pin on the trolley, then 
reeves through a sheave at the boom head, then 
a a sheave (fairlead) on the side of the tower, 
then through a sheave in the tower, then around the 
winch-drum, then through a sheave in the tower, then 
through a sheave (fairlead) on the side of the tower, 
then through a sheave in the boom-head, then back 
to a pin on the trolley, making the circuit continuous 
from one side of the ship to the other. 

The hoisting-engine has twin cylinders, 10 in. in 
diameter and 12 in. stroke (Figs. 6 and 7); it runs in 
one direction only, and has a throttle operated by a 
foot-lever. It has twodrums, both of which are 
engaged by conical clutches covered with leather ; 
these are operated by hand-levers. There is a friction 
brake band for locking the holding drum, and this is 
operated by a foot-lever ; this brake is used when it is 
desired to keep the bucket suspended for any con- 
siderable period of time. The hoisting-engine also has 
an extension gipsy head for hoisting hatch-covers, 
booms, &c. The winch is operated by steam at 135 lb. 

ressure per square inch. 

The trolley-engine has twin-cylinders, each 8} in. 
diameter 10 in. stroke ; it has reversing links for 
changing the direction of rotation, and these are 
operated bys hand-lever ; the throttle is operated by 
foot-lever. The drum is split in halves by a plane at 
right angles to its axis ; one-half of the drum is locked 
by a key to the rotating shaft, and the other half is 
locked by a- conical friction device operated by a 
thrust-screw and nut on the end of the shaft. This 
clutch is ordinarily in all the time when running and 
is only thrown out when it is desired to take up the 
slack of the trolley-wire, which must always be kept 
taut ; to take in the slack of this wire the friction 
half of the drum is slacked off and held from rotating 
by a brake-band operated by a hand-lever ; the other 
half of the drum is then rotated until all the slack 
is taken up; the engine is then — and the 
halves of thé drum are locked together by the thrust- 
screw and jam-nut. The after trolley engine has an 
extension on the drum-shaft and a second trolley drum 
on this extension ; the second drum is thrown in or 
out bya clutch, and is used for operating the fore-and- 
aft trolley (Fig. 2) and taking coal out of No. 13 cargo 
hold for bunker purposes. The gear for holding, 
opening and closing is all rove off on the after tower 
for fore-and-aft coaling in practically the same way 
as for the transverse method, except that the leads are 
in a fore-and-aft direction instead of athwartships. 

In addition to the use of buckets cral can also be 
handled by either the transverse or fore-and-aft 
method by using four-pronged hooks for or by 
using skips, the latter being intended particularly for 
the ship’s bunkers. Each bucket requires two men to 
operate it, one man to open and close and hoist and 
lower, and another man to traverse. The bucket- 
operator has two hand-levers and one foot-lever to 
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operate ; his right-hand lever operates the opening 
and closing, and the left-hand lever the holding line ; 
the foot-lever operates the throttle of the engine. The 
trolley-operator has a hand-lever for moving the re- 
versing-links and a foot-lever for the throttle. Start- 
ir g with the bucket open and on the coal in the hatch, 
the operation is as follows:—The bucket-operator 
puts his right foot on his throttle and starts his 
engine, then throws in with his right hand the open- 
ing and closing drum, which pulls the bucket together, 
then throws in with his left hand the holding-drum, 
and the two drums hoist the bucket to the desired 
height ; he then takes his foot off the throttle and 
stops his age The trolley-operator will already 
have his links thrown in the proper position, and 
when the bucket comes up clear of the hatch he starts 
his engine by putting his left foot on the throttle- 
lever, and, when he has moved the bucket over the 
deck of the battleship, he takes his foot off the throttle 
end stops his engine ; he then throws his links into 
the reverse position for the return trip. As soon as 
ae is —. the deck of the battleship, the 
ucket-operator throws out the ning and closin 
drum, and the bucket immediately swings open. The 
trolley-operator then starts his engine and returns the 





bucket to the hatch, when he stops his engine and 
throws over his links for the next trip. As soon 
as the bucket is over the hatch the bucket-operator 
releases his hoisting and holding-druma, and lets the 
bucket drop on the coal, completing the cycle. The 
bucket will probably close as it drops, in which case 
the bucket-operator will throw in his holding-drum 
just before the bucket catches the coal ; the bucket 
will then open, and he can throw out his holding- 
drum, dropping the bucket on the coal. 

The operating - platform is situated about 25 ft. 
above the deck, and inside the tower. The levers are 
placed here, and are connected up to the engines by 
means of shafts and bell-crank levers. From this 
position the operator can always see the bucket, both 
when taking coal out of the hatch of a ship and also 
when taking it from a barge or another ship along- 
side. The levers were chan to this position after a 
trial with them when on the deck alongside the 
winches. A great deal of trouble was experienced with 
the operation under these latter conditions, and it was 
also necessary to have a third man stationed at the 
rail to give signals when taking coal from a barge 
alongside. 

As regards the oil-handling system, Lieutenant 





Fic. 8. Tuer Coat-Gras Buckets, 


Robinson says:—For filling and emptying the 
cargo-holds, there are four 6-in. gate-valves on the 
forecastle, and 6-in. wrought-iron pipes, which lead 
from these valves down through the forecastle, where 
two on each side join into an 8-in. pipe, and theee 
two 8-in. pipes in turn connect to a 10-in. rieer, which 
leads down to the pumps in the pump-room. There 
are also two 6-in. connections with blank flanges on 
the side of the ship which also join the 10-in. riser. 
In the pump-room there are two 14-in. by 12-in. by 
12-in. horizontal duplex —- manufactured by the 
Canton Hughes Companv. ey are rated at 1000 
lions per minute each, with a steam pressure of 
30 lb. From these pumps two 10-in. wrought-iron 
suction and filling lines lead aft along each side of the 
centre-line bulkhead, with a 10-in. st. p-valve in each 
oil-hold operated by hand-wheel on the upper deck. 
These lines are carried on the top of the floor in 
holds 1, 2, 3, and 4, and in the double bottom under 
holds 5, 6, 7, and 8. An 8-in. connection for the 
flooding-tank is provided on the suction side of the 
pump and carried to the sea-valve in the forward 
trimming-tank. A 10-in. Macomb strainer is fitted 
on each pump-suction. Each oil-hold is also provided 
with s» 2-in. hand-pump suction, which leads to 4 
manifold on the bulkhead and thence to a hand-pump 
on a grating in the pump-room. Heating-coils of 
l-in. pipe are fitted about the 10-in. suction in each 
hold ; they are supplied with steam from the pump- 
room and drained into the auxiliary exhaust on the 
<4 deck. Cross-connections in the pump-room 
allow pumping with either one or two pumps, from one 
hold to another, overboard or from overboard. A 
No. 3 ‘‘ Sirocco” fan placed on the berth-deck above 
the pump-room is connected to the 10-in. oil suctions 
for removing gas from the various holds. 

The fire-main and flushing systems can be operated 
by the salt-water sanitary pump, ballast-pump, or the 
fireand bilge-pump. The salt-water —— pump is 
a 6-in. by 8}-in. by 6-in. horizontal duplex Blake 
pump rated at 350 gallons per minute. The ballast- 

mp is a 7}-in. by 9-in. by 10-in. vertical ~— 
Blake mp rated at 660 gallons per minute. e 
fire bilge-pump is a 12-in. by 8}-in. by 12-in. 
vertical duplex Blake pump rated at 590 gallons per 
minute. All three pumps have 6-in. suctions 
the same sea-chest, which is in the starboard forward 
corner of the engine-room near the pumps. 

The fire and bilge-pump and ballast-pump have a 
cross-ccnnection to a 5-in. discharge, to which the 
fire-main connects. There is a 7-in. galvanised 
wrought-iron riser which leads from this cross-connec- 
tion up to the forward engine-room bulkhead on the 
starboard ride to the level of the berth-deck ; from 
here a 4-in. branch is led up under the poop-deck and 
aft, reducing in size to 2}-in. diameter, and supplying 
2}-in. fire-plugs on the upper and ouapadl” The 
7-in. riser continues forward under the berth-deck on 
the starboard side until it reaches the forward fire- 
room bulkhead, where it divides into two 6-in. branches, 
one running forward on the starboard side, and the 
other on the port, both above the upper deck. These 
branches are both reduced in size to 34 in., and supply 
ts fire-plugs on the upper deck and forecastle. 

are 


Ss ews -valves, which admit water to the 
top-side tanks, and also to the cofferdam. In 
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the fire-room 24-in. connections are taken off for both 
ash-shovte. Both of the forward branehes, and also 
- after one, are controlled independently by cut-out 
valves, 

The refrigerating system uf the ship is most com- 
plete, there being, for instance, a 3-ton ammonia ice- 
machine, a 7-in. by 10-in. ammonia compreseor and 
9t-in. by 10-in. engine, a brine-tank, 4 ft, 94 in. 
by 22 in. by 4 ft. 1 in., a 44-in. by 23-in. by 4-in. 
duplex double-acting Deane pump for circulating 
cooling-water, a similar pamp for circulating brine, 
and a refrigerator-room divided into four compart- 
ments, and containing 2884 cub. ft. stowage space. 
Thea i hine and brine-tank were furnished 
by the Vilter Manufacturing Company, of Milwaukee. 

As regards the propelling machinery, we gave in 
previous issues drawings details of the installation 
(see ENGINEERING, vol. xciv., 273, 387, and 412). 
It may be stated here that the boiler installation 
includes three double-ended cylindrical boilers 23 ft. 
Of in. long over all, with a diameter of 16 ft. 3 in. 
Each boiler has eight furnaces 40 in. in diameter, 
with a fire-grate 5 tt. 74 in. long, the grate surface of 





each boiler being 150 sq. ft., the heating surface 
6460 sq. ft., a ratio of 1 : 43.06. The working pressure 
is 190 lb., and the Howden system of fo draught 


is applied. The main engines consist of one Curtis 
turbo-generator, two induction motors, two water- 
cooled rheostats, and one switchboard, the excitation 
for the main generator being taken from one of three 
35-kw. generators utilised for the electric lighting and 
motor working of the ship. The turbo-generator 
furnishes power to the motors, of which there is one 
on each propeller shaft. All changes of speed are made 
by changing the speed of the turbine, thus varying 
the frequency of the generator, and consequently the 

of the motors. The following data regarding 
the turbines and turbo-generators are taken from 
Lieutenant Robineon’s paper, and should be read 
in reference to the sectional drawings published in 
ENGINEERING, vol. xciv. :— 


Turbo-Generator : 
Weight of bed-plate ... sun a 16.3 tons 
Length je a “i ... 26 ft. 24 in. 
. a over all ... a ey 
Height, extreme ss sp a | ee ee 
ee Sines ods ra Pe 3 
Turbine bearing, diametcr ... die 8 in. 
= - length a oe ie 
Middle bearing, diameter 14,, 
- ~ length a er 30 ,, 
Generator bearing, diameter al 10 ,, 
a a length ... a pa 
Turbine : 
Weight ... sai oe 28.7 tons 
Revolutions per minute 1990 
Number of stages aes oa ” 9 
be rows of moving blades 
(two rows in first stage) ... ua 10 
Number of rows of fixed blades 
(first stage) ... des <3 fie 1 











Thick- | Width | Thick- | 
Stage. ness of _ of | ness of Material of Blade. 
| Blade. | Blade. | Blade. | Base. 

in. in. | in. in. 
1 . i“ oi H Monel metal. 
« ue a ” 
2 1 Ys 1 ve Phosphor-bronze. 
3 1 ve 1 | is ” 
«| 3 ts a e 
; | 1 | * ” 

« 1 ” 
7 7 | i Monel metal. 
8 | ry i * 
9 | nu & | in| a - 


| 
| 





Turbine-Wheel Data. 





Generally the turbo-generator follows the practice 
in the electrical industry of the United States. Ac- 
cording to a paper read by Mr. W. L. Emmet, at the 
last summer meeting of the Society of Naval Architects 
and Marive Engineers, held at New York, there is 
only one feature about the generating unit which is 
different from the type of units ordinarily used for elec- 
trical purposes—that is, that the governor is sodesigned 
that it can be set to hold any desired speed through a 
wide range, the adjustment of the governor being the 
normal method of speed variation used in this vessel. 
The ehip can also, if desired, be controlled by a 
throttle, so that the governor is simply a convenience, 
and in no sense a limitation. The windings of the 
generator which carry the alternating current are on 
the stationary part, and are insulated with non-fusible 
material. The erator obtains its own ventilating 
air by powerful impellers attached to the ends of the 
rotor. This air is delivered from the top of the 
compe 9 through a duct which connects to the space 
rom which the fire-room blowers take their air supply. 
The heated air from the motors also passes out of the 
engine-room through similar ducts. The revolving 
parts of the motors are connected to water-cooled re- 
sistances through collector-rings, and means are pro- 
vided by which these collector-rings can be short- 
circuited, so that the rotor-circuits are closed upon 
themselves. Such a condition, with the resistances 
cut out, is the normal state of efficient operation, the 
resistance being used only for the purpose of giving & 
large torque in réversion. The vessel can be operated 
with the resistance continually in circuit. With 
this connection, the immediate movement of either 
motor in either direction is very convenient, and this 
method of operation is normally used in manceuvring 
in narrow waters or about wharves. The ship can, 
however, be manceuvred and reversed without the 
use of the resistance, and while this method has not 
yet been fully experimented with, it is thought 
that her reversal even without the resistance will be 
as effective as that of vessels having existing types of 


uipment. 
“ie the Jupiter's apparatus was designed a method 
of designing induction motors has been developed 
which will give sll the desired characteristics for 
reversal without the use of external resistance. Such 
motors will have squirrel-cage rotors, which are of & 
simpler character than the wound rotors now used. 
While the method of control and operation of the 
Jupiter is extremely quick and simple, the operations 
nec with this new type of motor will be simpler 
still. ith this new method it will be extremely 
easy to ———- all the operations of speed control 
or reversal of either propeller from the bridge if 
desired. 

After having been docked and the hull cleaned, the 


Ju 
48-hour unofficial trial. On this 48-hour trial the me 
averaged 14.78 knots. The average power delive 
Ay nerator was 5000 kw., corresponding to about 

indicated horse-power. The average revolutions 
of the propeller were 115 per minute. 





MERCHANT VESSELS UNDER CoNnsTRUCTION.—Lloyd’s 
Register of Shipbuilding Returns for the quarter ended 
September 30, which take into account vessels of 100 


tons and upwards only, the construction of which had | bef 


already begun, and excluding warships, show that there 
were 486 vessels, of 1,723, tons gross, under construc- 
tion in the United Kingdom, as against 477 vessels and 


1,722,124 tons on June 30 last, and 508 vessels and 


1,987,254 tons cn September 30, 1913. Of the vessels | and 


being built in the United Kingdom at the end of Sept- 
ember, 389, of 1,266,164 tons, are under the inspection of 
the surveyors of Lloyd’s Register, with a view to classifi- 
cation by that Society. 





Tue Expansion oF Trapge.—In Amsterdam there is a 
Cx cial Intelligence Office (Bureau voor Handelsin- 








. Width of Widthof | Cl 
Stage. Diameter. Hub Tip. Between Hubs. 

in. in, in, in. 

62} 

(aft) 
1 61} 5 3.519 | a 

(forward) ! 
2 62 4 1.5 4 
3 6) 4% 15 | aie 
o 61 43 1.5 | wh 
5 4 1.5 | * 
6 58 4 175 | ss 
7 56 2.1256 | ?s 
8 54 5 2375 | 7s 
9 52 8.25 } ay 
Clearances, 
In. 


Between nczzles and first moving blades, firstetage 0.080 
nih firet moving blades, first stage, and fixed 


Ditto fourth stage 0.140 
Ditto fifth stage 0.140 
Ditto sixth stage 0.160 
Ditto seventh stage 0.160 

= stage 0.1390 
Ditto ninth stage 0.180 


| break of the war it was 





lichingen) at 16, Oudebrugsteeg, which is subsidised by 
+ ae wy Rag —— b May: apa 0. <a 

gh Onnes, for the purpose of aiding the expansion o! 
trade. This imstitutlon receives samples of goods for 
exhibition, and answers questions as to foreign and home 
markets, and as to the places or firms from which goods 
can be obtained, or when iy likely to find a demand. 
This is done free of charge, but applicants are required 
to give references to a bank and to two commercial firms, 
and to send stamps for postage at the Continental rate. 
—— as to the financial status of firms are not enter- 
tal . 





Tue New Army.—Since August 1, out of the em- 
Ew of Messrs. Charles Burrell and Sons, Limited, 
of Thetford, who employ in ordinary times about 400 
hands, 107 have joined the colours. One of the directors, 
Captain C. W. W. Burrell, is also serving. On the out- 

recognised t those that 
remained at home owed a duty to help those who had 
enlisted, as far as they could, and so they agreed to 
subscribe weekly 24 per cent. of their wages to a fund, 
out of which donations are being given to the various 
needs that have arisen out of the war. In Sir John 
French’s last dispatch there weer the names of two 
officers, Captains Bearne and Oy ~=gaans of the 
A 8.C., who are both old pupils of the firm, 


wo made a set of standardisation runs, and 4/ alth 





NOTES FROM THE NORTH. 


: GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday ing the 
pig-iron market —_ with a dull tone, and no dealings 
were recorded. Buyers’ quotations for Oleveland war- 
rants were steady at 48s. 3d. cash and 48s. 6d. one month, 
but sellers quoted easier at 48s. 7d. cash and 48s. 10d. 
one month. The market was firmer in the afternoon, 
and altho no dealings took place, sellers of Cleveland 
warrants adva: their prices 5d. per ton to 49s. cash, 
49s. 3d. one month, and 49s. 9d. three months. Buyers 
named 488. 7d., 48s. 104d., and 49s. 6d. respectively. 
On Friday mo Cleveland warrants got stronger, 
and 2000 tons were done at 49s. cash, and 49s. 3d. twenty- 
one days, and closing sellers quoted 49s. 1d. cash, 49s. 44d. 
one month, and 49s. 104d. three months. The afternoon 
session was quite idle, but the upward movement con- 
tinued, and sellers of Cleveland warrants named 493. 4d. 
cash and 49s. 7d. one month. On Monday morning busi- 
ness was again at a standstill, but Cleveland warrants 
were firmer, and sellers quoted 49s. 6d. cash, 49s. 9d. 
one month, and 50s. 8d. three months. In the afternoon 
the market was idle, but the tone continued firm. At 
the close the quotations for Cleveland warrants were 
called 493. 74d. cash, 49s. 104d. one month, and 50s. 44d. 
three months, sellers. On Tuesday morning the tone 
was steady, and 3000 tons of Cleveland warrants were 
put through at 49s. 8d. cash, 49s. 104d. and 50s. one 
month, and from 50s. 3d. to 50s. 6d. three months. 
Closing sellers’ prices were 49s. 9d. cash, 50s. one month, 
and 50s. 7d. three months. There was nothing doing in 
the afternoon, and Cleveland warrants were ld. down. 
When the market opened to-day (Wednesday) Cleveland 
warrants were almost stationary, except that buyers were 
offering a trifle less than yesterday. No dealings were 
recorded, and sellers’ closing quotations were 49s. 8d. 
cash, 49s. 114d. one month, and 50s. 6d. three months. 
In the afternoon the market was again idle, and sellers of 
Cleveland warrants quoted a shade easier at 49s. 74d. 
cash, 493. 11d. one month, and 50s. 5d. three months. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has exhibited a slightly better tone lately, and 
there is more inclination on the part of buyers to place 
forward orders. Prices show a hardening tendency, and 
me current fg - 9 ton, we or Leith, 
or pt lots, and about 11/. 5s. per ton, Glasgow or 
Leith, for forward deliveries. 

_ Increase in Steelworkers’ Wages.—The men employed 
in the *‘ steam section” of the West of Scotland steel 
trade were recently informed that their wages would 
be increased by 10 per cent., as from October 12, and the 
first —- at the advanced rate was made last Satur- 
day. © wages are lated by a sliding-scale, ad- 
justed by a Conciliation Board, and the present increase 
is based on a 1/. per ton rise in the selling price of ship- 
plates two months ago. The advance, which averages 
an increase of 3s. 6d. per week, will benefit over 2000 men. 


Scotch Steel Trade.—One week is very much like its 
predecessor in tke Scotch steel and iron trades at the 
present time, and movement is indeed very slow. Prices, 
ough inclined to be easier, are still very high, from 
the buyer’s point of view; but sellers, who had previously 
to work on a very thin margin owing to Continental 
competition, are still of opinion that their demand 
for a higher basis for their products is really not un- 
just. Raw material is dear, and labour is better 
rewarded, and the latter is scarce as well, so that a 
higher standard of prices is a necessity. Of course, the 
sudden advance on the outbreak of hostilities had the 
effect of checki — to some extent, but it is 
freely anticipated that a better state of things will prevail 
‘ore long. Not only is the home demand rather quiet, 
but orders from abroad have also fallen off, and, with the 
exception of one or two markets, the general inquiry is 
poor. With the shipbuilding industry not booking much 
new tonnage, the demand for ship-plates is not heavy, 
the same may said of sections. Makers of 
black sheets report that they are not overburdened with 
specifications of any kind, although the heavier gauges 
are keeping them going fairly well. 

Malleable-Iron Trade.—No change of any importance 
can be reported with regard to the demand for malleable 
iron. Some establishments are moving along fairly satis- 
factorily, while others have difficulty in securing enough 
for a decent week’s work. 


Scotch Pig-Iron Trade.—No improvement has taken 
place in the Scotch pig-iron industry, and makers are 
rather quiet. The local demand continues poor and 
export inquiries are on a somewhat eestricted scale. 
Prices are still easier, but customers are not yet inclined 
for anything but very limited dealings, owing to the 
rather unsettled state of the world’s markets; but the 
firmer tone in warrants may have the effect of inducing 
some fresh business and of hardening prices. 

Scotch Imports of Iron and Steel.—The registered imports 
of the undernoted kinds of iron and steel into the ports 
of Glasgow, Greenock, G mouth, Leith, Dundee and 
Aberdeen, during the m4 of September, are given 
below, and make interesting reading :— 


Ex Continent. Ex U.S.A. 
Tons. Value. Tons. Value. 
£ £ 


Iron bars, angles, &c. .. - 23 253 = 
Steel bars, angles, &c. .. re — _ 66 455 
Iron and steel hoops and strips 195 2117 1141 8619 
Iron and steel plates and sheets, 


tin "~~ 
ron 8 an ee 
under } in. ne ee a 





223 2466 1207 = 9104 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—So far 2s house-coal l is 
concerned, the local position does not show much activity. 
At the dépéts there is pronounced weakness, and s 
would be ny at the pits but for Soames 

roducers in reducing output so as to conserve supplies 
of timber. The decline is easily accounted for. Plast 
month householders bought big supplies for winter- 
stocking purposes, and now that prices have advanced 
the run = suddenly ceased. Values, however, are 
firm, and are likely to appreciate when there is a 
continuance of cold weather. There is no improve- 
ment in the steam-coal position. The local industrial 
demand is a | maintained, which, considering the huge 
requirements of the armament factories, is something to 
be thankful for; but the export demand is even on a 
smaller scale than a week ago. A moderate tonnage of 
gas fuel is going inland on contract account. As in the 
case of hard coal, shipments are smaller. Slacks are 
weaker, and with the increase of stocks and the absence 
of any improvement in the Lincolnshire position, there is 
a good deal of underselling of listed values. Coke isa 
fair market; prices are sbeady. Quotations : — Best 
branch hand-picked, 16s. to 16s. 6d.; Barnsley best 
Silkstone, 12s. 6d. to 18s. 6d. ; Derbyshire best a 
12s. 6d. to 13s. 6d. ; Derbyshire house, 11s. to 12s. ; b 
large nuts, 11s. to 11s. 9d.; small nuts, 9s. 3d. to 10s, 3d.; 
Yorkshire hards, 11s. to 12s.; Derbyshire hards, 9s. 9d. 
to 10s. 9d.; best slacks, 7s. to 8s.; seconds, 4s. 9d. to 
5s. 9d.; 1s. 9d. to 2s. 9d. 


Tron and Steel.—Though South Yorkshire manufacturers 
do not show undue eagerness to capture Germany’s cheap 
native trade, a considerable amount of foreign business 
is being diverted into local channels, and the number of 
firms benefiting is quickly increasing. In this respect 
valuable assistance is given by the Shethel id 
University, with whose approval a scientific advisory 
committee, consisting of the members of the Science and 
Applied ience, and the Department of Economic 
Faculties, is to be formed to assist in the extension of 
export trade by directing manufacturers, experimenters, 
ond inveutess to scientific and technical literature bearing 
upon the difficulties with which they are presented in 
dealing with new problems, and by putting manufac- 
turers into communication with suitable scientific and 
practical ex opinion, and giving other similar help 
or advice. foundation of this committee is subject to 


the understanding that it shall do no work which could | the prod 


readily, and in the ordinary way of business, be done by 
local professional experts. The committee should be of 
real assistance to the South Yorkshire manufacturers. 
This is but another instance of the gratifying tendency to 
bring practical and theoretical science into active co- 
oo for the general advancement and broadening 
of British industry. Raw material is — but consump- 
tion keeps pace with production, and the undertone is 
steady. West Coast hematites are quoted at 81s., East 
Coast at 73s. 6d., Lincolnshire foundry at 59s. 8d., 
Lincolnshire forge at 58s. 8d., Derbyshire foundry at 
56s. 9d., and Derbyshire forge at 56s. General je in 
bars, which stand at 8/. 5s., is a little better. Sheets 
are unaltered at 9/. 10s. Government uirements of 
steel goods are exceptionally large. Guns, shells, 
trenching tools, and bayonets are being turned out 
at the Dighest possible speed. Piece manufacturers 
have booked some good orders. —— steel is bein 

made for the United States, South Africa, India an 

Australia, railway wheels and axles for India, and 
locomotives and wagons for several of the English 
and Irish railways, including the Hull and Barnsley and 
Metropolitan Railways. Trade in billets is on the increase, 
— work is more plentiful in the lighter sections of 
industry. 





Rerait Foop Prices.—In a detailed examination of 
the changes in reteil food prices since the outbreak 
of war, given in the Labour Gazette for September, it was 
shown that a sharp general rise in the first week of 
August raised the average level of prices at the 8th of 
that month to 15 or 16 per cent. above the normal level 


of July. This was followed by a fall in the prices of | § 


most articles, and at September 12 the average net ad- 
vance had been red to about 10 per cent. Sub- 
sequent information as to the movement of prices 
between September 12 and October 1 shows that, on the 
whole, a slight upward movement took place between 
those dates. were appreciable increases in the 
prices of sugar, and fish, and although the price of 
pottase continued to fall, the general net increase over 

uly prices, at October 1, averaged about 12 per cent. 
eo various changes in prices in the propor- 
tions in which the different articles are estimated to enter 
into working-class expenditure, there was an pe 
increase, between “- -y 29 and October 1, of nearly 
2 per cent., raising the general level of prices at the 
latter date above the normal level of July, 1914, by about 
13 per cent. in the larger towns, and nearly 11 per cent. 
in the smaller towns and villages. Of di 
October 1, averaging 86 cent. in the larger towns and 
76 per cent. in thes i 
fon nn One eS 

» Margarine, brea 

beef and mutton, 


; 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A very quiet, though less 
— feeling prevails in iron-trade circles. Very 
ittle pig is hands just now, and some customers 
are not taking out supplies inst contracts. What 
business is passing is still confined chiefly to transactions 
in small lots for early delivery. Values of Cleveland pig 
show some improvement on those of a week ago, but 
hematite quotations are falling a little. A few in- 
quiries for pig-iron for Scandinavia and Italy are re- 
ucers of Cleveland pig complain that 
current quotations are unremunerative, but, notwith- 
standing —_ a7 are anxious to keep their fur- 
naces going through the winter months, and are deter- 
mined not to blow out if they can avoid doing so. 
There are at present seventy-one blast furnaces in 
tion on the North-East Coast. No. 3 g.m.b. Cleveland pig 
is 50s. f.o.b., though possibly in odd cases purchases 
can be made from second hands at 49a. 104d. No. 1 is 
52s. 3d.; No. 4 foundry, 49s. 6d.; No. 4 forge, 49s. 3d.; 
and mottled and white iron, each 49s. Both makers and 
merchants offer Nos. 1, 2, and 3 East Coast hematite at 
63s. 6d., and any serious effort to buy even at below that 
figure would probably receive favourable consideration. 
Producers consider the market quotation lower than it 
should be, but it is still high in comparison with values 
of Cleveland pig, for whereas mixed numbers of 
hematite for long stood at 8s. to 10s. above No. 3 
Cleveland, the difference now is 13s. 6d. There is little 
or nothing passing in foreign ore, and in the con- 
tinued absence of transactions it is difficult to a 
fix quotations. Sellers still ote on the basis of 17s. 6d. 
ex-ship Tees for Rubio of per cent. quality, but an 
impression prevails that no difficulty would be experi 
in i substantial contracts on is of 17s. 
Imports of iron to Middlesbrough to date this month are 
ot, given we hang i. a hts gy 
are very at 4s. 6d. e keepsdear. Av 
Durham blast-furnace kinds are 17s. ea. 
livered at Tees-side works. 


Iron Trade Statistics. — According to the quarterly 
teturns of the Middlesbrough Chamber of Commerce, 
there were at the end of September last forty-seven 
blast-furnaces in operation within the t of Middles- 
brough, as compared with fifty-five at end of Sept- 
ember a year ago. During the third quarter of the 

uction of ye in Middle: brough was 573,000 
tons, of which 300, tons was Cleveland iron, and 
272,000 tons hematite, spiegel, basic, and other i 
irons. For the previous quarter the output was 000 
tons, 355,000 tons of which was Cleveland pig, and 240,000 
tons hematite, &c,; and for the corresponding quarter a 
~~ ago the make was 667,000 tons, 407,000 tons being 

leveland and 260,000 tons hematite, &c. Imports of 
foreign iron-ore to Middlesbrough last quarter reached 
484,371 tons, as compared with 490,768 tons during the 
previous quarter, and 549,211 tons during the third quarter 
of 1913. The total imports of ore for the nine months 
amount to 1,494,184 tons, as com with a total of 
1,745,194 tons for the same period last year. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 106,125 tons. 
Since the beginning of the month the stock been 
increased by 3161 tons. Shipments of pig-iron from the 
Tees to-date this month average 2098 tons per working 
day, the total despatches being returned at 37,779 oo 
32,819 tons of which have gone from Middlesbrough, 
4960 tons from Skinningrove. To the same date last 
> the — - - * or 8 

y average 0} tons, ‘or correspondin 
of October a year ago the clearances reached 
=" tons, or an average of 3594 tons per working 

y 


Manufactured Iron and Steel.—There are no new 
features of moment in the manufactured iron and steel 
trades. Works are kept busy. New orders are some- 
what scarce. Billets are in good demand in uence 
of the cutting off of su ios loom Gespeny ond al um. 

incipal market quotations stand :—Common iron 

a Som ase Case, es Gee 


light iron rails, 7l. 15s. ; heavy ; 
steel railway sleepers, 7/.—all net at works; and galvani 
corrugated sheets, 24 gauge, in bundles, 14/. f.o.b.—less 
the 4 per cent. 





NOTES FROM THE SOUTH-WEST. 
Cardif.— Admiralty and dry descriptions of steam-coal 
have shown pom | ; other qualities have exhibited 
little change. So far as Admiralty and dry classes are 


concerned, colliery-owners have secured ample orders. 
Forward business ie somewhat at a seandetill bus there 


coal has realised 19s. to 20s.; good households have made 
17s. to 18s.; No. 2 Rhondde large hee brought 1. to 
13s. 6d; and No. 2 smalls have made 7s. to s. 6d. per 


to 17s. 9d. de-| B; 


Bristol Engineering Society.—At a meeting 
gineering Society formed under the auspices of 

niversity of Bristol, Professor Semen, Pooien 
1914-15, delivered his inaugural address. The professor 
dealt at considerable Jength’ with the water supply of 
ancient Rome. The Romans, he said, were essentiall: 
@ constructive race; they were highly educated, am | 
were a people who understood the principles of - 
draulics. Ancient Rome was supplied with water by 
four aqueducts which delivered 51,000,000 gallons daily ; 
this was a quantity much in excess of modern dementias 
and to-day the surplus water which still flowed through 
the old aqueducts was utilised for generating electric 
current. @ professor laid stress upon the fine gate- 
ways and — which = Romans built wanes it 
was necessary for an uct to traverse a highway. 
Of the water conely a ancient Rome 240 miles, “he 
stated, lay underground, while for 42 miles it was 
ground. The good state of preservation of the Roman 
aqueducts was due principally to the stone used in their 
construction—Tufa, a stone of volcanic origin, and soft 
enough when first exposed to the air to be worked 
with bronze tools, produced exceedingly hard and 
durable building materials after exposure to the atmo- 


Dowlais.—The blast-furnaces have had a full output, 
and some pig-iron bas been passed into stock. The Goat 
Mill has been, engaged u large heavy steel raile, 

ing steel, tin-bar, and square mercantile steel. 

he steel-s] press has also been fully occupied. The 

Big Mill has been employed upon tram-rails as well as 

u sole and fish-plates. The mechanical department 
the works has been well occupied. 


Welsh Coal E. ts.—The cargo ex of coal from 
ristol Chenadl pests in Septem amounted to 
1,388,798 tons, as compared with 2,510,338 tons in Se 
ember, 1913. The exports of bunker coal in Septem 
were 322,337 tons, as compared with 421,487 tons. Cargo 
exports ee ceased in ber to Russia and Ger- 
many, while shipments to igium were only trifling. 
There was also a considerable contraction in the deliveries 
to France. 
The Mining Engineers.—The Association of Minin 
ical Engineers has postponed its visit to Sou 
Wales, which was to have taken place this month. The 
aes is due to the fact that a large number 
of the members of the Association are now on active 
service. Hopes are entertained that the Arsociation 
will carry out its Welsh programme next year, but, 
¢ course, everything depends upon the duration of 
war. 





Tue New Army; Mecuanicat Transport.--It was 
announced last Saturday that there were still a few 
vacancies for com tb w and engine-smiths in 
connection with mechanical transport formations of 
the Army, and highly-trained men were requested to 
communicate ‘at once, in writing, with Mr. Frederick G. 
Bristow, F.C.1A., , the Commercial Motor- 
Users’ Association (room 58), 83, Pall Mall, London, 
8.W., when their applications would be forwarded to the 
proper quarter. 





Tue Navat anp Minitary Agrop.tang Encing Com- 
PETITION, 1914.—The Army Council have decided, on the 
recommendation of the Judges’ Committee, to make the 
eee prize of 5000/. to the Green 
——_- pany for the Green 100-horse-power water- 

engine No.1, which best fulfilled the require- 
ments of the competition and possessed the it per- 
centage of attributes desirable in an jane engine ; 
a of 100/. for each engine to the undermentioned 
firms in respect of the engines entered by them which 
—— successfully mains trial of a six- 


continuous run at full power :— ~ 

Argylis, Limited.. é os a os ee 100 

Beardmore Austro-Daimler Engine Company .. 200 

British Anzani Engine Company .. ee ee 100 

Dud Iron Works Company .. s ow 300 

ne Company ee . oe oe 200 

Green Engine pany oe 100 

Sunbeam Motor-Car eee oe 100 

: Wolseley Tool and Motor Company ao 200 
ee Goon eoeiegeentinn to which the War Uffice has 
ion awarded 50002. prize offered in the Naval and 


Aeroplane Engine Competition, is of practical] 

is sume cumiaalion ob the saaiog Gite oo Eonsenes 

in our issue of cones this year. The Green engine 
i 





engine. 
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The charge for advertisements is three shillings for the first four 
lines or under, and eigh' for each additional line. The line 
ave seven words. all orders 
- ane “aS oo ed advertisements on the ee - 

‘erms for 
and on the inside pages may be obtained on application. The 
are 12 in. deep 9 in. je, divisible into four columns of Es fn. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. © 

Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
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RELATIONSHIP BETWEEN SCHOOL 
AND WORKSHOP. 

InpustTRIAL efficiency depends very largely on the 
relationship between schoul and factory. This is 
not only because in the school the future artisan 
lays the base of the foundation of his career as a 
workman, but also because there is need for a con- 
tinuance of education in association with a - 
ticeship, and advantage is to be won by a fuller 
recognition of the function of the teacher in 
directing, as far as is prudent, the pupil in the 
day school or at evening along the line of 
activity most suited to his characteristics or natural 
aptitude. This problem is ever with us; but it 
is forced into the greatest prominence in our pre- 
sent state of emergency ; firstly, because of the 
transfer of so many of our efficient and energetic 
workers from the industrial army to the defensive 
forces of the nation ; secondly, because there 
are in front of us great prospects for com- 
mercial expansion associated with intensified inter- 
national competition ; and, thirdly, because the 
prevalent conditions, with their disorganisation 
and uncertainties, require that the numbers who 
are not specially trained for, and firmly on, 
the industrial ladder shall be minimised. It was 
therefore appropriate that the President of the 
Board of ucation—Mr. J. A. Pease—in his 


of pupils beyond the age of fourteen, not only to 
meet the future —T,: but also some of the 
special emergency difficulties. Many youths who 
leave school at the compulsory age-limit, which, 
in Mr. Pease’s opinion, is too early, and involves 
loss, cannot find a subsistence in ‘‘ blind-alley” occu- 
pations on account of the a derangement of 
commerce and industries, and being, therefore, all 
the more dependent on the State, can readily be 
made subject to some degree of compulsory education 
beyond the age of fourteen. With the regulations 
by which this may be brought about we have no 
concern, but clearly if, as a consequence of the 
conditions mentioned, it is possible to bring under 
mcies many who, under 
normal conditions, would be ‘lost to education,” 
the net result may be a gain, by producing grou 
as 
physique, mental habits, and specific attainments 
or trades and permanent occupations in which 


of sixteen. 
But Mr. Pease, too, looks beyond the present 
emergency, and ises that after the t 


upheaval there will many permanent e 
e thinks that the future will bring a clearer 


life and training, in so far as there will be an 
increased incentive to forward the vocational 
side of State-directed education. ‘‘ Let the children 





remain at school to prepare themselves for the 


enterprises of their manhood and womanhood.” 
This sweeping recommendation, in itself a counsel 
of perfection, will, we fear, necd some qualifying. 
It is obvious that the more thoroughly a youth w 


_grounded at school in, say, the essential mathe- 


matics and technical drawing of the engineer 


to 
| take a particular case), and the more sestoanaty be 


has become acquainted with the properties of 
materials and the purposes of machines, the more 
rapidly and fully will he profit from his appren- 
ticeship in the shops. Yet it may be remarked 
that there is nothing novel in that reflection. 
On the other hand, as there is bound to be an 
increased demand for capable youths to fill vacant 
— in the various fields of human activity, it 
‘ollows that preparation at school for specific Ress 
of work may receive more consideration from edu- 
cational authorities, and be commenced at a some- 
what earlier stage than has been customary with 
us. Might it not also happen that increased 
endeavour will be made to devise and apply reliable 
means for discerning qualities and tendencies, and 
adequate schemes for fostering ability associated 
with character, as the great assets of the nation. 
It is in this direction that we look for augmented 
efficiency, and no doubt the speculations of Mr. 
Pease foreshadow reforms with such ends in view. 

The world of work needs capable workers in 
every station ; but every station does not need 
precisely the same kind of ability. Plato recog- 
nised diversities of nature, and therefore differ- 
ences in adaptability for different occupations. So 
he is now numbered among the advocates of 
vocational training. These theorists (or, should we 
say, hard-headed, matter-of-fact, practical men ?) 
urge us to determine as early as possible the direc- 
tion in which the natural ability of a young person 
— to be most applicable, and thereafter to 

ring to bear upon that natural ability well-ordered 
specialised education for the work he will have to 
face. The trouble, of which the Board of Education 
is doubtless well aware, lies in determining what 
line should be selected for the prospective worker. 
Accuracy of judgment and wisdom, not to say 
fairness of advice, may be difficult to secure in many 
cases, with as sequel the risk of individual and 
national loss. 

Here and there in Britain of late years organised 
efforts have been made to arrive at a reasonably 
j of selection for the objects here 
indicated. Of these efforts, that which has been 
pursued for six years or so by the School Board 
of Edinburgh merits attention; and it may be 
confidently predicted that what Edinburgh has 
done will prove of special value in determining 
the development of the general scheme which is 
more or less definitely implied in Mr. Pease’s cir- 
cular letter. The Education Act (Scotland), 1908, 
empowered school boards to maintain, or combine 
with, other bodies to maintain, ‘‘an agency for 
collecting and distributing information as to em- 
ployment open to children on leaving school.” 
This simple phrase became the starting-point of 
a far-reaching movement. In September, 1909, 
an Educational Information and Employment 
Bureau was established in Edinburgh on the prin- 
ciples which that eminently able and unsparing 
worker, Mrs. Ogilvie Gordon, D.Sc., of Aberdeen, 

long and vigorously advocated.  ~ :¢ School 
Board aimed at advising young ms as to the 
pursuits for which they were suited ; supervising 
the young worker, and guiding his steps; arrang- 
ing a system of further education to meet industrial 
needs; collecting and distributing information 
regarding conditions and opportunities ; establish- 
ing a bureau in which employers and those who 
sought employment could be brought together. 
These objects soon began to be carried out with 
remarkable success. 

A simple, but sound, card system, in which — 

inted information from schools plays a vital part, 

been in operation from the start; but at the 
stage of entrance on employment the intermediary 
is a Labour Exchange officer, who occupies, in the 
School Board buildings, a room adjoining that of 
the Educational Officer of the Board. Under this 
system, which, be it observed, has no element of 
direct compulsion, there has been a marked dimi- 
nution of ‘blind alley” employment, and a very 
remarkable increase in attendance at the continua- 
tion courses provided by the Board. Scottish 
school boards are empowered, if they see fit, to 
compel the attendance at evening schools of youths 
between fourteen and seventeen. As yet, experi- 
mente in that way are rare, almost all the boards 
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preferring, in the meantime, to do what they can to 
demonstrate the importance of continuation work, 
and so to induce a natural flow of evening students. 
In Edinburgh the leakage between the day school 
and the continuation classes has fallen from 
60 per cent. to 25 per cent. While this repre- 
sents a high-water mark, similar, if not quite 
so decided, results are being reached all over 
Scotland. Even in rural districts is 
recorded. In London and in very many towns in 
England the voluntary system of continuation 
schools has proved successful in a high d , 
That success means that the idea of vocational 
training has taken root. Young people startin 
with a good broad basis of the rudiments of gen 
education, rigorously demanded by gy all the 
authorities who have tackled the problem, find pro- 
vided for them attractive and well - considered 
courses of instruction, both practical and theoretical, 
directly applicable to the careers on which they are 
embarked. Their work proceeds with interest and 
enthusiasm, and even for that large number who 
will not pass from the wage-earning class there is 
the gain of a wider and more intelligent outlook, 
and of a finer appreciation of the nature of the 
services that are being rendered. Certain large 
firms—notably, those of Messrs. Cadbury Brothers, 


Limited, Messrs. Brunner, Mond and Co., and | last 


Messrs. Lever (to mention only three) — have 
organised within themselves wonderfully complete 
schemes of apprentice education, in which this wider 
view of the meaning of work is brought home to 
employees. Needless to say, in the earlier years of 
these continuation courses this is the dominating 
idea. Further, as the programmes which have been 
gradually evolved include much more than trade- 
training, there is ample facility for the discovery 
of those who are of finer quality and capable 
of occupying in due time positions of respon- 
sibility. It is in this eliminating aspect of edu- 
cation that we take special interest. We do 
not place small value on the general effects of 
the continuation school or on its importance in 
preparing for and supplementing apprenticeship 
training, but we deem the separating out and the 
encouragement of those who can attack to good 

urpose higher technical and commercial studies a 
fanstion of incalculable importance, and therefore 
one that fully justifies the lavish outlay on the 
whole system. Machinery for this function is in 
full operation in many -_ industrial centres. 
The future will see further development and more 
general use of such machinery. 

So far our experiments have been voluntary, and 
the success which has attended them makes us 
hesitate to subscribe without reservation to the 
opinion, frequently announced from platform and 
Press, that ‘‘ compulsory attendance at the con- 
tinuation school in the daytime between the ages 
of fourteen and eighteen is absolutely indispens- 
able.” 
Edweation, the editor repeats for the second 
time that ‘‘a German of knowledge and some 
insight,” when asked what he thought of the 

rospects of the war, replied, ‘‘ We are very 
hopeful ; the continuation schools have been 
doing their work.” We may later consider in some 
detail the schemes of compulsory continuation work 
which have been arranged in Germany. Mean- 
while it may be said that from very immature years 
the non-secondary-school youth of Germany get 
segregated into groups, and that for each of the 
many groups elaborate courses relating respectively 
to the life-work of the members of the several 

‘ou are administered with precision. The 

utchers, bakers, shoemakers, barbers, chimney- 
sweepers, and so on, are almost predetermined, so 
early is the choice of a trade effected, and the 
prospective members of each occupation receive 
isolated, specialised instruction. . Kerschen- 
steiner, the director of education in Munich, tells 
us that the interest in education of an indus- 
trial community is best aroused by creating and 

roviding for group interests—one trade one school. 

ven the coachmen and drivers have special schools 
and special curricula, including, with technical 
instruction, such subjects as religion, citizenship, 
and police regulations. 

e cannot now discuss the application of such an 
extreme systematisation to our education. Possibly 
the characteristics of its people, the social stratifi- 
cation, and the Government control account for the 
success which has been claimed for the 
plan of continuation schools. To us, development 
along the lines on which we have been proceeding 
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is full of promise, and, with Mr. Pease, we believe 
that the t disturbed conditions will supply a 
streng stimulus and guide for further progress. 





FOREIGN MACHINERY FOR THE 
AGRICULTURIST. 

AN enormous trade in agricultural machinery, in 
traction-engines, steam-rollers and power-driven 
ploughs, and in fencing-wire, barbed wire, and 
wire netting is done annually in almost all parts of 
the Old and New Worlds. For many years Great 
Britain has enjoyed a very share of this 
trade, but during the last decade Germany has 
extended enormously in this direction, and this 
extension has largely been at the expense of manu- 
facturers in the United Kingdom. The mere fact 
that lands previously considered as the preserve of 
British engineers are now becoming accustomed to 
the presence and the wares of the ubiquitous German 
might not in itself be a matter for serious com- 
ment, but the following examples will show that 
the present situation is one which certainly requires 
most careful consideration. 

Let us take, for instance, the import of road 
traction-engines and steam-rollers into Egypt, 
under British control, last year and the year before 
. So recently as 1912 British and Germans, 
who held the whole import trade in this particular 
type of machinery between them, sent almost 
exactly equal amounts. In a short twelvemonth 
the position had, however, completely changed, 
Geimany sending forty times as much as Great 
Britain, or 94 per cent. of the total import. 
Again, Great Britain has less than ;},th of the 
total import into the British Dominion of Canada 
in the same class of machinery—namely, road 
traction-engines. 

It is not surprising that the United States of 
America, with her vast territories given up entirely 
to agriculture in the south and west, and a hu 
demand coming also from the farmers of Canada 
and Mexico, should have a vast output of machinery 
for agricultural purposes. It is equally natural 
that the United Kingdom, with her huge colonies 
throughout the world, should make a speciality of 
agricultural machinery. But why should Germany 
be a serious competitor to these two nations, and 
what have been the real reasons for her great 
recent advance in this class of machinery? It is 
the p’ of this article to offer some suggestions 
in relation to this matter, in the hope that English 
engineers may have their attention direc’ to 
markets which have been lost, but which may now 
be regained. 

It will be as well, first, to consider which are the 
best and most profitable markets of the world ; 
second, what types of machinery are most required ; 
and third, what are the reasons for the recent 
success of Germany in this branch of engineering 


e. 
Germany and Austria exported together to Russia 
last year 600,0001. worth of agricultural implements, 
and 380,000/. worth of traction-engines and rollers, 
a total export of over a million pounds. The British 
reply to this was 23001. worth of implenfents and 
18,7001. worth of engines and rollers, a total export 
of 21,0001. Italy’s total import of traction-engines 
and rollers, implements and wire for fencing and 
similar was from Germany and Austria 
over 150,000. worth, and from England about 
30,0001. worth. A similar summing up for Roumania 
shows the extraordinary figures of 355,000/. to 
13001. worth; for France, 113,0001. worth to 
33,0001. worth; and for Brazil, 311,2501. worth 
to 254,5001. worth. The analysis of the Brazilian 
figures is very interesting. Of the total of 
254,500). worth from the United Kingdom, 
217,8001. worth is attributable to implements and 
tools, against 20,000/. worth from Germany. On 
the other hand, Germany exports to Brazil seven 
times our own export of traction -engines and 
rollers. It is obvious, then, that there is an 
opportunity for vast expansion in the five coun- 
tries mentioned above. 

The subject may be summarised by mentioning that 
the following countries are the largest —— of 
this type of engine from Germany and Austria, 
given in order, beginning with the country taking 
the largest amount :—Ruasia, Brazil, France, Rou- 
mania, Egypt, Italy, and Spain. It may therefore 
be fairl ed that these countries will be the 
best fields for British expansion during and after 
the war. 

In considering types of traction-engines, in the 





sale of which Germany has had such a signal 
success, statistics may again be referred to, and 
these prove most conclusively that it is.in the 
heavier models of these engines that the largest 
ee ‘~ ane In three Lag eg however, 
ussia, il and Egypt, a very trade might 
be developed by English agian in lighter 
types—that is to say, in engines weighing less than 
6 tons. An interesting point was brought to the 
attention of the writer A a he visited one of the 
e agricultural implement and road-engine fac- 
tories of North Germany twelve months ago. He 
was told there is a ready sale for English-built 
road engines for running in conjunction with 
thrashing-machines amongst the large farmers who 
compose that most militant and pro-German caste 
of the whole German Empire, the Prussian 
Agrarian party. The engines most commonly 
supplied are 10 and 12 horse-power, but there is 
some demand for 8 horse-power and 14 and 16 
horse-power models. If Germans of the class re- 
ferred to themselves ise the superior qualities 
of some makes of British engines, it is surely a 
conclusive proof that the reason for the great 
German suceesses in the sale of these machines in 
certain directions is not due to the superiority of 
the machines themselves, but rather to the fact 
that Germans support the efforts of their engineers 
by most complete and systematic commercial work 
and salesmanship. This they do by studying the 
special requirements of different countries ana 
various classes of customers, and, above all, by 
always oY ay oe travellers who know the lan- 
guages of the countries they visit, by printing their 
cata = in those languages, and by conducting 
their business and invoicing their goods after the 
manners and customs of the countries in question. 
A very large number of the heavier models—that 
is, those over 6 tons in weight—are sent to Russia 
and France, and one imagines that the great 
majority of the engines supplied to these two 
countries are now being used for transporting the 
men and material, who are seeking ee Danionr the 
designers and makers of the very machines they 
are using. 

When considering agricultural tools and imple 
ments, it will be found that British machinery is 
an easy favourite in the British Empire, in Brazil, 
and in Argentina, Venezuela, lumbia, and 
Mexico. Germany, on the other hand, exports 
enormously to Russia, Roumania, Italy, France, 
me Turkey, the Dutch East Indies, and in 
smaller quantities than the United Kingdom to the 
Union of Africa and the Republics of Central and 
South America ; and it must not be forgotten that 
Germany’s total export of agricultural implements 
is twice the value of the corresponding machinery 
sent from Great Britain. 

In relation to implements and tools, it will be 
found there is a wide field for expansion in the 
construction of ploughs of all kinds, cultivators, 
grubbers, barrows, rakes, forks and spades of 
various descriptions, shovels, hoes, and, specially, 
sickles and scythes. It may be taken as a general 
rule that Englishmen will always buy the best 
machine obtainable, without paying much atten- 
tion to its country of origin, and the fact that 
not a single plough or ploughshare came to this 
country from either Germany or Austria last year 
speaks well for the high-class machines built by 
English engineers who specialise in this type of 
machinery. Why, then, are our exporters content 
with a paltry export of a few hundred pounds’ 
worth of ploughs to Russia, when Germany is 
sending annually 337.0001. worth and Austria 
60001. worth of these machines? It is true that 
Russia is now seeking to manufacture much of her 
own machinery in this direction, but there is still 
a market for those who will strive to secure it, for 
all kinds of wheel-ploughs. Swing-ploughs need 
not be considered, as there is no call for these in 
Russia. 

Germany and Austria have also a large export 
trade in ploughs to Roumania, Italy, Bulgaria, 
South Africa, Turkey, and France ; hence English 
engineers should pay special attention to these 
countries. In. cultivators, grubbers, and rakes 
Germany’s large export to Russia, Roumania, 
— ey not to —— rel 

and her export in es and hoes to 
they Dutch East Indies ould tien be noted. It 
would appear that 17,000). worth of her total 
ex of 20,0001. worth to the last-mentioned 
country is for these es and hoes. 

Azstria seems to fall as far behind her ally in 
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the manufacture and export of machinery as she 
does in military prowess, but in one single = 
ticular she has had unquestionable success. is 
is in the supply of scythes and sickles, which she 
exports to that country of hand-cutters, Russia, to 
the extraordinary annual value of 141,000I. 

Germany’s total wire export is 3,176,000l. 
worth, Austria’s 51,0001. worth, and Great 
Britain’s 1,058,000. worth ; these figures being for 
all types of wire, including uninsulated electric 
wire. Germany exports annually something like 
650,0001. worth to this country, 190,000/. worth to 
Australia and New Zealand, 275,000]. worth to 
Japan, and 269,000). worth to Argentina. The 
United Kingdom, which might surely manufacture 
more of the wire for its own use than has been 
done recently, sends to Australia just half the 
amount sent by Germany, 16,0001. worth to Japan, 
and 85,0001. worth to the Argentine Republic. 

Turning to the question of the vast amount of 
fencing-wire, bed wire, and wire netting used 
in all —— ———- per —— finds 
himself confron roblems which mi oe vd 
to be more those of the natural scientist than of the 
practical mechanic. Take, for instance, the supply 
of fencing-wire for South Africa. If an unbiassed 
Afrikander wishes to purchase a supply of wire, he 
will find there are three principal kinds to choose 
from. The English wire is the most expensive, the 
American second, and the German very much the 
cheapest. The English wire is vastly superior to 
the German, being made by a special and more 
expensive method; it does not break or sag 
easily, and is not nearly so subject to damage 
through climatic variations. The American wire 
is not equal to the English, but is better than the 
German. One fault is always found with it, how- 
ever—namely, that it is too hard and brittle, and, 
consequently, is liable to break wherever bends or 
joins or twists occur. In Australia, we read, 
English barbed wire is noted and bought for one 
very important quality that the German barbed 
wire does not possess. This is the longer barbs 
with which it is furnished. Although the short 
barbs of the German wire are useful enough to 
prick the thin-skinned horses and cattle of the 
plains, the thick-fleeced sheep of the uplands take 
no notice of them whatever, and need the long- 
barbed English wire to restrain them from wander- 
ing too far afield. 

It seems clear, then, that to be able to compete 
with Germany, British wire-manufacturers should 
endeavour, first of all, to alter in two main direc- 
tions. They should make, in addition to their 
present manufactures, a less serviceable wire, to be 
offered when, on account of good etimatic con- 
ditions, it will suffice, and also to make the cheaper 
short-barbed wire, similar to that of the German 
competitor, to be used in districts other than sheep- 

ture lands. In South Africa the largest demand 
is for Nos. 8, 10, 12, 124, 14 and 16 B.W.G. The 
four types'most wanted are black varnished fencing- 
wire for inland use, galvanised wire for coastal 
regions, galvanised barbed wire (generally 12 or 124 
gauge),and binding-wire. Wire netting is, of course, 
also required there, as everywhere. In Australia 
the largest call is for Nos 124 and 14 B.W.G. gal- 
ventaell Short-barbed wire in the costal regions, 
and long-barbed wire in the sheep-pasture dis- 
triets, has a ready sale. There is a good demand 
also for No. 10 B.W.G. soft galvanised wire for 
six-strand fences, but few manufacturers seem pre- 
pared to meet this demand. It is as well to men- 
tion here that fencing standards are imported 
almost entirely from the Continent at'a very cheap 
price. The usual size is 1 in. by ;% in. by 4 ft. 6in, 
and they should be sent unpunched, as they are 
then admitted as ‘‘ bar iron,” and consequently are 
duty free. In New Zealand Nos. 8 and 10 black 
varnished wire has a large sale in the dryer dis- 
tricts. Practically no wire is exported to Canada 
except from the United States, the Canadian wire- 
manufacturers being quite able to meet local de- 
mands. The demands for wire from India are 
constantly increasing, and British wire holds its 
own well there. Outside the British Empire, as 
already remarked, there are several large fields 
for extension, and before leaving the subject a 
word may be said about wire-netting. English 
wire-netting is intrinsically good, but the fault 
has to be found with it, as with so many 
other English goods, that the finish is not worthy 
of the material used: This naturally militates 


strongly against the sale of the English wire 
netting. 





A general review of the whole situation with 
to British exports of agricultural engines, 
implements, tools, and wire may now be e, in 
the hope that British engineers will take the oppor- 
tunity presented by the war to extend their exports 
of machinery to some of those countries which know 
it far too little, and thereby recoup themselves for 
the certain losses which must occur in other direc- 
tions, as, for instance, in the supply of steam- 
tractors to Northern Prussia. jan farmers 
will probably have no money with which to buy 
anything, and, if they had, they would hardly wish 
to buy from the country they are being taught to 
regard as ‘‘ perfidious Albion.” 

One does not wish to labour the points of ‘finish ”’ 
and ‘‘ commercial slackness ” too much, as they have 
been already very fully dealt with in these columns. 
As each fresh phase of the subject is considered, 
however, it is felt most strongly that justice is not 
done to British engineers by the exporters and 
commercial men whose business it is to sell the 
machinery. The salesmen may reply that they are 
not given the assistance in their selling, of which 
the engineers of other nations make so great a 
point; but it is very certain that both should 
combine to ensure that for the future British 
machinery, which is undeniably first in quality, 
should also become first in quantity in the markets 
of the world. 

As a final example of the way in which the 
machines and other products of German engineers 
are distributed in every corner of the word, the 
Wire Verband of Germany may be described. The 
wire industry of Germany is ely in the hands 
of four large firms. These are all quite indepen- 
dent, but combine together for exporting. e 
arrangement come to is to the effect that each shall 
do a certain share of the exporting, and any one 
firm exceeding the pre-arranged figure shall pay a 
certain percentage of its profits into the general 
fund. In this way the elimination of competition in 
selling naturally occurs, and exporting being con- 
trolled from a central office, a system covering the 
whole world can be instituted without difficulty, at 
less expense than the firms separately could exploit 
two continents. A consular service, of a most 
up-to-date kind, gleans every type of technical and 
commercial information likely to be of assistance 
to the wire-manufacturers, and the State railways 


offer special cheap freight rates for goods for ex-|F 


port. The shipping companies also give cheaper 


rates for German manufactured goods, and thus the | basin has 


engineer, the merchant, the shipper, and the State 
combine to reduce costs to the utmost minimum. 





IRON-ORE DEPOSITS IN FRANCE. 

In a recent article under this title (see page 421 
ante), based upon a paper which was to be read 
by Mr. Paul Nicou at the Paris meeting of the 
Iron and Steel Institute last month, we gave 
figures showing the iron-ore resources available in 
the eastern and western districts of France. We 
are now able to put before our readers a few com- 

lementary data concerning mainly the iron-ore 
Sapecite of the French southern districts, data 
which we have received from our French corre- 
spondent. These latter deposits ap to be much 
less in extent than those reviewed by Mr. Nicou 
in his paper above referred to, but the ore they 
yield is of a better quality and deserves notice. 

In the first place, we may state that the output 
of iron ore in France was estimated for 1913 at 
a total of 21,714,000 tons. In 1912 the total was 
19,160,000 tons; it was 16,400,000 in 1911, and 
10,000,000 in 1907. The large increase in the 
output is due in a great measure to the working of 
the deposits in Eastern and Western France, and 
not to the yield of the Pyrenean mines, which re- 
mains practically stationary. On an average, the 
annual yield of the ‘coon iron-mines does not 
exceed 300,000 tons. e total output of French 
ore compares, therefore, favourably with that of 
other countries, the German output being 
27,000,000 tons, that of the United States being 
60,000,000 metric tons, whilst the output of the 
Spanish mines is only 8,000,000 tons. The 
French exports of iron ore are aleo largely on 
the increase; they amounted to 2,150,000 tons 
in 1907, to 6,176,000 tons in 1911, to 8,324,000 
tons in 1912, and to 9,746,000 tons in 1913. For 
this latter year, the figures sent to the various 
countries are not yet available, but those for 
1912 show that 4,672,000 tons were exported to 
Belgium ; 2,798,000 tons to Germany; 615,000 


tons to Holland, but mainly in transit for German 
works ; and 215,000 tons to Great Britain. 

The average price at the pit-bank of the ore in 
France in 1912 was about 4.85 francs (about 4s.) 

r ton, which is slightly above the price for 1911. 

e total value of the ore extracted in France in 
1912 was about 92,875,000 francs (3,715,000. ). 

The French iron ore is generally divided into 
three classes. There is, in the first place, the “pure” 
hematite iron ore, in which the phosphorus content 
is less than 0.075 per cent. The quantity mined of 
this high quality ore is about 2 per cent. of the total 
quantity mined throughout the country, and its 
average price for 1912 at the pit-bank was about 7.23 
francs (about 5s. 10d.) per ton. There are, in the 
second place, the moderately phosphoric ores, con- 
— up to 1.70 per cent. of phosphorus, and the 
phosphoric ores for basic pig, containing over 1.70 
per cent. of phosphorus. is latter quality formed 
over 91 per cent. of the total output, and its average 
= is 4.52 francs (about 3s. 8d.) per ton at the pit- 

nk. The average price of the moderately phos- 
phoric ores is 5.82 trancs (about 4s. 9d.) per ton, 
and a relatively small quantity of the latter is ex- 
tracted from the southern departments of France. 
As a general rule, the “‘ pure ” iron ores come from 
the Pyrenean region. 

The Pyrenean iron ores are hematites and car- 
bonates, having a very low percentage of phos- 
phorus and sulphur, and although they are exported 
in somewhat large quantities, they have given rise 
to a local industry not without importance. The 
deposit in the Eastern Pyrenees is that in which 
the ‘* pure” ores are mostly met with ; their value 
is increased by the fact that they are manganiferous. 
The percentage of iron they contain rarely falls 
below 50 per cent.; the hematites frequently contain 
52 per cent., and the roasted carbonates 55 per 
cent. The deposits are in two divisions, one called 
the Northern, or Prades, division, in which is 
located the Fillols workings, the other being the 
Southern, or Batére, division. These deposits are on 
the northern and southern slopes of the Canigou 
mountain range, between Prades and Céret, west- 
south-west of the town of Perpignan. All the 
mines are at an altitude of from m. to 1600 m. 
(2625 ft. to 5250 ft.), and, in order to deliver the 
ore, aerial ropeways have had to be put down which 
supply ieundh lass connected to the Southern of 
rance Railway system. 

The quantity of ore available in the 
so far only been roughly estimated ; 
some experts put it down at 30 million tons, and 
others at double that figure. 

The ores met with in the Ariége Department, 
also in the Pyrenees district, are of somewhat 
similar composition to those of the Canigou range. 
Among the workings are those of Rancié, in the 
Vicdessos valley, and those of Rabat, Chateau- 
verdun, and Riverenert, these latter between the 
towns of Foix and St. Girons. In the Tarn De 
ment the basin contains 2,000,000 tons. In the 
Western Pyrenees, towards the Bay of Biscay, the 
main deposit is at St. Etienne de Baigorry, on a 
line which runs as far as the Spanish frontier to 
St. Jean-Pied-de-Port, laid mainly to serve the 
—_— in question. 

here are in all in the Pyrenean region twenty- 
two mines and nineteen open-air workings, which 
yield the annual output of about 300, tons 
referred to above. 

The same region also contains the major part of 
the manganese mines—seven for the whole country 
—met with in France. The workings at Vieille- 
Aure, in the High Pyrenees, yield annually about 
3000 tons—a very small quantity compared with 
that of other countries. The Aude Department 
yields 1150 tons annually. France imports every 
year about 225,000 tons of manganese ore, and 
exports about 2300 tons. 





NOTES. 
LrasBitity FoR Damace Oausep By Hostite 
AIRCRAFT. 
As the t war drags ite weary length along it 
is impossible not to realise that our enemies have 
ever in mind the possibilities of invasion. Things 
have moved on since Napoleon made his great 
demonstration on the other side of the narrow seas. 
The fast cruiser, the submarine, and the airship all 
tend to make what must always be a desperate 
enterprise somewhat less desperate ; and even if 





we are successful in a i 
ble 


an —s force 
from landing, it is quite possible that a considerable 
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amount of damage may be occasioned to property. 
When considering the effects of the war upon 
commercial relations, most people have hitherto 
been content to discuss its probable effect upon 
contracts at home and abroad. Attem have 
been made, both by statute and Royal Proclama- 
tion, to define and explain the law as it affects 
debtor and creditor, the position of neutrals, and 
contracts between British subjects and the citizens 
of hostile countries. Whether these problems have 
been satisfactorily answered we do not now pause 
to inquire. We desire to draw attention to certain 
questions which will also become urgent should 
invasion be even partially successful. Since in- 
vasion has hardly ever been considered to be 
within the bounds of ibility, it will be found 
that most contracts make no provision for war risk. 
Let us take, for instance, the lease of a factory or 
mill, drawn in accordance with standard forms. 
It will contain no clause fixing the liability for 
damage caused by the enemies of the King. If a 
hostile airship were to drop a bomb and wreck a 
building, the liability of landlord or tenant would 
not, in general, be defined by the lease. To ascer- 
tain that liability one has to grope along the dusty 
highway of the common law ; and, strange to say, 
one has to travel back to the seventeenth century to 
find any clear pronouncement on the matter. Froma 
case decided in the year 1640, it appears that where 
a house is let on a repairing lease, it is the tenant 
who is liable to make good all damage caused by the 
King’s enemies. That is one of the risks which he 
undertakes. It is plain, however, that if the land- 
lord is under liability to repair the main walls and 
timbers, the liability for damage occasioned to the 
structure would be on him, while the tenant would 
have to perform his covenant as to the interior. 
It follows that the prudent tenant should insure 
against war risks. hether there is much risk of 


damage being caused by a bomb drop from a 
Zeppelin we need not inquire. Suffice that a small 


sum spent on insurance may purchase a certain 
amount of peace of mind. The terms of the policy 
should, however, be carefully scrutinised. One form 
which we have seen merely deals with the damage 
which may be caused by a hostile bomb; it does not 
cover the risk of injury from spent shot or shell 
fired from an anti-aircraft gun. Apt words should 
be inserted to place that burden upon the broad 
shoulders of the underwriters, and care should be 
taken to see that they are broad enough to carry it. 


Action or Metaus on Warer. 


The eleventh International Pharmaceutical Con- 
as which met in 1913 ch im, Wy Bs 

orissen, of the University of Leiden, Nether- 
lands, with compiling a report on ‘‘The Action 
of Lead, Coppers Nickel, Zinc, and Aluminium on 
Water.” This report has just appeared in the 
Comptes Rendus of the Congress, and it is instruc- 
tive in itself and also for the reason that the 
ample literature references comprise quotations 
from Dutch workers and from bodies like the 
Austrian Gesundheitsamt at Vienna, whose work is 
frequently overlooked. On the other hand, some of 
the most recent researches are not yet included in 
the report, of course. We should prefer to speak 
of ‘** the action of water on metals,” rather than of 
‘*che action of metals on water.” For the chief object 
of the investigation was to study the behaviour of 
metals when in contact with water, especially ordi- 
nary water containing both air and certain salts. 
The report discusses the potentials which the 
various metals— not only those especially men- 
tioned just now—assume in normal solutions of 
their salts. The order of the metals is: Mg, Al, 
Ma, Zo, Cd, Fe, Co, Ni, Sn, Pb, H, Cu, Bi, Sb, Hg, 
Ag, Pt, Au. In this series magnesium stands at 
the positive end, hydrogen marks the zero (because 
= = _ referred to the hydrogen 
electrode), an e metals copper to gold a) 
on the negative side. The Onde datas a 
what on the respective salt solutions, a point still 
further to be investigated; Dr. Jorissen is also 
studying the influence of air when passed through 
the solution in which the metal is immersed. e 
report does not deal with iron in particular, because 
the corrosion of iron has a literature all to itself ; 
but the phenomena of passivity and of stress are 
considered. The over-voltage—i.e., the additional 
electromotive force required to liberate hydrogen 
from the of certain metals and its 
dependence upon the surface condition—is like- 
wise discussed, of course. The ition of ordi- 
nary aluminium in the elec emical series is 





somewhat uncertain; the position above indi- 
cated belongs to the amalgamated metal ; and the 
anomaly of the ordinary metal is apparently due to 
its being covered by a surface film of oxide. 
dry air it keeps well, in moist air it oxidises super- 
ficially, but the film does not grow ; distilled water 
has very little action, even in the presence 
of carbon dioxide; ordinary water may pit the 
metal even in the absence of air; cold-worked 
aluminium corrodes locally, annealing at 450 deg. 
Cent. stops local corrosion. In solution of 
sodium chloride and in sea-water the local corro- 
sion is strong. A mated aluminium decom- 
poses diluted sulphuric acid, whilst amalgamated 
zinc does not. In pure distilled water, free from 
gases, zinc keeps bright for years; in the presence 
of oxygen some hydroxide is formed, which is 
very sparely soluble in water, more soluble in 
salt solutions; the presence of carbon dioxide 
makes little difference. In these respects pure and 


good commercial zinc behave pretty much alike ; 
rain-water takes up zinc from zinc roofs. Nickel 
is hardly attacked by air, moisture, diluted 


acids (hydrochloric and sulphuric), and sea-water. 
Pure tin is not attacked by water or diluted 
sulphuric acid, as long as air is absent. Tin- 
lined water-pipes become streaky with oxide and 
with the impurities of the water ; in the presence 
of air sea- water corrodes tin, which is important for 
condenser-tubes, especially as the tin lining on 
copper or brass is generally very thin. The corro- 
sion of lead by water and the contamination of the 
water by lead have repeatedly been discussed in our 
columns of late. Jorissen points out that as lead 
chloride, and still more the sulphate, are much more 
soluble in water than the carbonate, the danger of 
lead-poisoning is increased by the presence of 
metallic sulphates or chlorides. The general con- 
clusion is that the action of a potable water on lead 
and zinc cannot be predicted from the composition 
of the water; special experiments are required, and 
that conclusion confirms the views of previous 
investigators. 


LITERATURE, 
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The British War Fleet: Its Inception and Growth 
throughout the Centuries. By Frep T. Jang. Lon- 
don: S W. Partridge and Co., Limited, Old Baily. 
[Price 10s. net. ] 

Tus is not a book prepared hurriedly to meet the 
special demands of readers during war time. It 
is the outcome of what one might call a life- 
long interest and study of naval affairs. It was 
begun, and probably ended, before the outbreak of 
war, and is therefore intended to fill a more per- 
manent place in the bibliography of the Navy 
than the more or less evanescent and topically 
interesting books which are being published at the 
present time. 

The author, in his preface, states that his aim is 
not so much to trace the evolution of strategy 
and tactics as to review the development of the 
matériel of the fleet. He admits that, as a ‘‘ vague 
generalisation,” it may be correct to say that in the 
scheme of the book the shipbuilder is put into 
the limelight instead of the ship-user, but at the 
same time he demurs to the view that this is pre- 
cisely correct ; in ‘‘ exact fact each, of course, is, 
and ever has been, dependent upon the other. 
Nelson. himself was curtailed by the limitations of 
the tools provided for him. Had he had the same 

blems one or two. hundred years before, he would 
ave been still more limited; had he had them 
fifty or one hundred years later—who shall say ?” 

Mr. Jane, however, seems to have been unable to 

trace the influence of the shipbuilder on the work 

of the ship-user, or vice versa, to any great extent in 
the earlier history of the Navy—up to the Crimean 

War. This is, perhaps, inevitable, because it can 

scarcely be said that relatively great was 

made in the design, structure, or fighting munitions 
of warships up to that time. So that it isdoubtful if 

Nelson would have experienced greater limitations 

if he had had to fight the glorious fight of Trafalgar 

100 years earlier. On the other hand, the matériel 

to-day is so enormously superior that, while strategy 

is the same, tactics has been immensely influenced, 
as the events of the last two months have clearly 

demons ° 
The author has drawn the pure chronological view. 

This was more or less unavoidable in the accomplish- 

ment of his end, but unless the treatment is with a 





, master-brush there results from this system a lack of 


In| panoramic picture. 





broad effects, so that it is difficult, without very close 
study, to discern the prominent features and high 
lights which alone — a clear conception of the 
us, in the first half of the 
book, extending to some 150 pages, the story 
brings prominently to the front achievements in 
strategy and tactics. It is true that once and 
again there are indications of improvement in 
design, notably by Phineas Petts. Although large 
ships were recognised at an early period as con- 
ferring great advantage, we find little development 
in this respect until modern times. In the fifteenth 
century few ships were of more than 120 tons. 
The Grace de Dieu, of the sixteenth century, was 
of 1000 tons. The beginning of the seventeenth 
century found the largest ship, also of 1000 tons— 
namely, the 68-gun Triumph. The Royal Sovereign, 
laid down in 1635, and launched in 1657, hada 
length on the keel of 128 ft. and over all of 232 ft., 
a width of 58 ft. and a tonnage of 1141. The 
Britannia, the best of the first-raters towards the 
end of the seventeenth century, was of 1739 tons, 
being 146 ft. long by 47 ft. 4 in. beam, and carried 
100 guns. At the beginning of the nineteenth 
century the largest ship—the Caledonia—was of 
2616 tons, and carried 120 guns. The author in- 
dicates that limitations in the size of ships were 
imposed by the length of timbers which could be 
grown, and we agree with him that strategy and 
tactics scarcely had material influence in the design 
of these earlier ships. 

From Mr. Jane’s treatment of what may be 
termed the ‘‘modern Navy,” one can only, from this 
narrative, realise that a more dominant influence 
than strategy and tactics was the development of 
applied science, and in this respect the author has 
failed to throw illumination on the features in 
the picture of progress which he has painted. 
The new era opened with the inception of 
the ironclad, although the introduction of iron 
and of steam (which is dealt with in the ninth 
chapter of the book) may seem to mark a new 
beginning. Whether the Crimean War, as the 
author contends, was ‘‘probably the most im- 
portant war in its indirect results on the Navy 
that ever took place” is doubtful. Was it not 
rather a coincidence that the Crimean War was 
fought at the dawn of the period when scientific 
activity was having its effect through particular 
influences tending to increase the efficiency of the 
warship ? It is true that at that time steam was in 
much use, especially in merchant ships ; that the 
screw - propeller had established its superiority 
over side paddles ; that the ordnance manufac- 
turer was beginning to appreciate the fact that the 
old small-bore muzzle-loading gun had become 
obsolete ; and that batteries on board ship, and 
even the sides of iron ships, could be more eftec- 
tually protected by heavier plating. Again, in the 
structural details of ships, Scott Russell had 
exercised a powerful influence. 

From this time forward the author deals with 
the evolution of the ship of to-day in eras, taking the 
life-work of the four successive Chief Constructors 
of the Navy—Reed, Barnaby, White and Watts— 
as marking the beginning and end of these eras 
respectively. It is in the treatment of the work 
of these designers that one experiences a little 
disappointment. The chronological order is exclu- 
sively followed, and each year’s naval programme 
is dealt with, and although the subject of the dis- 
position of the armament, bow versus broadside fire, 
muzzle-loaders versus breech-loaders, the extent and 
efficiency of armour protection, and water-tight 
sub-division as a protection are ‘incidentally dealt 
with, there is entirely lacking a consideration of 
the influence of contemporaneous developments in 
chemistry, metall and thermodynamics. The 
strategist and tactician may determine what he 
considers the most desirable preponderant in the 
various elements which go to make an all-round 
efficient warship, and Mr. Jane touches on this 
subject with that experience of naval affairs that 
he undoubtedly ; but in the evolution of 
the warship as we know it to-day a most important 
factor was the development in the three branches 
of applied science which we have enumerated. 

Thus, for instance, in most of the eras the 
author satisfies himself with a tabular statement 
of the principal ballistics of the guns belonging to 
the respective eras ; referring only incidentally to 
the introduction of wire-winding, and one or two 
kindred points. There is nothing said about the 
increased power of ——— compounds as pro- 
pellants in guns, of their influence on the 
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striking energy of the guns. a we , their effect 
on the gun structureisignored. In addition, there 
was the advance in the tensile stre of materials, 
which has greatly assisted to the increase 
in the ratio of energy to weight of gun. More- 
over, the improvement in the form of projectiles, 
and the advance in the destructive effect of the 
explosive charge in such projectiles, is not brought 
clearly to the forefront. ere, again, it would 
have been possible to trace the influence of pro- 
jectiles in the design of ordnance, because it 
is accepted that the increase in calibre in recent 
years is not aimed at in order solely to increase 
the range, but also to increase the bursting charge, 
and consequently the destructive effect, when the 
projectile has reached its billet. With a less 
muzzle velocity, and consequently a reduced rate 
of deterioration of the gun, greater destructive 
effect is attained. Not a word is said of the 
enormous increase in efficiency of gun-mountings, 
including the loading mechanism, which, with the 
superior sighting mechanism in use, must have its 
effect on tactics, by reason of the greater rate of 
hitting obtainable. There has been saving in weight 
all along the line as the result of the work of the 
artillery engineer, associated with the chemist and 
metallurgist ; so that, without affecting adversely 
any other elements of design, it has been possible 
to increase the direct offensive power of the ship. 

Again, only incidentally is the improvement in 
armour mentioned. To be completely illuminative 
of the progress in warship-building it is surely 
necessary that there should be included in a 
review references to the influence successively of 
the compound, Harveyised, Krupp cemented, and 
of later systems of intensifying the hardness of 
plates and their resistance to projectile penetra- 
tion. Only in this way has it been possible to 
meet the increasing force of attack by the gun 
within reasonable — of —— and weight. 
This question, again, brings to the foreground very 
conflicting opinions anetiies the —_ efficiency 
of armour protection and the end desired by the 
designer in determining the thickness and dis- 
position of the armour. This question Mr. Jane 
does touch upon in connection with successive 
ships, but our complaint is that the uninformed 
reader is not adequately impressed with such influ- 
ences continuously at work towards the improve- 
ment of the design. 

This remark is still more justified in connection 
with thermodynamics. The introduction of the 
Parsons turbine is mentioned, but in a most in- 
adequate way, because one lesson which the work 
done by the Navy during the past two months estab- 
lishes in tactics is the influence of high speed. The 
work of the Arethusa at the Bight of Heligoland, and 
the performance of her sister-ship, the Undaunted, 
with four of the latest destroyers, off the Dutch 
Coast, were illuminative of the advantage of speed. 
The turbine, in association with oil-fired water-tube 
boilers of the ‘‘ express” type, has enormously re- 
duced the weight p soe by high-powered machi- 
nery, enabling more — machinery to be applied 
within reasonable limits of weight, and therefore 
augmented speed, without making too great a sacri- 
fice of other elements of design. It has, too, made 
it possible for ships cruising at low speed to spring, 
like a dog from the leash, to the highest rate of 
movement in the shortest possible time. Without 
the developments in boilers and machinery it would 
not have been possible to attain the higher speeds 
in all types of ships. This ought to have been a 
dominant feature in any panoramic picture of the 
Navy, brought out with such a broad brush that the 
eye could discern it ata glance, and the mind be im- 
pressed by its significance relative to the whole view. 

The book is thoroughly up to date, and em- 
braces a chapter on airships; but it is surely 
misleading to classify the work of the Dominions 
under the heading of ‘‘ Auxiliary Navies.” In con- 
clusion, there is an interesting chapter on general 
matters of the last hundred years, while a splendid 
series of coloured illustrations, from originals by 
Mr. W. L. Wyllie, R.A., adds to the general 
acceptance of the book. In addition there are 
elevations of the later ships, showing the armour 
and disposition of guns, along with photographic 
reproductions of several. With the addition of 
two or three chapters bringing into the fore- 
ground scientific influences on design, the book 
would have been of great value as an educational 
influence on a subject probably the most vital to 
the British nation. It is, nevertheless, a useful 
contribution to the subject. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. VIII. 
By Freverick Wri114m Lancuester, M. Inst. C.E. 


Rapipiry or Frre anp Its Measure. 

THE measure of the rapidity of gun-fire from an 
aeroplane or dirigible as an index of its fighting 
value depends upon the nature of the objective 
or target. It is evident that in some cases the 
mere number of projectiles per minute is the most 
important factor, as, for pron in attacking any 
object in which a hit is a hit whether the projectile 
be large orsmall. In other cases, where the mischief 
done is in any reasonable relation to the weight 
of the projectile, the total weight of projectiles 
discharged per second (or per minute) affords a 
better criterion. In view of the comparatively 
flimsy and fragile nature of aircraft it is doubtful 
whether the energy equivalent of the discharge will 
ever be of the importance that obtains in the case 
of the battleship, where the destruction of the 
enemy depends to a very large extent upon the 
number of foot-tons with which he is assailed. 
Thus it is doubtful whether a factor representing 


the horse-power of the offensive armament would, 
as applied to the fighting aeroplane, have any 
use ignification. Now it is scarcely probable 
that in the immediate future the fighting-machine 


can be furnished with complete bullet-proof pro- 
tection, at least such as can be considered effective 
at short range. a ge oe we may take it that it 
is quite unimportant w 
destruction be of the usual British 215 grains or 
the 162 grains of the Mannlicher, or the 530 grains 
of the old Enfield. The advantage of size and 
weight only becomes important when a single 
hit is sufficient to carry away.an important strut 
or structural member which would have been 
penetrated without great injury by a bullet of 
ordinary size. Thus, so long as we are dealing 
with ordi rifle, pistol, or machine-gun fire, we 
are concerned merely with the number of bullets 
that can be discharged per unit time, and this 
number—i.e., number per minute or second—fairly 
and properly expresses the value of the armament. 
This, wane, does not mean that the weight and 
muzzle energy of the bullets are of no importance 
whatever ; it is merely an expression of the fact 
that with such weapons as are commonly available 
the differences, such as they are, and important 
though they may be in other applications, are not 
— in relation to attack of aircraft on air- 
craft. 
When we pass to the consideration of weapons 
capable of throwing explosive projectiles, it is im- 
ible to maintain, or even suggest, any direct 
Cos of comparison. The effectiveness of shell fire 
depends entirely upon the conditions being present 
necessary to the correct ro ty Be the fuse—that is to 
say, either the range must known with great 
accuracy and the time-fuse mechanism correspond- 
ingly perfect, or the nature of the target must be 
such as to permit of the effective employment of an 
impact fuse of some description. Granted that the 
necessary conditions exist, the destruction wrought 
by any given type of explosive projectile may be 
taken as, in a measure, proportional to its weight. 
However, there are cases w a 3-lb. shell would 
be just as effective as one of 18 lb., as, for example, 
if it were to strike the motor or fuselage of an 
aeroplane in flight, and so, in ing the value of 
shell-fire by the aggregate weight of the ony ma 
thrown, it is evident that we should only be making 
an approximation to the truth. 

If we go further and endeavour to com the 
relative value of armament of diverse type for aero- 
planes, as, for example, in computing the relative 
merits of machine-guns and small artillery in any 
given case, we are inevitably thrown back on examin- 
ing the service for which the armament is required; it 
is impossible to institute a direct quantitative com- 

rison which would be generally applicable. If it 
“ conceded that in any icular case a given weight 
in the form of shell is of greater effect than the same 
weight in the form of bullets, then we have a 
prima facie case for the use of artillery. If, on the 
other , it is conceded that the bullets would 
do the ter mischief, then a machine-gun arma- 
ment is indicated. However, although the weight 
of ammunition is a matter of first importance, the 
weight saving and convenience of the machine-gun 
in itself are sufficient to give it a preference 
where the other advantages are not overwhelmingly 


against it. 
It has in the preceding paragraph been rather 
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assumed that the capacity of the armament, as repre- 
sented by its weight-rapidity factor of fire, is a con- 
stant ; this is a matter that depends, firstly, upon 
the mechanism of the gun. The Lewis gun, which 
has been taken throughout these articles as repre- 
sentative of the machine-gun in its aeroplane usage, 

inary maximum 600 rounds, or 
184 lb. of lead per minute. Unfortunately, there is 
no standard 1-pounder with which to institute a 
comparison. e 37-mm., gun is given by different 
makers as throwing in some cases a projectile 
weighing 1 lb., and by others the same bore is 
given as throwing 14 lb. Also the question arises 
whether an automatic gun of this size is, on account 
of its heavy mean recoil, an altogether workable 
proposition. The Vickers automatic 37-mm., for 
example, is made in two weights; one of these 
throws a 1-lb. shell at 1800 foot-seconds at 300 
rounds per minute, at which speed of discharge the 
recoil reaction would be about 300 lb. The weight 
of this gun is given as 3} cwt. This gun is quite 
unsuited to aeroplane service, both from the point 
of view of recoil and weight ; there is, however, a 
lighter type by the same firm, of the same calibre, 
semi-automatic, throwing a 14-lb. projectile with a 
velocity of 1200 ft. per second, the weight of the 
gun being given as 110 lb. Presumably the maxi- 
mum rate of fire of this gun would be about thirty 
rounds per minute, or the weight of metal thrown 
per minute, 45 lb. This is about 2} times the 
weight per minute given above for the machine- 


D. 

Quite a from mechanical details, however, 
a real limiting factor exists in the recoil reaction 
to the momentum per second permissible, and this 
limit may be taken as applying whatever the ty 
of gun may be; consequently, since the muzzle 
velocity of one type and another is not widely 
different, the weight discharged per second or per 
minute will have an approximate maximum for any 
particular aeroplane no matter what the type of gun 
may be. This is the reason why it is possible and, in 
the writer’s opinion, advantageous to employ dupli- 
cation, or even fit three or four barrels in the case of 
the machine-gun ; whereas an automatic 1-pounder 
under like conditions could not reasonably be 
allowed to fire at over 60 or 80 rounds per minute. 

At present there are very few cases in which the 
automatic or semi-automatic 1-pounder could com- 
pete with the machine-gun as an aeroplane arm. If 
such a thing existed as an impact-fuse of such sen- 
sitiveness that it would explode with certainty on 
encountering balloon-cloth, the 1-pounder would 
be an excellent weapon for the destruction of the 
airship or dirigible. Every particle of a shell ex- 
otro. within the envelope is effective, and the 

ents of a shell leave wounds in the envelope 
and give rise to loss of gas of a more serious 
character than that due to the rifle or machine-gun 
bullet. Beyond this the danger to the crew (and 
structure in the case of a Zeppelin) is considerably 
greater under these conditions than under equi- 
valent machine-gun fire. It may be some time, 
however, before the impact-fuse reaches the re- 
quired degree of perfection. 

In the writer’s opinion there is room for a well- 
designed light-weight automatic to fire 14-oz. shell 
at a moderate velocity, say 1200 ft. per second, 
with a maximum rate of 100 rounds per minute, 
the weight of the gun to be kept, if possible, under 
100 lb. ; the 1 should be kept as short as the 
requirements of the internal ballistics permit. The 

ue of such a weapon would, however, almost 
entirely depend upon the development of the 
ammunition, and in particular, as already pointed 
out, the perfection of the impact-fuse to a point not 
yet altogether in sight. 


Armouk IN ITs RELATION TO ARMAMENT. 


We have already given considerable attention to 
the question of armour in connection with the 
primary function of the seronautical Arm—the 
attack on and co-operation with the other Arms of 
the Service. It is now time to extend our study to 
the secondary function of the Arm, and discuss the 
question in relation to problems of aerial attack 
and defence. The first instalment of the conditions 
that have to be fulfilled by the aeroplane constructor 
arises directly from the consideration of its primary 
function ; thus it is already given us that the 
armament to be of maximum service must be 
capable of action to the full in a downward direc- 
tion with the greatest angle of fire both forward and 
aft, and laterally, that the limitations im 


by structural considerations permit. Si ly, 








514 


ENGINEERING. 





[Ocr. 23, 1914. 








we know that the initial need for armour is mainly 
to resist attack from below. These facts remain, 
and cannot be altered by the additional duties im- 
posed when aeroplane attacks aeroplane. We may, 
and, in fact, shall, have to provide for a far wider 
range of fire; we shall n to make provision for 
training our gun or guns upward as well as down- 
ward ; likewise we may find it ——- to pro- 
vide protection against fire from above as well as 
beneath. But any extended scheme of armament or 
protection so developed takes essentially as its 
starting point the more elementary condition. 

The first result of importance that may be said 
to arise from the above facts is, in an aeronautical 
engagement, the importance of the upper berth. 
The machine that is able to attack from above is 
protected by its armour from the enemy’s fire, and 
is able to attack under the conditions for which its 
armament was initially provided. Beyond this, 
the taking of the upper position at the start, or 
perhaps, we may say, before the start, gives the 

wer to outmanceuvre an enemy, in spite even of 
inferior speed capacity in the ordi acceptation 
of the term. The initial difference in altitude repre- 
sents an initial store of potential energy that may 
be drawn — when the opportunity occurs; this 
is, in fact, the principle utilised by the hawk, the 
kite, and other birds of prey. The objective of 
securing the upper berth, or position, or ‘‘ gage,” 
if we adopt the old-time word used by naval 
writers, will probably prove to be, and will remain, 
the key or pivot on which every scheme of aero- 
nautical tactics will, in some way or another, be 
found to hang. 

The question of employing armour as a protec- 
tion from attack from above, or even against drop- 
ping fire, is one that requires consideration on an 
entirely different basis from that of attack from 
below. In the latter case, the ee of pro- 
tection in some degree may be looked upon as 
essential. The steel employed may be thin and 
only sufficient to be effective above some pre- 
arranged altitude, but, nevertheless, it is essential. 
Protection from attack by other aeroplanes, or, 
more broadly, aircraft, is another question; we 
may express the utility of armour under these 
conditions definitely in terms of gun-power. To 
make this clear let us take the case of two machines 
in combat—an aeroplane duel, in fact—and we will 
take it that at their average distance apart or range 
the mean number of shots fired by either to score 
a decisive hit is found to be 600. Now if either 
aeronaut by the employment of armour or gun- 
shields, or a device, can reduce the effec- 
tive target offered by his machine to one-half that 
previously presented, it will on an average take 
1200 shots to knock him out in lieu of 600 without 
protection. But in order to provide for the weight 
of his armour he must cut down his armament ; he 
must sacrifice either his gun weight, and with it 
his speed of fire, or he must carry a lesser total 
weight of ammunition, and risk finding himself 
without means of attack, this being virtuall 
synonymous to being without means of defence. 
the only alternative were the cutting down of the 
speed of fire—tersely, if he were to substitute, say, 
30 1b. of armour for 30 1b. of gun—and if this —_ 
sent half his total gun a a reduc- 
tion in his speed of fire by one-half, then the change 
might be considered as nearly justified, since he 
would receive two shots for every one he could dis- 
charge, but would at the same time be proportion- 
ately less vulnerable. 

Obviously, rate of fire should be one of the last 
things to be sacrificed; but the alternative—a 
reduction in the load of ammunition—involves a 
curtailment of the period of activity, and, as a 
a an increase in the number of machines 
required for a given combatant duty. Once admit 
the necessity for such additional machines, and we 
must estimate the sacrifice or price that is paid 
for the armour in terms of the loss of fighting 
strength due to the absence of a section of the air- 
fleet occupied in replenishing. This is evidently a 
most serious matter under the best conditions— 
i.e., when fighting in the immediate vicinity of the 
base. If, however, an air-fleet were ed far 
afield, the sactitice of rapidity of fire, dher than 
reserve of ammunition, might well prove to be the 
less of evils. 

The foregoing illustration shows that, tangibly 
or intangibly, the matter is one of figures, or, at 
the worst, a balance of advantages not capable of 
ready numerical expression. It may thus not 
always be possible to lay it down definitely 





whether in theory given conditions mean the 
abandonment of armour or otherwise ; but never- 
theless the fact is determined by the sum of 
the conditions, and where theory is dumb the de- 
cision will require to be taken on actual experience, 
as in analogous problems that arise in naval con- 
struction. 

It is, perhaps, opportune to draw attention here 
to the tee a etween shield and armour as a 
means of protection. The shield is essentially 
mobile, it is moved round and about to give the 
best protection ible, according to the direction 
of attack. A shield commonly forms part of a 
gun-mounting, but this is by way of being an 
accidental circumstance ; the gun has to be trained 
on the enemy, and so the shield is made and 
parcel of the gun, so that it automatically takes 
the best position for the gunner’s protection. In 
the aeroplane, however, the pilot is of almost more 
importance than the gunner; hence this traditional 
method of handling the shield may not be the best 
pessible arrangement. Perhaps it will be found 
advantageous to provide the pilot with a shield 
separately mounted or otherwise adjustable. 
There is rarely any intention in the case of a 
shield to give full and complete protection as is 
done with armour. It is an error to suppose 
that partial protection is of no value; every 
square inch covered diminishes proportionally 
the chances of a fatal hit, and so increases the 
fighting value of the machine, just as would a 
commensurate increase in rapidity of gun-fire. 
On the other hand, as already insisted, armour or 
shield that is insufficient in thickness is worse 
than useless. It is probable that where (owing to 
the considerations already discussed) it may not 
pay to fit armour it will still be found profitable 
to provide shields to give partial protection to 
both gunner and pilot. 





THE BRITISH ASSOCIATION 
AUSTRALIA. 

From its very beginning the Australian meeting 
of the British Association was overshadowed by the 
War—and yet in spite of this it was a decided 
success. When the main party arrived at Fremantle 
in the morning of August 4, by the Orient liner 
Orvieto, and was entertained at lunch in Perth, 
the Mayor, in welcoming the guests, dwelt on the 
extreme gravity of the situation, but was able to 
state that England was, so far, not directly involved 
in the war. Reinforced by the strong advance 
party of geologists, archzeologists, biologists, Kc., 
who had been a Australia for a 
week or longer, the members proceeded round Ca 
Leeuwin and through the Great Australian Bight 
to Adelaide. On that journey the captain of the 
Orvieto informed his passengers that he had been 
advised to avoid the usual track and to mask his 
lights; but no news of the actual declaration of 
war by England reached the members. Yet when 
they anchored at Adelaide on August 8 they found 
the papers full of ro eh, yd inaccurate—of 
terrible engagements both on land and at sea. The 
war in distant Europe, 12,000 miles away, had 
already made itself felt in Australia. The question 
of the defence of the home and of the Old Country 
relegated all other questions to the background, 
certain branches of business came to a standstill, and 
mines discharged their men. The Commonwealth 
elections were coming on, moreover. The British 
Association meeting seemed doomed. The Euripides 
having on August 8 brought another strong contin- 
gent of over-sea members to Adelaide, the party was 
practically complete, and concerted action pen # be 
taken. A meeting of the chief officers and influential 
members ass' the Australian organising com- 
mittee that the British Association would, of course, 
willingly consent to any modification of the great 
programme that the interests of the country de- 
manded. But the hosts thought that they could 
carry the programme through, and it was carried 
through, with a few minor changes. 

As soon as the war rumours assumed definite 
shape, Sir Oliver Lodge—who, as last year’s Presi- 
dent of the Association, remained acting President 
until he vacated the chair on August 14, at Mel- 
bourne, in favour of Professor Bateson—-took the 
opportunity on the Orvieto of emphasising that 
science knows no nationality; he felt convinced 
members would bear that in mind. The party 
included scientists of various nationalities; France 
happened not to be represented this year. When 
proposing a vote of thanks to the new President 
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at Melbourne, the Governor-General of the Com- 
monwealth, Sir Ronald Munro Fe » said 
that the war risks to which they had so unex- 
pectedly been exposed enabled them to realise 
a all men = ens a brothers. In the 
afternoon of t same day hono: degrees had 
been conferred on a number of “distinguished 
scientists, and the Vice-Chancellor had accen- 
tuated the fact that all the members of the 
over-sea party, without exception, were the guests 
of the Commonwealth. The welcome could not have 
been warmer and more general, indeed, though 
Sir Arthur Morgan, after the concluding discourse 
delivered at Brisbane by Sir Edward Schiifer, re- 
marked that he feared at first that the crisis, to 
which the minds of the people were directed, might 
interfere with the warmth of the welcome. No 
doubt the political complications rendered the 
task of the hosts very difficult and delicate. But 
hospitality could not have been practised in a more 
a and cordial way, and all the visitors will 
gratefully remember ‘‘ Hospitable Australia.” 

On landing every member was presented with 
a free railway pass which took him, in sleeping- 
cars, over thousands of miles of railway. His 
luggage, identified by his number, was collected 
beforehand and delivered at his address in the 
respective centre. We mentioned in our intro- 
ductory article* that members were each supplied 
with a little diary, giving the names and numbers 
of all the members, the routes by which they 
intended to proceed out and back, and the pre- 
liminary programmes at the five centres, Perth, 
Adelaide, Melbourne, Sydney, and Brisbane. In 
addition to this diary, which was a happy inno- 
vation due to the assistant secretary of the Asso- 
ciation, Mr. O. J. R. Howarth, M.A., and which 
proved most useful, members were at each centre 
me org with a local excursion guide and a 

klet stating the train by which the member 
had to travel, the number of his berth and the 
number of the conveyance which would take him 
to his new address. It was, of course, a difficult 
matter to accommodate on the trains and in the 
towns the 307 over-sea members, to which were 
added a large body of local members, moving 
with the party from centre to centre. Each over- 
sea member was entertained in hotel or club, or 
privately, throughout the meeting. On the whole 
the arrangements worked veryjwell ; some luggage 
was delayed, of course ; a little confusion arose at the 
railway stations, where the conveyances could not 
always quickly be found in spite of the exertions of 
the many honorary stewards ; and some members 
discovered that their hosts lived at inconvenient 
distances from the reception rooms. Such things 
are unavoidable ; but there was never any reason 
for serious grumbling ; perhaps the hosts may have 
wondered occasionally at the complacency with 
which the visitors accepted private hospitality as 
if they were staying in hotels they had them- 
selves selected. 

Members of the advance party to Western 
Australia were the first to appreciate Australian 
hospitality. Everything was prepared for them, 
and they soon recognised that the south-west of 
Western Australia—a barren country apparently, 
practically devoid of railways, even on compara- 
tively recent maps—does not merely rely on its 
— but has quite a network of railways 
eading to fertile fields and orchards, and that 
the Trans-Continental railway to South Australia 
is already being built from both ends, Kalgoorlie 
and Port Augusta. Lectures were given at Perth 
as at the other centres. At Adelaide, again, the 
programme consisted mainly of excursions, enter- 
tainments and discourses; the contemplated ball 
was converted into a reception, but a ball afterwards 
took place at Sydney. The excursion to Broken 
Hill ri five days—that is, nearly the whole 
time of the Association’s stay in South Australia. 
The party first went to Port Pirie, a distance of 
169 miles, where the Broken Hill Proprietary 
smelt or concentrate the lead and zinc ores which 
are now chiefly mined at Broken Hill; silver ores 
have become scarce there, but silver and gold are 

ined as most valuable by-products, of course. 

e concentrates used to go by ship chiefly to 
Germany, just as did nearly the whole of the 
electrolytic copper of the Kembla works, in New 
South Wales, which works practically deal with 
most of the Australian copper. That is one of the 
reasons why the war at once. created a serious 


* See page 225 anic. 
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situation in Australia. From Port Pirie the 
party crossed the northern end of the Spencer 

ulf over to Hummocky Point, in Eyre Peninsula, 
and went by rail another thirty odd miles further on 
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interest taken in the proceedings. For the local 
members did not enjoy the a | ivil of the 
over-sea party, as it would suanlivatty ve been 
impossible for the Commonwealth to treat thou- 
sands of their citizens as their guests on railways 
and in hotels. It must be borne in mind that the 
meeting was a visit, not to a State, but to a Conti- 
nent. Not much can be done in the study of a 
Continent within a month; but that everythin 
was done to render the visit most instructive an 
ee our epitome will help to show. In some 
respects Australia was seen at her best, perhaps, 
towards the end of her winter. In the hot season 
a different first impression might have been gained, 
especially in Western Australia and Queensland, 
though Victoria and New South Wales might have 
appeared more beautiful. But the impression was 
decidedly pleasing. Australia is certainly a ve 
promising country, more beautiful, more advanced, 
of 725 miles, occupied 28 hours. The route more fertile and less arid than some of the visitors 
over Hawkesbury Bridge, in scenery which re-| had expected. The development has been gradual, 
sembles and rivals, if not surpasses, that of Sydney | steady and healthy, and vastly more than the five 
Harbour, and via Newcastle (which the main line| million people now inhabiting a Continent nearly 
gallons, if at all obtainable at settled rates; as a| circumvents, as the district is swampy), and across | as big as Europe should find comfortable homes in 
rule the price is fixed, and when the drought| New England (the northern part of New South] Australia. But we reserve further general remarks 
becomes severe, as it was during the visit of the | Wales)—reaching at Ben Lomond a level of 4473 ft., | for our concluding article, because many character- 
Association, the price is not raised, but the supply | 70 ft. higher than Ben Nevis, the highest point of | istic features were dwelt upon during the sectional 
is cut down. Port Pirie draws its water, at ls. per|the United Kingdom—into Queensland, and then a» 
1000 gallons, from the Betaloo Reservoir, a State | across the wonderfully fertile plains known as the| The task of the President of such a gathering is 
undertaking. Broken Hill is supplied from the} Darling Downs (2000 ft. above sea-level), down to| not enviable. Over and over again Professor Bate- 
private Stephen’s Creek Reservoir, at 11. r 1000| Brisbane. The journey involved again a change of | son had to respond to speeches of cordial welcome, 
gallons for domestic use. The gold- fields of | train at the frontier, because the Queensland gauge|and to acknowledge exceptional kindness shown 
Western Australia receive their water from the| is 3 ft. 6 in., whilst New South Wales has adopted | under exceptionally difficult conditions, and the fact 
Coolgardie scheme, at 6s. per 1000 gallons, through | the standard gauge of 4 ft. 8} in., and Victoria has|that he always found the appropriate words soon 
® a 30-in. pipe, carried from the hills near Perth, the broad gauge of 5 ft. 3in. The sectional busi-| made hima very popular President. If the hosts 
miles to the gold-fields. Broken Hill itself, a|ness having mn concluded at Sydney, the five | were as pleased as the guests were, everything will be 
town of 50, inhabitants, is situated not in|days up to Monday, August 31, were devoted to| well. The eneral officers of the Association were :— 
South Australia, but on the other side of the| discourses and excursions. Members felt tired by | Treasurer : Professor J. Perry ; General Secretaries : 
border, in New South Wales; but Port Pirie, in| that time, and the excursion to Ipswich, and the | Professors W. A. Herdman and H. H. Turner ; Assis- 
South Australia, is the natural outlet for ite pro- | railway workshops of Queensland there, was aban- | tant Secretary, O. J. R. Howarth; Assistant Trea- 
duce, and the railway from Broken Hill to Adelaide, |doned. There 1700 men turn out 16 loco-|surer, H. ©. Stewardson. The list of honorary 
a distance of 335 miles, crosses the mountains at a| motives, 50 carriages, and 600 wagons annually ; the | local organising officers in Australia is too long 
height of nearly 3000 ft. Most of the Australian | shops are the largest of their kind in Australia and | to bereproduced. We mention a few names of men, 
railways have to overcome considerable heights. | supply practically all the rolling-stock of the State in | otherwise hardly referred to in these columns, upon 
On August 12 the over-sea party proceeded by the beeatiful varieties of Australian timber. Most} whom a large share of the work fell :—Professor 
three special trains to Melbourne, 483 miles by rail, | members preferred to visit the bush of the Blackall | Orme Masson, F.R.S., of Melbourne, representi: 
passing close to Adelaide through beautiful hills, | Range, the pineapple and banana plantations and|the Federal Council ; Professor T. W. west 
gardens, and fields. At Melbourne, on August 14,/the Cane Sugar Works of the Moreton Central | Davis, F.R.S., and Dr. H.G. Chapman, of Sydney; 
the meeting was formally opened by Sir Oliver Lodge, | Sugar Mill at Nambour. Geologists inspected the} Professors Baldwin Spencer and H. Payne, of 
and Professor William Bateson, F.R.S., Director of |Glasshouse Mountains— peculiar isolated rocks| Melbourne; Professors B. D. Steele and T. E. 
the John Innes Horticultural Institution, London, | rising more than 1000 ft. above the plains, prob-| Jones, of Queensland; Professors Stirling and 
delivered the first part of his address in the crowded | ably volcanic necks left after the denudation of the} Kerr Grant, of Adelaide; Professor W. J. Dakin, 
Auditorium Hall, both the Governor General and | soft sandstone. Two meat works, on the River|of Perth; and Professor T. Thomson Flynn, of 
the Governor of Victoria, Sir Arthur Stanley, being | Brisbane, were also visited ; the most recent works|Tasmania. Dr. A. R. D. Rivett, the General 
, present. The Sections met on the Friday, Tuesday, | of the Australian Meat Export Company are not| Organising Secretary, of Melbourne University, 








Electrolytic Copper Works at Port Kembla, on the 
coast, south of Sydney, should also be mentioned 
here ; the works are the - electrolytic copper 


refineries in Australia, and all the = r from the 
to the Iron Knob and the Monarch, two mountains| Mount Morgan Mines (Queenslan i and from 


consisting of splendid hematite, which is already ia is refined there. Geologists went to 
being shipped to the new steel furnaces of the| West Maitland, to Hawkesbury—the Hawkesbury 
Broken Hill Proprietary at Newcastle, in New/| sandstone, up to 1000 ft. in thickness, is one of 
South Wales. This new iron industry is of the|the chief rocks in the east of the State —and 
greatest oan for Australia, and a big plant| other places; agriculturists and geologists as 
is rising at Hummocky Point for the shipment of | well, to Coonamble and the North-West and else- 
the ores ; by rail the distance would be 1500 miles. | where ; fisheries could be studied at Port Hacking ; 
| From Port Pirie the party then went by the rail-|and the National Park, a reserve of over 33, 

































































































































way, which bri the ores down to Port Pirie, | acres, on a plateau rising to 900 ft., was likewise 
up to Broken Hill, again a distance of 268 miles, | visited by many members. The Coonamble trip 
bs Hed a number of different firms have mines} meant a journey of 900 miles by rail and motor ; 
and works. the water supply of this town is from artesian 
Throughout this excursion members saw vast/| bores, but the water corrodes the iron pipes. 


stretches of red ground on which little more than| The journey from Sydney to Brisbane, a distance 
low shrubs (‘‘ salt bush”) grow ; by no means waste 


land, however, for the salt bush makes an excellent 
food for sheep. Water is very scarce, of course ; as 
much as 6s. and more may have to be paid for 100 


and Wednesday. The population of Victoria in| quite finished yet ; they are being equipped on the| devoted his full time for more than a year to 


his work, which took him to England before the 
Birmingham meeting. 


particular displayed the warmest interest in the pro- 
ceedings of the Association; more, indeed, than one 
would have gathered from the somewhat scanty 
space-allowance which the daily Press granted the 
reports of the sectional proceedings. The excursions 
to Ballarat and Bendigo again attracted others 
besides miners and chemists; the excursions to 


American plan. Miners had the choice between 
the gold-fields of Gympie—a three days’ excursion 
—and the Mount Morgan gold and copper mines, 
near Rockhampton, 420 miles from Brisbane—a 
five days’ journey. A trip to the northern portion 
of Queensland and the Great Barrier Reef would 


have required a week at least, even if most hurried. 
Bacchus Marsh and the Macedon district were chiefly| The concluding discourse was given by Sir Edward 


intended for geologists ; those to Warburton and | Schiifer, very appropriately on ‘‘ The British Asso- 
Emerald introduced the visitors to the high euca- | ciation,” and the meeting Ea. Some members 
lyptus trees (over 200 ft. high), and also to the|had alread y train from Sydney 
chemical works of Messrs. Cuming Smith, the only |to catch the Peninsular and Oriental liner Malwa, 
manufactory of wood - distillery products in the | because the Orvieto, by which many members had 
country ; the excursions to Marysville, the National | intended to return, had been commandeered by the 
Park, the Central Research Farm at Warribee,|Government. Other members returned by the 
and the irrigation area of Bacchus Marsh were|P. and ©. liner Morea, or via Thursday Island 
arranged for farmers, botanists, and members of|and Java; others, again, via San Francisco or 
general interests. Vancouver. The special excursion to New Zea- 
Having spent a week at Melbourne, the party|land was abandoned on account of the war. 
entrained for Sydney, a journey of 583 miles,| New Zealand had not joined Australia in invitin 


Herepiry. 


Professor Bateson’s presidential address created 
a considerable stir ; but the subject, ‘‘ Heredity,” 
though touching the engineer as it touches every- 
body personally, hardly concerns engineering. Pro- 
fessor Bateson is an evolutionist, and as such a 
follower of some of his eminent predecessors in the 
—— chair. In South Africa, in 1905, Sir 
rge Darwin selected the fascinating theme of 
cosmic evolution. The President of the Dundee 
meeting, 1912, Sir Edward Schiifer, sought to 
establish that the laws of biol and those of 
physics and chemistry were not independent of one 
another and incompatible with one another, but 
identica'. Last year Sir Oliver Lodge, dwelling 
on the problems of physics and of life, charac- 
terised the present age as one of i - 
gress and of profound scepticism as well. In a 
certain sense, that was the keynote also of Pro- 
fessor Bateson’s address. Every theory of evolu- 
tion, he insisted, had to accord with the facts 
of physics and chemistry. But evolution was no 
longer to be regarded in the light in which it had 
appeared till lately, and he exposed his own views 
with special regard to heredity, attempting to give 
the essence of the discoveries made by the analy- 
tical method of Gregor Mendel, a monk, who died 
at Briinn, in Austria, thirty years ago. The belief in 
natural selection and in the survival of the fittest, 
Professor Bateson declared, was shaken ; natural 
selection could not have been the chief factor in 
delimiting the species of animals and plants. 
The problem for the modern student was: ‘‘If a 
ulation consists of members which are not alike, 
Poe differentiated, how will their characteristics 
be distributed among their offspring?” Mendel 





where they arrived on Thursday, A t 20.|/the Association ; but New Zealand had issu 
There the President delivered the second part of | special invitations to distinguished scientists from 
his address, the sectional ee ee were re-| various countries, and that official excursion was 
sumed, and members had the choice of a long list | cancelled. The war, which had apparently not 
much disturbed the meeting itself, caused members 
a good deal of inconvenience and delay on their 
return journeys. It had indirectly interfered in 
many other ways, of course. Yet the meeting 
was a decided success. The exact numbers of 
those attending were not published during the 
though especially protected; the wallaby (the| meeting. But more than 4700 members joined 
name is given to several kinds of small kangaroos) | in Australia, which brings the total attendance to 
is almost tame there. Engineers could go to the|above 5000, a record figure, never approached 
Federal Territory, Canberra, and the great Burrin- | before. So far the Manchester meeting of 1887 had 
’ juck Dam near by; to the Murrumbidgee irriga- | been the biggest gathering with ite members 
tion area, to which this dam belongs ; to Bulli and | and associates. te Austeaie almost all the partici- 
| the Cataract Dam, which supplies Sydney with pants enrolled as full members, some for their own 
water, and to the Hawkesbury Bridge. A special | centre only, a good number for several centres or 
Sydney Harbour trip was also provided. The |the whole meeting. This fact testifies to the great 


of more than twenty excursions. The two excur- 
sions to the Jenolan Caves proved the greatest draw ; 
the caves are in the Blue Mountains, the finest 
scenery of which was seen on this occasion, and 
the caves are also the home of some characteristic 
| Australian animals, which are becoming very rare, 
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had studied this by cross-breeding; the terms 
‘* pure-blood,” ‘* half-blood,” had no_ sense ; 
the Hebrew expression of the seed of Abraham 
gave a truer notion of genetic heredity. Analytical 
breeding proved that the characteristics of offspring 
were decided by ‘‘ genetic factors ”—to use a non- 
committal term—and as the factors for different 
characteristics were independent of one another, 
a man might be pure-bred as to musical ability, and 
cross-bred as to the colour of his eyes. Sex in- 
fluenced the heredity of colour-blindness, &c., in 
@ peculiar, not yet understood way. There was no 
positive proof so far of contemporary acquisition 
of new factors, but variation by loss or by fractiona- 
tion of factors was a genuine phenomenon of con- 
temporary Nature. ling in the second part of 
his address particularly with the ‘‘ polymorphic ” 
condition of animals and plants—i.c., with the fact, 
which he welcomed, that populations consisted 
of individuals of many types breeding together with 
perfect fertility—Professor Bateson pointed out 
that an individual could only transmit factors 
which he had received from his parents, and if a 
factor came from one parent only, half the off- 
spring only would, on average, inherit it. That was 
more easily studied in abnormal features (the 
Hapsburg lip, colour-blindness) than in normal 
characteristics (colour of the eye). The org 
notion that any parents might have any kind of 
children was quite erroneous, but heredity should, 
of course, be studied forward (from ent to 
child), not backward, in pedi fashion (from heir 
to ancestors). Man differed from animals in one 
important respect: he had —* powers to 
reserve many inferior and defective members of 

is species. Those powers should be judiciously 
exercised. The State should not permit the union 


of ‘‘social vermin ;” but Professor Bateson would | should fin 


not go further at present, at any rate, than to 
restrain marriages between defectives ; though 
something might also be done to reform medical 
ethics: ‘‘to prolong life, at whatever suffering, 
might have been right when diagnosis was un- 
certain.” Professor Bateson said that he would 
not in general deplore the lowering of the birth- 
rate in already over-populated countries ; in normal 
stable conditions population was stationary. In the 
light of the Mendelian knowledge, the discussion 
whether a race was pure or otherwise had almost 
lost all significance. 


(To be continued.) 





WORLD'S ZINC OUTPUT AND THE WAR: 
REDUCED OUTPUT. 

Tue zine — of the world is seriously affected 
by the war. The sources of supply are extremely 
limited, and the more important occur in or near the 
areas in which fighting is either taking place, or may 
do in the near future. The world’s zinc supply is 
obtained from ort Japan, Australia, and the 
United States. In Europe the zinc industry is dis- 
tributed as follows :— 














| Number | Produc- | Produc- 

Country. } jtion, 1910, /tion, 1913, and 
Plants. | in Tons. | in Tons. ecrease. 
Germany 34 | 261,040 289,870  +-38,830 
Belgium 13 190,230 217,920 +27,690 
Great Britain 17 69,530 65,190 - 4,340 

France 5 7,890 - - 
Spain .. 2 7,200 | 78,280 -+-71,080 
Holland 1 | 23,120 | 26,810 + 3,690 
Austria-Hungary 4 14,660 | 23,920 + 9,260 

Norway - 1 ~~ , 230 _— 
Russian Poland 2 9,510 8,380 - 1,130 
Total 79 | 628,180 720,600 -+97,420 
The zinc output of Australia and Japan in 1913 was 


extremely limited, only 11,300 tons, whilst that of the 
United States has been steadily increasing for many 
years. In 1910 it reached 269,180 tons, — last year 
346,670 tons, an increase of 77,490 tons; the con- 
ee during 1913 was 295,370 tons, leaving a 
surplus for exportation of 51,300 tons. The German 
zinc-smelters are situated in Upper Silesia and North- 
West Germany ; the former are within 5 or 10 miles 
of the Polish- Russian frontiers, near the point 
where Germany, Austria, and Russia abut on each 
other, whilst the Russian- Polish smelters are in 
the same locality, but on the Russian side of the 
frontiers. It is probable that the war may compel 
the whole group to suspend or curtail operations, 
and it appears unlikely that the output, even 
if maintained, can be made available for trade, unless 
outlets can be found wy neutral States, the 
production being purchased by, say, Italian nots 
and shipped as Italian me The zi ters 
of Western Germany are in the vicinity of Liége, and 





are distributed within a radius of about 90 miles of 
that centre. They will all be affected by the war, 
unless an outlet can be obtained through Dutch agents 
via the Rhine and Rotterdam. The Belgian zinc works 
are completely wi out for the time being ; nearly 
all are situated tween Liége and Namur, and 
around Verviérs. The French zinc-smelters are out- 
side the war area, but their output is relatively small, 
less even than that of this country, and only about 
20 per cent. that of Germany. Scarcity of labour may, 
of course, seriously handicap them. The zinc output 
of Europe during the current year, and the continu- 
ance of the war, will be, as shown by the figures 
quoted above, very seriously curtailed. Stocks are 
very limited, and, owing to the war, probably not 
available, or only by roundabout means. 

The European zinc-smelting centres not affected 
by the war are those in Great Britain, Spain, Holland, 
and Norway. Their aggregate output during 1913 
amounted to 180,510 tons, whilet the output of the 
zinc-smelting centres in Europe affected by the war 
amounted to 600,090 tons (estimating the French out- 
put at 60,900 tons for last — There may con- 
sequently be a deficiency in the world’s output during 
the next twelve months of no less than 419,580 tons. 
To what extent our industrial activities dependent 
on zinc supplies will be affected can scarcely at the 
moment be accurately gauged. 

Readjustmente to the new conditions are now in 
hand. The reduced zinc supplies may be neutralised 
by a reduced spelter market. In the United States 
the zinc-smelting industry has during recent years 
been increased out of all proportion to the consum 
tion, and there is consequently a large surplus avail- 
able for export. Small supplies of zinc are also ob- 
tained from Mexico and Canada, and are imported into 
the States ; these might now be diverted to thiscountry. 
The Mexican output ceased during the recent disturb- 
ances, but with the establishment of more ful 
conditions supplies may now be again available, and 
d a ready market in England. There are 
considerable stocks of spelter in Europe, probably 
100,000 tons at the outbreak of the war, but a con- 
siderable proportion may be cut off, so that until peace 
is concluded it may be disregarded ; but after the war 
these stocks may adversely affect prices. Considerably 
over 65,000 tons of spelter are smelted in this coun 
in our own plant, and our enormous output of gal- 
vanised iron requires large imports in addition. 

British imports of zinc ore have shown a tendency 
to decrease during recent years, as shown below :— 


Tons. £ 
1910... 92,570 570,600 
1911 74,390 49%, 300 
1912 67,330 481,600 
1913 64,670 417,600 


We obtained our main supplies of zinc ore from 
Australia, Italy, Algeria, Germany, Spain and France, 
in the order aber Last year only 990 tons came 
from Canada, and only a few tons from the United 
States. 

Our imports of crude zinc in cakes are increasing :— 


Tons. £ 
1909 102,570 2,249,000 
3911... 115,230 2,806, 100 
1913... 145,000 3,450,600 


The main imports came from Germany, 64,179 
tons, valued at 1,503,020/., last year, out of a 
total of 145,000 tons, = about 45 per cent., and from 
Belgium 53,500 tons, valued at 1,291,010/., equal to 


| 37 per cent.; the remaining 18 per cent. came in small 


quantities from Holland, Tunis, Japan, Mexico, 
and other small contributaries. It a that 
with the German and Belgian supply cut off, the 
agueary ptating on this raw material must soon 
disappear, and all labour engaged become unemployed. 
It appears likely, however, that our requirements ma 
be provided through American channels and wor 
found for our men. 

rts of British zinc ore are insignificant, but 
they are increasing—only 1643 tons, valued at 7274/., 
in 1909, and 13,378 tons, valued at 61,097/., last year ; 
between the two dates the increase has been continu- 
ous. Our exports of crude zinc or spelter in cakes are 
also small—in 1909, only 7404 tons, valued at 159,969/., 
and last year, 9496 tons, valued at 208,113/. 





MartTett ScHOLARSHIP IN NavaL ARCHITECTURE.— 

Scholarship in Naval Architecture has been 

awarded by the Council of the Institution of Naval 

Architects to Mr. F. J. A. Pound, of Portsmouth Dock- 
yard, who is now proceeding to the Royal Naval U 


Greenwich. The scholarship is of the value of 100/. per | tool 


annum, and tenable for three years. 


Tue InstiTUTION oF AUTOMOBILE ENGINEERS.—The 
Institution have under consideration tion of a 
Technical Committee to consider points of construction 
which are in need of scientific investigation, and it is 
likely that such a Committee will be formed at an earl 
date, and that it will include men who areconnected wi 
the construction of automobiles, as well as those who are 





| already conducting scientific research. 





THE LATE ENGINEER-CAPTAIN CHARLES 
B. LECKY. 


WE nee to have to announce the death, suddenly, 
at Ross tage, Havant, of Engineer-Captain Charles 
Beresford Lecky. a Lecky was born 
on September 14, 1863, and entered the Service on 
July 1, 1885, serving as an engineer student in the 
training schools at Portsmouth and Keyham. He was 
i & commission as assistant engineer on July 1, 

886, and served over three years on the North 
America and West Indies Station in H.M.S. Canada, 
as assistant engineer and engineer, being promoted to 
the latter rank on September 1, 1890. As engineer he 
served in H.M.8. Pique; in torpedo-boats at Malta ; 
in H.M.S. Spider, used for instruction of engineer 
cadets ; in H.M.S. Leven, a torpedo-boat destroyer ; 
and in H.M.S. Pallas, on the North America and 
West Indies Station. 

He was promoted to chief engineer on September 1, 
1900, and was specially selected for appointment in 
charge of the machinery of the Admiralty yacht 
Enchantress. He was promoted to ineer-com- 
mander on September 1, 1904, and served in this rank 
in H.M.SS. tona, Hogue (North America and 
West Indies), and Sutlej. He was then appointed as 
assistant to the Captain of Devonport Dockyard, in 
which post he remained until placed on the Retired 
List, with the rank of engineer-captain, on Sept- 
ember 14, 1913. 

Engineer-Captain Lecky was awarded the Diploma 
of Commander of the Order of the Crown of Italy, for 
services rendered at the Messina earthquake in 
December, 1908, while serving in H.M.8. Sutlej. 
Engineer-Captain Lecky was a zealous, hard-working 
ss and his genial personality made him many 

riends. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 8. 
THE ral condition noted a week ago in iron and 
steel still prevails. At this time less than half the 
producing capacity is employed. General reduction 
in wi is contemplated, though the purpose of this 
is not a ent, there is no complaint over prices, and 
competition is virtually absent. The lethargy is wide- 


read, 

All caloulations are upset. Progress is bein 
made towards the solution of the banking guoblem, 
but it is beset with difficulties. The railroad hearin 
or re-hearing for an advance in freight will be hear 
October 17. Even if granted, the roads will not 
expend money liberally for a while. With fully half 
the capacity idle, prices remain practically unchanged. 
The export trade for the week showed a marked im- 
provement, but far below what the volume of inquiries 
would indicate. Wire is wanted freely. A growing 


e demand a probable. Consumption of 
mill products is ahead of production. Stocks in 


warehouses are steadily being depleted. When the 
better conditions return the country will be bare of 
stocks. Wire plants are running almost to capacity. 
Pig-iron is ym oy ey furnaces. Large con- 
sumers have enough to last them through the year. 
Foundry work is slack. English consumers will not 
pay the asked price for steel billets. If Southern pig- 
iron freight rates are reduced large shipments to 
Northern markets will follow the e ted trade 
revival, and to that extent interfere with Northern 


iron. 

A further falling-off in furnace output is in sight. 
The sheet-mills are enjoying a good trade. Railroads 
are practically out of the market, and car-builders 
have scarcely any inquiries. 





EMPLOYMENT FOR BELGIAN REFUGEES. 
To THE Eprtor oF ENGINEERING. 

Siz,—I am sure that everything possible should be 
done to find yy for distressed Belgians in this 
country where this is possible, and where our own British 
workpeople will not suffer in consequence of their em- 
“io. 

ving this in mind, it has occurred to us that 
amongst the numerous Belgian refugees arriving in this 
country may be a number of experi motor 
mechanics. If this is so, we shall be pleased to do all in 
find men temporary employment at 


The position is that considerably over 200 of our men 
have joined the Forces, ange Fem at our disposal cer- 
tain temporary vacancies. e can do with turners, 
mille = ang 4 men used to capstan lathes, grinders, 
If could let it be known through the medium of 

“at journal that we are open to afford what 
help we can in the above direction, we ll esteem it a 
vour. 


FE gen should be addressed to, or personal calls 
le at, our works, Acton, London, W. 


Yours truly, 
D. Naprer anv Son, Limrrep, 
H. T. Vane, 
October 20, 1914. General Manager. 
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A STANDARD IN REFRIGERATION. 


Report of the Refrigeration Research Committee of the 
Institution of Mechanical Engineers.* 

The Committee appointed ‘‘to consider and define a 
Standard in Refrigeration and its Units of Measure- 
ment” have held several meetings, and have exercised 
the power to add to their number under which they were 
appointed. They have secured the co-operation of several 
gentlemen concerned in the refrigerating industry as 
makers or as users of refrigerating machines, with the 





result that the membership now stands as follows :— 


Sir J. Alfred Ewing, K.C.B., LL.D., F.R.S. (Chair- 
man); Mr. J. Wemyss Anderson, M. Eng.; Mr. Samuel R. 
Beale; Mr. W. Worby Beaumont ; Mr. Asa Binns ; Mr. 
W. G. Brettell; Sir James Dewar, F.R.S.; Mr. W. 8. 
Douglas; Mr. J. H. Grindley, D.Sc.; Mr. G. OC. 
Hodsdon ; Professor O. Frewen Jenkin; Mr. Magnus 
Mowat; Mr. F. A. Willcox, and Mr. Hal Williams. 

After consideration and discussion of the subject 
referred to them, the Committee beg leave to submit the 
following conclusions :— 

Two distinct matters arise from the terms of reference : 

1. To consider what standard, if any, should be used 
for the practical rating of refrigerating hines, as a 











,” Paper read before the Institution of Mechanical 
Engineers, October 16, 1914. 


means of expressing the amount of refrigerating effect 
which the machine is capable of ucing under speci- 
fied conditions such as occur in ordinary practice. 

This involves two points—namel 
refrigeration is to be measured and stated, and the tem- 
peratures between which a machine should, for the 
purpose of rating, be assumed to act. 

To consider what theoretical cycle of action should 
be adopted as a standard for comparison with the actual 
performance of a refrigerating-machine working under 
any conditions, as a mvans of judging how nearly the 
real action ~ a the ideal. 

The uses of such a cycle would lie in the analysis of 





y, the unit in which | of 


substantially the same, and the machines differ only in 
their capacity. Some convenient unit of refrigerating 
effect would accordingly appear to be desirable as a means 
of rating them. A rating of machines on this basis, once 
it came to be generally understood, would probably be 
appreciated by users as well as by manufacturers, and 
might be especially serviceable to consulting engineers in 
= ing for ers. The Committee are accordingly 
of opinion that a suitable unit of rating should be estab- 
lished, to be based on some intelligi and ectly 
unambiguous measure of performance ; and, f er, that 
the basis should be such as to make it possible that the 
unit might meet with general acceptance for international 


@ I CHART FOR CARBON DIOXIDE 
ISSUED WITH THE REPORT OF 
THE REFRIGERATION RESEARCH COMMITTEE OF 
THE INSTITUTION OF MECHANICAL ENGINEERS 
167 OCT. 1914. 


The'l ‘Scale gives either - Calories perKilogramme. 
or - Thermal Vraits(Lb.CIperPound. 





Cuarrt I. 


tests and the criticism of actual performances; also in 
the design of refrigerating plant, taking account of ratios 
namo by experience) between real and ideal per- 
‘ormance in machines of given types. 

With regard to the question whether any standard 
should be used for the practical rating of refrigerating 
machines, the Committee are aware that some refriger- 
ati ineers hold the view that no standard of the 
kind is likely to be useful on account of the variety of 
purposes for which such machines have to”be designed. 
On the other hand, the practice of some mavufacturers 
in adopting a more or less arbitrary method of rating is 
evidence that some standard is wanted, though it eould 
not in any case be expected to have universal applica- 
tion. There are certain of the commoner uses of refrige- 
rating plant in which the function to be fulfilled is 





use. They believe that this condition is fulfilled by the 
unit recommended for adoption in this Report. 
(L.) 

The standard for practical rating must be based on :— 

(a) The amount of heat extracted per unit of time, and 

(b) The temperatures between which the machine works 
as a heat-pump—namely, the temperature of the source 
from which heat is taken, and the temperature at which 
heat is discharged. 

For the purpose of practical rating, we are concerned 
not directly with the limits of temperature of the working 
substance, but with the temperatures external to the 
machine, between which the heat is pumped. 

Thus, in the normal case of a machine working under 
steady conditions to keep brine cold by extracting heat 
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from it, and discharging the heat to cooling water, the 
temperatures to be considered for the pu of rating 
are four in number—namely, the upper and lower temps- 
ratures of the brine and the upper and lower temperatures 
of the cooling water. 

For rating purposes definite values have to be amine 
to these four temperatures. The following are considered 
to be suitable for adoption as standard voles — 


Entropy (9) 


32 deg. Fahr.) 
Lower limit — 5 deg. Cent. 
(23 deg. Fahr.) 
Upper limit 20 deg. Cent. 
(68 deg. Fahr.) 
Lower limit 15 deg. Cent. 
(59 deg. Fabr.) 


It may be remarked that in specifying the standard 
conditions the range through which brine is cooled 
(5 deg. Cent.) has been made somewhat wider than is 


Upper limit 0 deg. Cent. 
For the brine ... ( 


For the cooling water... 





usual in practice, with the object of facilitating the accu- 
rate measurement of refrigerating effect in tests made for 
the purpose of rating. aie 

Next, as regards methods of specifying the amount of 
heat extracted per unit of time, the Committee have con- 
sidered the ice that is occasionally resorted to of 
using a unit on the making of ice from water at 
0 deg. Cent. or at some arbitrarily chosen temperature. 





One calory is 2.2046 x %, or 3.9683 B.Th.U. One calory 
per second is, therefore, equivalent to 3.9683 x 60 x 60 
x 24, or about 342,860 B. \ Sy 


i in the United States, and 
000 B.Th. U. as a British standard. It will 

therefore, that the calory per second is a unit of 

e same order of magnitude, only slightly larger. 


be 


much 





200° ¢ 
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They are of opinion that the objections to such a method 
of rating are so serious that they cannot recommend it. 
Any rating on an ice-making basis is liable to confusion 
with the actual output of a machine employed in the 
manufacture of ice, which may he very different. ’ 

They have secordingly looked for some other unit which 
would be free from such objest‘ons, and have come to the 
conclusion that the most simple and unambiguous form of 
statement would be to express the cooling effect of a 
machine in calories per the being the 
amount of heat required to change the temperature of 
1 kg. of water by 1 deg. Cent, 





or. Thermal Units(Lb.C)perPound 


2 Dy 2 


It is accordingly recommended :— : ’ 

1. That the refrigeration produced by a refrigerating- 
machine be ex in calories per second. is unit 
is equivalent to 342,860 B.Th.U. per day of 24 hours. 

2. That the refrigeration may be stated for particular 
conditions or for standard conditions. 

3. That the standard conditions be defined as follow: 
—The temperature limits to be steady ; the temperature 


* Proceedings of the Institution of Mechanical Engi- 
neers, 1912, page 998. ENcrngERING, November 29, 
December 6, and December 13, 1912, 
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of the cooling water to from 15 deg. Cent. (59 deg.| This mode of rating may be taken as applying to ab- 
mm ma- 





Fahr.) at inlet to 20 deg. 
and the temperature of the brine 


t. (68 deg. Fahr.) at outlet, | sorption machines as well as to vapour 
range 0 
Cent. (32 deg. Fahr.) to —5 deg. Cent. (23 deg. Fahr.). 


uced under standard con- 


4. That the refrige: 
lied the ity” of the machine. 


of brine, the same method of rating will apply, except 
that the conditions have to be modified by specifying for 


Committee accordingly recommend :— 
5. That. in the rating of a direct-expansion refrigera’ 


. . . . . ti 2 
In cases of cooling by direct expansion, without the use | machine, the temperature of the vapour in tho ovapeunter 


Gi CHARTFORSULPHUR DIOXIDE 
ISSUED WITH THE REPORT OF 
THE REFRIGERATION RESEARCH COMMITTEE OF 
THE INSTITUTION OF MECHANICAL ENGINEERS 
16™ OCT. 19/4. 


The I Scale gives either — Calories per Kilogramme 
or — Thermal Untts(L bC9per. 





the lower limit of temperature that of the working sub- | machines using brine. 


hus, a machine may be 
capacity of one unit if it 


uces a refrigeration of one 
calory per second d (cay 342, 


B.Th. U. per day) in steady 
conditions specified above. 
& two-unit machine is one which, under the 
same conditions, produces a refrigation of two calories 
per second, and so on. 


tsePf. 

It is considered that a tem 
(14 deg. Fahr.), as a lower limit for the working sub- 
stance, will harmonise with 
been laid down for machines using brine, and this International 
will also be in accordance with the standards of tempera- | Chicago, 1913. 


ture of — 10 deg. Cent. 








(IL.) 





ture adopted by the Association Frangaise du Froid.* 


be taken as — 10 deg. Oent., and that the conditions as 
regards cooling water be the same as those laid down for 


As regards a theoretical cycle of comparison, we are 


the conditions which have| * Cf. Professor L. Marchis’s presented to the Third 
is figure i of Redriguretion, Washington, 
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concerned with the internal action of the working sub- 
stance, and the temperatures to be considered in this 
case are accordingly not those external to the machine, 
a of the substance itself at various stages of the 
cycle. 

The theoretical performance in a vapour-compression 
machine using any assigned working substance assumes 
adiabatic compression to take place between constant- 
pressure limits of suction and discharge. 

These two pressures must be known, also the tempera- 
ture to which the working fluid may be cooled before 
passing the expansion valve. 

With these three data there will (for any working sub- 
stance) be some se degree of dryness—that is to 
say, some particular proportion of vapour to liquid at the 
beginning of compression, which (with adiabatic action) 
will theoretically be the best in the sense of giving the 
maximum coefficient of performance in the ideal cycle. 
When the degree of dryness at the beginning of com- 
pression is determined, the temperature of superheating 
reached at the end of compression follows. 

The essential data, therefore, for determining the ideal 
cycle are the suction and discharge pressures, and the 
temperature before the expansion-valve, if the cycle is 
specified as that which, with those temperatures assigned, 
will give asa matter of theory the highest coefficient of 
performance in adiabatic action. 

Further, in order to secure the highest ideal efficiency, 
the working substance should be cooled before passing 
the expansion-valve to a temperature as nearly as ible 
equal to that of the supply of cooling water. It is there- 
fore proposed in all cases to take the temperature at which 
cooling water is supplied as the temperature to which the 
working substance is supposed to be cooled before Lr ae 
the expansion-valve, in calculating the ideal cycle o 
comparison. 

It is accordingly recommended :— 

6. That the ideal cycle to be adopted as a standard for 
comparison with actual performance be the most efficient 
cycle employing adiabatic compression, in which the 
pressures of suction and condensation are the same as 
those that occur in the actual process of working, and in 
which the substance is cooled, before passing the expan- 
sion-valve, to a ~~ ™ equal to that at which, in 
the actual process, the cooling water is supplied. 

7. That the pressures of suetion and condensation 
referred to in Recommendation 6, for the actual process 
of working, are to ba the pressures measured just after 
and just before the substance passes the expansion-valve. 

This last recommendation is required in order to make 
the conditions for compression definite in cases where 
there is any substantial drop in pressure between the 
compressor delivery and the expansion-valve, or between 
the a side of the expansion-valve and the compressor 
intake. 

In some ye wy Hy! machines the action is compound, 
in the sense that the compression occurs in two stages, 
with cooling of the substance between the two; or the 
expansion by throttling takes place in two stages, with a 
return of part of the substance to the compressor after 
the first s The Committee do not consider it neces- 
sary or advisable to complicate the use of a standard 
cycle of comparison by specifying ideal cycles special to 
such operations. They think it better that any actual 
machine employing such a compound process for the pur- 
pose of getting an augmented efficiency should still have 
its performance compared with that of an ideal machine 
using the standard cycle. 

The coefficient of ideal performance C; is found by 
dividing the heat taken in by the work expended in the 
standard cycle. 

Similarly, the coefficient of actual ormance Cz is 
found by dividing the refrigerating effect actually pro- 
duced by the work expended in driving the compressor 
in the real performance of the machine. 


The ratio CG, is a fraction which shows how nearly the 


‘ 
real performance approaches the standard ideal. This 
ratio may be called the “relative efficiency.” 

The coefficient of actual performance is found by direct 
measurement of the refrigerating effect uced in actual 
working, and of the work expended. The work may be 
reckoned either as the indicated work done in the com- 
pressor, or as the total work required to drive ib; and as 
the indicated work is materially less, it is important in 
all statements of actual performance to state clearly which 
of the two methods of reckoniag the work is employed. 
When practicable, both the indicated work and the total 
work should be given in stating the results of a test. 

In recent years the theory of refrigeration has been 
much simplified as well as rendered exact 4 the use of 
the function I—namely, the total heat of the worki: 
substance in any state.t This function has been employ: 
by Dr. R. Mollier as one of the two co-ordinates in a 
chart by means of which the state of the substance may 
be completely exhibited at any pressure and temperature. 
With such a chart it is easy to trace the changes which 
the working substance undergoes in the ideal cycle, and 
to determine by measurement on the diagram the values 
of the quantities involved. 

For the calculation of the ideal fnew mgs by far the 
most convenient procedure is to sketch the ideal cycle on 
the Mollier ¢I chart, in which the co-ordinates are the 
entropy and the total heat. Each of the quantities, the 
heat taken in, the heat rejected, and the work done, is 
then found by reading off numbers on a scale. This dia- 
gram forms so powerful and easy a means of analysis in 
problems of refrigeration that its use cannot too 
strongly commended to the notice of engineers. 

The entropy-temperature (¢r) chart, though probably 
+ Called by some writers the ‘‘heat content” and by 
others the “enthalpy.” 





more familiar, is less convenient, but when properly used 
it also affords a means of exhibiting the ideal cycle and 
of finding the coefficient of ideal performance. For this 
pu: the chart should include a set of lines of constant 
total heat, which enable the process of passing the expan- 
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Carts AND TasLes SHOwING PROPERTIES OF 
Supstances Usep 1n REFRIGERATION. 
































Volume of 
Pressure. Temperature. Saturated 
Vapour. 
Ib. per sq. in. deg. Cent. | deg. Fahr. cub. ft. per Ib. 
Carbonic Acid. 
200 — 32.0 — 25.5 0.463 
225 — 28.3 - 18.8 0.408 
250 - 24.8 -12.7 0.365 
75 -21.7 - 7.0 0.330 
300 -18.7 - 17 0.301 
325 — 16.0 + 3.2 0.276 
350 -13.4 + 7.9 0.255 
375 - 10.9 +12.3 0.236 
400 - 8.6 +16.5 0.219 
450 - 43 +24.3 0.191 
500 - 03 +31.4 0.169 
550 + 3.4 +38.1 0.150 
600 + 6.8 +44.2 0.134 
650 +10.0 +50.0 0.120 
700 +18.0 +565.4 0.108 
800 +18.6 +66.5 0.0878 
900 +23.6 +74.6 0.0720 
1000 +28.3 +82.9 0.0565 
1060 +30.5 +86.8 0.0460 
1070 +813 +884 0.0852 
Ammonta. 
6 -49.2 — 56.6 41.6 
8 — 44.2 - 47.6 31.6 
10 - 40.2 - 40.4 25.75 
12 — 36.8 - 34.3 21.75 
14 - 33.8 —28.9 18.79 
16 -81.2 -2%4.1 16.56 
18 - 28.8 -19.8 14.82 
20 — 26.6 -15.9 13.45 
25 -218 - 7.2 10.88 
30 ~-17.7 + 0.1 9.17 
35 -14.2 + 6.5 7.93 
40 -11.0 12.2 6.99 
45 - 81 17.4 6.25 
50 — 6.5 22.1 6.66 
6 - 0.83 30.5 4.77 
70 + 3.3 37.9 4.12 
80 + 6.9 44.5 3.63 
90 10.3 50.5 3.25 
100 13.3 66.0 2.936 
120 18.8 65.8 2.466 
140 23.6 74.6 2.124 
160 27.9 82.3 1.868 
180 31.9 39.4 1.666 
200 35.5 95.9 1.504 
225 39.6 103.2 1.340 
250 43.4 110.1 1,208 
275 46.9 116.4 - 1,098 
300 60.2 122.4 1.007 
350 56.2 133.2 0.863 
400 61.6 142.9 0.752 
450 66.6 151.9 0.665 
500 71.1 160.0 0.597 
550 76.3 167.6 0.539 
600 79.3 174.7 0.491 
650 83.0 181.4 0.449 
700 86.5 187.7 0.414 
Sulphurow. Acid. 
= -320 =| — 25.6 14.1 
6 | — 28.6 -19.5 11.9 
7 — 25.8 -14.4 10.3 
8 — 23.2 - 9.7 9.04 
9 - 20.8 - 5.4 8.10 
10 -18.6 - 1.5 7.36 
12 -14.7 + 5.6 6.17 
14 -11.2 +118 5.34 
16 - 8&2 +17.3 4.70 
18 - 5.4 +22.3 4.19 
20 - 28 +26.9 3.80 
25 + 2.7 +26.9 3.08 
30 + 7.4 45.4 2.59 
35 11.6 62.8 2.24 
40 14.3 59.5 1.97 
45 18.6 65.5 -76 
50 21.6 71.0 1.59 
60 27.1 80.8 83 
70 31.9 89.3 1.15 
80 36.1 97.0 1.01 
90 40.0 1038 9 0.90 
100 43.5 110.3 0.82 
Specific Heat of Calcium Chloride Brine. 
Density* 1.19 | Density* 1.20 | Density* 1.21. 
Temperatures.! TPwaddell* 88. | Twaddell* 40. | Twaddell* 43 
deg. C. | 
— 26 0 697 0.685 0.674 
-20 0.702 0.690 0.679 
-1 0.707 0 695 0.684 
-10 0.712 0.700 0.689 
- 5 0.717 0.705 0.694 
0 0.72% 0.710 0 699 
+6 0.727 0.715 0.704 
+10 0.732 0.720 0.709 
+15 0.737 0.725 0.714 
+20 0.742 0.730 0719 











* The density is measured at 60deg. Fahr. (15.5 deg. Cent.) 
National Physical Laboratory Report, 1909. 


sion-valve to be represented in the diagram as part of the 

complete cycle. . 
In a note which is caueeaee to this Report the Chair- 

man has given an outline of the theory, in which the 


¢@7 and the ¢ I diagrams in consideri 
has also shown how the ¢ I diagram allows the maximum 
coefficient of performance to be readily determined. 

¢I charts of entropy and total heat for each of the 
three substances in practical use have been drawn for the 
Committee by Professor OC. F. Jenkin, and are appended 
to this report on pages 517, 518, and 519. 

In all these charts the pressures are given in pounds 
per square inch. For tem tures the Centi e scale 
is used throughout, and the absolute zero is taken as 
— 273 deg. use of the Centigrade degree has the 
great advantage of making the numerical values of I 
agree with those used by Continental writers. When the 
Centigrade degree is adhered to in charts or numerical 
tables the unit of heat may be understood to be either the 
pound-degree Centigrade, or the calory, for as I is in one 
case pound-degrees per pound, and in the other kilo- 
gramme-degrees per kilogramme, its numerical value is 
the same. 

The ¢ I chart for carbonic acid (page 517) uses Dr. 
Mollier’s figures, but with British units of pressure, and 
with some additions based on the recent researches of 
Professor Jenkin and Mr. Pye.* 

For the other two substances the experimental data 
available are much less complete, and the figures are 
accordingly subject to greater uncertainty. A ¢I chart 
for ammonia is drawn in Mr. Grindley’s paper.+ A com- 

rehensive discussion of the data for ammonia wil) be 
ound in Bulletin No. 66 of the University of Illinois 
Gouseer 27, 1913), by Professor Goodenough and Mr. 

. E. Mosher. They have given an extended table of 
numerical values and have drawn a ¢1 chart for that 
substance, by using equations founded on the experi- 
ments which they considered most trustworthy. In the 
chart on page 518, which must be regarded as no more 
than provisional, their figures are adopted, but the chart is 
drawn here for Centigrade degrees. The chart for sul- 
phurous acid, which must also be regarded as no more 
than provisional, uses the values given by Dr. J. Hybl.t 

Professor Ostertag, in his ‘‘ Berechnung der Kiilte- 
maschinen auf Grund der Entropie-Di mme ” (Berlin, 
Julius Springer, 1913), gives ¢7 charts for all three sub- 
stances ht a form —_ e re use in — with eeapent. 
ing lems. ese the necessary lines of constant 
total heat are drawn. These charts will be found con- 
venient by engineers who desire to use the ¢7 method. 
The pressures are stated in Continental unite,§ and will 
require conversion by those who wish to work with 
pounds per square in The values of ¢ need no change, 
nor do those of I, provided the pound-degree-centigrade 
be used for the unit of heat. The data used by Professor 
Ostertag for ammonia and sulphurous acid differ in some 
respects from those used in drawing the charts which 
accompany this Repert. 

A great advantage of charts for sereeating the 
properties of any working substance and analysing its 
operation, is that they allow numerical tables to be dis- 

with, as well as numerical calculations of the 
effects. The I chart or the ¢7 chart gives all n 
information as to quantities of heat and energy in a form 
far more compact and accessible than -~ tabular state- 
ment. The refrigerating engineer must, however, know 
the volume occupied by the working substance in 
state of saturated vapour at various temperatures, as well 
as the relation of temperature to pressure in saturated 
vapour. Accordingly tables (Appendix I.) have been 
added giving this information, by way of aes data 
sufficiently complete for practical purposes. far as 
ammonia and sulphurous acid are concerned the figures 
should be accepted with reserve, pending a more exact 
knowledge of the physical properties of these substances. 

A table of the specific heat of calcium chloride brine is 
also added, the data for which are taken from the Report 
of the National Physical Laboratory for 1909. 

In conclusion, the Committee recommend that the 
Council of the Institution should consider the desirability 
of authorising them to carry out experimental researches 
with the object of supplying such data as are not now 
available regarding the physical properties of the sub- 
stances used in refrigeration. 

(Signed on behalf of the Committee) 
J. A. Ewing, Chairman. 


(To be continued.) 


ideal cycles. He 





Tur Surveyors’ InstrruTion.— The session of the 
Surveyors’ Institution will open on the 9th prox., when 
President, Mr. Howard Chatfeild Clarke, will Love 
his idential address. The Gold Medal awarded by 
the Council, in respect of the best paper read during the 
vious session, will be presen to Professor W. G. 
earnsides, in respect Sy on the ‘‘ Part Played 
by Water in Macadam mstruction.” Ordinary 
general meetings will be held on November 23, December 
14, January 11 and 25, Febru 8 and 22, March 8, 
April 12 and 26, and May 10. November 23 Mr. 
win Savill will read a Raper on “The Home-Grown 
Wheat Supply Available in War Times.” The remainder 
of the session will be taken up in gy me the Acquisi- 
tion of Land for Public Pu introdueed by Mr. 
Andrew Young and Mr. L. O. thews; Land Tenure, 
introduced by Mr. Joshua Bury and Mr. J. G. Head ; 
Rating, introduced by Mr. Isaac Dixon and Mr. E. 
H. N. Ryde; and Housing, introduced by Mr. Strachan 
Gardiner and another. 
* Philosophical Transactions, vol. ccxiii., 1914, page 67. 
+ Proceedings of the Institution of Mechanical Engi- 
neers, 1912, page 1046. ENaingERINc, December 6, 1912. 
t Zettschrift fiir die gesammte Kiilte-Industrie, April, 


in ‘‘atmospheres,” 1 atmosphere being 





the quantity I and its use is indicated, and 
fins capininedl, with pon A the application both of the 


1913, page 65 
§ Namely, 
taken ae 1 i. per sq. cm., or 14.223 Ib. per sq. in. 
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results of trials, in which one of them was compared with 
ay = ue — ated. hand-firing, are included. 

operating levers can be reached by the machinist w Lawndry Plant.—Messrs. Hill and Herbert, Limited, 
stand aan te on observing the work on the | of Great Central-street, Leicester, have sent us a cata- 
table. _pamphlet is extremely well printed, and logue of laundry machinery and dry-cleaning plant, of 
the illustrations are first-class. w they supply complete installations. The catalogue 
Link-Belts and t- Wheels.—The Link-Belt Com- | includes washing-machines (one of which is of the open- 
pany, of Chicago, Ill, U.S.A., have sent us a catal ended type), see | - machines, hydro - extractors, 
section giving very full particulars of Ewart detachable | wringers, ironing and 1 gz b qoffering: 
link-belts for elevators, conveyors, and power transmis- | machines, irons, drying-rooms, and all kinds of 
sion. Standard sizes are made with pitches ranging from | accessories for laundry work. Special attention is called 
0.902 in. to 6.15 in., and the ultimate tensile strength of | to the firm’s four-contact glossing-machine for polishing 
these belts varies from 700 Ib. to 14,000 lb. Many special | collars, cuffs, &c. This machine has two central gas- 
sizes are, however, also listed, and the smallest of these | heated glossing-rollers which rotate between a pair of 
has a pitch of 0.495 in., and a tensile strength of 240 Ib. | felt rollers placed above and below thm. The collars, 
All these chains are illustrated by reproductions from un- 


&c., are first fed in between the lower felt roller und the 
touched photographs. The most commonly used forms | two heated glossing-rollers, and are conducted upwards 


of attachments for the belts are also illustrated, and | by a curved plate, so that they pass between the glossing- 
prices are stated for these, as well as for the belts them- | rollers and the upper felt roller, and are then returned 
selves. Full particulars of sprocket-wheels are also given. | to the operator’s hand. The arrangement thus gives four 


Colliery and Mining Plant.—Copies of their latest frre ate contacts during one passage through the machine. 
































































































We give below a few data 4. ssuent a re 

foreign engi ing projects, en from r) 
Journal. further information concerning these 

rojects can be obtained from the Commercial Intelli 

— Board of Trade, 73, Basinghall-street, London, 
E.C. 
Australia : With reference to the call for tenders by 
the Victorian Railways Commissioners for the supply 
and deliv of (1) 25, or alternatively 100, five-feed 
lubricators for locomotives, and (2) 500 steel disc wheels 
for new rolling-stock, H.M. Trade Commissioner for 
Australia reports that contracts in connection therewith 
have now been awarded. A contract for 350 of the steel 
disc wheels was given to the Melbourne representative of 
a German firm, and has necessarily been cancelled, but no 
fresh tenders are to be invited. 

Spain: With reference to various classes of material 
required from time to time by the Spanish Government 
Departments which may have to be obtained from abroad, 





- ing-rollers run at a higher than the felt 
. A =a : catalogues, enclosed in a neat leather-covered box, have ata : : 
oo — = ~ any a ee - - goods a 2 tate oe Head, Wright d Oo., rollers, so that a polish is obtained without exces- 


sive pressure. catalogue also deals with steam- 
engines, boilers, and gas-engines. 

A Rngiaveria gm eng Be 
an ering VUompany, Limited, whose on 
address is 41, Moorfields, Eo., have issued a new illus- 
trated catalogue of vacuum-brake apparatus. The tirm’s 
standard combined-type cylinders in seamless solid-drawn 
steel casings, for use on carriages and wagons, are first 
dealt with, and a separate-chamber or engine-type cylinder 
is next described. These cylinders ure both packed on 
the usual rolling-ring nye but cylinders of the dia- 
7 type are deait with later in the catalogue. These 
oy inders are intended for use on vehicles which stand 
idle for considerable periods, during which time the 
inner surfaces of the cylinders are liable to become cor- 
roded ; such corrosion would, of course, be detrimental to 
the rolling-rings of cylinders of the usual type. The 
catalogue illustrates und describes ball-valves, 
valves, ——— valves or accelerators, detector-valves, 

iston-rods, pipe-couplings, and other details of vacuam- 
e equipment. It also deals with the firm’s new 
**Crab” cylinder and “‘ Equable” rigging, which enable 
a reduction in dead-weight of from 3 owt. to 6 owt. 
per vehicle to be made; several other advantages are 
claimed for this arrangement. Vacuum-brake apparatus 
for use on the rolling-stock of electric railways is also 
illustrated and described in the catalogue, and a complete 
schedule of details for all types of apparatus is included, 

Road - Rollers and Traction - ines.— Messrs. John 
Fowler and Co. (Leeds), Limited, Steam-Plough Works, 
Leeds, have sent us copies of two of their recently-issued 
catalogues dealing, respectively, with steam -rollers 
and traction-engines. The road-roller catalogue gives 
full particulars, with prices, of rollers varying in con- 
venient steps from 6 tons to 16 tons in weight. Con- 
vertible road-rollers and traction-engines, and various 
types of scarifiers, are also dealt with. Accessories 
for road-making, such as traction-wagons, living-vans, 
water-carts, &c., are also included in this catalogue. 
The other catalogue deals with traction - engines 
for agricultural purposes and general transport work, 
giving very full particulars of single-cylinder and 
compound engines of 5, 6, 7, 8, and 10 nominal 
horse-power. The construction of these engines is 
illustrated and described, and a complete general speci- 
fication is given. Numerous extracts from testimonials 
from ogee are —— nee Son eee ene 
ing engines in use for practically inds of hau 
work. The catalogue also deals with traction engines, 
fitted with cranes and superheaters, showmen’s engines, 
provided with dynamos for electric lighting, steam 
ploughing-engines, a special type of engine for colonial 
use, and various accessories such as traction-wagons, 
tender-w: and water-carts. Boulton wheels and 
Bottrill wheels for road locomotives and traction-engines 
are also illustrated and briefly described in this cava- 
logue. The former are especially suitable for use where 
heavy loads have to be transported over roads paved with 
stone sets. They have cast-steel rims with square 
recesses, into which wooden blocks strengthened with 
steel liners are fitted. The blocks are kept in position by 
means of steel ee! olts and oprings and elastic cushions 
are fitted at the backs uf the blocks to take up any 
excessive jar on the wheels. When in motion the weight 

of the engine presses the blocks into cuntact with the 

road, thereby increasing the bearing surface, preventing 
; | slipping, and avoiding excessive wear on ithe roads. 
let Bottrill wheels are suitable for use on rough or soft 
ground, or when loads have to be hauled over wet ur dry 
sand ; they are also suitable for direct-traction ploughing 
work. In these wheels two sets of steel shoes, arranged 
so as to ‘* break track,” are attached te the rims by means 
“| of flexible steel ropes. The shoes are automatically laid, 
down and taken up as the proceeds, thus dis- 
tributing the weight over a very large area, and enabling 
loads to be hau over ground into which ordipary 
wheels would sink. The Bottrill wheel was illustra:ed 
in ENGINEERING on December 20, 1912, page 844. 


Limited, of Stockton-on-Tees. Two of the catal 
are devoted to Marcus screens and conveyors, which, it 
will be remembered, are of the reciprocating trough type, 
and are largely used for transporti coal, cement 
clinker, grain, sugar, and other materi Other cata- 
logues deal with ‘* Nissen” stamp-mills, pithead gears 
and cages, ‘‘ Nota Nos” coal-washers, coal-shippi 
t, steel chimneys, cast-iron and steel tanks, 

rage continuous vacuum filters. The latter are used 
for extracti ld from the pulp produced by previous 
treatment of the ore, and they are claimed to extract 
over 99 per cent. of the gold present in solution. 


Drilling and Grinding-Machines.— Meesrs. A. A. Jones 
and Shipman, Limited, of New Century Works, East 
Park-road, Leicester, have sent us a copy of their latest 
catalogue of radial and vertical drills and grinding. 
machines. Among its contents we noticed a 24-in. high- 
8 vertical drilling-machine fitted with ball-bearings. 

is machine is capable of drilling holes up to 2 in in 
diameter at the hi t speeds and feeds attainable with 
modern high-speed drills. A special feature of the other 
vertical drills listed is the fact that the entire column and 
arms are cast in one piece. These drills are fitted with 
gun-metal self-oiling bearings, and with the firm’s new 
cross-axle feed mechanism, which is absolutely positive 
and practically instantaneous; it also enables a fixed 
bracket to be used, since the worm-wheel and worm are 
always in mesh. Particulars are also given of sensitive 
drills, multiple-spindle drills, and radial drills; some of 
the latter are of the all-geared type. The firm’s universal 
grinder for tool-room work and for grinding all kinds of 
cutters, reamers, taps, arbors, &c., been redesigned 
and improved in many respects, and a larger and new 
design of universal machine, for wet and grinding, is 
now being manufactured. These and other grinding- 
machines are very fully dealt with in the catalogue. 


Air-Com 3s,—We have recently received from 
Messrs. y and MacLellan, Limited, of Polmadie, 
Glasgow, a copy of their latest catalogue of ‘* Sentinel” 
air-compressors. The catalogue, which contains 160 pages, 
bound in paper-covered boards with cloth back, illustrates 
and describes the construction of the various types of 
compressors made by the firm, and also gives dimensions, 
— prices, and other particulars of a 
with capacities ranging from 25 cub. ft. to 25,000 cub. fo. 
of free air per minute. Compressed-air motors, reservoirs, 
after-coolers, water-traps, air-meters, and other acces- 
sories for power transmission by compressed air are also 
dealt with, and, in addition to shia, the catalogue contains 
useful articles on two-stage compression, the com i 
efficiency of air-compressors, the choice of steam-driven 
compressors, air-piping, air-lift pumping, the air-con- 
sumption of pneumatic tools, the use of compressed air 
for forging-hammers, &c. An immense amount of prac- 
tical data, not to be found in any text-book with which 
we are acquainted, is included in these articles. It has 
been collected by the firm over a period during which 
they have made and sold over 2000 compressors, and is 
exactly whatis required by the practical man. The cata- 
logue is also extremely well printed and illustrated, and 
very conveniently arranged. It is, in fact, quite the 
best publication of its class that has yet been brought to 
our notice. 


new list includes the following supplies :—Metal-working 
machinery; wood-working machinery; leather-cutting 
and stam ing machinery ; constructional material for air 
service ; bis -tension and special steel of all kinds, in 
bars, sheets, &c. ; steel boiler-plates; ship’s paints, &c. ; 
copyiog-machines ; electric dynamos and accessories for 
lighting of railway ; portable fire-extinguishers ; 
locomotives for rack railways. The Gaceta de Madrid 
notifies the t of a ninety-nine years’ concession to the 
Compafiia de los Ferrocarriles Andaluces, for the con- 
struction of a normal-gauge railway from the station of 
Luque Baena, on the Puente Genil-Linares line to Baena, 
Province of Cordoba. The estimated cost of the under- 
taking is 672,000 pesetas (about 24,900/.). H.M. Consul- 
General at Barcelona reports that an engineer in that 
city desires to get into touch with United Kingdom 
manufacturers of the following articles : — 'Tramway 
materials, including ints and crossings, fish-plates, 
bolts and screws, rails, grips, tools and materials for 
repair of the permapent-way, light rails and trucks for 
constructional work, 








CATALOGUES. 

Ships’ Steering-Gear, Winches, &c.—The Carron Com- 
pany, of Carron, Stirlingshire, have issued a sectional 
catalogue of steam steering-gears, hand-power screw 
steering-gears, wheel and pinion steering-gears, hand- 
power winches, and steam ash-hoists for ships. 

Electric Wiring Accessories.—An illustrated catalogue 
giving prices and my” of lamp-sockets, ceiling- 
roses, cut-outs, and other fittings and accessories for 
indoor and outdoor electric wiring work, has come to 
— — _ Pass and Seymour, Inc., of Solvay, 


Pulley-Blocks.—From Messrs. Youngs, of Ryland:Street 
Works, Birmingham, we have received an illustrated 
catalogue giving particulars of the ‘“‘Ryland” worm- 
pron pulley-blocks. These blocks are fitted with self- 
sustaining lowering and control brakes, and are made for 
loads up to 3 tons. 


Milling-Machines.—We have received from the Newton 
Machine-Tool Works, Inc., of 23rd and Vine-streets, 
Philadelphia, U.S.A., a catalogue dealing princip»ll 
with horizontal milling-machines of the planer type. Fu 

rticulars are given of the various sizes made, and some 
interesting illustrations showing the tools at work are 
also included. A few examples of vertical milling- 
machines, slotters, grinding-machines, boring-machines, 
planers, cold saws, and other tools are also illustrated. 

Engraving-Machines. — Messrs. Taylor, Taylor and 
Hobson, Limited, of Stoughton Street Works, Leicester, 
have forwarded us a copy of their latest catalogue of 
engraving-machines, one of which was illustra’ and 
described in ENGINEERING, vol. lxxi., page 665. 
Gar all Sipe of quonng atin, apniiior sapeeiie Gananee 
or all kinds of general work, another s 
for working on very large plates, and a third ~~ 
engraving large and heavy pieces of work, such as motor- 
car tyre-moulds, gun-mountings, &c. They can be used 
for cutting raised or sunk letters or designs in any 
material. Several examples of work performed on these 
machines are illustrated in the catalogue. 


Locomoteves.—We have received from Messrs. Andrew 
Barclay, Sons and Co., Limited, Caledonia Works, 
Kilmarnock, Scotland, a catalogue in which they illus- | ; 
trate and give particulars of the various types of loco- 
motives they are ey building. Most of them are 
tank-engines for industrial work, such as that in iron and 
steel works, collieries, quarries, plantations, &c.; but a 
few examples of passenger locomotives are included, 
together with some engines constructed to comply with 
special conditions. Among the latter may be mentioned 
fireless locomotives on the thermal-storage system, articu- 
lated locomotives, and locomotives fitted arith cranes. T' . 
illustrations also include some exceptionally — haul- 
ing-engines for mineral traffic and goods-yard work. 

Boring-Mill.—The Pratt and Whitney Company, of 
Hartford, Connecticut, U.S.A., have issued a pamphlet 
containing a very fully illustrated description of their 
sidehead -mill, _ aes out its many interest- 


5 





Tue Impeniat InstituTe.—The third quarterly number 
of Vol. xii. (1914) of the Bulletin of the Imperial Insti- 
tute contains, among the results of recent investigations 
conducted scientific and technical staff of the 
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RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated, " 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 5d. 

The date of the advertisement of the os of a Complete 
Specification is, in each case, given after the abstract, unless the 
Tratent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement , | the acceptance of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


28,950/13. KR. W. Paul, London. Magnetic Bal- 
ances, (2 Figs.| December 16, 1913.—This invention relates to 
magnetic balances for demonstrating and measuring the forces 
between the poles of two magnets or the force on a magnetic pole 
in a magnetic or electro-magnetic field. A magnetic balance con- 
structed according to this invention comprises a balance-beam 
su on a stand and adapted to hold a magnet with one pole 
at the centre of motion, the other pole being vertically below when 
in the normal position ; guides are provided on the stand for hold- 
ing the second magnet, one pole being adjustable along the vertical, 
and the other along the horizontal, line drawn through the lower 
pole of the swinging magnet. A is the balance-beam, turning on 
a support B fixed to the stand C; Dis a magnet, clipped by one 
of its pole-ends to the balance-beam, and E an adjustable bob 
or counterpoise. ese parts are shown in the zero or non- 
deflected position. A second and similar magnet F is held by its 
extremities in guides G and H, the guide being suitably grad 
and provided with an index-slider K, which moves with the 




















magnet. The guides are fitted with attachments for retaining 
the magnet F in any position in which it may be placed, its _— 
being always respectively on the horizontal and vertical lines 
through the lower pole of the magnet D, the zero position of 
which is indicated by sighting it against its image ona mirror L 
provided with a suitable index-mark. A ees mae | adjustable 
weight or flag M provides means for adjusting the swingin 
magnet to the zero position Pa poe’ to inserting the magnet 
in ite guides, and the beam A is graduated and provided with a 
rider-weight N, which can be set ata definite distance from the 
centre of motion. These adjustments having been made, the 
balance is ready for use in the pow ee | way ; the second et 
may be placed in the guides and adjusted until the repulsion 
between the similar acting poles brings the swinging magnet back 
to the zero positi the reading on the horizontal scale being 
then noted, and the operations being repeated with diff t 
weights or different positions of the same weight, the law of 
inverse squares may be verified. Using three magnets, and mea- 
suring the force between the individual poles, pole strengths can 
be computed. (Sealed October 1, 1914.) 








GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


5 Willans and Limited, and 
J. ‘erguson, Rugby. Internal bustion En- 
gines. (3 Figs.) July 12, 1913.—This invention relates to 


improvements in internal-combustion engines of the type in which 

















unv 


ised oil is delivered by a fuel- 
vi —>* rgenc) 
governor is provided, which, in the event of the failure of the 


mp to the pulverising or 
3. According to this invention, an eme J vy 


main governor, cuts off the fuel supply 


by opening a valve in the 
pipe connecting the fuel-pump to the pan = 


ine cylinder, ais a 


weight, one end of which is pivotally connected to an arm or disc 
6 on a boss c on the shaft d of the engine, whilst the other end is 
connected by a spring ¢ to a plate b1 on the arm b. / is a plunger 
outwards by aspring. In the -~ J is a groove f2, in 
Catch to a pin on Ob aon 9 piveted at oR e end of the arm g 
engages with a recess h!in a pivoted quadrant h, which normally 
holds out of action a plunger i acted upon  / a opring. which is 
stronger than the spring which holds a valve / on its seat. misa 
pipe leading from the air blast and in communication with the 
cavity n. pressure of the air holds the valve o on its seat in 
the fuel-pipe p against the action of the sprivg g. When the 
engine exceeds a etermined 
against the action of the spring e and strikes the plunger /, thus 
tripping the valve / and opening the cavity n to the atmosphere 
through the passage r. The pressure in the cavity n being re- 
duced, the spring g withdraws the valve o from its seat, allowing 
the fuel to pass through the passage s to the pipe t, open to the 
atmosphere, as shown in Fig. 2, instead of to the cylinder. The 
gear for operating the valve may be operated by the emergency 
governor, by means of ety oo or by a Bowden wire, the 
elec’ 


wire being attached to, or the tro-magnet acting upon, the 
lever g. (Accepted July 22, 1914.) 

28,049/13. F. K. Siemens, London. Regenerative- 
Gas Furnaces. (13 Figs.) December 5, 1913.—This invention 


relates to regenerative-gas furnaces having a unidirectional heat- 
ing flame, and consists of an improvement in or modification of 
the invention described in the Specification No. 10,824, of 1912, as 
improved upon or modified by Specification No. 17,956, of 1913, 
wherein the gas and air-flues communicate with each other thro’ 
openings or narrow paseages in such manner as to result in the 
formation of a flame at various points within the furnace, one of 
such flames being the unidirectional heating flame of the furnace, 
while the other flame or flames serve to heat the regenerators. 
he preheated air, i diately after leaving the hot regenerator- 
chamber indicated at b, divides into two streams, the main part, 





, the weight a flies out | is 


devices, such that while each hand-wheel can be actuated inde- 
pendently of the other, the movements of either of the hand- 
wheels will not affect or interfere with the movements of the 
other. According to the nt invention, the applicants pro- 
vide, in conjunction with elevating machanism as set forth above, 
an indicating device which is situated in a suitable position to be 
readily observed by the auxiliary elevating number, and which 
is operated by the gun-layer, so that the auxiliary elevating 
number is notified of the direction in which the gun should be 
moved, without the necessity of providing an open sight for the 
use of the auxiliary elevating number. A is the side bar which 
to one of the side cheeks of the carriage, and A! is the 
casing carried by the side bar and containing the differential 
gearing interposed between the elevating pinion A* and the main 
and auxiliary elevating hand-wheels. This differential gearing 
may comprise two worm-wheels, one of which gears with a worm 
B actuated by the main elevating hand-wheel (not shown) and the 
other with a worm OC actuated by the auxiliary elevating hand- 
wheel Cl. D represents the indicating device operated by the 
gun-layer. In the example shown, the indicating device D is in 
the form of a pointer, which is engraved in a bold and distinct 
manner on 4 ro ial Di ted on a spindle d carried by a 
bracket A? which forms part of the casing Al. This dle is 
suitably connected, for example, by bevel-wheels d1, d2, d3, d4 
and a shaft D®, with a spindle B! of the main elevating worm B, 
so that when the gun-layer elevates or depresses the gun, he at 
the same time angularly displaces the dial D1, thus indicating to 
the auxiliary elevating number by means of the pointer D the 
direction in which the gun should be moved by him, his duty 
being to move his hand-wheel C! in the same direction and 
approximately at the same speed as the dial as aforesaid. (Ac- 
cepted July 22, 1914.) 


21,956/13. E. Schneider, Le Creusot, France. Auto- 
mobile Torpedoes. (3 Figs.) September 29, 1913.—This in- 
vention relates to automobile torpedoes of the kind in which the 











which supports combustion of the heating flame, passing iz 
the passage d towards the inlet port f of the furnace hearth, while 
a comparatively emall volume of the air flows through the 

e into the gas flue a where combustion is initia’ Of the air 
which passes to the port /, the main part combines with the gas 
from the flue a, and produces a unidirectional regenerative flame 
traversing the furnace hearth in the direction indicated by the 
arrow in Fig. 1, while the remainder of the air flows around the 
end of the partition wall i, and passing through the opening e!, 
reaches the cool regenerator-chamber c which has to he heated. 
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This pure air mixes with and serves to burn a portion of the gas 
which issues from the flue a through the vertical duct g, thus 
producing a flame at this oe serving to reheat the regenerator 
c. Upon the flow of air ng reversed, the same operation will 
take place symmetrically, but in the reverse directions. The hot 
air from the regenerator c branches into a main stream and a 
smaller ne, the latter passing upwards through passage g to 
initiate combustion in the gas-flue a, while the main stream itself 

ain divides into two, part providing the oxygen required for 

e production of the heating flame of the furnace, the re! er 
flowing around the end of the partition walli and passing into 
regenerator b through duct d, mixing on its way with live gas 
derived from the gas-flue a and passing into the regenerator 
chamber, the flame so produced serving to reheat the cooled 
regenerator, The flame which serves for initiating combustion 
in the gas-flue, and which is produced by introducing air through 
the opening ¢ or g, as the case may be, into the stream of gee n 
the flue a may be dispensed with, for which purpose slides or 
dampers covering the openings or tap-holes ¢, g may be provided 
so that, for example, the hole e may be shut off when the air is 
flowing in the direction indicated by the arrows in Fig. 1, or the 
hole g when the direction of the air-currents in the furnace is 
reversed. (Accepted July 22, 1914.) 


GUNS AND EXPLOSIVES. 


16,629/13. Sir A. T. Dawson and G. T. Buckham, 
London. = Guns. [2 Figs.) July 19, 1913.— 
This invention relates to the elevating mechanism discl in 
8) on No. 6673, of 1912, in which a naval —— is pro- 
vided with two elevating hand-wheels, one under the control of the 
gun-layer, and the other under the control of an auxiliary number 
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whose duty consists in elevating or depressing the gun and ts 
through large angles to counteract the effect of the ship’s rolling 
or pitching and tossing movements on the laying of the gun, the 





hand-wheels rating upon the elevati —_— or its equiva- 
lent throvgh intermediary of worm, differential and worm, 
or other gearing used in conjunction with automatic locking 


P d air that drives the ling engine is heated prior to 
its admission to the engine. For this purpose, the apparatus for 
TE the comp: air has, as is shown diagrammatically in 
Fig. 1, insomeinstancescompriseda combusti hamber 1 arranged 
between the compreseed-air reservoir 2 and the engine 3. The air 
coming from the reservoir 2 through a pipe 6 forces liquid hydro- 
carbon and water from the reservoirs 4 and 5 into the chamber 1 








through the pipes 7 and 8 respectively. The invention consists in 
the provision of means for passing cold air at reduced pressure 
through the heating or ti hamber and the pipe leading 


therefrom to the engine, prior to any admission of liquid hydro- 
carbon and water to the said chamber, the engine being run by 
this cold air until air at higher pressure is admitted to the chamber 
when the liquid hydrocarbon and water is also admitted. T desig- 
nates a cock common to the pipes 7 and 8 for the admission of 
liquid hydrocarbon and water to the combustion-chamber. In 
accordance with the invention, this cock is connected mechanically 
with an adjustable mechanism that retards the operation of the 
valve A—qa for the full admission of air to the engine. The 
movement of the push-rod b to lift the valve A—a is prevented, 
during a predetermined number of revolutions of the engine by 
the striking of a member I against one element H of a clutc 

H—F, the other element F of which is actuated by gearing F1—G 
from the engine. The push-rod ) and the member I are actuated 
by the usual balance-lever B, the movements of which are pro- 
duced by the movements of the starting-lever L. K is the usual 
reduced-admission valve, which is lifted as soon as the lever L is 
shifted into the — L! by the intermediary of a lever Q! and 
of arod Q. The ce-lever B actuates the stopping mechanism 
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A 
to the member I and supporting the 
vided with a pin N, which actuates 
at a fixed point and provided with 
an elongated hole. A pin R, carried by an arm T! in with 
the cock T, ages in the el ted hole. The —— is as 
follows :—At the moment at which the lever L of the starting- 
valve is brought rearwards to L! the engine starts at low 
with co'd air, —_ to the fact that the valve K and the member I 
are only lifted to the extent necessary for throwing in the clutch 
H—F, this travel being insufficient to open the valve A—a and 
rotate the cock T. cock T therefore remains closed so that 
the water and the liquid hydrocarbon do not reach the combus- 
tion-chamber. When at the end of a predetermined number of 
revolutions of the engine the member I engages in an orifice A in 
the clutch element H, the clutch F—H is thrown out of operation, 
and the full-admission valve A—a then opens fully and the engine 
commences to run at its normal speed. At the same time the 
member I in rising opens the cock T by the intermediary of the 
collar M, the lever O, and the arm T!, and the water and the 
liquid hydrocarbon then reach the combustion-chamber to enable 
the heating of the airto commence. It will, of course, be understood 
that the ignition cartridge is so arranged that its firing does not 
take place until the end of the low-speed running when the valve 
A—a opens fully. With this object the firing may be controlled 
by adevice connected with the push-rod } or with the member | 
in any known manver. At the moment at which the torpedo 
stops, the member I is returned by the balance-lever B to its 


C—O1—C2 by means of the finger B2 in the known manner. 
washer or collar M fixed 
spring of this member is 
a bell-crank lever O pivo' 











initial ition ; the collar M is then caused to descend and close 
e cock T ; consequently the liquid hydrocarbon ard the water 

tne) to flow to the busti hamb (Accepted July 22, 
4. 
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GRANARY AT GLASGOW HARBOUR. 


For many years there has been periodical agita- 
tion for the construction throughout the country 
of large granaries for the storage of food-stuffs, in 
order that there might be no possibility of a famine 
in the event of war. The silent but effective “‘ pres- 
gure” of the Navy in the present crisis has so far 





shown that those who contended in favour of abso- 


of a great war taking place. Nevertheless, the 
immense granaries, which are increasing in number 
at the great shipping ports, are welcome, because, 
while directly intended for convenience in the dis- 
charge and subsequent distribution of the grain 
imported from time to time, they indirectly afford 
facility for ensuring such a supply at the outeet of 
the war as will carry the country over the period 





before the Navy has completely asserted its 


beginning this week the publication of complete 
drawings illustrative of this latest addition to the 
otherwise complete installation of harbour appli- 
ances at this progressive port. Great 
been made in recent years towards the ection 
of grain-discharging and conveying machinery, and 
while the Glasgow granary may not be as large, or 
ing machinery as extensive, as corre- 


the ——— 
sponding appliances at the great grain-exporting 











Fie. 1. 


Perspective View, Lookinc NortTH. 
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lute ensurance of the command of the sea, as prefer- 
able to such tentative measures, were right. Such 
expedients as immobile defences on the coast and 
the storage of immense quantities of grain and food- 
stuffs are more or less secon , and one effect of 
the present war will undoub' be the universal 
recognition of the advantage of fulfilling the primary 
condition of making the Fleet so strong that over-sea 
commerce can be maintained by Britain, and, for 
that matter, by all Powers at peace, in the event 





SHIP BEING DISCHARGED 





RIVER ca FF 2 & 


Fic. 2. General PLAN. 


superiority ; in other words, until it has established 
in fact, as well as on paper, complete command of 
the sea. 

The latest of these granaries to be completed is 
that built by the Clyde Navigation Trustees at the 
port of Glasgow, and opened in May last. At that 
time we gave a brief description of the granary 
and of the general arrangement of the elevatin 





and conveyor P= for dealing with the grain, an 
we now fulfil the promise we then made by 
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harbours of Canada, the United States, and some 
other countries, the structural details, alike of the 

ary and the design of machinery for discharg- 
ing grain from ships and distributing it into and 
out of silos, are thoroughly representative of the 
best practice of the day, and of great and prolonged 
experience. i 

e has been erected on the north 
bank of the Clyde, at the recently-completed 





Meadowside Wharf, 24 miles from the centre of the 
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city. 


the largest of grain-carrying ships, and for the dis- closure are given in ~— 10 to 15, on page 525. 


charge of these there are two travelling ship- | 


For grain that is to 


At the wharf there is berthage for three of | successive floors. Details of a portion of this en-|for a distance of about 100 ft. from the west end 
|of the area covered by the building, is at surface 
loaded into river or coast- | level. 


From this point it falls away towards the 


discharging elevators, as shown in the perspective ing steamer or lighter there is an outgoing band, east end, where it is at a depth of 10 ft. below the 


view, Fig. 1, and the plan, Fig. 2, on 
capable of raising grain from the holds of the ship 
at the rate of 250 tons per hour. These discharge 
the grain, after weighing it, on to either of two 
conveyor-bands, working in a subway built parallel 
with the face of the quay. These bands transfer 
the grain ultimately to conveyors running at right 
angles to the quay, and, as shown by the dotted 
lines on the plan, into the bottom of two elevators 
fitted in a tower near the centre of the granary. 
These elevators, which, like those on the quay, 
have each a capacity of 250 tons per hour, extend 
to the top of the tower shown in the perspective 
view, which rises to a height of 160 ft. from 
the ground-level, and has dimensions of 36 ft. by 
24 ft. 


The arrangement of the elevator and the distri- | 


bution conveyor-bands within the granary are well 
shown in the general drawings of the buildin 
given on Plate XXXVII. Fig. 4 is a longitudin 
section of the building from the west to the east, 
and Fig. 5 a plan, through the silos and storage- 
floors, part of the building being of the former and 
part of the latter system. Fig. 6 is a plan of the 
ground floor, or loading - platform, showing the 
shoots from the silos and storage-floors for feeding 
the bands for redistribution of the grain, for deli- 
very in bags to carts, railway-trucks, or in bags and 
in bulk to river craft. Fig. 7 is a cross-section 
through the silos, Fig. 8 at the central elevator- 
tower, and Fig. 9 through the floor storage part 
of the building. The elevators within the tower 
discharge on to fwo conveyor-bands which run east 
and west from the top of the tower within a con- 
veyor-gallery, extending to the ends of the build- 
ing, and at a height of 131 ft. above ground- 
level, as shown in Fig. 4. From the conveyors in 
this gallery there are side shoots discharging 
through the top floor into the series of silos 
(Figs. 7 and 8), or on to any one of the eleven 
storage floors, into which the other part of the 
building is divided (Figs. 4, 8, and 9). 

The.building hasa total length inside of 312 ft., a 
width inside of 72 ft., and a total storage capacity for 
31,000 tons of grain. The part arranged with silos 
is 168 ft. long, and there are 150 se te bins, of 
which thirty-eight are 102 ft. in depth, while the 
others are 84 ft., the collective capacity of all the 
silos being 20,000 tons. The section of the build- 
ing divided up into floors is 144 ft. in length, and 
the eleven storage floors are arranged for a depth 
of 5 ft. 6 in. of bulk grain on each floor, and the 
total quantity which may be thus accommodated is 
11,000 tons. A sacking-off floor, 12 ft. 6in. in 
height, runs the whole length of the building, at a 
height of 15 ft. 6 in. above ground-level, to permit 
of railway wagons passing beneath on three lines of 
way, alongside which there are three loading-plat- 
forms (Figs. 4, 7, 8, and 9). The height between 
the successive storage floors is 8 ft. 6in. For turning 
over the grain there are three lines of conveyors in 
the basement (Figs. 6 to 9), dealing with 100 tons 
per hour, extending from the ends of the building 
to the main elevators, or to an auxiliary elevator 
alongside, which also delivers on to the distributing 
bands in the conveyor-gallery. This auxiliary 
elevator can also be used in connection with an 
automatic weigher, having a hopper capacity of 
3000 Ib., for parcels of bulk grain Thich it 18 desired 
to weigh in process of loading out or turning over. 
For taking sacks of flour or grain into the granary 
there are two inclined band-conveyors, each 
capable of dealing with 500 sacks per hour. 
conveyors, which start from ground-level near the 
front of the quay-side shed, pass through the roof 
of the shed, and are ental ty two steel trunks 
across the intervening space, to enter the granary 
at the sixth floor. A sac'x-band running inside the 
granary distributes the sacks on this floor, and, by 
means of patent sack-shoots, to any of the lower 
floors and to railway wagons, carts, or basement- 
bands for loading-out to craft at the quay. One of 
the sack intake-bands is also continued by an 
inclined band along the east end and north side of 
the building, by means of which the sacks can be 
taken to the twelfth floor, and delivered on to a 
distributing-band there, similar to that on the sixth 
floor. This inclined band inside the granary is 
enclosed by partition walls and sloping ceilings, 
and alongside the band there is a walking space, 
with short stairs at intervals, giving access to the 





These | o 


granary. outgoing band, which is capable of 
taking 100 tons of bulk grain or 500 sacks per 


e 523, each | running for the most part in the same subway as surface. In order to distribute the great pressures 
|the bulk ~~ intake bands between quay and | 


| 
| 


under the columns and walls of the building, a 
6 to 1 concrete foundation layer, 2 ft. in thickness, 
was laid on the boulder clay over the whole area 


hour, is fed by means of the longitudinal bands in | of the building ; it was stepped down at the east 
the basement of the granary, and leads to a| end. On the top of this foundation layer, grano- 
travelling-gantry at the quay side, from which the lithic concrete seats, 115 in number, and 6 ft. square 


| grain in sacks or bulk is delivered to the steamer 
| or lighter. 
The system of sack-shoots and bulk-shoots to 


of an electric traverser, placed in a pit at the west 
end loaded wagons can be transferred to other lines 


wagons is shown in Figs. 4 and7 to9. The rail- | 
way lines pass through the building, and by means | 


by 18 in. in height, were laid, to form the rests for 
the column bases. The maximum pressure on the 
top of the foundation layer of concrete is 14 tons 
per sq. ft., and on the top of the boulder clay 
3% tons per sq. ft. In designing the floors and 
columns for the floor granary a live load of 24 ewt. 
per sq. ft. was taken for each storage floor, with 








between the granary and the goods-shed (Fig. 3). 
On the sacking-off floor there is an installation of 
twelve—to be increased to twenty—portable auto- 
matic weighers for weighing grain before delivery 
to carts or railway wagons. | In addition to a pas- 
ee there is a stairway from top to bottom 
f the building (Fig. 5). 

wore | for the present the mechanical equip- 
ment of the granary, we turn first to a consideration 
of the constructional details of the building. Two 
methods of construction were adopted in the 
granary building. The outside walls of the floor 
granary are built of brickwork, and the internal 
structure is formed with cast-iron columns, rolled- 
steel joists, and concrete floors. The system is 
illustrated on the sections and plan on Plate 
XXXVII., and in part by the details on page 525, 
Figs. 10 to 15. The outside walls of the silo por- 
tion of soe and division walls of bins are 
of reinfo concrete, but the outside walls have 
a facing of 9-in. brickwork, so as to preserve a 
uniform ap) ce throughout the buildi The 
details of the reinforced-concrete structure will 
be illustrated and described in our next article. 

The granary is founded on boulder clay, which, 
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Fic. 3. GenekaL VIEW, LOOKING WEST. 


14 cwt. per sq. ft. on the loading-platform, sacking- 
off floor, and conveyor-gallery. 

The outside walls are constructed of red-clay 
brickwork, with piers 4 ft. wide, spaced at 12-ft. 
centres, and intermediate wall-panels. The thick- 
ness of the brickwork in panels varies from 42 in. 
at the ground level to 14 in. at the conveyor- 
gallery, and the projection of the piers is 9 in. out- 
side and inside. . At the level of each floor a con- 
tinuous recess was formed round the inside of the 
walls, into which the concrete floors are carried. 
The central portion, which is 24 ft. in width, is 
higher than the rest of the building, to contain the 
conveyor-gallery. The side walls of the gallery 
(Figs. 7 and 9) are carried on 123-in. by 14-in. com- 
pound girders, made up of two 12-in. by 34-in. 
channel sections, with 14-in. by 2-in. plates at top 
and bottom. The elevator-tower, 36 ft. long and 
24 ft. in width, built above the conveyor-gallery, 
carries the heads of the grain-elevators and the 
motors for driving the same. The external walls 
(Fig. 8) are of brickwork, the east and west end 
walls being carried on compound girders similar to 
those already described. The maximum pressure 





on the brickwork of the granary is 10 tons per sq. ft. 
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tower have flat concrete roofs, 6 in. in thickness, the 
supporting transverse beams being 8 in. by 4 in., 
and the longitudinal joists 4 in. by 3 in. The 
whole surface of the roofs, both sloping and flat, 
was covered with asphalt to a thickness of 1 in. 
Roof-lights were formed in the sloping side roofs 
to provide light for the twelfth floor. 


(To be continued.) 


LITERATURE, 


Intermetallic Compounds. By Cxrciu H. Deson, D.Sc., 
Ph.D., F.1.0. London: Green and 
[Price 3s. net. } 

THe question here considered is the manner and 

extent to which metals are capable of forming 

definite chemical combinations among themselves, 
and the mears of recognising those combinations as 
true chemical alloys. That such bodies exist has 
long been known, but they have not been widely 
studied till late years, owing to the difficulty of 
isolating them in a pure state and of submitting 
them to critical analysis. But now that the subject 
has come to the fore, the experimental study of 


alloys has proceeded at so ~¥ a pace that 
P’ 





conclusions have been acce on insufficient 
warranty. The literature of the subject has become 
conf , and there is need to review much of the 
evidence on which apparently accurate chemical 
formule have been assigned. Dr. Desch’s book 
comes as a timely reminder to warn us of the 
necessity of using greater caution, to adopt severer 
and more varied tests, and to sift experimental 
data with greater thoroughness. We are dealing 
here with practically new problems, obscure, for 
they stand on the borderland of the unknown, and 
their solution is to be sought tentatively, but whose 
results can well exercise an important bearing on 


engi ing science. 
omiies of investigating this recondite sub- 
ject that most readily occurs to a chemist is to 
attempt to extract the pure compounds from an 
alloy by some physical process, as filtration, crystal- 
lisation, volatilisation, or removing the excess of 
metal by solvents. Filtration at high temperatures 
is difficult, crystallisation from an indifferent 
solvent is inapplicable, and the results of fractional 
crystallisation are apt to be misleading owing to 
the + yaa wef of removing the adhering mother- 
liquid completely from the crystals. The adoption 
of methods suggested by ordinary chemical proce- 
dure is responsible for burdening chemical litera- 
ture with an extremely large number of formulze 
and descriptions of ——— compounds, the 
majority of which are _ bly unreal. In conse- 
quence of the difficulty both of manipulation and of 
~ reting 1 t — oun these methods 
ve been su y the use of the ‘‘ freezing- 
point curve” or the determination of the chemical 
equilibrium of a binary system. Two substances 
are mixed in known proportions and allowed to coul 
slowly. The temperature of the mixture is recorded 
when solid matter is perceived in the liquid. This ix 
the ‘‘ freezing-point,” or the temperature at which 
this i mixture is saturated or comes into 
equilibrium with a particular solid. By varying 
the mixture a number of “‘freezing-pointe” can be 
deduced from which the “ freezing-point curve” 
can bedrawn. In the simplest cases, in which the 
substances neither combine chemically nor form 
mixed crystals, the curve consists of two branches 
cutting at the eqs angle, either branch corre- 
sponding to the formation of pri of 
her substance. Ourves of this ieoes Pogo gems 
lutely disprove the existence of a compound, but 
render its presence extremely improbable. When 
a compound does exist whose mclling-welak lies in 
the region above the ‘*freezing-point curve” of 
the two metals, it gives rise to a separate branch, 
cutting the other branches. Such a branch, how- 
ever, may be due to poly ic modifications 
between the components, and it is not always easy, 
or even possible, to distinguish the two cases. In 
the early days of research Dr. Desch intimates 
that misinterpretation was frequent, and that the 
effects of hurried conclusion on insufficient grounds 
have not yet been entirely removed. It may happen 
that the intermediate branch of the liquidus 
passes through a maximum temperature far above 
the freezing-point of the component metals. As 
an example, the author quotes the compound 
Au Mg, with a freezing-point of 1150 deg., while 
that of gold is 1062 deg., and of magnesium 650 
deg. In such a case the interpretation of the 


curve is unambiguous ; an intermediate compound 
must be present, the high freezing-point of which 
indicates that it is formed from these components 
with liberation of a large amount of energy. 
Usually, when experiment has shown a distinct 
maximum, the inference of the presence of an 
intermetallic compound is justified, but erroneous 
interpretation is possible. The lead-thallium 
series provides such an instance, where the 
** freezing-point curve ” has a very flat maximum. 
Then additional criteria have to be employed, and 
much of the present treatise is devoted to the dis- 
cussion of appropriate means available, and the 


Co. | nature of the evidence that can be deduced from 


each test. In the particular case of lead-thallium 
the introduction of a third metal, tin, influencing 
the position of the maximum, affords a fairly con- 
clusive test, but oftentimes it is necessary to trust 
to cumulative evidence to decide between a con- 
glomerate or a compound. Thermal analysis alone 
is an unsafe guide, and has often been found mis- 
leading. Other controls are needed, and among 
these must be given a prominent place to micro- 
scopic examination. Perhaps more limited in 
scope, but not less certain in its indications, is the 
determination of the difference of electric potential 
existing between the metal and ite alloys. 

The author reviews the use that has been made 
of these tests and of some other lines of inquiry 
whose prosecution seems hopeful. Unfortunately, 
the possibility of isolating intermetallic compounds 
in a pure condition is remote, and eur knowledge 
of their properties can only be studied in the alloys 
in which they occur. Enough is known to show 
that the presence of intermetallic compounds can 
exert profound influence on important physical 
properties of alloys, such as density, ess, 
magnetic susceptibility, &c. We approach here 
questions of an eminently practical character, but 
the method of attack must await a further advance 
in theory. This survey of much original work is 
a valuable contribution to chemical literature, and 
will do much to facilitate that advance. Those 
engaged in such researches will welcome this 
— record of the position the inquiry has 





Hudraulics. For Engineering i 
Practice. By W. M. Watuace. London : Tech- 
nical Publishing Company, Limited. [Price 4s. net. ] 

Ong of the most notable developments in modern 

—— consists in the adoption of methods for 

utilising and economising energy in directions in 

which it had been previously disregarded ; and if 
some salient examples stand out more prominently 
than others, yetin every department of engineering 
science the struggle fora more careful management 
can be traced. Hydraulics has felt the movement, 
as have other branches, and the author of the 
volume now under notice claims that the results of 
recent research and invention demand the appear- 
atice of a new book. His treatise, however, must 
be regarded rather as stimulative than complete. 

It is intended for the practical engineer and the 

student reading for university and similar exami- 

nations. In endeavouring to meet the wants of 
two classes the author has encountered difficulties. 

These may be illustrated by a reference to the 

treatment of Bernouilli’s theorem, a theorem that 

lies at the foundation of the whole science of 
hydraulics. The university student will find no 
rigorous proof that would satisfy his examiners, 
but the practical engineer will find something 
that will stand him in very good stead. The 
author recalls an illustration by Froude, that was 
presented to the British Association forty years 
ago, in which it was shown, by the different 
levels at which water stood in piezometer tubes 
attached to a pipe of gradually varying aperture 
through which water was allowed to flow, that 
the smaller the section the higher the velocity 
and the lower the pressure. Such an experi- 
ment is Min 4 forcible, and may convince where 
mathematical reasoning fails to appeal. In other 
the author does not scorn similar devices to 

old the attention. At the beginning of a new 
subject he will tell the student what he proposes 
to do, and will interest him by putting the main 

— succinctly and leave the mathematical 
emonstration till later. But these demonstrations 

are usually very simple, and the author keeps con- 

stantly in view the applied side of the science. 
The topics discussed cover the usual ground. 





An introductory chapter dealing with some simple 
hydrostatic problems is followed by a discussion of 





the flow of water under several conditions, and of 
the effects of interference with that flow. Pressure 
due to im of water on a surface is treated in this 
section, illustrated by reference to the Pelton 
wheel and the blade of a turbine. The chapter 
on turbines, with a short reference to, or com- 
parison with, the steam-turbine, is, however, un- 
satisfactory, considering the immense developments 
which have taken place in prime movers of this 
type during recent years, as well as the varied 
applications both on land and sea. Recent 
research and invention are nowhere more fully 
exhibited than in the increasing efficiency of the 
turbine, an efficiency that has reacied on the 
earlier types of reciprocating engines, and in a 
practical k of this nature a more exhaustive 
survey might have been anticipated. 

Three chapters are devoted to pumps, and, con- 
sidering the space, the treatment is more thorough, 
a feature being made of the forms of explosive 
pumps, which are coming more into vogue, and 
appear to have an important future. We then go 
back to theoretical matters, or the combination of 
theory and practice, as illustrated in the measure- 
ment of the flow of water over weirs and in 
channels. The Venturi meter and the Pitot tube 
are described in this section, but the explanations 
need expansion by a competent teacher. Bazin 
and Kutter’s formule, that have done duty in so 
many works of this kind, reappear, but the author 
does not seem to be enamoured with either the suffi- 
ciency of the formulz or the accuracy of the numeri- 
cal constants involved. He quotes with approval 
another formula given by Mr. E. C. Thrupp, which 
appears to be founded on experiments limited to 
the water flow of the Thames and Kennet Rivers. 
Bazin had the advantage of a very large experience, 
but most engineers would be prepared to give a 
wide margin to the deductions, however obtained. 
In the chapter on ‘* Fluid Friction” there are some 
interesting observations on the resistance of ships 
and of dirigible balloons, utilising results obtained 
from measurements and experiments in the Tank 
of the National Physical Laboratory. But here, as 
elsewhere in the book, the subject is dropped when 
it begins to be interesting. This suggests that 
there are too many subjects treated within a small 
8 to permit adequate ventilation of each, so 
that | the author has really not had a fair chance of 
doing himself justice. 





Text-Book on Wireless Telegraphy. By Rupert STAN ey, 
B.A., M.I.E.E. Illustrated. London : Longmans, 
Green and Co. [Price 7s. 6d. net.] 

Surety the needs of every grade of student have 
been met by the writers of text-books on wireless 
telegraphy, and one might well for a pause in 
the unending stream of literature that runs so per- 
sistently in one direction. Mr. Stanley can only 
repeat what has been so frequently said in similar 
treatises. The same assertions are made, the same 
difficulties are slurred, the same apparatus is set 
up, and the same results necessarily follow. There 
is no new feature in this compilation—nothing 
original—upon which one can dwell with satisfac- 
tion. The Facts are all correct, the illustrations are 
good and pertinent ; the author no doubt fondly 
persuades himself that he has put matters more 
clearly and instructively than other writers, because 
he has had to systematise his knowledge and con- 
struct a coherent, reasoned ‘statement which satis- 
fied himself ; but we canriot see that this book will 
assist anyone to acquire a more exact mastery over 
technical details, or provide a clearer insight into 
underlying principles, than do many excellent 
tueahions that have lately = We have, how- 
ever, only one fault to find—that of surplusage. 





THE MANHATTAN BRIDGE, NEW 
YORK. 


By Frank W. Sxinven, Member of the American 
Society of Civil Engineers. 
(Continued from page 437.) 
SuperstructorRE—(continued). 

Erection of Towers.—The sections of the pedestals 
were delivered by lighters and unloaded by their 
derricks, which placed them on a set of about forty 
2-in. steel balls on the bed-plates. They were 
thus easily rolled to accurate position, jacked up, 
the balls removed, and the sections lowered to 
final bearing. The 40-ton lower sections of the 
columns were erected by the lighter derricks, and 
a stiff-leg wooden derrick with a 10-ton 60-ft. boom 





erected the two duplicate steel tower travellers, 
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Fie. 62. Erecrine tHe Brooxtyn Tower. 











Fie. 63. Base anp Pepxsta, or tHe New York Tower. 











each with a 21-ft. by 34-ft. horizontal I-beam plat- 
form supported by two triangular bracket-like 
trusses on the shore face of the tower and pro- 
portioned for a total load of 260,000 Ib. These 
travellers are shown in place in Fig. 62, annexed, 
whilst a view of the base of the New York tower 
in course of erection is represented in Fig. 63. 

At platform level the columns were enclosed by 
riveted yokes with friction rollers on all faces, and 
the feet of the brackets were secured to the columns 
by pairs of screw-end U-bars. The 45-ft. derrick 
boom had a 10-part tackle for 35-ton loads, and a 
14-part tackle for 50-ton loads, both rove with ~ 
j-in. steel cable. The corresponding topping lift 
tackles had 14 and 18-part tackles and were all 
operated by stationary hoisting-engines on the 
pier masonry. For hoisting the 64-ton maximum 
column sections the tackles were rigged with extra 
sheaves outside the regular blocks, and the number 
of parts in hoisting and topping lifts were increased 
to 16 and 20 parts. 

Each of the travellers and its equipment weighed 
about 130,000 lb., and was hoisted 25 ft. from storey 
to storey in two or three minutes by two 13-part 
tackles rove with a single 14-in. Manilla line, with 
both ends operated by the two hoisting-engines of 
the same tower, thus equalising the stresses. The 
four travellers erected about 2000 tons of steel in 
sixteen days. The work was done by a total force 
of about 400 men and an equipment consisting of 
the travellers, hoisting-engines, pier dertick, two 
storage scows, a 100-horse-power boiler plant, a 
forced-draught steam-turbine blower, an air-com- 
pressor, and thirty pneumatic hammers on each 
side of the river. 


Deston or Matn Cases. 


Each of the four main cables is about 3223 ft. long, 
21} in. in diameter, weighs about 1500 tons, and 
has a theoretical maximum stress of 18,000,000 Ib., a 
specified ultimate strength of at least 55,000,000 lb., 
and a versed sine varying from 144 ft. to 152 ft., 
according to load andtemperature. The lengths alon 
the centre line of the cable between the principa 
points are as shown in Figs. 64, 65, and 78, page 528. 
Each cable is made with 9472 galvanised wires, 
0.192 in. in diameter, with a specified ultimate 
strength of 215,000 Ib. per sq. in. before galvanising 
(actual tested strength averaged about 225,000 Ib. ). 
The wire was drawn in 3000-ft. lengths, with the ends 
spliced by sleeve-nuts engaging cold-rolled threads 
which develo an average of 97 per cent. of the 
strength of the body of the wire. A detail of these 
joints is illustra in Fig. 66. The wires form 
continuous loops, arranged in thirty-seven strands 
in each cable, with pin connections to the anchor 
eye-bars. The strands are compacted into a solid 
cylindrical mass, clamped by cast-steel suspender- 
bands, illustrated in Figs. 85 to 91, page 529. Special 
bands, represented in Figs. 92 and 93 and Figs. 
94 to 97, were used near the ends of the cable, 
between which it is wound with galvanised-iron 
wire. The suspenders engaging the castings on 
the cables are four- steel-wire ropes, 1? in. in 
diameter, with conical cast-steel sockets un the 
lower ends, threaded for nuts bearing on the main 
floor-beams. This connection is illustrated in Figs. 
75 and 76, page 528. 

Construction of Cables.—It was at first proposed 
to make the cables on solid platforms on shore 
perpendicular to the bridge axis, but this idea was 
abandoned, and they were made, in situ, much in 
the usual way, on temporary suspended platforms. 
Sixteen 1}-in. ropes, 3300 ft. long, and weighing 
together 17,000 lb., were delivered on separate 
reels by boat to the foot of the Manhattan tower. 
One end of each was led over the top of the tower 
and back to the anchorage, and fastened there. 
The reels were towed across the river, four at a 
time, in ten-minute trips, the ropes dropping to 
the bottom of the river. The remainders of the 
ropes were unwound from their reels, hoisted to 
the top of the Brooklyn tower, secured to the 
anchorage pier, and adjusted to a height of about 
170 ft. above water-level at mid-span. Not more 
than 2 minutes was required for hoisting each rope. 

Under each of the three spans of the falsework 
cables there were placed four }-in. storm-cables, 
one cable in the plane of each set, anchored to the 
tower and abutment piers at about roadway level, 
and attached to the faleework cables by vertical 
ropes about 54 ft. apart, which were stressed to 
draw them into reversed catenaries nearly tangent 
to the upper cables at the centre of the main span, 
and near the anchor-piers. This combination of 
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cables (see Figs. 99 and 100, page 536), together with 
some auxiliary diagonals from the roadway level of 
the towers, produced a funicular structure of con- 
siderable rigidity against vibration and deflection. 
On the ‘sets of upper cables light transverse 
wooden cantilever beams, about 35 ft. long, were 


set about 21 ft. apart, and on their extremities 
working platforms, four in all, 8 ft. wide, were 
built on the centres of the future main cables, 
and 30 in. below them. These platforms were con- 
nected by a transverse foot-bridge at the centre of 
the main span, and each of them was protected by 
two wire-rope hand-rails, and carried nine approxi- 
mately equidistant small towers, su porting the 
sheaves for the carrier-rope used in a e-making. 
An endless }-in. wire carrier-rop», in the plane 
of each main cable, and about 4 ft. above it, was 
carried on a 6-ft. horizontal sheave installed on 
each anchorage pier. Electric motors on the 
Brooklyn pier operated the carrier-ropes at a 
speed of about 450 ft. per minute. At equidistant 
points on each carrier-rope were mounted two goose- 
necks, with 4-ft. sheaves, by which the cable wires 
were drawn across the river. 
Four-ton reels, containing about 80,000 ft. of 
wire each, were mounted on horizontal axes in the 
lanes of each main cable on both anchorage piers. 
ihe free a adie v wires were made fast to the 
anchorages ; the bights were engaged in the carrier- 
sheaves, and hauled across by them to the opposite 
anchorages, removed, and put on shoe-castings 
temporarily attached to the anchor-chain eye-bars. 
The wires were adjusted at the tops of the towers 
and at the centre of the main span to a guide-wire, 
clamped in position, and so wound back and forth 
continuously on the shoes shown in Figs. 67 to 70, 
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Fie. 81. ConnectTine 
above, bights being simultaneously engaged on the 
carrier-sheaves over opposite anchorages as soon as 
the preceding bights were released. A plan show- 
ing the arrangement of these strand-shoes is given 
in Fig. 71. Each carrier-rope thus hauled two 
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Srranps to Eyg-Bars. 


bights, or four wires, at once, or sixteen in all, nor- 
mally an efficiency greatly in advance of any previous 
similar work, onl which resulted in laying as many 
as 218 wires in one cable in one eight-hour day. _ 

After 256 parts of wire had been laid on one pair 
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of shoes, the latter were released from their tem- bunched together in hand-squeezers, making a, each operation, and completed their work in a few 
porary connections by 35-ton hydraulic jacks with | cylinder about 9 in. in diameter, seized every few| weeks. After the cables were compacted, flanged 
4-ft. strokes, twisted 90 deg., and connected per- | feet with several turns of temporary wire wrapping. | cast-steel collars (Figs. 85 to 88) were bolted to 
manently to the eye-bars (see Fig. 78, page 528), | The remainder of the 37 strands, 3} in. in diameter, | them at panel points about 18 ft. apart, to receive 
the strand being lowered a few inches from the | were then completed for each cable, as indicated | the suspender ropes, and the cables between them 
position in which it was laid to the line of the|in Fig. 72, page 528. All seizings were then| were covered with red-lead paste, and protected 
finished cable. Accurate final length and deflection | removed, and the wires compacted into cylinders| by a permanent wrapping of No. 9 soft-steel gal- 
adjustments of the strands were made by shims| by the use of flange-connected steel yokes put vanised wire. 
inserted between their shoes and pins. | under very heavy compression by hydraulic presses} The wrapping was accomplished very rapidl 
After the strands in the centre and lower part of about 43,000 lb. capacity. The sixteen yokes, and satisfactorily by four 1600-1b. machines, an | 
of each cable were completed, seven of these were each operated by two men, were moved 2 ft. at having an annular flanged cast-steel housing about 








53° 


ENGINEERING, 





[Ocr. 30, 1914. 








6 ft. in diameter, concentric with the cable. It 
carried two 7000-ft. reels of wire, and was revolved 
around the axis of the cable, ten times per minute, 
by a 4-horse-power electric motor, laying two 
spiral wires close together under a tension adjusted 
to about 200 lb. by a spring-friction disc. This 
machine is illustrated in Fig. 98, e 529. The 
bearing of the machine against the laid wires com- 
pacted the latter, and advanced the machine at the 
rate of about 1% in. per minute, sliding easily 
on the cable on six smooth bronze shoes. The 
wrapping wire was not spliced, but was continuous 
between suspender bands. 

On the main towers and anchorage piers the 
cable-strands were laid in temporary positions a 
few inches horizontally eccentric from the cable 
centres, on sets of guide-sheaves. When completed 
they were wired between sheaves to a lifting-beam 
raised a few inches clear of the sheaves, moved 
transversely, lowered to permanent position in 
the cast-steel saddles, and the wire lashings cut 
and pulled out. The cables, which weigh about 
12,537,000 lb., and cost, with their suspender 
ropes, about 1,900,000 dols., were commenced 
January 15, and finished June 30, 1909. At the 
floor line of the anchorages the cables pass through 
castings, as shown in Figs. 79 and 80, page 528. 
General views representing different stages of pro- 
gress in the construction of these cables are given 
in Figs. 99 and 100, on page 536. 


(To be continued.) 





INDUSTRIAL NOTES. 

Tue Board of Trade has recently issued a report on 
the changes in rates of wages and hours of labour in 
the United Kingdom during the year 1913. In an 
introductory review of the year by Mr. F. H. 
McLeod, e Director of Labour Statistics, it is 
stated that the year was one in which there was an 
active demand for labour, a in the first half, 
and wages rose in sympathy. ‘The movement of 
wages, which has been in the upward direction since 
1910, reached its culminating point in the first half of 
1913, but began to fall off after the month of August 
in tho e branches of the metal trades in which changes 
in wages are automatically regulated by fluctuations in 
the selling prices of pig-iron and manufactured iron 
and steel ; the increases in the coal-mining industry 
were aleo checked. In spite of these set-backs the net 
effect of all the changes in the year was to increase 
wages by 179,000/. a week, an amount which has 
only twice been exceeded during the last twenty years, 
in 1900 and 1907, when the figures were 208,500/. and 
201,000/. respectively. From the time the several 
changes in 1913 took effect until the end of the year 
the regate wages bill was increased by over 
6,000, .; if they had all been in force for the whole 
year the total increase would have been 9,000,000/. 

Of the increase of 179,000/. per week in 1913, coal- 
mining accounted for 102,000/., the building trades 
for 23,000/., and a and shipbuilding for 
13,500/. ‘The increases in the building trades were 
much greater than those recorded for any previous 
year, considerably exceeding the total advance in 
these trades during the preceding thirteen years. In 
eleven of the last twenty years wages have risen, and 


in nine they have fallen. The a increase in 
years of rising ee has been about 97,000/. a year, 
and the average decrease in years of falling w 


about 48,000/., with the result that wages show a net 
increase of over 630,000. during twenty years in 
the weekly wages of all classes of workpeople, 
except agricultural labourers, seamen, and railway- 
men, covered by these statistics. 

The estimated weekly increase in the _ ~ of farm 
servants during 1913 is given as 9964/. is may be 
compared with 1912, which was alsoa = year, 
the weekly increase for that year being 5291/ 

Early in 1913 seamen, firemen, and trimmers obtained 
a general advance of 10s. a month at the princi 
ports of the United Kingdom. This followed a simi 
rise in 1911, and altogether average rates are now 
higher than ten years ago by 30 per cent. on steam- 
— and by over 40 per cent. on sailing ships. 

n the case of railwaymen, a erage weekly earnings, 
as distinct from rates of wages, are alone available. 
According to these figures, the a earnings were 
27s. 1ljd. in 1913, and 27s. 44d. in 1912—a rise of 
over 6d. a week. As compared with 1907, which was 
also a _ year, the rise in the average earnings of 
—, f a million railway workers is over Se. a 
wee 

Complete fi with regard to the first eight 
months of 1914 are not yet available ; but, so Pn res 
the , they indicate that in coal and iron-mining, 
ond the iron and steel industries, the decline already 


noticed in the later months of 1913 has continued. 
In the principal other groups of industries, however, 
there have been further advances. 





The works of Messrs. Howard and Bullough, 
Limited, of Accrington, have been reopened this week, 
as the 500 members of the Amalgamated Society of 
Engineers, who came out on strike some three months 
ago, have decided, by a large majority, to accept the 
new terms offered by the firm, including an advance 
from 36s. to37s.aweek. As a result of the strike 4000 
other workpeople have been thrown out of employ- 
ment, and a sum of about 60,000/. has bee lost in 
wages. 





From the Yorkshire Post we learn that the clothing 
factories of Leeds continue to be busy with orders for 
army uniforms, the chief difficulty experienced being 
the comparative shortage of khaki cloth. No further 
contracts of any size have been distributed among 
local firms, but considerable interest has been taken 
in War Office tenders for the supply of 100,000 coats 
for cavalry, and it is hoped that at oust @ portion of 
this contract will be placed in the city. 

There is also considerable expectancy among boot 
manufacturers in Leeds. It is considered likely that 
the War Office will very shortly give out an order for 
over one million pairs of army boots, in addition to 
which orders are expected from the Admiralty and 
from the Government of Greece. 





Arrangements have been made for the formation of 
a National Union of Scottish Mine-Workers, to take 
the place of the existing Scottish Miners’ Federation. 
The new scheme, which was approved by a large 
majority and comes into operation on the lst prox., 
will, it is thought, be more effective in dealing with 
strikes and lock-outs. The present Scottish Federa- 
tion agents will continue their services. 


According to the Birmingham Daily Post, the posi- 
tion as regards unemployment in Birmingham is improv- 
ing, the returns showing that fewer men and women are 
unemployed and that there is less short time. The 
building trade, however, continues to be depressed ; 
but little new work has been given out for some 
weeks, and some of the work in hand has been sus- 
pended owing to the scarcity, or prohibitive price, of 
materials. The labour position is, however, not materi- 
ally worse than in a normal October, owing to the fact 
that a large number of men are engaged on the train- 
ing and concentration camps. Most engineers are 
still very busy, and the work in hand is spread over 
a wide field. In the brass trades there is some 
amount of short time, but very little unemployment. 
This industry is largely employed in making articles 
formerly supplied almost exclusively by Germany. 
Fairly good orders are being received for cabinet 
brass, and makers of plumbers’ brass are moderately 
well employed. There is still no export demand for 
bedsteads, but in the home trade sales have been on a 
rather larger scale. Between 20,000 and 25,000 hospital 
beds are now in course of manufacture among Bir- 
mingham firms, and as far as can be seen at present, 
future orderings are not likely to be on a very large 
scale, though rumours of inquiries for numbers 
of the cheapest iron beds for the allied armies have 
been current in trade circles. 





In a notice issued to the men employed at the 
Baddesley Collieries, the Trustees point out that, 
although the present state of trade affords good 
employment, short time is certain in the near future. 
They therefore urge the men not to miss 4 shift, and 
to set aside a sum of money each week for use during 
the anticipated period of depression. It is also 
pointed out that, owing to the wood-cutters in Russia 
and other countries having been called to the colours, 
it is necessary to exercise the most rigid economy in 
the use of timber, as next year’s supply will be almost 
unobtainable. The stock in hand, although ample for 
present requirements, will have to last until 1916, so 
that wastage of timber will lead to unemployment 
in the future. 





From the report of the quarterly meeting of the 
Amalgamation of Card-Room Operatives, published in 
the Manchester Guardian, we learn that the local 
associations were strongly recommended to fall in 
with the new su tions made by the Board of Trade 
to qualify themselves for the repayment out of Govern- 
ment funds of a of their out-of-work expenditure. 
All the associations, except that of the Accrington 
district (which for the purposes of card-room organisa- 
tion includes Blackburn, Burnley, Nelson and Colne) 
make out-of-work payments, and the additional 
levies imposed on ir members remaining at work 
would qualify them for a refund of half the amount so 
spent. The Board of Trade, however, insisted, as a 
condition of the refund, that all out-of-work members 
should sign a ‘‘ vacant-book ” at their union office at 
least twice a week as long as they remained out of 
work. To this the Gund-heem workers’ representa- 
tives objected, stating that this ure would be 
inconvenient and would be difficult to reconcile with 
the ordinary methods adopted by the various associa- 
tions to satisfy themselves that their members were 








really entitled to the benefit. The Board of Trade was 
asked to accept the existing arrangements, which 
enabled a district association with a large membership 
to be worked by a small number of officials without any 
risk of fraudulent applications for benefit resulting. 
The Board, however, would not agree to this, and it 
was afterwards decided to recommend to the districts 
that unemployed members entitled to benefit should 
sign an out-of-work book once a week on a given day 
during working hours, and that, where benefits were 
paid by collectors, the member’s signature should be 
obtained for the amount received. A letter from the 
Board dealing with the matter was read at the meet- 
ing, the letter stating that the Board considered that 
proof of a should be obtained by signature 
in a vacant , and it could not agree that the 
obtaining of such a signature twice a week was an 
unreasonable requirement. It was, however, prepared, 
in the special circumstances of the present emergency, 
to accept one signature in respect of a week of unen- 
ployment. The letter also stated that this concession 
must be regarded as only temporary, and if the Board 
had any reason to think that the arrangement for one 
signature per week was not working satisfactorily, it 
reserved the right to im more stringent conditions 
for the continuation of the repayment. For the pre- 
sent repayments could only be obtained from the date 
when the vacant-book procedure was set up, but, 
subject to special conditions, an emergency grant 
might be payable as from August 4. As above stated, 
the meeting recommended the district associations 
to comply with these conditions, and the recom- 
mendation will be considered by special meetings of 
the members in each district ; the new procedure will 
almost ——- be adopted atonce. It is also under- 
stood that each district will apply for the special 
grant in repayment of their out-of-work expenditure 
as from August 4. 

These new conditions under which the Govern- 
ment grant will be made, apply, in the first instance, 
to the Card-Room Amalgamation only, and the con- 
cession will not be made to all trade unions. The 
requirements of Section 106 of the Insurance Act, 
under which the Government’s offer was originally 
made, will still be enforced as the general rule, but 
exceptions will be dealt with on their merits. The 
Weavers’ Amalgamation, for instance, whose case 
closely resembles that of the Card-Room Operatives, 
has applied for special treatment, and will almost 
certainly be granted the same concession. 





We learn from the quarterly report of the Oldham 
Card-Room Association that, since the war began, the 
average number of members in receipt of unemploy- 
ment benefit has been 6000 per week, which number 
is about one-third of the total financial membership. 
The excessive drain on the reserve funds of the Asso- 
ciation occasioned by this unemployment will, it 
is considered, continue for some time to come, 
though probably at a somewhat diminishing rate. 
The Association has, however, been able to meet all 
the claims the rules provide for. The average number 
of members in receipt of stoppage pay has been 4418 
per week, while an average of 71 members have been 
a accident pay. The expenditure, it was stated, 

been 23,163/., and the income, 7667/., showing 4 
loss of 15,4967. 





The Board of Trade announces that in the trades 
compulsorily insured against unemployment — viz., 
building, works of construction, engineering, ship- 
building, vehicle-making, &c.—the percentage of un- 
———— on October 23 was 4.31, as compared with 
4.50 a week before and 5.41 a month before. These 
figures relate to the whole of the United Kingdom, 
— include all unemployed workmen in the insured 


es. 

As regards the uninsured trades, the number of men 
and women on the registers of the Labour Exchanges 
on October 23 was practically the same as the figures 
for a week earlier, being 61,525, as com with 
60,402. For men alone the corresponding figures were 
25,677 and 25,623, and for women 35,848 and 34,779. 





According to the Yorkshire Post, the General Union 
of Textile Workers has asked the Manufacturers’ 
Association in the Huddersfield district for payment 
of overtime rates, at 14d. per hour extra over piece 
rates, to weavers and other piece-workers ; for time 
and a quarter to time-workers not specified in the 
general agreement of 1913 ; and for the limitation of 
overtime working to two hours per night, the aboli- 
tion of overtime working on Saturdays, and the 
abolition of Sunday labour. At a joint conference 
the employers declined to t the request relating to 
the weavers and piece-workers, and held that special 
provision for the other time-workers was unnecessary, 
as overtime rates were being paid in places where such 
overtime was worked. The employers also contended 
that the limitation of overtime was a practical impossi- 
bility, as the pressure on the manufacturers to produce 
to the utmost of their capacity was so persistent that 
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the working of overtime was a national necessity. The 
employers added that they had reluctantly resorted to 
overtime, and that it will naturally come to an end 
when the pressure caused by Government orders ceases. 





LIGHT GUNS OF LARGE BORE AND 
HIGH - EXPLOSIVE SHELLS. 
To THe Eprtor or ENGINEERING. 

Srr,—In the Times of the 23rd inst. the military corre- 
spondent states :—‘‘ It is odd how little was known about 
the hea ms. Even when the writer some weeks ago 
described the heaviest German field howitzer known to 
him—namely, the 11.2-in.—a technical paper called Arms 
and E. ives expressed its frank disbelief in the exist- 
ence of such a gps ee ; and after various sarcastic 
remarks, and much admirable reasoning of a technical 
kind, rejected the howitzer al ther, and declared that 
the writer’s statement must be dismissed as an unneces- 
sary attack on the confidence of our troops.” ‘ 

aving had the honour of giving a lecture on April 22, 
1891, at the Royal United Service Institution, jite- 
hall, on ‘* Heavy Guns versus Light Guns,” I hope you 
will kindly publish a few short extracts from that paper, 
in which the superior efficiency, economy, and safety from 
the enemy’s fire of heavy ordnance were clearly shown. 

First, as is safety. I showed that guns of various 
calibres would expose the following areas of surface as a 
target for the enemy’s projectiles :— 


Area in 
Square Feet. 
1000 tons of 16.25-in. guns ... .. 680 
— «+ |. ee 716 
1000 ~,, 12-in. ” 730 
1000_—Cé=é«,, 9.2-in. ,, 982 
1000 _—C—i,, 8-in. * 1200 
1000 ——,, 6-in. a 1 1650 


This indicates that any given weight of 16.25-in. guns 
would offer half the target surface of an equal weight of 
8-in. guns. 

I 7 oe discussed the effects of shells when firing against 
vessels in harbour, batteries, dockyards, or public works, 
and stated that: “If the structure be not completely 
perforated, only very trifling damage can be done by 
small shells.” As the result of many experiments at home 
and abroad, I showed that the relative destructive effect 
of the shells of that period would be approximately 


as follows :— > 
Destructive 

Effect. 
6-in. shell ... 1.00 
<b om 3.25 
9.2-in. ,, 6.00 
12-in. ,, 17.80 
13.5-in. ,, 121.40 
16.25-in. ,, 572.00 


I showed also the absolute economy in the money cost 
of the heavy shell as mere weight per pound, 
economy in transport, and particularly in the money cost 
"2 = jamage inflicted on the enemy by, say, 1000 tons 
of shells. 

Now that our recently purchased light-draught vessels 
are bombarding Ostend, I quote the following words from 
the same lecture:—‘‘ I hope it will be remembered that our 
vessels must not only be able to meet those of the enemy, 
but that our vessels should be able effectually to attack 
an enemy’s ports and seaboard at long range.” I have 
consistently advocated the principle of special ships for 
special purposes, and therefore I have been in favour of a 
special class of vessels for coast and harbour defence, 
because those vessels best adapted for harbour defence 
are the very best for the attack of enemy harbours. Such 
vessels would be very economical in first cost and in up- 
keep, and could be efficiently manned by small crews of 
local naval volunteers and veteran naval reservists. 

Such vessels would be of infinite value in attacking 
enemy harbours at long range and in defending our 
shores in case of the defeat of our High Seas Fleets by 
& coalition of hostile naval Powers, which latter is not 
an impossible eventuality in the near future, although 
very improbable ey at the present moment. 
However remote such a disaster may appear at present, 
~ ought to be a against as soon as possible. - 
arge majority of naval experts were ort to this 
system of coast attack and defence ; but I believe Earl 
Brassey, the veteran naval reformer, held this view many 
years ago, when I had some lence with him on 
naval matters. 

In the discussion following my lecture in 1891 I pro- 
posed battleships of 20,000 tons to carry 15-in. guns, 
and on June 1, 1895, four years afterwards, I wrote 
to the Admiralty to suggest once more the adoption 
of 15-in. guns, We have some afloat now. My proposals 
of A 1891, attracted considerable attention abroad, 
and received an invitation from the United States 
War Department to contribute a paper to the Division 
of Military Engineering of the International 
of Engineers at Uhii in 1893. I sent a on 
‘Heavy Guns and High-Explosive Shells,” which was 
scoepted and subsequently published in the official 
report, issued at Washi in 1894. Recent events in 
Belgium and France induce me to quote that which I 
wrote twenty-one years ago:—‘‘ Some lish writers 
on the future of naval warfare have ex the opinion 
that ships will never again attack coast fortifications, 
and that humanity will prevent the bombardment of un- 


protected seaports. Continental writers on this subject | there 


have expressed an — opinion, and have stated 
that future wars will wars of extermination, in which 
undefended towns and ae be ruthlessly 
destroyed to cripple the enemy as much as possible when- 
ever the opportunity offers, . . The writer reiterates his 


conviction (one of many years’ standing) that victory will 
attend on the guns of large bore and on the shells of great 
explosive power.” That foreeast has been completely 
fulfilled by recent events. The experience of some 
notable sieges during the last sixty years—Silistria, 

Sebastopol, Metz, Strasbourg, Paris, Plevna, Pekin, and 
Ladysmith— ) was 
num of shells not exceeding 8 in. in diameter. More 
recent experience in Belgium and France fairly proves 
the accuracy of the statement I wrote in 1893, that the 
relative destructive effect per pound of cost of various 
shells of the same kind, but of various diameters, would 
be approximately as follows (for every pound expended) : 


1l. expended on 12-in. shells 480 

1l. aa 9.2-in. ,, 294 

ll. i 8-in. 4, 254 

1. ua 6-in. va aa ons 62 
That r, written in 1893, contaimed a anges 
which, a ed by several years Colonel 
Cuniberti’s for the battleships now known as 


*Dreadn I quote verbatim from the 
Re +t, published at ashington in 1894 :—‘‘ There can be 
no Seuss that a ship of 14,000 to 16,000 tons can carry four 
turrets, each turret having two 32-cm. guns (12.6-in. guns), 
the turrets being arra so that the eight guns can be 
fired on either side, or six of the guns could be 
fired ahead or astern. Such a ship would earry an auxi- 
liary armament of smal! quick-firing guns to destroy 
torpedo-boate, &c., and on the top of each turret two 
15-cm. quick-firing 5 guns could be mounted in a shield or 
small turret, which could be rotated independently of 
the large turret. Such a ship will surpaes in fighting 
power, and in the safety of its armament, every ship now 
afloat; the se tion of the guns in four ind dent 
turrets balng of importance to prevent total disal ent 
and to maintain, if necessary, great rapidity of fire on 
both sides of the ship at the commencement of an engage- 
ment at sea.” ’ 

I think it must be generally admitted that my former 
proposals have been practically adopted, and I now 
submit that new weapons as destructive as the 
howitzers of the Germans can be constructed of very light 
weight, so that “pty be transported through swamps, 
and over sandy plains and mountain passes with much 
ease and rapidity and at little expense of horse or motor- 

wer ; also carried in coast-attack vessels and river 
Coon of very small draught. 

It would not be prudent to say more on So 
weapons, ont do - desire them to be evolved by our 
most scientific and enterprising antagonists. 

In conclusion, I must express the wish that we may 
soon have some specially-designed vessels for coast attack, 
to carry guns of very great calibre, but of comparatively 
light weight. 


tg 


I am, Sir, yours faithfully, 
GgorGE Quick, 
Fleet Engineer, Retired. 
Rosemead, Maidenhead, October 27, 1914. 





“GERMAN SCIENCE.” 
To THe Epiror oF ENGINEERING. 

S1r,—In the article under the above title, published in 
your issue of October 16, it is stated that Germany has a 
claim to primacy in the art of music. 

It seems a pity to demolish this, the Germans only 
claim to originality, but so it must be, as ‘* Musicus” 
stated in his article, ‘“‘ Austria and le published in 
the Daily Telegraph some time back: ‘‘ Nearly all the 
great musicians, creative or interpretative, were em- 
phatically not German.” ‘ aa 

Beethoven’s family, for imstance, came originally, 
curiously enough, from Louvain, thence to Antwerp, 
before passing on to n; “Schubert was purely a 
Viennese ; Mozart as purely an Austrian.” 

Haydn, Gliick, Anton Briickner, Goldmark, Dvorik, 
and many others, all were not German. 

Even though Wagner and Schumann were Saxons, 
**Saxony for was more Austrian than German.” 

Amongst the most distinguished conductors, Richter 
was born in Hi and educated in Vienna; Nikisch 
purely a Hu i y ancestry, birth, and education. 

Of great violinists, Joachim was born and bred at 
Kittsee, near Pressburg, and studied in Vienna; Fritz 
Kreisler, again, is as good a Viennese as a man could be. 

Popper, # great cellist, wasa Prager. Amongst great 


pianists and teachers Liszt was Hungarian through and 92004 


—_ ; Emil Sauer a genuine Viennese, albeit a native 
The list in the article referred to and enelosed is too 
long to quote from further, but it is very sad to think 
that Germany must be preparéd to surrender nearly all 
“the great musicians, creative or interpretative,” to other 
nations. 
I am, Sir, yours faithfully, 


J. H. Jay. 
40, Summerfield-avenue, Queen’s Park, Brondesbury, 
London, WW, Detobee 23, 1914. ™ 


THE HEENAN FILTER. 
To THe Eprtor oF ENGINEERING. 

Sin,—We were very interested in an article on the 
Balcke spray-type filter in your issue of October 23, but 

is one point which we do not agree with. 

It stated _ o below 3000 “y 
capacity a dry air-filter was cheapest to ins 
Seabed washing the cloths would not be as 
great as the cost of pumping the circulating water for the 








sprays, which is always necessary in the case of wet-type 


ves how little damage was done by large | of 


filters. Might we point out, Sir, that in our type of 
wet filter this is not the case, as no circulating water is 
required. | 

You will no doubt remember that you published a 
description of our filter and cooler some time ago, and if 
you refer to this you will see that our machine consiste 
'@ large length of galvanised-iron te, about 8 in. 
wide, wound spirally round a central drum, like a huge 
clock-spring. @ spaces between the plates are about 

in., and the whole of the air passes through them. The 
ter has two of these drums mounted on a shaft and 
rotating slowly in a tank of water, the water-level being 
about half way up. Consequently the air is brought into 
intimate contact with an enormous amount of wet surface, 
which extracts all particles of dust. The length of plate 
has been decided upon as the result SK uy to 
find the best ions to ensure that scrubbing 
action caused by eddy currents is a maximum. The air 
leaves the machine in a natural and cleansed condition, 
absolutely free from any trace of loose moisture. 

The power to rotate the drums is practically negligible, 
our largest machine absorbing only 4 horse-power. 

Yours faithfully, 
. HEENAN AND Frovups, Limirep. 
Worcester Engineering Works, Worcester, 
October 27, 1914. 





Tue Tuomas Hawxksitxy Lecrure.—The meeting of 
the Institution of ‘Mechanical Engineers, which was to 
bave been held this evening, and at which the second 
Thomas Hawksley lecture was to have been delivered, 
has been cancelled under wz circumstances, the 
author of the lecture, Mr. William B. Bryan, the chief 
engineer to the Metropolitan Water Boara, having died 
suddenly on Wednesday last. We have dealt with Mr. 
Bryan’s career elsewhere in the present issue. 





LaNTERN-SiIDES FOR LecrurEs.—Messrs. Ed. Bennis 
and Co., Limited, inform us that they have a number of 
lantern-slides dealing with the development of mechanical 
stoking, elevating and conveying apparatus, which they 
will be pleased to loan to 27 See Gaew 
lecture ae. A list of the slides and particulars of 
their subject-matter can be obtained on request. Appli- 
cations should be made well in advance of the lecture date, 
and should be addressed to the Publicity Department, 28, 
Victoria-street, 8. W. 





Tue Trext.—On Monday, the 26th inst, the Notting- 
ham Town Council decided, by a large majority, to 
with Trent improvement works, towards the cost of which 
the Development Commissioners have promised an advance 
of 50,000/., the ratepayers of Nottingham contributing 
100,000. The idea is to improve the navigation of the 
Trent between Nottingham and Newark, and it is con- 
tended that the effect of the proposal will be to make 
Nottingham an important inland port. Mr. A. R. Atkey, 
chairman of a committee having charge of the scheme, 
traced the attitude of the Town ncil on the question 
since 1884, and explained that, as a result of a conversa- 
tion with Mr. Ernest Jardine, M.P., the chairman of the 
Trent Navigation Company, it was borne in upon him 
that a tantalizing stretch Nottingham and 
Newark was the only bar to a ‘Front improvement for the 
city. It was for that reason t he brought the matter 
Doane poued Sor father sxeabieeation of the pospeset 
or further consideration of the . 
but only seven voted for delay, and eventually apeupesl 
to at once was carried without dissent. 





Carsons ror Exxcrric Licutinc.—In view of the 
large quantities of coal annually carbonised in the United 
Kingdom at gas works and in coke-ovens, there would 
seem to be very good as for the establishment of a 
large electric carbon industry here. As is ly 
known, however, foreign competition has in the past 
pooved difficult to meet, and the only considerable carbon 
oe See seems to be that of the General 
Electric Company. I is to be hoped that the present 
elimination of German and Austrian competition may do 

ing to assist British manufacturers, and that a 
more ow home eames may grow up. A 
recent Board of Trade ite Paper shows that Ger- 
many’s annual exports of such goods have a total value 
of 541,600/., and those of Austria-Hungary a value of 
48,1751. The annual exports of these countries to the 
United Kingdom are valued seapesnrey at 90,6507. and 

The annual exports of the United Kingdom have 
at present a value of only about 10,000/. 





New O1 Dépér at Sart Enp, Huwi.—The Anglo- 
Mexican Petroleum Products Company, Limited, 
Finsbury-court, London, E.C., have taken a site covering 
about 12 acres of land at Salt End, near Hedon, on the 
River Humber, about 4 miles from Hull, for an oil-storage 
installation. programme of tankage to be erected 
comprises four 95-ft. storage-tanks, each ca 
ing 45,800 barrels, and two 75-ft. tanks holding 26,800 
barrels each, making a total of 236,800 barrels, or 33, 
tons, for fuel oil and other heavy products. There will be 
six 75-ft. tanks for kerosene and motor spirit of ‘‘Mex ” 
brand, capable of holding 26,800 each, while 
storage accommodation for liquid bitumen for road-dress- 
ing will also be provided on a seale, The future pro- 
comprises, further, 95-ft. tanks and 75-ft. tanks 
r kerosene and ‘‘Mex” motor spirit. In connection 
with the latter, can-filling apparatus and equipment for 
handling the trade in motor spirit will be developed. 
Several tanks providing accommodation for lubricating- 





eS ctaeage on © canto convenpending € the above figures 
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COAL-HANDLING PLANT AT SOUTHEND-ON-SEA ELECTRICITY STATION. 
CONSTRUCTED BY MESSRS. ED. BENNIS AND ©0., LTD., ENGINEERS, LITTLE HULTON, BOLTON. 



























































































chutes, &c., is carried by the elevator frame- 
work, avoiding all external supports or bearings, 
and making the whole a self-contained and neat 
machine, occupying little room. 

At the top end, the elevator delivers the coal 
through a chute, which can be seen in Figs. 6 
and 8, to a Bennis (J-link steel chain conveyor. 
This conveyor is of the type illustrated in Figs. 
10 and 11. It consists of a series of mild-steel bars 
pressed into the form of a LJ, and riveted together 
to form an endless chain. The lower part of the 
chain moves along a rectangular trough, and 
carries the coalwith it. Openings are placed in the 
bottom of the trough at desired intervals, and the 
coal falls through them into the bunkers beneath. 
The conveyor is driven through gearing from an 
electric motor situated near its right-hand end, as 
can be seen in Figs. 1 and 2. A gangway aslong- 
side the conveyor allows of access to all parts of 
it and to the elevator. This gangway is shown in 
Fig. 14, annexed, which is a general view of 
the conveyor. The bunkers are built up of mild- 
steel plates and sections riveted together to form 
& series of rectangular bins with hopper bottoms. 
A number of openings are made at the bottom of 
each bin, and each opening is provided with an 
outlet chute and radial cut-off valve. The arrange- 
ment is a simple one, and will be clearly under- 
stood from Figs. 12 and 13, above. The cut-off 
valves are operated by chains from the firing- 
floor. A swing-chute is suspended beneath each 
outlet, for guidin coal from the bunkers to the 
stoker-hoppers. These chutes are made to swing 
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Fig. 14. 





Cuain Conveyor. 


























back out of the way when boiler-tubes are being 
cleaned or renewed. 

The bunkers have a total length of about 
106 ft. Their vertical sides are 11 ft. deep, and 
their top is about 39 ft. above the firing-floor 
level. ey are carried on twelve stanchions 
formed out of rolled-steel joists, 27 ft. long, 
resting on concrete pillars built level with the 
firing-floor. A superstructure is built on top of 
the bunkers to carry the conveyor, which works 
in a chamber carried the full length of the 
bunkers. The sides and roof of the chamber are 
formed with corrugated sheet, in which continuous 
windows are set in each side. The appearance of 
the inside of the chamber can be seen com Fig. 14. 
Access is obtained to the conveyor-chamber by a 
ladder on the elevator-frame. The extreme height 
from the bottom of the stanchions to the top of 
the superstructure is about 56 ft. The whole 
plant, consisting of bunkers, stanchions, elevator, 
conveyor, and superstructure, was supplied and 
erected by Messrs. Bennis. 








A oo Army.—The Sy gamed + st 
‘echnology possesses particu of more t 

students who were in attendance at the college 
during the academic year 1913-14 and who are now 
serving in various branches of His Majesty’s Forces. 
With a view to the completion of a Roll of Honour, 
which shal) also include the names of past students 
engaged upon military service, the Registrar will be 
glad to receive any information from such persons 
themselves or from their relatives or friends. 
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NOTES. FROM THE UNITED STATES. 
PxILapDELpuia, October 14. 

Tux iron and steel output of the United States has 
been still further curtailed under a lessening demand 
for both crude and finished products. New inquiries 
and orders for the past week do not represent much 
more than 25 per cent. of the total capacity. This 
means a further decline in the average. Nearly all 
industries are similarly affected ; in some, European 
war orders are a activity. Quite a 
number of orders from ab are now being placed, 
among them a large order for sheet-iron stoves for the 
Frencharmy. Far-seeing steel experts seriously doubt 
the wisdom of consumers in pu sing only for abso- 
lute necessities, ecially in pig-iron. Furnace 
interests are probably as short-sighted in not piling 
up @ reasonable surplus. Foundry work of all kinds 
drags. Contracts have been placed for two battle- 
ships, which means 10,000 tons of plates at least. 
Awards will be made in a short time for 24,830 tons 
of armour-plates, special-treatment i bolts and 
nuts. Fair opportunities are offered to sell billets 
abroad, but price forbids. Eastern sheet-mills are 
busy ; western, slack. Financial conditions have not 
improved. An undercurrent of apprehension con- 
tinues. The country at large acts one way and talks 
another. Much relief is ex as soon as the 
Federal Reserve Board is in working operation. 
Apart from all surface reasons, the European war has 
disarranged conditions seriously. Cotton-plantin, 
interests will be helped out with an advance o 
150,000,000 dols. A financial readjustment is in the 
near future, when a general improvement in industrial 
conditions is cme, both from domestic necessities 
and foreign requirements. 

October 21. 

Iron and steel continue quiet. Here and there con- 
cessions are made for prompt delivery. The entire 
situation is most disappointing. It is roundly esti- 
mated that, outside of crude material, purchasers and 
orders absorb about one-fourth the maximum produc- 
tive capacity. Not the slightest disposition is shown 
to buy for forward delivery. The financial situation 
is at the root of the trouble. Some mills are down to 
30 per cent. of capacity, but the general average is 
nearer 50 per cent. Specifications come in slowly. 
Foreign business has not developed as usual. Even in 
steel rails, which some of our Eastern makers thought 
they would get, orders have gone to England. English 
inquiries covering several thousand tons of steel billets 
are now before the trade, but prices are too high. Pros- 
pects for exporting sheets and wire are quite favourable. 
The estimate of total stocks of all kinds of pig-iron puts 
it at 1,200,000 tons, of which 250,000 tons are in the 
South, 150,000 tons at Virginia, 80,000 tons in Penn- 
sylvania, and 700,000 tons in the Lake district and 
the West. Within the past two weeks 80,000 tons of 
barbed wire, plain wire, and nails have been sent 
abroad, with a great deal more business pending. 
The Crucible Steel rege pt near Pittsburg, booked 
an order for 5000 tons of bayonet and sabre steel for 
France. Orders are placed for 2,500,000 horse-shoes, 
besides nails. There is quite a demand for auto 
trucks and varied military supplies for export. Wire- 


mills run from 80 to 95 per cent. of ~~ General | ~~ 
sti 


construction and bridge work is slow, and structural 
output meets all necessities at one-third full-capacity 
output. Nearly all orders run from 100 tons to 
900 tons. The railroads are all waiting for more 
encouragement to lay out money. 





Tue Juntorn INSTITUTION OF ENGINEERS.—Abt a recent 
informal meeting of the Institution, Mr. Walter T. Dunn, 
F.C.1.8., gave a lecture on the latest developments in 
gas-lighting for domestic purposes, illustrating his 
remarks by an excellent array of modern gas fittings, 
glassware and appliances, many of the burners being 
shown in action. 





GERMAN AND AUSTRIAN COMPETITION IN THE ALU- 
miniIuM TrADES.—No. 77 of the Board of Trade’s White 
Papers, dealing with German and Austro-Hungarian 
competition, is concerned with aluminium and aluminium 
wares. It is staved that the value of the exports from 
Germany during 1912 amounted to 822,100/., and those 
from Austria-Hungary to 60,4101. No correspondi 
figure can be given for the United Kingdom. It woul 
appear that for crude and scrap aluminium, Germany’s 
sary markets are the Netherlands, ium, and the 

nited States ; for sheets, plates, &c., the United King- 
dom, India, Belgium, Switzerland, Italy, and Russia; 
for wire, the United Kingdom, Denmark, and Switzer- 
land ; and for other articles, including presumably cook- 
ing utensils and general fittings, the United Kingdom, 
India, Canada, ere, Denmark, the Nether- 
lands, um, Italy, Russia, Brazil, and the United 
States. 8 Austro-Hungarian exports are much less 
important, but considerable trade is done with France 
and the United States. From various Trade Commis- 
sioner and lar reports there should apparently be 
considerable opening for competition on the Continent, 
in the Colonies, and in the United States. In many 
markets the trade in aluminium utensils appears to be 
almost wholly in German hands. 





THE LJUNGSTROM TURBINE. 

In our issue of April 12, 1912, we illustrated and 
described the construction of the Ljungstrom turbine. 
A machine of this type was recently manufactured 
7a Brush Electrical Engineering Company, of 


icon Works, Loughborough, and is now at work | 50. 


in the electric supply station of the St. Pancras 
Borough Council. The following is a report of its 
we just presented to the Council by Mr. 
ydney W. Baynes, the chief electrical engineer :— 
Sr. Pancras Borovueu Councit. 
Electricity and Public Lighting Department, 
October 15, 1914. 
To the Chairman and Members of the 
Electricity, &c., Committee. 
Installation of 1000-Kw. Ljwngstrom Turbine. 

GenTLemen,—I have to report that this seb was put 
into commission on July 30 last, and has been in constant 
service since. Over the period of its operation it has 

merated nearly 1,000,000 units out of a total of 

,681,360 units turned out at the King’s-road generating- 
station. 

With respect to the steam consumption, it will be 
gratifying to note the actual practical results come 
out considerably better than the guarantees at all loads, 
ps as high as 10 per cent. less steam at one-fourth 


Hereunder will be found the guaranteed figures for this 
1000-kw. turbine in comparison with the actual figures 
obtained on the test-bed, showing the gain in economy :— 





| 
Steam Consumption. |Full Load. | Load. | 4 Lond. | } Load. 
= | 








Actual .. oe “ «| 12.75 | 13.57 14.67 17.76 
Guaranteed .. as oof 140 14.75 16.5 19.75 
Pounds of steam less than | 

guaranteed .. a =e 1.25 | 1.83 1.99 


L18 
| 


Since this turbine has been in use there is a saving in 
coal equivalent to about 1700/. per annum, a result which 
amply justifies the trouble and small expense of the 
early investigations into its merits. Notwithstandin 
the high pee of 3000 revolutions per minute, and 
per minute between the two rotating elements, there is 
almost complete absence of noise or vibration, and the 
control, both o——_ and mechanically, is all that could 
be desired. It is, indeed, the quietest 
running set ever placed in the works. 

Improvements in Steam Economies Since 1891.—I have 
tabulated the test figures showing the steam consumption 
per kilowatt of all the sets at our generating-stations, 
and would call attention to the steady improvement 
throughout the period covered by the gradual develop- 
ment of the undertaking. 

The roo | in capital expenditure on boilers and 
accessories obtained by this improved machinery may be 
best appreciated by stating that the outlay for boilers and 
accessories to operate the 5000-kw. Ljungstrom turbo 
will cost about half that needed for the earlier recipro- 
cating engines of equivalent power. 

It is interesting to note that the first engines at the 
King’s-road works required 26.6 lb. of steam to produce 
a unit of electricity, as compared with the Ljungstrom 
turbine of to-day only using 12? 1b. (less than half) to do 
the same work. 


Pounds of Steam per Kilowatt Required by Generating 
Plant Installed at Various Dates of Progress. 














\Date In- Kilo Full | 
| stalled. watts. Load, |? Load. |} Load. 34 Load 
Reciprocating | 
engines ..| 1801 | 80) 25.9 | oe _ 
tto «=| 1896 | 130, 26.6 — | — _ 
Ditto | 1899 | 500, 231 | 2448 | 27.42 35.5 
Ditto | 1908 | 450| 195 | 21.0 | 226 27.65 
Turbo D.O. ..| 1906 | 1000, 17.0 | 180 | 195 | 246.5 
Turbo alter- | 
nating ..| 1909 | 2200 16.15 | 17.1 | 1885 | 228 
Ljungstrom | | | | 
alternating | 1914 | 1000 12.75 | 13.57 | 14.67 | 17.76 
Ljungstrom| | | j 
guaranteed | — | 5000) 118 | 1238) 134 | 16.9° 


| 





* It may be anticipated that these res will be reduced by 
the test results when this set is i led, as in the case of the 
present set. 


The Ljungstrom turbine shows a marked improvement 
in steam consumption at the lower loads—viz., quarter, 
half, and three-quarter loads—in comparison with either 
of the earlier turbines, and every advantage 
towards economies, not obtainable in the t, when 
necessity compels the operation of plant at the lower loads. 

Sypney W. Baynzs, 
Chief Electrical Engineer. 





Conrracts.—The Hydraulic Engineering Com " 
Limited, Saaen. pane seman the order for the triple 
ex on verti raulic pum ine, recen 
advertised, for the pe ot om Ganpesction, to the 
requirements of the engineer, Mr. L. Holme Lewis. 





University or Lonpon, University Cotiecs.—Pro- 
feasor Ernest R. Matthews, A.M. Inst. C.E., F.R. San. I., 
Edwin Chadwick Professor of Municipal Engineering, 
will deliver a public lecture on Monday, November 2, at 
5.30 p.m., at University Coll on ** Reinforced Con- 


crete in Municipal Engineering Works.” 





and smoothest | be 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with an easier tone, but there 
were no a At the close sellers of Cleveland war- 
. cash, 49s. 104d. one month, and 
. 4d. three mont In the afternoon weakness again 
prevailed, and 1000 tons of Cleveland warrants were done 
at 49s. 8d. one month and 50s. 14d. three months, with clos- 
ing sellers at 49s, 5d. cash, 49s. 84d. one month, and 50s. 3d. 
three months. The market was a shade firmer on Friday 
morning, but no business was done, and sellers quoted 
Cleveland warrants at 49s. 6d. cash and 49s. 9d. one month. 
The afternoon session was also idle, but the tone continued 
firm, and buyers’ quotations for Clev warrants ad- 
vanced to 49s. 5d. cash, 49s. 84d. one month, and 50s. 14d. 
three months, with sellers naming 49s. 6d., 49s. 94d., and 
50s. 4d. a. On Monday morning business was at 
a standstill, and although sellers of Cleveland warrants 
made no change in their quotations, buyers shaded 
theirs. There was again nothing doing in the afternoon, 
and prices were only fractionally changed, sellers of 
Cleveland warrants quoting 49s. 54d. cash, 49s. 9d. 
one month, and 50s. 44d. three months. On Tuesday 
morning an easier tone prevailed, but buyers con- 
tinued to hold off, and the session closed with sellers of 
Cleveland warrants naming 49s. 44d. cash, 493. 8d. 
one month, and 50s. 3d. three months. In the afternoon 
the market was steady, and the turnover consisted of one 
lot of Cleveland warrants at 49s, 4d. cash, with sellers 
over at that figure, and at 49s. 74d. one month, and 
50s. 3d. three months. When the market opened to-da 
(Wednesday) weakness was manifest, and prices fell 
away 3d. to 4d. per ton. The turnover was limited to 
500 tons of Cleveland warrants at 49s. 1d. cash, with 
sellers over, and at 49s. 44d. one month, and 49s. 11d. three 
months. The afternoon session was quite idle, and no 
dealings were recorded. Sellers of Cleveland warrants 
were asking an increase, and quoted 49s. 3d. cash, 
49s. 6d. one month, and 50s. three months. 


Sulphate of Ammonia.—The market for sulphate of 

ammonia is somewhat dull, and sales are not yet heavy. 

ere has been little movement in price, which continues 
round 11/. per ton for prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—While it cannot be said that busi- 
ness in the Scotch steel trade has improved to any extent, 
there is, nevertheless, a rather better feeling, and it is 
thought that the present dullness will soon give place to 
tter conditions. The unsettled state of many of the 
markets abroad has lessened export orders, but fair quan- 
tities of material are being —— every week. The 
demand from the various ship is at home is meantime 
poor ; but, even had we not at war, it is doubtful 
if it —_ have been very — og oy considering the 
very heavy tonnage output during the past two years. 
Sectional material is also quiet, and no change can be 
reported in the condition of the black-sheet trade. 
Prices, where not under the control of the association, 
are a shade easier, but buyers continue to hold off in the 
meantime. 


Malleable-Iron Trade.—The demand for finished iron 
has not broadened out much, and makers in the West of 
Scotland report little change in the position. Works are 
— kept running fairly well, as orders of one sort and 
another are always dropping in. Prices are unchanged. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there is 8 moderate amount of business passing, but 
makers could undertake to deliver very much more. The 
shipping trade is certainly — than usual, but there 
is no gloomy feeling on the part of producers, as the 
demand will come along all right. Hematite iron is dull, 
and is quoted rcund 70s. per ton. The following are the 
current market quotations for makers’ (No.1) iron: Clyde, 
Tandioen, fos, (all chipped. os Giesgow);, glaton, 

ngloan, ip at iw); inton, 
62s. 6d.; and Glengarnock 70s. (both at Ardrossan) ; 
Shotts (at Leith), . 6d.; and Carron (at Grange- 
mouth), 69s. 





a OF MARINE ea — Te +s —— 
tt’s paper on *‘ pic passes, with Particu 
Reference to the ‘ Star’ Type,” was discussed at a 
meeting of the Institute of Marine Engineers held on the 
12th inst., when Mr. James Adamson, hon. secretary, 
presided. In the course of his paper, which had been read 
the previous week, Mr. Kilburn Scott said the gyro- 
compass was quite independent of the earth’s magnetism. 
Although Foucault discovered, as long ago as 1852, that, 
when suitably constructed, the gyroscope tended to point 
to the true or geographical north, it was only within the 
last few years that tical instruments had been con- 
structed which would work on board ship. The ‘‘Sea Star” 
type of gyro-compass, designed by Captain V. H. Rozic 
and = —- was 80 =| that the righting — 
tum did not depend on gravity for its magnitude, but was 
always determined by the amount of deflecting momentum 
that had to be counteracted. The means to this end were 
forcible and automatic. The gyro-wheel was so mounted 
that it was non-pendular about its horizontal axis, and 
therefore not subject to ballistic effects. The ‘Sea Star” 
differed from the Anschutz and Sperry types in that the 
direction of rotation of the gyro-wheel was clockwise when 
looking at the north-pointing end of the gyro-wheel 
spindle ; the other two ran counter-clockwise. Owing to 
direction of rotation of the ‘‘Sea Star” gyro-wheel 
being opposite to the rotation of the earth, the gyro-wheel 
was in & state of permanent unstable equilibrium, and 
therefore, as soon as it had been deflected in the slightest 
degree, was a strong tendency to increase, and the 
motor was immediately started to correct the deviation. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The general position has 
undergone very little change during the week, except 
that a slightly easier tendency is evident in one or two 
sections. Trade in house coal is slow, except with respect 
to the highest grades, which are somewhat difficult to 
obtain. During the week the demand has eased ider- 
ably, neither country buyers nor London consumers show- 
ing their usual interest in the market. In the circumstances 
the pits are only moderately employed. Collieries pro- 
ducing for — consumption re a further decline in 
shipments, and both Yorkshire and Derbyshire prices have 
declined from 6d. to 1s. Fortunately an even tone is 
maintained in the home demand for hard and locomotive 
sorts, and this enables the pits to continue at the rate of 
three days a week. Gas-coal is quiet but steady. Fair 
tonnages are being sent to inland works on contract 
account, and shipments, though well below the normal, 
are a little larger. Norway, Sweden, France, and Italy 
are customers. S. are uneven. For the best 
qualities there is an improved demand, and values have 
hardened ; but in the lower grades quotations vary 
greatly, and low figures are offered where + of 
placing heavy tonnages are presented. The further 
weakening of the Manchester cotton agp is having a 
correspondingly adverse effect on this section of the 
South Yor market. Coke is in smaller demand, 
and prices are weakening. Quotations :—Best branch 


hand-picked, 16s. to 16s. 6d.; yy best Silkstone, 
12s. to 13s. 6d.; Derbyshire best hts, 12s. 6d. to 
13s. 6d.; Derbyshire house, 11s. to 12s.; best large nuts, 


lls. to 11s. 9d.; small nuts, 9s. 3d. to 10s. 3d.; Yorkshire 
hards, 10s. 6d. to 11s. 6d.; Derbyshire hards, 9s. 9d. to 
10s. 9d.; best slacks, 7s. to 8s.; seconds, 4s. 9d. to 5s. 9d.; 
smalls, 1s. 9d. to 2s. 9d. 


Iron and Steel.—The deflation of pig-iron quotations 
has had the desired effect. All of buyers are 
coming forward more freely with orders, and contracting 
has again been resumed. An additional effect of im- 
portance is that makers of finished goods, intent on 
making the most of the existing commercial conditions, 
are able to offer better inducements to prospective buyers, 
and thus to enter into closer competition with those 
American manufacturers who are doing their utmost to 
gain an ascendancy in certain sections of the iron and steel 
trades. There is very little surplus uction, and the 
ition of makers is regarded as satisfactory. West Coast 
ematite is quoted at 8ls., East Coast hematite at 73s. 6d., 
Lincolnshire No. 3 foundry at 51s. 8d., Lincolnshire 
forge at 58s. 8d., Derbyshire No. 3 foundry at 56s. 9d., 
antl Dashade forge at 55s. Bar-iron makers are again 
complaining of a artage of work. The mills are run- 
ning about half time. © South Yorkshire Makers’ 
Association basis price remains at 8. 5s. Sheets are 
unaltered at 9/.10s. Further evidence of the steady 
improvement in the steel trades is to hand. The number 
of Sesto dnsused workmen out of employment has been 
reduced to fewer than one in a hundred, and omen. 
ment in all branches has declined something like 30 per 
cent. In certain leading branches a serious shortage of 
skilled labour is reported. Engineers are 5 y 
needed, and the demand is being a, on by other 
districts. Government work increases. capacity for 
output is on a record scale, but if it was much larger 
there would be sufficient contract business to keep all 
departments fully Output chiefly consists 
of guns, shells, and armour, but 
swords are also being made. Light armour for the pro- 
tection of motor-cars and aircraft is in big demand. 
Rapid is being made with military camp- 
kitchens. A Rotherham firm has five hundred of these 
to make. Heavy inery, marine castings, and rail- 


way material are most in request by consumers who have 
windiest their custom m Gann houses. The 
lighter trades are receiving encouraging support from 


Colonial buyers. Big quantities of files, saws, and shears 
are to be made for cutta, Rangoon, Newcastle (New 
South Wales), and _—— steel for New York and 
Montreal. The crucible-steel trades are suffering from 
the depression of the motor-car industry. Trade in steel 
billets is steady at unaltered rates. 





Franoz.—The British Chamber of Commerce, 9, Rue 
des Pyramides, Paris, has a demand for British makers 
of pyrometers (dial) for steam-heaters. 





Sir Witu1am Wuirt Memoria Founp.—The amount 
subscribed to the above fund has now reached a total of 
nearly 3000/., and it has been decided to devote the prin- 
cipal portion of the fund to the establishment of a scholar- 
ship for research work in naval architecture, particulars 
of which will be announced in due course. Any further 
contributions will be gladly received by the Secretary, 
Institution of Naval jitects, 5, Adelphi Terrace, 
London, W.C. 





Fire Precautions ror Beieian Rervcrrs. — The 
British Fire-Prevention Committee has issued a special 
fire warning for buildings in which Belgian refugees are 
being temporarily housed, and this fire warning is ob- 
tainable not only in the English language, but in French 
and Re pane » translations. te “4 various oe = 
pointed out in concise language, having regard to ‘act 
that many of the refugees are neither used to the open 
fires or ranges as customary in England, nor to gas 
lighting or electric lighting. Copies of the warning can 
be obtained upon written application (giving requirements 
as to language) addressed to the Registrar, British 
Fire-Prevention Committee, 8, Waterloo-place, London, 


big quantities of | steel 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is 
very quiet. Values show a further downward move- 
ment, and what business is passing is still confined to 
small transactions for early delivery, traders making 
very little effort just now to enter into forward contracts. 
There is some further inquiry for pig-iron for Scandi- 
navia, Holland, and Italy, but there are still considerable 
obstacles to business with those countries. Financial 
difficulties still stand in the way, and very few vessels 
are obtainable. In addition, South American firms are 
keen competitors for the Italian trade. What iron is 
going abroad is being shipped at high freights. Deliveries 
to Scotland would be larger if more vessels were avail- 
able. Stocks of iron at makers’ yards are understood to be 
accumulating rather rapidly, but the additions to the 
public warrant stores are not large. No. 3 g.m.b. Cleve- 
land pig ison sale at 49s. 6d. f.o.b., No. 1 is said to be 
rather scarce, and is 52s.; No. 4 foundry is 49s. to 49s. 3d.; 
No. 4 f 48s. 9d.; and mottled and white iron, each 
48s. 6d. t Coast hematite pig is very weak. Both makers 
and merchants are now keen sellers of Nos. 1, 2, and 3 at 
62s. 6d., and possibly a firm offer to buy at round about 
62s. would receive favourable consideration. No. 1 has 
been sold at 63s. So far as can be ascertained there are 
no new features in the foreign ore trade. Business is at 
a standstill, and definite quotations are not easily fixed. 
Sellers still base prices on 17s. 6d. for best Rubio, but 
buyers consider the rate should be nothirg above 17s. 
Some consumers report that they have fairly large stocks. 
Blast furnace coke continues dear. Sellers still name 
up to 17s. 6d. for Durham bee-hive of average quality 
delivered at Tees-side works. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 106,774 tons. 
Since the beginning of the month the stock has been 
increased by 3810 tons. Shipments of pig-iron from the 
Tees are on only a moderate scale. To date this month 
they average 1427 tons per working day, the total 
despatches being returned at 44,263 tons, 39,303 tons of 
which have gone from Middlesbrough and 4960 tons from 
Skinningrove. To the same date last month the loadings 
were given at 46,838 tons, or a daily average of 1951 tons, 
and for the were ot part of October a year ago, the 
clearances reached 96,767 tons, or an average of 4032 tons 
per working day. 


Manufactured Iron and Steel. — Fairly satisfactory 
accounts are given of the manufactured iron and steel 
trades. A good deal of work is being turned out, 
and some producers are bei for delivery. 
One or two branches, however, are showi i re) 
slackness. Constructional departments and shipbuilding- 
material branches are not so active as they have 
been. There are a few inquiries in the market for 
rails. My ny my quotations stand :—Oommon 
iron bars, 87. ; bars, 8/. 7s. 6d. ; best best bars, 8/. 15s. ; 
packing iron, 6/. 5s.; iron ship-plates, 7/. 5s. ; iron ship- 


les, 82. ; iron ship-rivets, 8/. 73. 6d.; iron girder-plates, 
71. be; steel bare (basic), 71. 10s. ; steel bare (Siemens), 


7l. 15s.; steel ship-plates, 7/. 5s.; steel ship-angles, 7/.; 
steel boiler-plates, 8/. 5s.; steel strip, 7/. 5s.; steel hoops, 
81.; steel joists, 7/. 2s. 6d.—all less customary 24 per 
cent. discount; cast-iron columns, 7/. 7s. 6d.; cast-iron 
railway chairs, 4/. 5s.; light iron rails, 7/. 15s.; heavy 

-~y y= spine steel —— a, he net 
at works ; v corruga eets, gauge, in 
bundles, 14/. f.o.b.—less the usual 4 per cent. 





Tue CuartrereD InstiruTe or Patent AGENTS.— 
Lord Moulton, an honorary member of the Chartered 
Institute of Patent Agents, will deliver, in the Hall of 
the Institute, on Wednesday, November 4, the address 
opening the session. 





Tue Brirish ELgorrRicAL AND ALLIED MANUFAOC- 
TURERS’ AssociATION. — The Council of the British 
Electrical and Allied Manufacturers’ Association decided 
at the last meeting not to hold the usual annual dinner 
this session. 





InsTITUTION OF Crvit Encinerrs.—In addition to the 
a announced in April for papers read at the meetings, 
pag any - Fu the a of Civil x rey — 
e Owing awa: or papers pu in 0 
ings without discussion during the session 1913- 
1914 :—A Telford Gold Medal to Mr. J. V. Davies (New 
York) ; Telford Premiums to Messrs. W. OC. Popplewell 
(Manchester), A. J. Knowles (Cairo), H. Gaskell, Junr. 
Widnes), and P. Rothera (Trichinopoly) ; the Crampton 
ize to Mr. H. F. Oarew-Gibso 


m ( on), and 
Manby Premium to Mr. W. M. Griffith (Bareilly, 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been rather inactive, 
but there has been no relaxation of the firmness obeerv- 
able in superior ¢arge, including Admiralty and dry 
descriptions. Monmouthshire and bituminous large have 
remained easy, and house coal, patent fuel, and coke 
have shown no change. The best Admiralty large has 
made 21s. to 22s.; best eg: A en 19s. to 20s.; 
other secondary descriptions, 18s. 3d. to 18: 9d.; best 
bunker smalls, 7s. 9d. to 8s. ; and cargo smalls, 5s. to 

. per ton. The best household coal has been quoted 
at 19s. to 20s. ; good households have made 17s, to 188.; 
No. 2 Rhondda large has been quoted at 12s. 3d. to 
13s. 3d; and No. 2 smalls at 6s. 6d. to 7s. 6d. per ton. 
Special foundry coke has realised 27s. to 30s.; good 
foundry coke, 20s. to 24s.; and furnace coke, 17s. 6d. 
to 18s. 6d. ton. As regards iron ore, Rubio has 
made 16s. 6d. to 17s. 6d. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Greater Swansea,—F urther consideration has been given 
by the Swansea Town Council to the question of extend- 
ing the borough. The Parliamentary Committee ex- 
plained a provisionally-approved extension scheme and a 
rearrangement of the Victoria and dore Wards. 
Alderman Merrells asked for further information re- 
specting the new division of wards, and moved that the 
meeting be adjourned for a week for that purpose. This 
WAS to. Ib was also decided that an application 
should be made to the Local Government d for 
authority to borrow 331,894/., the estimated cost of carry- 
ing out the first portion of the scheme—viz., the con- 
struction of a main intercepting sewer from the present 
borough boundary at Morriston to the Mumbles Head. 
The new sewer will provide for the requirements of a 
population of 250,000. 


Pembrey.—It is stated on good authority that the old 
powder and dynamite works on the Pembrey Burrows 
will shortly be enlarged for the manufacture of high 
explosives. Messrs. Nobel, powder and explosives manu- 
facturers, who ran the works on a small scale many years 
ago, propose to erect a modern establishment. 


ae ee has prevailed at Tredegar, as it is 
feared that 1000 men will be reduced to idleness. This 
is due to the fact that the Tredegar Iron and Coal Com- 

y has issued notices to terminate contracts to 700 men 
in its employment at the Whitworth yew x A and 250 
employed in the house-coal seam of the Oakdale Colliery. 


Newport.—There has not been much new busincss in 
steam coal, and prices have remained about stationary. 
The best Newport Black Vein large has made 16+. 9d. to 


f|17s.; Western Valleys, 16s. to 16s. 6d.; and K:stern 


Valleys, 15s. 6d. to 16s. per ton. 





Parsons Marine Torpines.—Some details of the 
progress of the Parsons turbine were given in the ro 
— at the seventeenth annual general meeting of the 

arsons Marine Steam-Turbine Company, Limited, held 
on Wednesday, the 2ist inst. The report stated that up 
to the —_— time the total horse-power of marine turbines 
of the Parsons type, completed and under construction in 
the works of the company, and of licensees, as well as in 
the works of the Continental sub-companies and licensees 
of Parsons toy yee Company, Limited, amounted 
to about 12,360, horse-power, an increase during the 
year of about 1,760,000 horse-power. Of this total nearly 
10,510,000 horse-power was, or would be, employed for the 
propulsion of warships, and over 1,850,000 horse-power in 
vessels of the mercantile marine and yachts. @ appli- 
cation of geared turbines to marine propulsion continued 
to be greatly extended both for vessels of the mercantile 
marine for vessels of war, and the vessels fitted with 
this system were giving every satisfaction. Since the 
issue of the last report vessels had been ordered to be 
fitted with geared turbines for the Cunard Company, the 
Federal Steam Navigation Company, the Union Steam- 
ship Company of New Zealand, the ian Pacific Rail- 
way Company, the Oceanic Steam Navigation Company, 
the Ellerman Line Steamshi Company, the Venice-Alex- 
andria Line, &. The num of war-vessels, passenger 
and cargo-vessels now built or building, with all-geared 
or part-geared turbine machinery, included in the above 
totals is 126, with an aggregate of about 1,000,000 horse- 
power ; 62 such vessels, with a total of 620,000 horse- 
power, have been ordered since the date of the last 
report. Experimental investigations on propeller effi- 
ciency, carried out in the company’s vacuum tank, have 
given very valuable information, more especially in regard 
to the most suitable revolutions and pitch ratios for 
geared turbine installations for attaining the highest 
efficiency in the various classes of vessels. The sum of 
14,6087. 16s. 1d. has been 


expended duri ear on 
the | further experi ents with gearing, blading, fe., the benefit 


% shown in the satisfactory resulte 
India). The Webb Prize for the best pa on railway | obtained. directors feel that they are ommes out 
machinery published during ae yous bas the witha fi De Gener 2 satan to the 
been an Bm to Mr. Henry Fowler (Derby); and | Prince of Wales’s National Relief Fund, 5001. to the 
the Indian Premium for 1914 to Mr. P. Rothera (Tri-| Newcastle War Fund, and in making suitable 


chinopoly). The Council have made the following 
—e in respect of students’ _o read during the 
session 1913-14:—The James Forrest Medal and a 
Miller — to Mr. J. E. Swindlehurst (Birmingham) ; 
and Miller prizes to Messrs. T. C. Grisenthwaite (Glas- 

w), H. J. C. Harper (Bristol), W. P. Nevett (Birming- 
Gea, J. M. L. Bogle (Manchester), E. A. Cross (Bir- 
mingham), S. Brassey-Edwards (Manchester), G. T. 
Cotterell (Bristol), D. D. Stanier (Newcastle), W. E. 
Gurry (London), H. Taylor (Birmingham), and R. C. 
Rattray (Manchester). 





allowances to the wives and dependants of those em- 
ee = 4 been 4 LA a have enlisted. 
profit for year, after providing for depreciation 
on buildings, ang Mag 4 and office furniture, 
upkeep of patents, » transferring 14,608/. 16s. 1d. to 
e experimental and pioneer work account, and writing 
the company’s holding in Consols down to 70l. per cent., 
amounts to 42,7231. 4s. The year’s dividend is 10 per 
cent., with a bonus of 10 cent., both free of income- 
tax, and the sum carried forward is about the same as a 
yea. ago. 
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THE MANHATTAN BRIDGE OVER THE EAST RIVER, NEW YORK. 
(For Description, see Page 526.) 
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WAR'S DISLOCATION OF SUPPLY 
AND DEMAND. 


In ancient times whole nations went to war, and 
they carried their capital with them, because it 
consisted entirely of their herds and stock, since 
they were almost exclusively engaged in pastoral 
life ; and these possessions, with the addition of 
sihple implements of war, served for the supply of 
the nation when under arms. Some races, notably 
the Tartars, even took their women with them, 
and utilised their services on what we should term 
the lines of communication. In the lapse of time 
all this has been changed. With the development 
of the factory system, the continuous effort of 
inventive genius, the improvement of mechanical 
methods of manufacture, and the specialisation of 
the worker in particular branches of industry, a 
nation now has its capital widely distributed, and 
in @ measure immovable. Our demands, too, 
collectively and individually, have enormously 
increased, largely owing to the facility of exchange, 
and still more to the cheapening of the processes of 
production. The luxuries of yesterday become the 
necessities of to-day. We had grown to regard this 
condition of affairs as normal, but we have been 
suddenly awakened to the fact that the present 
time is exceptional, and that we are faced with a 
duty the most stern that can be demanded of a 
nation or race, and one to which all other require- 
ments must be subservient. To quote the words of 
the King, ‘‘ We are fighting for a worthy purpose, 
and we shall not lay down our arms until that 
purpose has been achieved.” This purpose demands 
not only the direct personal service of many, but 
also sacrifices, national and individual. In consider- 
ing how it is to be achieved we have to decide in 
the first place what things are indispensable to our 
welfare, so far as monetary affairs are concerned. 
It is only by an adequate supply of money, or rather 


ace | of money’s worth, that our fighting force, alike in 
_ | res 


pect of numbers and equipment, can be main- 


“| tained thoroughtly adequate and eflicient. Adam 


Smith enunciated the principle that not more than 
one hundredth part of the inhabitants of a Euro- 
pean country could be employed as soldiers without 
ruin to the country which paid for them. He would 
doubtless increase this proportion under present 
circumstances ; his estimate probably concerned 
soldiers continuously in training. Nevertheless, 
an enormous proportion of the active producers of 
a nation must be maintained in employment to 
satisfy the immense demands of the fighting force. 
At the same time there is urgent n for a manu- 
facturing and exporting nation to continue its usual 
tions in order to produce the wealth without 
which a war cannot be satisfactorily waged over a 
prolonged period 





We are therefore beset with a very difficult 
problem, because, in the ultimate issue, the main- 
tenance of the flow of wealth of a nation becomes 
the determining factor. We use the term 
“flow of wealth” advisedly, because capital 
invested in productive plant, whether buildings or 
machinery or transport facilities, if not in gon- 
tinuous operation ceases to be wealth. The real 
measure of wealth is the income of a nation, and 
it is computed that in this country the total per 
annum is 2000 millions sterling. Any diminution 
of this income exercises necessarily a weakening 
influence even when the nation is at war. A large 
part of the product of labour, and therefore a con- 
siderable proportion of this 2000 million, must be 
utilised directly in the war (in addition to the 
77 million spent normally each year on the Navy 
and Army), and from a narrow economic and 
material point of view all this is waste. But man- 
kind, in spite of many a lapse, nurtures ideals 
higher than food and pleasure, and chief among 
these is national existence, for which it is ready to 
pour out its money as if it were water. At the 
same time it is incumbent on the nation to main- 
tain its income to the fullest extent, and, as far 
as possible, to compensate for the flow of money 
to the fighting line. Professor William Smart, in 
his recent address at the Royal Philosophical 
Society at Glasgow, did well to direct attention to 
this phase of the existing situation, and particularly 
to the dislocation of supply and Gumek; 

There is a tendency to overrate the difficulties 
in respect to the supply of men and materials, 
&c., required to maintain the production of the 
country at as near the normal rate as possible 
during war. The withdrawal of men for the fight- 
ing line is not generally a serious factor. The 
difficulty rather is the stoppage of supplies of 
raw and manufactured material from countries 
which are closed by the operation of the war. 
This applies particularly to Germany and Austria, 
and to a less extent to France, Belgium, and 
perhaps the Baltic countries, owing to periodical 
interruption in over-sea transport. Dr. Smart 
enters into a consideration of why we are depen- 
dent to any considerable extent upon supplies, 
particularly from Germany. He gives three reasons : 
—First, that Germany had a start in making certain 
productions ; second, that in some industries her 
large production, with its manifold economies, not 
only give her an immense market within herself, 
but a great foreign outlet ; and third, that more 
attention had been devoted to the application of 
ecience and the acquirement of expert and technical 
skill than is the case in this country. He considers 
that her superiority in the chemical industries, 
dyes and drugs, mathematical and physical appa- 
ratus (such as lenses, microscopes, &c.) is directly 
attributable to this factor. This, however, is only 
half a statement of the case, and does not include 
the great and permanent effects that may follow the 
dislocation of supplies in consequence of the war. 
There is no reason to controvert the first of the 
Professor’s statements, because it is accurate. 
He might, however, have utilised the oppor- 
tunity to point the moral. In many instances 
—notably in connection with electrical produc- 
tions—Germany got the start, not because of 
greater enterprise on her part, but because of 
interference by our Legislature. The development 
of electric traction in this country was undoubtedly 
delayed for many years because of the policy 

ursued by municipal authorities supported by 
ustieneateay enactments. The companies owning 
the tramways were refused extensions of their 
leases necessary to justify the capital expenditure 
on the transfer from horse to electric traction, and 
the municipalities themselves refused to take over 
the tramways on reasonable terms. The result was 
that there was no great demand in this country 
for electric machinery for traction, just as there 
was no demand for electric-lighting machinery for 
a somewhat similar reason. e German people, 
on the other hand, went in for electric traction 
in a whole-hearted way, and there was at once 
a great stimulus to the electric industry, It is 
only within the last few years that we have 
managed to make up leeway. Professor Smart 
admits that where a nation comes second into 
the field they secure the advantage of the pioneer 
work done by others; but, here again, he has 
not driven the lesson home, and this is the 
more to be regretted, not only because he is an 
economist of the first rank, but because the lesson 
at the present juncture of affairs is of the most 
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vital importance to the present and future re- 
arrangement of the sources of supply and 
demand. He does well to enforce upon manu- 
facturing firms the seriousness of their duty 
under present conditions, not only to make this 
country independent of foreign supplies, but to beat 
competition, and extend the field of demand. The 
great majority of manufacturers are endowed with 
enterprise, but they are beset with the grave dif_- 
culty that when new appliances are installed the 
workers, with their false ideas of economics, refuse 
proportionately to increase the — from the 
new machines to meet higher capital charges, and 
lessen the over-all cost of production, while at the 
same time probably obtaining an increased rate of 
wage per week. It is, as we have said, one of the most 
vital problems of the moment, and we should have 
liked such an authority as Professor Smart to have 
brought home to the workers, and to their leaders, 
the advantage which has accrued to Germany from 
the more liberal encouragement of manufacturers 
to replace old appliances by new high-speed pro- 
ducing mechanism afforded by the efforts of the 
worker to make the most of the new mechanism. 

As regards the second reason assigned by the Pro- 
fessor for German supplies to this country, we think 
that he might have pointed to the economic advan- 
tage of concentration. The Germans in very many 
instances have combined in a perfectly legitimate 
way all the contributory industries which go to the 
manufacture of a complete product from the raw 
material to the article as it is presented to the buyer. 
This has not only reduced intermediary charges, 
but has involved great economy in the handling of 
material where the works also are concentrated. 

As regards the third reason—namely, the higher 
regard paid to science—there is much in his con- 
tention ; but here again the difficulty is largely one 
of adapting the workers to the new conditions. 
The objection to dependence on foreign — 
has not come home to us hitherto with any degree 
of force. To-day, however, we are realising the 
seriousness of the problem, and we echo the Pro- 
fessor’s question: ‘‘Why, with ali our immense 
capital, which goes spilling over into foreign invest- 
ments, do we not make more things here?” We 
are convinced that the necessity has only to be 
enforced to result in the fulfilment of the require- 
ments. In the chemical industry, and in all 
industries where mechanism is used, the cost of 
power is a serious problem, and one of the first 
considerations must be the cessation of that 
immense waste which is involved in the trans- 
mission of the heat value of coal from the mine to 
the motor or electric appliance in the factory. 
Other countries have snatched from us electro- 
chemical industries, because Nature has endowed 
them with immense water power ; and here again 
the dislocation of supplies may force us toa scheme, 
long advocated, whereby the transmission of power 
from the coal-mine may be tackled with practical 
earnestness. 

We should be able to overcome the difficulties 
due to lessened demand at home and in countries 
where trade has been disturbed directly or in- 
directly owing to hostilities. There is little 
need to enforce the necessity of taking steps to 
find a new permanent demand for our supplies to 
belligerent countries, or modify our supply to meet 
the demand which exists. fessor Smart has 
stated the case here admirably. We have to keep 
our magnificent industrial organisations intact and 
as fully as possible in operation, in order that 
labour may be kept in remunerative employment 
and that capital may secure its return, so that the 
income-wealth of the nation may be able to stand 
the great and prolonged financial strain of war 
operations. The immediate dislocation of supply 
must necessarily cause a certain degree of un- 
employment in various industries and districts, 
until the workers who have more or less 
specialised turn their attention to other fields of 
usefulness. This is one of the disabilities of the 
modern factory system, and ‘t would be well if 
temporary employment could be found in other 
departments of activity. The interruption of 
demand in some countries must be met by the 
securing of new markets by enterprise and perse- 
verance. 

In this respect Professor Smart's figures are 
undoubtedly reassuring. He shows in detail, for in- 
stance, that our exports to belligerent countries equal 
over 150 millions sterling. If we add those of the 
Scandinavian countries, which are y affected, 
the total becomes practically 200 millions sterling. 





A part of this trade is forfeited, but, on 
the other hand, it must be remembered that, so 
long as Germany is isolated from the world by 
a ‘‘ring of steel,” she cannot meet the demands 
which have hitherto come from other countries. 
Germany’s exports of manufactured goods total 
300 millions sterling, so that here we have 
provided for us at once a legitimate field for making 
up our deficiencies. Again, in our Colonies, who 
take 188 millions sterling worth, preference will, 
there is reason to believe, be given to British 
oods instead of the supplies hitherto taken from 
Samaee. Moreover, other countries, which are 
not affected by the war, take 194 millions sterling 
worth of goods from us, and 155 millions sterling 
from Germany. Here, again, there is a big field 
open to British enterprise, and we doubt not that 
a large part of it will be very quickly secured by 
our manufacturers. It is true that our allies must 
also be scanning the world for new markets, for 
the very same laudable reasons as stimulate the 
British producers, and we must hope that they will 
also achieve success. That, however, is no reason 
why we should not do our best, because the cessa- 
tion of supply from Germany must be met; and 
if our action be not thoroughly efficient, other 
countries, notably the United States, may succeed 
where we fail. 








PARSONS MARINE GEARED 
TURBINES. 


H.M.S. Banger, which rammed and sank a 
German submarine-boat, is the first British war- 
ship which was fitted with geared turbines, and 
this ‘‘ good service,” to quote the Admiralty tele- 
gram expressing official pleasure with the crew, as 
well as the general excellence of hér work during 
the war, is further proof of the efficiency of this 
latest system of ship propulsion. One of the 
objections urged against the turbine system gene- 
rally was that it did not conduce to easy handling 





marine installations in use or in process of con- 
struction represent collectively about 1,000,000 
shaft horse-power. 

The Transylvania, however, is the largest ship 
completed with the system. She has been built 
by the Scotts Shipbuilding and Engineering Com- 

ny, Limited, of Greenock, and is 567 ft. in 
ength, 66 ft. 6 in. in beam, and 45 ft. in depth, 
and has accommodation for 2475 passengers, in- 
cluding 350 in the first-class and 125 in the second- 
class rooms. We are concerned here with the 
machinery, and may dismiss the ship arrangement 
with the remark that she embodies all those features 
which distinguish her larger sisters, notably the 
Aquitania, as the highest ideal of merchant-shi 
equipment, and demonstrate the experience an 
enterprise of the management of the Cunard Com- 
pany. The machinery is arranged to drive twin- 
screws, there being for each propeller-shaft a high- 
pressure and low-pressure Parsons reaction ahead 
turbine, placed side by side, the former on the 
inner and the latter on the outer line, both engag- 
ing with a gear-wheel on the propeller-shaft. e 
size of the installation is suggested by the diameter 
of the gear-wheel, 10 ft., and its breadth, 5 ft. At full 
power the turbines run at 1630 revolutions, while 
the speed of revolution of the propellers is 130 per 
minute, the ratio being 124 to 1. The full power is 
9500 shaft horse-power, and the speed 164 knots. 
The steam consumption of the turbines is only 114 Ib. 
per hour per shaft horse-power. These figures re- 

resent the maximum power without the use of the 

y-pass valves. Either the high-pressure or low- 
pressure turbines can be worked independently, the 
steam-leads being arranged accordingly, so that 
the derangement of any one turbine does not inter- 
fere with the driving of the ship by twin screws. 
Incorporated with each low-pressure ahead turbine 
is an astern turbine, of Parsons impulse reaction 
type, of adequate power for rapid manceuvring. 
Later we hope to give fuller details, but may here 
add that there are six cylindrical boilers, working 
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or manceuvring of a vessel. Were further f 
required to dispose of this idea, it is to be found 
in the operation of war vessels, not only at the 
** Fight of the Bight,” but in ramming. Another 
incident of the week, indicative of the increasing 
favour of the system, is the successful trial of the 
first Atlantic liner fitted with geared turbines—- 
the Cunard liner Transylvania. This is only 
another indication of the commendable enterprise 
shown by our premier steamship company in recent 
years, for it will be remem that they were the 
first to place on the New York express service 
a turbine-driven ship—the ia, which, under 
the command of Captain Noel Grant, R.N., won 
such renown as an armed cruiser by sinking the 
Cap Trafalgar. The success of the Lusitania and 
Mauretania too has had great influence on ship 
propulsion. The step to the geared turbines of 
the ylvania was not so momentous, since the 





under natural draught, ~~ # in two separate 


water-tight To gene an 
a pressure of 210 1b. per sq. in. 
urther interest in geared turbines is raised at 
the moment by a paper read last Tuesday at the 
Institution of ineers and Shipbuilders in 
Scotland, by Mr. W. D. McLaren and Mr. G. M. 
Welsh. In it they gave outline particulars of the 
machinery for a number of vessels typical of 
various classes, and for the same ships designs, 
hog ag of agg a were 
set out for comparison. ealing wit orm- 
ances, actual and probable, the authors Eeoied 
the resistance, plotting curves of effective horse- 
power on a speed base, along with thrust deli- 
vered, shaft and indicated horse-powers, and the 
estimated steam consumption. The data are more 
or less empirical, but doubtless assumed from a large 
mass of material in the possession of the authors. 


supplying steam at 
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Without entering into the methods of computation 
adopted, it is permissible to indicate generally the 
deductions made as regards comparative steam 
consumption for different t of machinery. The 
authors admit the difficulties in setting out precise 
data, but give in the diagram annexed, Fig. 1, 
representative performances which may be acce 

as correct within reasonable limits. They direct 
attention to the point that the consumption rates 
for engines with dependent pumps is legs than for 
engines with independent pumps; but in the 
latter case the power for these auxiliaries is not 
recorded, and the heat in their exhausts is generally 
utilised for feed-heating. Compound engines are 
assumed to work with a boiler pressure of 130 Ib. 
per sq. in., triple-expansion engines with 180 Ib., 
and quadruple-expansion engines with 220 lb. per 

. in. 

As regards the comparative weights, an advantage 
is proved in all cases. Some of the tabulated par- 
ticulars in the paper may be summarised ; in all 
cases the boilers are of the cylindrical type. 





| 
| Heating Surface. | Weights. 
Dis- : af ranene? 
‘ati } | | Recip- | Geared- 
place- Recip- 
ment. | rocat- | Turbines. prope 
ing. nery. nery. 
| tons | eq. ft. | aq. ft. | tons tons 
Channel steamer..| 2,030 | 9,900 7,890 580 470 
Cargo coaster 2 020 2,130 1,930 | 146 152 
Cargo tramp ..| 11,900 | 8,200 6,610 570 500 
Passenger and) | 
cargo-steamer .. | 11,520 | 21,520 17,540 | 1280 1030 
T.S.S. liner | 18,560 , 30,740 27,670 2120 1560 
Q.8.8. liner* 35,500 | 83,850 83,850 5560 4200 
494 3,550 


Paddle steamer 7 4,230 240 | 196 





* This is combination machinery against geared turbines. 


The reduction in heating surface in the case of 
turbines is indication of the economy in steam 
consumption, which, of course, influences the total 
weight of machinery from boilers to engine-tunnel. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. IX. 
By Freverick Wii114mM Lancuester, M. Inst. C.E. 
Gun-Firz. Tue Enercy Account. 


Tue kinetic energy of a projectile commonly 
represents from 10 to 30 per cent. of the total 
energy of the explosive or powder charge by which 
it is projected ; the lower figure corresponds to the 
performance of a small-bore low-velocity rifle such 
as a rook rifle, the latter being that approached 
under the most favourable conditions by the 
military or big-game rifle. The British Service rifle 
with Mark VI. ammunition thus has an efliciency 
of approximately 28 per cent.; in the ordinary 
sportsman’s ‘‘12-bore” the figure is about 11 per 
cent. 

The total energy released on combustion by black 
powder is the equivalent in round numbers of 500 
foot-tons per lb. The corresponding figure in the 
case of cordite is half as much again, or approxi- 
mately 750 foot-tons per lb.; and in general it may 
be taken that most of the explosives in common use 
have an energy content between 500 and 1000 
foot-tons per pound. In the case of the Service 
rifle the weight of the powder (cordite) is 30 grains 
(0.0043 ~- and the bullet 215 grains (0.0307 Ib.), 
and the velocity 2050 ft. per second. Thus the total 
energy of the charge is 0.0043 x 750 = 3.2 foot- 
tons, and the muzzle (kinetic) energy is 2000 foot- 
pounds = 0.895 foot-ton; -the efficiency, there- 
fore, is 0.895/3.2 = 0.28, as already given. 
worthy of remark, en passant, that there is very 
close accord between the figures applying to the 
gun and those which obtain in the gas-engine in all 
such matters as efliciency, heat lost to barrel 
(cylinder walls), and heat remaining in gases. The 
agreement is far closer than one would have ven- 
tured to expect in view of the great disparity of the 
conditions. 

It has already been pointed out that under the 
conditions of attack on aircraft there is very little 
possibility of utilising the whole of the energy of 
the bullet on impact. Unless the motor mechanism, 
or the pilot or gunner, be hit, the character of the 
structure employed in aircraft is such that the bullet 
or projectile will pass through with a comparatively 
insignificant loss of energy and will do little or no 
damage. With the ordinary military bullet, and 
more particularly with the spitzer model, — 
less than encounter with a heavy metal part wi 
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cause it to break up. Any non-metallic structural 
material, such as timber, is bored cleanly through, 
and if initially designed with a reasonable margin of 
safety, the resulting injury to it is negligible. The 
position is similar to that which existed, before the 
adoption of explosive shell, in the attack on the 
wooden ship by the artillery or cannon of a century 
ago. At close quarters the cannon ball would go 
clean through, often withcomparativelylittleinjury. 
It is said that Napoleon, observing this to be the 
case, himself expressed the opinion that explosive 
shell (a then odbimews expedient in —. opera- 
tions) could be adopted generally in naval warfare 
with advantage. The situation is considerably more 
acute in the case of the attack on aircraft by rifle- 
fire, and so we are led to consider the possibilities 
of the explosive or expanding bullet, ignoring, for 
the purpose of discussion the existence of the 
Declaration of St. Petersburg. 


Tae Expiostve Butuer. 


The simplest form of explosive bullet, and one 
of the most effective, is that devised by Mr. 
Metford about the middle of the last century ; thie, 
as applied to an Enfield bullet of the period 1860, 
is illustrated in Fig. 11. An explosive charge is 
inserted in the fore of the bullet, and consists 
of equal parts of sulphur and chlorate of potash,* 
this mixture acti both as detonator and 
**burster.” The hollow-ended form, or ‘‘ drilled- 
up” end, has the incidental advantage that it 
alone will determine the expansion of the bullet 
on impact, quite a from the action of the 
explosive charge. If the Metford system were 
applied to the modern bullet, the section would be 
somewhat as shown in Fig. 12, the basis of which 
is the Service 0.303 Mark VI. Another good form 
to take as the basis of an explosive bullet is the 





capped bullet, Fig. 13, as used in sporting rifles, 
the space inside the cap being conveniently filled 
with mixture to Metford’s specification. 

It is difficult, however the cavity be arranged, to 
devote more than about one-eighth or one-seventh 
of the volume of the bullet to receive the c , and 
consequently, in view of the relatively low density 
of the explosive (about 1.6 in the case in point), the 
weight of the burster cannot be more than some 
2 or 3 per cent. of the total. Taking the fi for 
cordite as representing the energy of the burster 
explosive, this means, in the case of the Service 
rifle, about 5 or 8 ins, or 1300 ft.-lb. energy, 
But the efficiency of the burster is not likely to 
be higher than that which we associate with the 
main charge—it is at some advantage, inasmuch as 
there is no confined barrel to the walls of which 
heat is lost, but it is at a serious disadvantage, in 
that the explosion is not with any certainty con- 
fined to its work. It is doubtful whether of the 
1300-ft.-Ib. total more than 300 ft.-lb. on an aver- 
will be usefully expended. 

We are thus led to appreciate the attributes of the 
explosive bullet, and more generally the explosive 
shell, in true perspective. e explosive ale adds 
to an initial energy content of ft.-Ib. as due 
to velocity, a matter of about 300 ft.-Ib. in available 
explosive energy, a quantity representing an addi- 
tion of only 15 per cent. It is at once evident 
that the value of the explosive charge is less due 
to its direct action than to the fact that by ite 
spreading or scattering effect on the projectile the 
kinetic energy is used to better advantage. In other 
words, the explosion is effective as a means of 
initiating or causing the expansion of the bullet 
rather than as acting directly by its own destructive 
power. In the case of large shells the proportion 
of burster charge to total weight can be increased, 





® This mixture being liable to detonate by friction, the 
ingredients should be separately ground and mixed with 





due care. 





and so the direct effect is relatively more important ; 
for armour-piercing projectiles, however, the pro- 
portion is no higher than in the example taken— 
t.e., about 3 per cent. It might be imagined that 
the employment of some higher explosive would 

ive a capacity of greater direct bursting energy, 

ut the high explosive is not so called by reason of 
any greater total ene content, but rather on 
account of the effects of its rapidity of action ; in 
brief, its power of detonation. 

It is evident that, for the purpose under con- 
templation, the destruction of the less substantial 
structural parts of aeroplanes, &c., if we are able 
to secure the proper and immediate expansion of 
the bullet on impact without the use of an explo- 
sive charge, every useful purpose will be served. 
The bullet energy, even reduced to about one- 
quarter of its initial value by 1000 yards flight, is 
more than sufficient, if definitely expended in the 
impact, to destroy any strut or spar or other light 
constructional part, without any aid from an ex- 
plosive charge. The question is, whether the 
expansion of the bullet can be induced to take place 
with sufficient rapidity by any less drastic device. 


Tae Expanpine Butter. 

Any bullet is considered an expanding bullet that 
is so made as to spread or mushroom on impact with 
its objective. But it is more usual to restrict the 
term to bullets having some special provision artifi- 
cially to assist or facilitate their expansion, and, 
generally speaking, the objective is assumed to be 
ers or other living quarry of some description. 

vidently, if the target be hard enough, every 
bullet will expand to some d . e means 
ag ony Fos gre in the case of the solid-lead bullet 
is to drill or form a hollow in the nose, as familiar 
to all who have used the sporting rifle. Another 
well-known method is to split the nose for a short 
distance by two cuts at right angles. In the case 
of the nickel-covered bullet the drilled nose again 
is sometimes adopted, or the nickel sheath at 
the nose, or int, of the bullet is removed, 
the lead core being laid bare. All these devices 
have been practi in connection with sporting 
ammunition for many years. The art of designing 
an expanding bullet is so to proportion things 
that under the average conditions the d 
of expansion is that found to be most dncizable ; 
thus the depth of the hole, or the extent of the 
slits, or the amount of the sheath cut away may 
be varied to whatever extent desired. The object 
to be attained is that the bullet shall expend its 
whole energy in inflicting the maximum possible 
injury, but at the same time it must not go to 
pieces or , ong to such an extent that its penetra- 
tion is lacking. In stopping big game it is neces- 
ary not only that the ener should be wholly 
utilised, but also that it should be expended, as 
far as possible, in injury to the deep-seated vital 
organs. More recently Messrs. Westley Richards 
have brought out a modified form of expanding 
bullet in which the sheath is kept intact, but is 
not wholly filled by the lead core, there being an 
air-s' in the fore end ; this type (already illus- 
trated in Fig. 13), expands to a moderate degree 
only, and retains a considerable power of pene- 
tration. 

One of the main factors contributing to the 
spreading or expansion of a bullet is the centri- 
fugal force of the bullet itself ; all that is required 
of the impact is so to break down the structure of 
the bullet as to permit it to expand. The direction 
of motion of the peripheral portions of the bullet 
make at all points an angle with the axis of flight 
at least equal to the angle of the rifling, which is 
commonly about 1 in 10 to 1 in 12. This is the state 
of things when the bullet is discharged, but the actual 
angle rapidly becomes greater owing to the reduc- 
tion of velocity, the A of rotation being com- 
paratively little affected. Thus at 1000 yards range 
the velocity is reduced half, and the relative 
direction of the skin of the bullet becomes about } in 
6 to the line of flight. If then by a sudden impact or 
other means the bullet were broken into a number 
of small fragments at any point in its path, these 
fragments would immediately spread out after the 
manner of shrapnel, covering a cone whose base 
would be approximately one-third of its height ; 
moreover, the distribution of the fragments in 
Po ti is, within the conical surface—will be 
almost uniform. Such a distribution would be 
almost ideal from the point of view of the work in 
hand. A desirable solution to the problem would 
appear to lie in the direction of a bu!let composed 
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of pellets or shot embedded in a matrix of only 
just sufficient strength to hold together, so that on 
comparatively light impact the component pellets 
will be released, and each will follow its individual 
direction of motion. 

In every case the degree of expsnsibility requires, 
finally, to be determined by experiment, though 
with sufficient previous experience, and a proper 
comprehension of the conditions, it is usually pos- 
sible to hit off the right thing without much 
difficulty. For the destruction of wooden struts, 
spars, &c., it is clearly necessary to obtain the 
most rapid expansion ible (corresponding to 
instant disintegration), since the bullet has to do its 
work in a distance rarely exceeding some 3 in. or 
4in. Owing to the fact that the ‘‘ tissue” pene- 
trated is of very low density—about 30 lb. or 40 lb. 

er cub. ft.—it is probable that good results would 
* obtained by drilling the nose with a conical 
aperture of large diameter, at the entrance about 
half the diameter of the bullet, after the manner 
illustrated in Fig. 14. The writer is at the present 
time making a series of experiments with expansive 
bullets on a target made up of wooden scantlings 
of cross-section comparable to aeroplane struts or 
wing members. We may form some estimate of 
the latent destructive power of the military Service 
bullet from the fact that it will penetrate some 
4 ft. of deal or pine, representing 34 cub. in. of 
wood displaced. Taking this as a criterion, it is clear 
that if we can obtain the necessary rapidity of 
expansion, there is ample energy in a single hit to 
sever any ordinary ‘wing or similar structural 
member. 

Tue Licut-Weient SHELL. 


Apart from the question of the explosive or ex- 
nsible bullet, we have already seen that the 14 oz. 
imit of projectile weight is an irksome restriction 

when we are dealing with aeroplane armament. Not 
only is the gun required weighty and cumbersome, 
but the weight of the ammunition is, save for 
machines of exceptional size, almost prohibitive. 
If we are able to adopt a weight of 6 oz. or 8 oz. in 
place of 14 oz., it will be possible to use a gun 
direct-mounted without the elaboration of recoil 
mechanism, and weighing from 40 lb. to 45 lb. In 
addition to this, the cartridges would weigh less 
than 1 lb. apiece, and provision could be made for 
some 200 rounds in a machine of present-day 
dimensions. For attack on other aeroplanes, such 
a shell would be almost as effective as one of twice 
the weight, and, owing to the recoil limit, the rate 
of fire can be doubled if the lighter shell be 
adopted. 

It is convenient to make a distinction between 
the explosive bullet and the shell, even if the defini- 
tion be considered somewhat artificial. The former 
is defined as containing a single charge, impact fuse 
and ‘* burster” in one; the latter (the shell) con- 
tains, as well as the burster charge, an independent 
cap or detonator, anda fuse or mechanism, time or 
impact, for determining the instant of explosion. 
Many writers refer to the explosive bullet equally 
as a shell. 

It is unnecessary to discuss the probability or 
possibility of the abandonment of the restriction 
imposed by the Declaration of St. Petersburg. We 
know that the clause in question was framed from 
humanitarian motives, and it is fairly evident that 
any expanding bullet that, from its behaviour, is 
tantamount to an explosive bullet would be looked 
upon as infringing the terms of the Declaration, 
even though it contain no actual explosive ; the 
terms of the Hague Declaration (Article 60) are 
virtually an admission of this. What is equally 
clear is that neither at St. Petersburg, in 1868, nor 
at the Hague, in 1899, did the matter arise that 
now confronts us; and so it is actually a question to 
what extent either document will be considered 
binding under the conditions that have arisen. In 
any case it behoves us to ascertain definitely all 
there is to know on the subject. 





THE ACTION OF A WEHNELT 
CATHODE. 

Some experiments, made quite recently by Dr. 
F. Horton at the Cavendish Laboratory, and 
communicated to the Cambridge Philosophical 
Society and to the Philosuphical Magazine of 
August last, — raise the question of the action 
of the Wehnelt cathode, which is not yet under- 
stood, although the device has been much used 
for years. It consists of an auxiliary cathode, 





generally of platinum, which is covered with the 
oxide of some alkaline earth, the metal calcium or 
barium generally, and heated by the electric current 
of a special circuit. Wehnelt himself supported 
the suggestion that the electrons proceed, not from 
the glowing oxide, but from the hot platinum 
underneath. K. Fredenhagen suggested that the 
hot oxide conducted electrol yticall , that the cur- 
rent decomposed the oxide into oxygen and calcium, 
and that the electron emission was due to the recom- 
bination of the metal and oxygen. 

Last year A. Gehrts modified this view by suggest- 
ing that the dissociation of the oxide was essentially 
thermal and took place in the absence of a heating 
current, but that in the presence of the current 
there was also electrolytic dissociation, some 
travelling of the oxygen ions to the anode, and an 
emission of electrons, owing to the recombination 
of the calcium and oxygen. Gehrts spread the 
oxide on cathodes of platinum, iridium, tantalum, 
carbon, and tungsten (to which it adhered badly). 
Removing the oxide after some use of the cathode 
he found that platinum and iridium had alloyed 
with the calcium, and that tantalum and carbon 
were oxidised. 

Neither of the above-named theories is considered 
satisfactory by Horton. He experimented with 
Nernst filaments and with platinum cathodes, both 
coated with lime. The comparison was difficult, 
because the filament could not easily be kept glowing 
in a vacuum at sufficiently low temperatures to take 
measurements in the absence of cathode rays. In 
most cases he made use of tine platinum tube 
heated by alternating currents, and he measured 
the temperatures, up to 1360 deg. Cent., by a Féry 
optical pyrometer. 

During these experiments Horton observed that 
the gas pressure in the bulb increased more rapidly 
when the electric discharge was passing through the 
oxide than when not; after two hours’ work there 
was a decrease of pressure in the absence of the 
discharge. The liberation of oxygen was, however, 
only about one-thousandth of what it should have 
been according to Faraday’s law. 

The conclusions at which Horton arrives are :— 
(1) That the emission of electrons has its origin in 
the lime itself, which does not merely help the 
electron to escape from the metal ; (2) that there is 
electrolysis, but very little liberation of oxygen, 
and that it is ‘improbable that the recombina- 
tion of oxygen and calcium would go on together 
with the Senumesition of the oxide, through 
a layer of solid lime particles, as the charged 
oxygen atoms would be liberated on the vacuum 
side of the lime ;layer and within a strong electric 
field, tending to draw them away from the cathode; 
(3) that the chemical combination of calcium and 
oxygen does not itself give rise to any detectable 
emission of electrons. Thus Horton does not 
support the Fredenhagen-Gehrts hypothesis. In 
view of the doubt, which the most recent experi- 
ments, made both here and on the Continent, 
have thrown on the supposed emission of electrons 
and on the existence of the photo-electric effect in 
cases where the liberation of occluded gases is 
really prevented, we must, however, consider the 
question to remain open. 








THE LATE MR. WILLIAM B. BRYAN. 

Ir is with very great regret that we announce 
the death of Mr. W. B. Bryan, Chief Engineer to 
the Metropolitan Water Board, who died in the 
Savoy Hotel shortly before midnight on Tuesday 
evening last. Mr. Bryan had been in good health 
and good spirits up to the very day of his death, 
but had a heart seizure in his office at Savoy Court 
on Tuesday forenoon. Medical assistance was at 
once obtained, and he was removed later in the 
day to the Savoy Hotel. He appeared to rally well, 
and no immediate danger was anticipated, but these 
hopes of a favourable issue were destined to be dis- 
appointed, death occurring, as stated, just before 
midnight. 

Mr. Bryan was born at Nottingham in 1848. He 
was articled to Mr. M. O. Tarbotton, M. Inst. C.E., 
of Nottingham, and at the completion of his articles 
acted for some time as assistant engineer to the 
Corporation of that borough, and also to the 
Nottingham and Leen Valley District Sewerage 
Board. At Nottingham he gained much experience 
in the execution and design of the large public 
works carried out under Mr. Tarbotton’s direction, 
between 1863 and 1873. In the latter year Mr. 
Bryan was appointed engineer to the Burnley Cor- 





poration, and for them he designed and carried 
out a complete sewerage scheme at a cost of 
50,000/., and other public works executed for 
the same authority to a value of as much again. 
In 1875 he became borough and water engi- 
neer to the Corporation of Blackburn, though 
he retained until 1878 the post of engineer 
to the Sewage Committee of Burnley. It was at 
one or other of these towns that an incident 
occurred which throws an interesting light upon 
the unfair pressure that public bodies sometimes 
impose upon their technical advisers. In addition 
to his other duties Mr. Bryan was asked to under- 
take that of gas examiner, the gas supply being in 
the hands of a company. During his term of 
office the Corporation acquired this undertaking 
without issuing any fresh instructions to their gas 
examiner. He, as in duty bound, reported shortly 
after the transfer the supply of bad gas, and was, 
in consequence, waited upon by a most indignant 
committee, who instructed him that now the works 
were in the hands of the Corporation, bad gas was 
no longer to be reported. 

At Blackburn, Mr. Bryan was responsible for the 
building of viaducts, bridges, and sewerage im- 
provements and other new municipal works to the 
value of 150,0001., and also designed for this borough 
a new water-supply from the West Riding and 
Lancashire hills. Before this latter work was 
completed, he was (in 1882) appointed chief en- 
gineer to the East London Water Company. When 
he took charge, the engineering side of this under- 
taking was in a far from satisfactory condition. 
Water waste was very great, and there was a certain 
carelessness about the quality of the supply to the 
mains. In fact, a small villa had actually been 
erected on one of the islands in the company’s 
reservoirs, in spite of the ensuent risk of contami- 
nation. Mr. Bryan soon effected extensive 
improvements. He was an enthusiast on the 
subject of giving the purest possible supply. His 
assistants were instructed that the company’s inte- 
rests lay in effecting, whatever the cost, a thorough 
purification of the water before allowing it to enter 
the mains, and the low typhoid death rate, in spite 
of East End squalor, affords ample evidence that 
this declaration of policy was most effectively 
embodied in practice. Owing to his retiring dis- 

ition, however, and aversion to advertisement, 

r. Bryan was little known to the public he served 
so effectively, and his name came before them 
mainly in connection with the discreditable attacks 
made on the East London Company by the less 
reputable class of politician who at that date sought 

ublicity as members of the London County Council. 

e drought of 1895 was wholly unprecedented, yet 
had Mr. Bryan’s plans been sanctioned by Parlia- 
ment, there would have been no scarcity in his 
district. In fact, in 1893 the East London Com- 
pany had promoted a Bill in Parliament to increase 
their storage and pumping power, and this Bill, at 
the instance of the London County Council, was 
rejected. In this connection the action of the late 
Professor James Stuart was particularly open to cen- 
sure, as it is difficult to believe that, even with his 
slight training in practical engineering, he could have 
failed to realise the futility of his argument that 
the East London Company (taking water from a 
small and very variable river such as the Lee), 
required no more storage than companies drawing 
ona large and more constant river like the Thames. 

In 1903 Mr. Bryan was faced with another 
emergency of a different kind. In spite of his 
opposition Parliament had given powers to a Com- 
mission to improve the drainage of the Lee Valley, 
with the result that water passed off the land and 
into the river much more rapidly than before. In 
short, a flood that in the old cenditions took ten 
days to pass off, with the improved drainage got away 
in three, and was correspondingly higher. Mr. Bryan 
feared that any large increase in the height of the 
flood-level would endanger his filter-beds, on the 
efficiency of which the health of the area supplied 
was dependent. In 1903 this fear was realised. On 
learning from his office that the water was rising to 
an unprecedented height at Lea Bridge, he hastened 
to the scene, collected labourers where or how he 
could, and set them to raid a neighbouring brick- 
yard ; with the bricks thus commandeered his ragged 
regiment built up line by line a wall just ahead of 
the rising flood. It was a touch-and-go matter, but 
finally the rise ceased, and the filters were saved. 
The cost of the day’s work was high, but the com- 
se accorded their engineer practically a carte 

nche in the matter of necessary expenditure, a 
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policy which is in striki 


the Chief Engineer of the London Water Board is 
allowed to expend without direct authorisation bya 
controlling committee is limited to 5J.! 

When Mr. Bryan took charge of the East London 
Works, the number of houses connected to the mains 
was some 132,500, whilst at the transfer of the 
undertaking in 1904 this figure had risen to 228,742. 


Owing to the efforts made to check waste, the con- | 


sumption had, however, increased very much less 
rapidly, some 12,725 million gallons being supplied 
in 1882, as against 14,755 million gallons in 1903-4. 
Of this additional supply, a part was obtained 
from deep wells, which Mr. Bryan was the first to 
introduce on the East London system. The sinking 
of some of these wells 
involved problems of 
much difficulty. At 
Walthamstow, for ex- 
ample, the chalk is 
overlaid by greensand 
heavily charged with 
water, and it was ex- 
ceedingly difficult to 
seal into the chalk 
the cylinders lining 
the walls of the well. 
This was finally effec- 
ted by grouting up the 
sand with neat ce- 
ment; but with char- 
acteristic reticence, 
Mr. Bryan would 
never consent to 
particulars of this 
difficult and very in- 
teresting operation 
being published. 
Whilst, as stated, 
the total supply to 
the East London dis- 
trict increased but 
little during Mr. 
Bryan’s tenure of the 
post of chief engineer 
to the company, a 
very large expendi- 
ture was made with a 
view to improving the 
quality and the cer- 
tainty of the supp'y. 
Under his direction 
vast new reservoirs 
were built. With the 
completion of the East 
and West Warwick re- 
servoirs to his designs 
the company’s storage 
capacity amounted to 
some 1200 million gal- 
lons, but by adding 
the Banbury and 
Lockwood reservoirs 
this was more than 
doubled. The old 
Racecourse reservoir 
was also greatly en- 
larged. These exten- 
sions were not effected 
solely with a view to 
securing a greater cer- 
tainty of supply, but 
largely because ex- 
perience had shown 
that by permitting 
the water an interval 
of rest in a reservoir 
the load imposed on the filters was greatly re- 
duced. This conclusion has been most adequately 
confirmed by researches since made in the bac- 
teriological laboratories of the Water Board, and 
in consequence the enormous reservoirs at Island 
Barn (900 million gallons) and Chingford (3000 
million gallons) have in practice been used for 
subsidence as well as for storage. The difficulty 
with storage is to make a non-technical board 
realise the necessity for its provision. Not long 
ago Mr. Bryan was reproached by a committee- 
man for demanding additional storage, on the 
ground that many existing reservoirs were not 
half full, the complainant failing to realise that 
much of the storage is not needed in normal 
years, but that every decade or so there comes 
& period of prolonged drought, which will give 


| tions. 


for betimes. 

One of Mr. Bryan’s most notable characteristics 
was his restraint. The temptation to an engineer in 
his position to embark on grandiose schemes, such 
as, for example, the supply of London with water 
from the Welsh mountains, is obviously very great. 
Reservoirs forming deep mountain lakes and aque- 
ducts 200 miles long appeal to the imagination 
and would probably be welcomed by nearly every 
non-technical member of the Water Board. To 
the engineer they offer extraordinarily great attrac- 
The work involved is of the most interest- 
ing character, and remains as a permanent monu- 
ment to his fame. 
have been, Mr. Bryan withstood it, and, without 
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doubt, very much to his personal disadvantage. 


He fully realised the truth embodied in the | 


aphorism that an engineer is a man who can do 
well, at a cost of 20s., work which any fool can, 
in some fashion, do for 403., and in the whole of 
the vast contributions he has made to the water 
works of London he always gave the full weight 
to considerations of economy. Not merely did 
he reject the Welsh scheme on such grounds, 
but more recently abandoned another plan for 
the construction of a huge reservoir in the valley 
of the Kennet, because this plan did not lend 
itself to progressive development. No one knows 
what the needs of London will be in forty 
years’ time, and, in his opinion, it was best not to 
commit posterity too far in advance. Hence, in 
place of the proposed Kennet scheme, he substi- 


Great as the temptation must | 


contrast to that of their | rise to the greatest inconvenience if not provided | tuted another, which could be executed in stages. 
successors, since we understand that the utmost | 


The first step in this will be the construction 
at Shepperton of a reservoir capable of holding 
17000 million gallons, which will be lifted from 
the river against a head of about 40 ft. Mr. Bryan 
was notably courageous in adopting new devices 
promising greater economy or greater efficiency in 
the conduct of the undertakings under his control. 
A notable example of this was his enterprise in 
adopting Humphrey pumps for Chingford, in spite 
| of the fact that this involved proceeding at one step 
|from an experimental pump developing 8 horse- 
|power to permanent pumps of some 400 horse- 
power each. 

Mr. Bryan seldom spoke in public, and wrote but 
little. e was elected an associate member of the 
Institution of Civil 
Engineers in 18765, 
and transferred to the 
class of member in 
1879, amongst his 
sponsors being the 
late Mr.G. F. Deacon. 
Since November, 
1908, he has been a 
member of the Coun- 
cil of the Institution 
of Civil Engineers. 
His only contribution 
to the Proceedings 
of this society (apart 
from discussions) 
seems to have been 
a very short note on 
“The Detection of 
Leaks in Water- 
Mains,” published in 
1887. In this he re- 
ferred specifically to 
the great difficulty 
attaching to the local- 
isation of leaks in the 
case of pipes laid 
under the concrete 
beds which support 
wood or asphalt pave- 
ments. In such cases 
the visible leakage 
may be many yards 
away from the actual 
fracture, and similar 
difficulties were, he 
said, met with when 
the pipes were laid in 
pervious gravels, The 
Institution of Junior 
Engineers was in this 
respect more fortu- 
nate, his presidential 
address on ‘‘ Water 
Supply,” delivered in 
1906, giving a most 
interesting historical 
résumé of ancient 
water systems, as well 
as many valuable 
notes on modern prac- 
tice. He had, more- 
over, consented to 
deliver this evening 
the Thomas Hawksley 
lecture at the Insti- 
tution of Mechanical 
Engineers. His ad- 
dress was to have 
been ‘‘On Pumping 
and other Machinery 
for Water Works and 
Drainage,” matters on which his experience was 
almost unrivalled. 

Mr. Bryan was, it may be added, an enthusiastic 
volunteer, and was Colonel of the 2nd Tower 
Hamlets Rifle Volunteers from 1889 to 1903. He 
_was an excellent shot, winning the Queen’s and 
| St. George’s badges at Wimbledon and the 
ors badges of the Middlesex Rifle Asso- 
ciation and North London Rifle Club. 

In conclusion, special mention should be made 
of Mr. Bryan’s extreme kindliness, and his great 
|readiness to recognise and reward good service. 
/One of his former assistants relates that some 
| twelve months after his appointment by Mr. Bryan, 
| the latter called him into his office to tell him that 
not only had he recommended him for a substantial 
increase of salary, but that, in addition, he wished 
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to give a personal recognition of his appreciatio: 
pall, wack tim therewith a cheque for TOO. The 
incident is very characteristic, and his staff were 
devoted to him. 

The funeral will take place to-morrow (Saturday), 
at Chislehurst, where Mr. Bryan resided. It will 
be preceded by a memorial service at Christchurch, 
Chislehurst, at 2.15 p.m. Those who intend to 
take _ in this last token of respect and esteem 
will able to arrive at 1.43 p.m. by leaving 
Cannon-street Station at 1.20 p.m, or London 
Bridge at 1.23 p.m. 





THE BRITISH ASSOCIATION IN 
AUSTRALIA. 


(Continued from page 516.) 
SECTION 6.—ENGINEERING. 


Section G met at Melbourne, in the lecture-hall 
of the Engineering Department of the University, 
and at Sydney in the P. N. Russell theatre of the 
Engineering building of the University. Punctually 
at 10 a.m. Professor Coker opened the sectional 
proceedings at Melbourne on August 14. There 
were many empty chairs in the hall at that 
moment, but the hall — filled up, and through- 
out the meeting, both at Melbourne and Sydney, 
the transactions attracted large audiences, who were 
thoroughly interested in the p in The 
number of papers and reports disc was 37, 
and in this respect, as well as in the character of 
the papers, the transactions of Section G will well 

r comparison with those of previous meetings. 
To dis of the long programme, the section met 
at Melbourne on the mornings of Friday, Tuesday, 
and Wednesday ; at Sydney only two days, Friday 
and Tuesday, were available, as the members had 
to leave for Brisbane at noon on Wednesday ; 
hence the section had to subdivide into sub- 
sections for civil engineering and for mechanical 
engineering on the Tuesday, a somewhat unusual 
feature for Section G. As a rule, the sections of 
the Association meet on five days. Saturday has 
for many years been an excursion day, and in 
Australia week-end excursions were arranged, so 
that the Monday could not be utilised for sectional 
work either. e officers of the section were :— 
President : Professor E. G. Coker, M.A., D.Sc, 
who has just entered upon his new duties as 
Professor of Engineering in University College, 
London ; Vice-Presidents: Professor J. E. Petavel, 
F.R.S., and George Forbes, F.R.S.; Secretaries : 
Professors G. W. O. Howe, M.Sc., Imperial 
College of Science, South Kensington aun 
W. M. Thornton, D Sc., of Newcastle, - W. 
Payne, M. Inst. C.K. (Professor of Engineeri 
Melbourne), and W. H. Warren, M. Inst. 
(Sydney). 


at 
.E. 


Srress DistriBuTion. 


Professor Coker delivered his presidential address 
on Stress Distribution in Materials at Sydney ; we 
ea this address in our issue of August 21. 

he vote of thanks was proposed by the Vice- 
Chancellor of the University, and supported b 
Professor Warren. Professor Coker had, from the 
first, to insist upon a time limit, and he fully de- 
served the praise bestowed upon him, at the close 
of the proceedings, for his courteous and efficient 
presidency. 

In the following report we group the papers 
irrespective of the order in which they were read ; 
some questions, like material-testing, irrigation, 
&c., came up at both the centres. 


Tue Srress Distrisution 1n SHortT 
Compression MEMBERs. 


A further contribution to this subject, by Pro- 
fessors Coker and Filon, ‘‘ The Stress Distribution 
in Short Compression Members,” was read by 
Professor Coker. He said that the distribution 
of stress in a SS block, due to forces 
applied to its boundaries, was a fundamental 

roblem which was much influenced by the manner 
in which the load was applied to the end faces. 
In order to obtain consistent results, the end faces 
of small specimens were sometimes fitted with sur- 
face-plates ; as this was laborious in large imens, 
the specimens were faced with plaster-of-Paris, or 
plates of mill-board were inte But it was 
then difficult to determine within the elastic 
the stress at any point, unless optical methods were 
used. In most testing-machines the mechanical 
arrangements for applying a pure compression load 


Yj} our issue of 





were defective. In order to overcome this trouble 
the authors had constructed a special testing- 
machine, in which they used two substantial blocks 
worked to true planes at their opposite faces. 
One of these blocks was fixed or capable only of a 
small movement.along the normal to the worki 
faces. The other block was secured to a bloc 
carried by two sets of flexible diaphragms of steel, 
8 at a considerable interval and clamped at 
their outer edges in the framing of the machine 
in such a way that the motion of the pressure- 
late had only one degree of freedom, and was 
imited by the elastic deformation of the dia- 
hragms. The applied load was weighed by a 
ever system, and as the work done in deforming 
the so was stored therein and tended to 
bring the moving system back to its initial position, 
frictional errors were avoided, and the load could 
accurately be measured. 

The optical stress produced was proportional to 
the difference of the principal stresses at any 
point; in order to determine the magnitude of 


each hen gg an independent mzasure was hence | P. 
required. 


The change in thickness was most con- 
venient for this purpose; it was proportional to 
the sum of the principal stresses, and could be 
measured by the aid of a lateral extensometer ; 
thus optical and mechanical measurements were 
combined. The slides exhibited concerned square 
blocks of 14 in. by 1} in., of different le hs. ‘They 
showed that the stress was much smaller at the 
plane of separation than at the centre of the block ; 
there was a considerable end effect tending to 
reduce the compression stress at the end faces. 
This want of uniformity was due to the way in 
which the pressure was applied, the brass pressure- 

lates in the experiment in question preventing the 
tee lateral displacement of the loaded material. 
When a more extensible material was interposed to 
transmit the pressure, a greater pressure should be 
observed at the centre, and that was so. The 
stress distribution changed considerably when a 
thin sheet of India-rub was interposed, the 
stress at the centre line then becoming greater, 
and being, moreover, increased by about 20 per 
cent. of the total load. The effect was, further, 
not merely confined to a small area at the ends, but 
was exerted ovep the ter of the block. 
Other diagrams and tables exhibited showed the 
injurious effect of a lead plate. Uniform stress 
conditions should, on the other hand, be secured by 
making use of an intermediate layer of the material 
under test ; and when experiments were made with 
a block of xylonite between two similar blocks of 
xylonite, the stress distribution became indeed 


, neatly uniform; only the corners were slightly 


irregular, because the corners of the freshly-cut 
xylonite shrunk a little. It was thus demonstrated 
that in compression tests the load should be applied 
through an intermediate layer of the same material, 
and not through hard-steel face-plates. 


Srress DistR1BuTIONS IN ENGINEERING MATERIALS. 


The Report of the Committee on ‘‘ Stress Distri- 
butions in Engineering Materials” was printed in 
‘egrenber 4. Professor J. Perry is 

the chairman, and Professors E. G. Coker and 
J. E. Petavel are the secretaries of this Committee. 


Dynamic INCREMENT OF A Rotitxa Loap. 


A paper, sent by Professor Herbert Chatley, 
M. Inst. C.E., D.Eng., of Tang Shan, North 
China, on ‘‘The Dynamic Increment of a Single 
Rolling Load ona Supported Beam,” was published 
on page 327 of our issue of September 11. 


Tue Trestinc oF MarTeRIALs. 
Professor W. E. Dalby, F.R.S., read two papers 


on this branch of engineering. The one on ‘* 
Testing of Materials” was printed in our issue of 
August 28. The second paper was a description 
of the ‘** Laboratories of the Bity and Guilds Engi- 
neering College, London,” of which we gave an 
illustrated account a few years ago. 


A Tueory or Work Speeps 1n GRINDING. 


Mr. J. J. Guest sent a paper on ‘‘A Theory 
of Work Speeds in Grinding,” which was taken as 
read in the absence of the author. 


CHANGE OF ExasTICITY WITH TEMPERATURE. 

The paper by Professor F. C. Lea and Mr. 
Crowther, of Birmingham, on ‘Change of Elas- 
ticity with Tem ” was published on page 
487 of our issue of October 16. 





Benaviour or Merats uNDER STRAIN. 


In his contribution to the problem of ‘‘The 
Behaviour of Metals under Strain,” Dr. W. Rosen- 
hain, F.R.S., insisted that for a rational under- 
standing of the behaviour of metals and alloys, their 
truly crystalline character in the normal state was 
of fundamental importance. Evidence of this 
character, he demonstrated, was readily obtained 
by the mieroscope in a variety of ways, including 
the development of etched figures, negative 
crystals, oriented crystals, &c. The typical manner 
in which a crystalline te was formed when 
a metal was solidifying by a process of dendritic 
crystallisation was illustrated with the aid of the 
pee by the building up of aggregates 
of cubical blocks. The illustrations further eluci- 
dated the behaviour of crystals and aggregates under 
plastic deformation, and deformation by a process 
of slip on the cleavage or gliding planes of a crystal ; 
the phenomena of fatigue, testing by shock and 
fracture under shock or repeated impact, the 
henomenon of semi-plasticity and elastic recovery, 
and the effect of thermal treatment were likewise 
rendered visible to the audience—not only to the 
individual observer—and explained by the theory 
of an amorphous a in metals ; our readers are 
aware that Dr. mhain has recently extended 
this theory of Dr. Beilby. 


Tue DisrrRisuTION oF PHosPHoRUS IN STEEL. 


In his second paper, Dr. Rosenhain pointed out 
that the marked effects of phosphorus on steel, which, 
according to the specifications for tyres, axles, &c., 
should not contain more than 0.035 per cent. of 
phosphorus, could not be understood if the phos- 
~— were evenly distributed through the steel. 

. E. Stead had shown by the method of heat- 
tinting that such steel had a banded structure. 
The recent use of a new etching agent (ferric 
chloride, hydrochloric acid, and small quantities of 
copper and tin chlorides) by Dr. Rosenhain and 
Mr. J. L. Houghton brought this structure out 
more clearly. reagent deposited _—— first 
on the nearly pure ferrite area, and only after some 
time on the regions richest in phosphorus. When 
the etching was long continued, the produced 
appearance was the same as with the heat-tinting. 

ut when the treatment was interrupted at an 
early stage, additional peculiarities became dis- 
cernible in the steel. From the study of these 
etching patterns Dr. Rosenhain concluded that the 
origin of the banded structure had to be traced back 
to processes occurring during the first solidification 
of the solid-solution alloy. us the coarser or finer 
banding of the finished steel depended upon the scale 
of crystallisation which took place in the original 
ingot, in spite of the fact that the crystalline 
structure might entirely have been changed by the 
subsequent mechanical or thermal treatment. The 
great —— of this ‘‘ geographical ” distribu- 
tion of phosphorus was to be ascribed to the low 
velocity of the diffusion of iron phosphide when in 
solid solution in iron. 


Gasgous Exptosions. 


Passing to papers on engines and explosions, we 
notice the report of the Committee on Gaseous 
Explosions in the first instance. This important 
report, which we published in our issue of August 28, 
was presented by Professor Dalby, the Secretary of 
the Committee, of which Dr. Dugald Clerk is 
chairman. 


TEMPERATURE CycLes InN Heat-ENGINEs. 


Professor Coker also briefly described the con- 
tinued experiments, which he has been conducting 
in the Finsbury Technical College in conjunction 
with Mr. Walter A. Scoble, on ‘‘ The clical 
Changes in the — of the Working Fluid 
of Gas-Engines.” @ measurements were made, 
he explained, with the aid of thermo-couples, which 
were inserted either in the cylinder and in the 
exhaust-pipe or at the centre of the inlet and 
exhaust-valves and at three points of a vertical 
diameter of the piston. The couples for the first 
two measurements consisted of platinum and its 
alloy with iridium or rhodium; they were fixed 
in the cylinder-wall or freely suspended near the 
wall. In measuring surface temperatures, the metal 
was thinned at the respective points, and wrought- 
iron wires were riveted into suitable holes leading 
through the thinned wall to the surface ex to 
the gas; the couple was then wrought iron-cast 


iron. 
When Professor Coker brought these researehes 
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before the Institution of Civil Engineers last year, 
he had made measurements by taking a number of 
readings throughout a cycle, making use of a Dalby 
contact-breaker, which allowed the couple instan- 
taneously to be connected to the galvanometer of 
the balance device at any predetermined point 
of the cycle. Since then they had successfull 
tried to obtain automatic photographic records with 
the aid of the most recent type of the Einthoven 
galvanometer kindly supplied by the Cambridge 
Scientific Instrument Company. The image of the 
deflected string (silver wire) was focussed on a plate 
which dropped at a constant rate when released by 
forcing a special mixture of oils through a needle- 
valve. A vibrating invar bar closed the circuit of 
a small battery, whose current energised a small 
electric motor revolving at 5 revolutions per second ; 
the spindle of this motor was provided with teeth, 
through which the light leaving the microscope was 
allowed to pass so as to produce a time-scale. The 
couples were made of thin wire rolled down, fused 
together electrically, and then re-rolled to the order 
of 0.005 in. For taking measurements in a hollow 
cylinder the wires were threaded through a two-way 
fire-clay tube and embedded in plaster-of-Paris 
within a metal sheath which was screwed into the 
thinned cylinder-wall, the junction being exposed 
to the gases, into which it projected by about 
4in. Many hundreds of cycles could be recorded 
in this way. In order to ensure true values the 
engine should run very steadily at constant maxi- 
mum pressure, and for that purpose rich gas 
mixtures were preferable. 

The Einthoven galvanometer, Professor Coker 
explained, undoubtedly offered great advantages ; 
but no thermo-couple or resistance-wire waa suffi- 
ciently sensitive instantaneously to respond to 
the extremely rapid changes in temperature caused 
by the explosions in an internal-combustion engine 
The maximum temperatures of high explosions 
recorded would also appear to be too low, while the 
suction temperatures were in fair agreement with 
those obtained by other means. Real estimates of 
the discrepancies could be made in the case of 
steam-engines, for which the temperatures could 
be deduced from the indicator diagrams by the 
pv=RT relation, and where the temperature 
range was comparatively small. The following 
figures referred to a steam-engine, governed by 
throttling, and driving a dynamo ; the couple was 


fitted into the cylinder :— 
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In the first test, no load was put on the engine, 
and the maximum temperatures deduced from the 
pressure and from the couple were respectively 
123.4 deg. and 121.5 deg. Cent. ; the exhaust tem- 
peratures were 103.1 deg. and 104 deg. Cent. In 
the second test, on load, the maxima were 146.6 
deg. (pressure) and 142 deg. Cent. (couple), while 
the exhaust temperatures were 107.7 deg. (pres- 
sure) and 111 deg. Cent. These figures showed 
a very fair correspondence, and the accuracy could 
no doubt be improved. The couples used in this 
instance were nichrome-constantan, as there was 
no danger of fusion ; they give high electromotive 
forces. Figs. 1 and 2 illustrate the thermo-couple 
records of the two cases ; on other diagrams exhi- 
bited, but not reproduced, the temperature range 
exceeded 1000 deg. Cent. The records from 
surface-metal couples, taken at the centre of the 
inlet and the exhaust-valves, were also satisfac- 
tory, and the author certainly succeeded in demon- 
strating the usefulness of this new method of 
obtaining reliable cyclic temperature records. 


Perrot-Moror Fire-Enorings. 


Professor T. Hudson Beare, M. Inst. C.E., con- 
tributed ** Notes on Some Tests of Petrol-Motor 
Fire-Engines and the Frictional and other Resist- 
ances to the Flow of Water through Canvas Fire- 
Hose.” An article on these trials appeared in our 
issue of April 24, 1914. 





Tue Lost Pressvaz mx Gaszous Expiosions. 


Professor W. M. Thornton, D.Sc., D.Eng., in a 
paper on ‘‘ The Lost Pressure in Gaseous Explo- 
sions,” pointed out that when the maximum pres- 
sure of an explosion was calculated from the heat 
of combustion of the elements of the gaseous mix- 
tures, the values obtained were about twice as large 
as those found experimentally, so that the effi- 
ciency of explosions fur different gases seemed to 
ap hh the value one-half. Four suggestions 

been made to account for this discrepancy : 
that there was dissociation of the gaseous products ; 
that the specific leats of the s at explosion 
temperature were much higher than assumed ; that 
the products were rapidly cooled by radiation to 
the walls of the vessel ; and that the combustion 
was not complete at the momentum of the maxi- 
mum gas-pressure, a suggestion made by Dr. Clerk, 
because the pressure seemed to keep const” .t for a 
long interval. As these suggestions could not 
account for the considerable loss in gas-pressure, 
Mr. Thornton suggested that the loss was caused 
by the forces of cohesion which came suddenly 
into play at the moment of the formation of a 
molecule ; these forces would check the translational 
energy, to which pressure and temperature were 
alone due, and raise for the moment the rotational 
energy of the combining bodies. 


Tue Humpurey Pomp. 


In the absence of Mr. Herbert A. Humphrey, 
M. Inst. C.E., an abstract of his paper on ‘‘ The 
Humphrey Pump” was given by Professor Petavel. 
The paper explained the principle, theory, and con- 
struction of these remarkable pumps, and concluded 
with descriptions of the two most notable plants— 
the plant at the King George V. Reservoir at 
Chingford, Essex, where five pumps can each lift 
40 million gallons of water per day 30 ft. high ; and 
the big scheme now being carried out for the 
Egyptian Government at Mex, near Alexandria, 
where 10 (18 finally) pumps, each capable of 
delivering 100 million gallons of water per day 
through a lift of 20 ft., are to be installed, in order 
to drain Lake Mareotis. We have kept our 
readers fully acquainted with the characteristic 
features of the Humphrey pumps and plants. 


AVIATION RESEARCH. 


A es by Fyotessor J. E. Petavel, F.R.S., 
of anchester, Yon ‘* Aviation h,” was 
the first brought before the section, and well 
deserved the first place ; that we have not noticed 
it earlier in this report is because it did not 
well fit into any other pot, and because the time 
did not allow Professor Petavel to give what he had 
intended to give. Professor Petavel had prepared 
a long paper and many diagrams and tables. But 
he said, when called upon, he had been obliged 
to tear up his r a few days ago, since the 
information it ~¥ contained could not now be 
made public. Under these circumstances, he con- 
fined himself to general remarks—a masterly 
exposition of the principles of aviation, which 
was listened to with the keenest interest; but 
naturally it was much in the nature of an 
abstract. When a surface was moved through 
the air, he pointed out, a certain pressure was 
to be overcome, and the propelling power re- 
uired was smaller when the surface was curved 
than when plane. The distribution of the pres- 
sure over the wing was very irregular both for 
the upper and lower surfaces, as the three-dimen- 
si models showed, and it changed with any 
change in the angle of flying; in the curved wing 
there was a forw reaction on the front part, 
whilst on the plane wing that component was small. 
The wing resistance was, however, only a of 
the total resistance. In a badly-designed model 
the resistance at right angles to the stream was 
equal to the projected area of the part. Professor 
Petavel exhibited a stout wire, a cylindrical rod, 
about a foot long, a flat board, a disc, and a cigar- 
shaped model, which all offered the same total 
resistance. Struts, he said, should be made deep, 
= wires rather — —_ in loops ; planes 
should not project at right es to the motion. 

e proce of aude had teach been increased 
of late, but quite abnormal stresses were set up 
when a machine was allowed to dive and suddenly 
turned into a horizontal path. As regards stability, 
all good modern machines were longitudinall 
stable, and would glide when the motor was stopped, 
because the eentre of gravity was lying forward. 





Lateral stability was much more difficult to realise ; 
but they had been very successful at Farnborough, 
and a machine could be left to iteelf at a speed of 
50 miles per hour. At present aircraft was chiefly 
wanted by the Army and Navy ; but a big country 
like Australia, where there was usually plenty of 
space for landing, should make a large use of flying- 
machines. 

Professor Coker did not invite discussion ; the 
subject would have been almost too vast, even if 
circumstances had permitted its discussion, he 
remarked. 


Rattways anD Mortve Power. Heavy Inrernat- 
Comsustion Locomotives. 

Turning to papers on mechanical propulsion, we 
first mention two papers, already published in our 
columns, by Professor W. E. Dalby, on ‘‘ Railways 
and Motive Power” (see ENGINEERING, September 4, 
page 317 ante)—compiled, he said, for the purpose 
of instituting a discussion—and by Mr. Hedley J. 
Thomson, of London, on ‘‘ Transmission Systems 
for Heavy Internal-Combustion Engines” (see psge 
329 ante, September 11). 


Merropourtan Execrric Raiiways ror Sypnry. 


Mr. J. J. C. Bradfield, M. Inst. O.E., chief engi- 
neer for metropolitan railway construction in the 
Public Works Department of Sydney, had prepared 
a say my per on the ‘‘ Metropolitan Elec- 
tric ilways posed for Sydney,” a subject 
which has been dealt with by us in our issues of 
December 12 and May 16, 1913. As he was in 
England at the time of the Sydney meeting, Mr. 
Percy Allan, M. Inst. C.E., assistant to the Director- 
General, Public Works, Sydney, read his paper. 
The scheme, for which sanction is to be sought 
in this year’s Parliamen session, involves the 
construction of underground railways, the electrifi- 
cation of the suburban lines, and the construction 
of one or two bridges to link up the city, which is 
situated south of the magnificent bay, with the 
North Shore, where populous suburbs have risen, 
and also with the industrial western suburb of 
Balmain. 

The outlay for the whole project, comprising the 
erection of a large electric power-station (alread 
in the course of erection) is estimated at 17,000,000. 
We should at once remark that the electric tram- 
ways, on which Sydney relies at present, are the 
an! of the State of New South Wales, which 
is thus directly interested. 

The first question which Mr. Bradfield discussed 
in his memoir was ‘‘ bridges or subways /” Sydney, 
he pointed out, was already the fifth port of the 
Empire. During the year ended May, 1914, 
20,214 vessels, aggregating 18,743,420 tons, en- 
tered and left the harbour. Not to obstruct the 
shipping, the bridges would have to cross on one 
clear span. Adopting gradients of 1 in 40 to the 
North side and of: 1 in 30 to Balmain, a junction of 
the bridge railways to the underground system 
could be effected by giving the bridge a headway of 
170 ft. at high water. The Australian Wireless 
Company and the Marconi Company of Australia 
considered this headway sufficient for radio-tele- 
graphic installations on shipboard ; in extreme 
cases telescopic masts could be adopted. The 
biggest steamer trading with Sydney, the Ceramic, 
had masts of 162 ft. above the load-line; the 
masts of the Imperator and the Aquitania rose 
to 210 ft. above water. The navigable depth in 
Sydney harbour was 40 ft., and could easily be 
increased to 60 ft.; the draught of the largest 
vessels now afloat was 365 ft., on 60 ft. would have 
to be provided above the tops of the subways 
if they were to be built ; that would mean a road- 
level of the subway at 90 ft. below low-water line. 
The rocky shore favoured bridge construction, 
however, whilst the approaches to subways would be 
very difficult. There would not be any ventilation 
and drainage trouble with bridges, moreover, and 
bridge construction had indeed boon decided upon 
by the Parliamentary Committee. 

Mr. Bradfield then passed to the existing traffic. 
The Sydney Central Railway Station, completed in 
1906, had been considered adequate for at least 
fifteen years; but 40,000 people had to be dealt 
with per hour during the busy time of the day, and 
the system already threatened to become unwork- 
able. The number of tramway passengers carried 
in the years ended June, 1910 and 1913, had 
steadily increased from 201,000,000 to 294,455,452, 
at the rate of 14 per cent. annually. The area of 
Sydney had grown to 118,299 acres, and the popu- 
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lation to 725,400. The author then described in 
detail how the new underground railways would 
relieve the tram-lines, which were to serve as 
feeders for the underground. From Redfern 
(which is the first railway-station in Sydney on the 
main line to Melbourne) six parallel tracks were 
to run to the central station ; there they were to 
divide into an eastern and a western branch, forming 
a loop round the city, to be equipped with six 
stations ; some of these would be two-level stations. 
A speed of 25 miles per hour would enable the 
department to maintain a service of a minute and 
a-half on each of the three tracks. The eastern 
and western suburbs were to be served by an outer 
circle of double-track lines, mostly with open-air 
stations. 

Four lines of track were to lead to the North 
Shore Bridge, starting underground and proceeding 
on steel viaducts and two-hinged braced arch spans. 
This point brought the author back to the bridges. 
The westerly bridge, he said, might start from 
Dawes Point to 
would be 2250 ft., and’it had yet to be demonstrated 
that it was practicable to build a heavy railway 
bridge of 2250 ft. clear span. The route Dawes 
Point to Milson’s Point had hence been given 
preference ; the length would be 1600 ft., and the 
cost only one-third of that of the longer bridge. 
As regards type, suspension or cantilever construc- 
tion came into question. Assuming that the bridge 
was manufactured outside the State, a suspension 
bridge would be slightly cheaper, chiefly on account 
of the Federal tariff; all metal-work manu- 
factured in the United Kingdom was subject to an 
import duty of 25 per cent. (from elsewhere of 
30 per cent.), but the high-grade steel wire for the 
cithes was exempt from duty. On the other hand, 
a cantilever bridge was more rigid and more suit- 
able for heavy railway traffic, and the Committee 
had decided in its favour. Mr. Bradfield had sub- 
mitted two designs of cantilever bridge ; in design 
B the lower chord was curved, and the top chord 
sloping from the tower on straight lines, as in the 
Forth Bridge ; in A the lower chord was almost 
horizontal, and the top chord curved ; the former 
type was to cost 2,600,0001., the latter 2,750,000). 
Mr. Bradfield gave particulars of his scheme. 
Nickel steel was to be the chief material. The 
anchor arms were to be constructed on false-work, 
and the cantilever arms were then to be erected, 
the suspended span being also built from both sides 
by the cantilever method. A wind pressure of 
50 lb. per sq. ft. was allowed for. e greatest 
wind velocity recorded at Sydney was 120 miles 
per hour (September 23, 1892), which corresponded 
to 72 lb. per sq. ft. on Trautwine’s formula, whilst 
Eiffel’s coefticient would give 43.2 lb. per sq. in.; 
at the new Quebec Bridge a wind pressure of 30 lb. 
per sq. ft. had been allowed for. Dealing with the 
ditticulties of columns for large bridges and of sub- 
divided panels, Mr. Bradfield proposed multiple 
intersection trusses, fairly common in Great Britain 
(but not in America), combined with a K bracing, 
The temperature range was large, the extreme 
temperatures observed at Sydney being 173.3 deg. 
and 24.0 deg. Fahr. The new power-house for the 
tramway-lines at White Bay, Balmain, would de- 
velop 100,000 horse-power and 120,000 horse-power 
for short periods ; turbo-alternators were being in- 
stalled, and the railways were to be worked on 
overhead circuits at 1500 volts continuous current. 

During the discussion Professor W. H. Warren 
drew attention to the relative advantages of nickel 
steel and carbon steel, as to which Mr. Bradfield 
had remarked that the cost of the bridge construc- 
tion might be reduced by 15 per cent. if carbon 
steel were preferred to nickel steel. These con- 
siderations, Professor Warren stated, had not been 
in the minds of the members of the Royal Com- 
mission who had reported that the tunnels were 
more suitable than the bridges. The Minister for 
Works, Mr. A. Griffith, added some complimentary 
remarks. 

(To be continued.) 





“Tue Macnet or Commerce.”—We have received 
from the Great Railway a copy of a booklet 
having the above title. Itcontains illustrated information 
on the British coalfields, the figures of coal exports, the 
output and value of cox! in 1912, data on coke manufac- 
ture, and the types of coke-ovens in use in this country. 
Particulars are also given concerning the facilities for 
dealing with coal ——- on the Great Central Rail 
system and at the Immingham Dock. These data, and 
information on the latter dock, will be found most useful 
for reference purposes, 
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LEAD, TIN, AND THE WAR. 

THERE has been, in consequence of the war, con- 
siderable disturbance in the markets of these metals. 
The world’s production of lead and tin during recent 
years has been as follows, in tons :— 


1913. 


| 1,186,700 
128,900 


1911. 1912. 


1,136,000 
117,600 


1910. 


1,127,000 
114,800 





Lead .. 
, a 


1,181,800 

124,700 

During the last four years the increased production 
of lead has been 59,700 tons, and of tin 14,100 tons. 
There have been very marked fluctuations in the 
value of tin, and a tendency to decline from the very 
high prices of 1912. The prices of lead and tin during 
recent years have been as follow :— 


| Average, 
| 1903-1913. 


2 8. 


d. 
Lead, per ton “ 15 8 5& 
n 9 ae .-| 165 0 6 


--— 1913, 


1912, | 





&e ¢ 
18 6 2% 
20113 6 


£8 4 
| 171510 
209 8 6 





The world’s production of raw lead has been ob- 
tained from the following sources :—487,000 tons were 
contributed by the United States, Mexico, and 
Canada; 116,000 tons came from Australia; and 
574,000 tons from Europe. The European countries 
producing lead are Spain, with 203,000 tons ; Germany, 
181,000 tons ; Austria, 24,000 tons ; Belgium, 50,800 
tons ; Great Britain, 30,500 tons; France, 28,000 tons ; 
and Italy, 21,700 tons. 
as follows :— 


United States... aa 
Germany and Austria ... 
Great Britain 191,400 
France 107,600 


The German-Austrian production is 54,000 tons less 
than their consumption, and there may consequently be 
& lead famine in those countries during the war, which 
may. however, be neutralised by Germany acquiring 
the Belgian output of 50,000 tons ; the Italian output 
may also be sent into Germany. Of tin, half the 
world’s production is obtained from the Straits Settle- 
ments, 65,640 tons ; the tin produced in Europe is 
essentially derived from imported ores, the bulk of 
which is exported from Bolivia, and is smelted in 
England and Germany. The direct shipment of 
tin ore to Germany is, of course, now impossible. 
One-sixth of the world’s output of tin is produced in 
Great Britain, a larger proportion than that of any 
other European country. 

Allexports of lead have been forbf¥den by the British 
Government, which has requisitioned all visible 
supplies, so that English consumers may incon- 
venienced, until the demand may be supplied from, 
possibly, America. It is possible that the war may 
curtail the world’s output by more than 200,000 t>ns. 
As the output of the countries affected by the war 
will probably be entirely consumed in the countries 
themselves, and as they are not now in a position to 
use much of the metal in arts and manufactures, it 
— to be likely that the market value of lead 
will not be much affected by the probable curtail- 
ment of production. The export of lead from the 
United States is an important factor; it would 
appear from the following figures that unless the out- 
put there can be increased, we cannot expect to 
receive much larger supplies from America, as the 
home consumption there is steadily increasing :— 
Tons. 
54,300 
76,200 

1911 113,300 
1910 - te “ee =n 78,500 

These figures show a remarkable falling-off in the 
quantities available for export. British imports of 
lead ore have been as follow during recent years :— 
Tons. 
15,542 
17,259 
18,453 


Tons. 
401,300 
259,000 


1913 
1912 


£ 
120,540 
135,010 
184,930 


1909 
1911 
1913 : 
and of pig and sheet lead :— 
1909... a oe 207,660 2,705,000 
1911 213,707 2,902,000 
1913 <i 204,136 3,718,000 
The pig lead during 1913 was imported from Spain 
to the value of 1,424,000/., from the United States to 
443,000/., and from Australia to the value of 1,308,000/. 
The value per ton, according to the above figures, was 
132. Os. 6d. in 1909, and 18/. 7s. 2d. during 1913—an 
increase of 5/. 6s. 8d. Our imports of tin ore have 
during recent years been as follow :— 
Tons. £ 
24,086 1,621,000 
1911 28,837 2,306,000 
1913 , 34,592 3,308,000 
About two-thirds came from Bolivia. The Bolivian 


1909 
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output has increased from 29,400 tons in 1908 to 
37,700 tons last year. The value per ton during 1909 
was 67/. 6s. 5d., and during 1913, 95/. 13s. 2d., an 
increase in value of 28/. 6s. 9d. Our imports of tin 
in blocks, ingots, bars, and slabs have been as 
follow :— 
Tons. £ 

1909... ties he ... 41,725 5,603,000 

= ‘it ine ... 45,906 8,739,000 

1913 she ... 45,682 9,252,000 
These came mainly from the United States, Ruesia, 
and the Straits Settlements. The value per ton during 
1909 was 134/. 6s. 4d., and during 1913, 202/. 10s. 9d., 
an increase of 68/. 4s. 5d. 





ARGENTINE Prospgcts.—The grave political events 
which are affecting Europe are having their inevitable 
reflex on tine affairs. The altered economic con- 
ditions have the result of causing all c sin the 
Republic to exercise rigid economy, and to adjust their 
means to prevailing circumstances. The prospects for 
the new harvest are considered to be good. In view 
of difficulties attending the export of coal from 
England, the Central Argentine Railway Company has 
considered it desirable to approach the Argentine 
Government, which has sanctioned, with a view to 
economy in the use of fuel, a modified passenger train 
service, as well as an augmentation of the time allowed 
for the transportation of merchandise. As a further 
economy, wood is being obtained at convenient points 
and used for fuel. 


ALumtnium-Fort.—According to a recent American 
msular report from Switzerland, aluminium-foil is 
coming into considerable use to replace tin-foil for 
wrapping tobacco, confectionery, &c. The aluminium- 
foil, costing about 1s. 94d. per lb., is about twice the 
price of tin-foil, but, being lighter, works out at about the 
same price for wrapping purposes, and is said to stand 
transport and han “yt without marking the goods. It 
is made ~ | painting sheets of pure aluminium with a 
solution of oil, placing them one on another, or folding 
them, and then rolling them out to double their length. 
These are then folded and rolled again, and the process is 
continually repeated until the desired thinness is obtained. 
The rolls are water-heated to 113 deg. Fahr. The sheets 
are finally rolled cold, and annealed by heating in vacuum 
and cooling gradually. 


ENGINEERING OPENINGS IN Russ14.—H.M. Consul- 
General at Moscow has forwarded a report received from 
a reliable source in regard to the machinery import trade 
of Russia, which contains a list of various classes of 
machinery which have hitherto been imported from 
various Continental countries, but which it is con- 
sidered might now be rep British manu- 
factures. It is stated that about fifteen years ago 
German machinery makers sent to Russia represen- 
tatives who noted what had been supplied by English 
firms, copied some of the advantages, and proceeded 
to remedy defects which were pointed out by users, 
with the result that in a short time machinery was 
delivered from Germany which met users’ requirements, 
and was delivered at Moscow at lower prices than 
English machines. All classes of machinery entering 
Russia have to pay duty by weight, and whilst English 
makers, with few exceptions, have practically ignored 
the réle that weight plays when duty is imposed upon it, 
the Germans have attached importance to it. In many 
machines there are heavy, rough cast-iron and other parts 
which could be made in Russia at a price which would 
considerably reduce the total cost of the machine to the 
purchaser delivered at his mill or works. This is a 
phase in the machinery trade worthy of consideration 
by English producers of heavy, rough machinery who are 
desirous of entering the Russian market. With the 
development of municipal institutions in Russia it is 
asserted that there is a great field for contractors capable 
of installing water-works, gas-works, electric-light, 
and tramway ples, &c., but recently German firms 
have invariably obtained such contracts. One of 
the causes contributing to their success in this direc- 
tion has been the ready way in which the German busi- 
ness houses have met purchasers in regard to terms of 

yment, &c.; this has been possible owing to the 
act that the interests of various German makers have 
been so interwoven that they could obtain financial 
support where an isolated English supplier would fail. 
Moreover, whenever a big scheme has been under con- 
sideration, the German combines have had their repre- 
sentatives continually in touch with those who have had 
the placing of the orders, and by constantly assisting 
them, free of charge, to draw up specifications, these 
representatives have succeeded in getting specified just 
those classes, designs, models, and sizes which could only 
be obtained from German firms. British machinery manu- 
facturers, who wish to obtain a share of the Russian orders 
hitherto placed in Germany, are aoe to conan = 
necessary propaganda at once, and not to wait until the 
war has terminated.. They should prepare their circulars 
in the Russian language, and cause them to be distributed 
to likely customers through reliable agents. The distribu- 
tion of circulars in a haphazard way will do little good ; 
they should be sent out by firms or individuals on the 
spot who know exactly who are the users of the machines 
described. The report in question may be inspected by 
United Kingdom machinery manufacturers at the Com- 
mercial Intelligence Branch of the Board of Trade, 73, 
Basinghall-street, London, E.C, 
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A STANDARD IN REFRIGERATION. 
Report of the Refrigeration Research Committee of the 
Institution of Mechanical Engineers.* 
(Concluded from page 520.) 

APPENDIX II. 

On the Quantities Involved in the Process of Refrigeration, 
and on the Analysis of the Process by Means of Dia- 
grams, with Examples. 

By Sir J. Atrrep Ewing, K.C.B., F.R.S., Member. 

1. A refrigerating process is carried out by certain 

of state on the part of a fluid which forms the 
working substance and acts as a vehicle for the convey- 
ance of heat. 

In these c'! are cyclic—that is tosay, they 
bring the substance periodically to the same state. They 
include an alternate taking in of heat at a low tempera- 
ture and age Be oe of heat at a higher temperature. In 
calculations ting to them it is convenient to deal with 
unit quantity of the substance (1 Ib. or 1 kg.). 





2. In any particular state of the substance there are | ; 


certain definite functions of the state with which we are 
concerned—namely :— 


The pressure, P 

The temperature,* r 
The volume, V = four are reckoned 
The total heat, I per unit quantity of 
The entropy, ¢ the substance. 


* In what follows 7 is to be understood as the tempera- 
ture on the absolute scale, the zero of which is taken as 
— 273 deg. Cent. 


3. The total heat and the entropy are important 
because they supply very convenient means of represent- 
ing the physical properties of the substance and the 
changes of state on which ~~ depends, and of 
determining the refrigerating effect and the work which 
has to be expended in producing it. The internal energy 
is —— because it is required as a step in under- 
standing what is meant by the total heat. 

4. The working substance => f be in the condition of a 
liquid, or of a mixture of liquid and vapour, or of a satu- 
rated or superheated vapour. To specify completely its 
particular state at any instant it is sufficient to give 
either the pressure or the temperature, and one of the 
other four quantivies named in thislist. Thus if P and 
V are given, the state of the substance is fully defined, 
and the other quantities can be found, assuming that 
we have a sufficient experimental knowledge of its pro- 
perties. Or we may specify the state by giving 7 and ¢ 
or P and I. Or, again, it is sufficient to give ¢ and I: 
with these as data the corresponding pressure tem 
ture and volume can be inferred, the properties of the 
substance being known. More y, any two of the 
six quantities will serve as data for determining the state, 
except that the pressure and temperature do not suffice in 


The internal energy, E 


cases where the substance may be partly in the condition 
of liquid and pty in that of vapour. ’ 
5. The working substance may its state in 


various ways: thusit may take in heat either at constant 
volume or while ws gy L it may expand or be com- 
pressed without ta in heat; the expansion may take 
place through a throttle-valve or under a piston. But in 
any change of state whatever the amount by which each 
of these six quantities is altered depends only on what 
the initial and final states are, and not on the particular 
pe by which the change of state has been effected. 

n other words, all these quantities are functions of the 
actual state of the substance: they have definite values 
depending only on the state, and do not depend on the 
way in which that state has been reached. 

6. There are other quantities, such as the heat taken 
in, or the work done, which — on how the change 
of state has taken place. In dealing with them we have 
to distinguish between one process of change and another, 
even in cases where both ore may bring the sub- 
stance from the same initial to the same final condition. 

7. A broad distinction, which is of great importance, 
has to be drawn between processes which are reversible 
and those which are irreversible. If a substance expands 
quietly under a piston, the process is reversible, because, 
by reversing the motion the piston, we can expend 
upon the substance the same work as it does on the 
piston while expanding and cause the heat (if any) which 
enters the substance during the expansion to leave it 
during the compression. In every respect, as regards 
work done and heat transferred, the process can be re- 
versed. Butif a substance ex y passing throu 
a throttle-valve to a region of lower ——- where the 
kinetic energy of the stream and eddies is dissipated 
through internal friction. the process is irreversi The 
motion of the stream and eddies cannot be reversed. To 
get the substance back again to the — of higher pres- 
sure would require an expenditure of more work than 
was done by the substance in its expansion ; and if we 
were to force it back again, we should not restore it to its 
original state; we should find it warmer than at first in 
consequence of the heat that has been produced in the 
subsidence of the streaming and eddying motions. 

. No process of compression or expansion in a real 
cylinder is strictly reversible, but the condition of rever- 
sibility, which is *p ximated to in actual compressors, 
is to be taken as fulfilled in the ideal machine which we 
postulate for comparison with real machines. 

_9. Adiabatic expansion or compression means expan- 
sion or compression carried out reversibly and without 
allowing any heat to enter or leave the substance. 

_* Paper read before the Institution of Mechanical 
Engineers, October 16, 1914. 








Isothermal expansion or compression means expansion 
or compression carried out reversibly and at constant 
temperature. 

Expansion through a throttle-valve is not adiabatic, 

use it is not reversible, though it may be (and gener- 
ally is) carried out without letting heat enter or leave the 
culatenes. 


10. We now to consider the meaning of the three 
quantities E,1, and ¢. Think of a substance expanding 
in any manner, whether reversibly or irreversibly, i 
in heat as it expands, and doing work in overcoming 
pressure which resists its expansion. It has a certain 
stock of internal energy to begin with, and this will 
change by the difference, if any, between the heat it 
takes in and the work it does. Thus, internal Fey: od 
gained = heat taken in —- work done, the words ‘‘ by the 


substance” being understood throughout. This applies 
to any change of state whatever. It furnishes a means 
of ing the change of internal due to the 


measuring 
change of state, in whatever manner the change of state 
takes place. 


11 e have no means of measuring the total stock of 
internal of a substance, and can deal only with 
changes in the stock. But it is convenient to assume 


some arbitrary starting point for the reckoning of E ; and 
the convention adopted is to write E = 0 when the sub- 
stance is in the liquid condition at a temperature of 
0 deg. Cent. and a pressure equal to the vapour pressure 
corresponding to that tem: ture. We call this 
for brevity the zero state of the substance. Under this 
convention the values of E are negative at temperatures 
below 0 deg. Cent. 

We have then for any other state :— 

E=Q-AW, 

where () is the heat taken in while the substance is caused 
to pass by any process from the zero state to the state in 
question, W is the work done by it in the process, and A 
is the factor required to convert W into heat units. A is 
the reciprocal of “‘ Joule’s equivalent.” E, for any state 
of the substance, is a definite number of thermal units, 
and its value is the same whatever stages the substance 
passes through on its way from the zero state. It is not 
directly used in calculations of the performance of re- 
frigerating hines, and we are therefore not concerned 
with the numerical values of E. But it is necessary to 
know the meaning of E in order to understand the 
definition which follows of the total heat I. 

12. The total heat I is defined for any state of the sub- 
stance by the equation :— 


I=E+APYV, 


where I, E, P, and V all relate to the same state. 

It should be noticed that, in the zero state of the 
substance, I is not equal to zero, but to a small positive 
quantity depending on the volume of the liquid and the 
vapour pressure at that state. E is then zero, and I for 
the zero state is therefore equal to A P V, where P is the 





va pressure at 0 deg. Cent., and V is the volume of 
the liquid at 0 deg. Cent. and pressure P. In carbonic 
acid value of I for the zero state is about 1 thermal 


unit; in ammonia and sulphurous acid it is much leas. 

L a substance is heated under constant pressure 
aa I is equal to the heat taken in. For we 
have under all conditions, for any small change of state :-— 


dQ=dE+APdv. 
Hence, for a change during which P is constant, 
Q=E, - E, + AP(V,- Vj), 
where the suffix (1) refers to the initial state, and the 


suffix (2) to the final state. 
This may be written :— 


Q = EF, +APV, - (E, + APV)), 


Q =I, - kL. 


14. It follows that while a liquid is being converted 
into vapour at constant re, I increases in propor- 
tion to the amount of vapour that is formed. If we write 
T’ for the total heat of the liquid before vapour begins to 
form, but at the temperature at which it will form under 
any given pressure, and I” for the total heat of saturated 
vapour at that ure, the heat taken in during the 
change from liquid to vapour (or what is commonly called 
the latent heat of the vapour) is I” — I’. At any — 
when the fraction vaporised is x, and the fraction s' 
liquid is1 — x, the total heat of the mixture is :— 

xi” +(1- x)T. 

After passing the expansion-valve of a refrigerating- 
machine the working substance is in the condition of a 
mixture of os sy ae ——S h. this 
expression applies. I then evaporates in Tigerator 
without alteration of re, and the rise of I during 
the process measures the heat taken in ; the substance at 
the end of this evaporation is, in general, still a mixture 
of liquid and vapour, but with a much larger value of «. 

15. It follows also that when a substance is being con- 
densed under constant re, the change of I measures 
the heat = out. is applies to the whole cooling 
process which goes on in the condenser of a refrigerating- 
machine. Thus the whole heat which is given out as the 
substance 

i 


or 


under constant pressure, from the con- 
dition of a euperbontel vapour to that of a liquid cooled 
below its temperature of condensation, is measured by 
the drop in the value of I from the condition on discharge 
from the compressor to the condition of the liquid just 
before the expansion-valve. d 
16. A further Yee property of the quantity I is 
that the change of I durmg adiabatic compression is 
equal to the work expended on the substance in the com- 
pression cylinder. To prove this, take the equation 
defining I and differentiate it :— 





Vv, 
da (PV), 
= PdV +AVdP. 
But in any small change of state, 
dE+APdV=dQ, 
where d Q is the heat taken in. 
Hence, in any small change of state, 
dI=dQ+AVdP. 
In an adiabatic operation dQ = 0, and 
dI=AVdP, 


I 
dI 


E+AP 
dE+A 
dE+A 


from which 


Ve 
TI; - 1 = af Vv d ™% 

Vi 
But the quantity under the sign of integration is the 
work ex ed in the compressor in taking in the sub- 
stance | its volume is V,, com ing it till its volume 
is V2, and di it. Ibis area of the indicator 
diagram (Fig. 1) for the complete compression process. 


v Fig. 









Y 





A) 


Thus the change in I from the condition at suction to 
the condition at discharge measures the work of the com- 
pressor in the ideal process which is assumed to be 


4 ee 
4 ird im: t pro of I is this, that when 
& substance undergoes a throttling process, such as by 
passing an expansion-valve, there is no change in the 
value of I. To prove this we may think of what happens 
while a unit quantity of the su passes through 
the valve, and to make the matter clear, imagine 
this unit quantity to be se ted from the rest of 
the substance by two fri pistons, one of which 
(A) slides in the pipe that leads to the valve, and the 
other (B) in the pipe that leads away from it. On one 
side, as the substance comes up sownste the valve, let its 
pressure be P,, volume Vj, and internal energy EK). 
the other side, after passing the valve, let its 
be Ps, its volume Vo, and its internal energy 
each portion approaches the valve, work is done u 
by the substance behind on the piston (A), and 
the amount of that work done while unit quantity is pass- 
ing is P,V,. After each portion has the valve it 
does work upon the substance in front by pressing on the 
piston (B), and the amount of that work is P,V, for the 
whole unit quantity. Since by assumption no heat is 
in in or given out, any excess of the work done by 
the over the work done upon it must be supplied by 
4 uction in its stock of internal energy.* Hence: 


AP,V, - AP, V,=E, — Ey, 
E,+AP,V,= EF, + AP, V;, 


I, = I,. 
Thus the total heat I does not change as the substance 
passes the expansion-valve. The imaginary pistons were 
introduced only to make the reasoning more intelligible ; 
the argument holds good whether they are there or not. 
Hence we might describe the quantity I as that y 
of a substance which does not change in a throttling 


On 
ure 
As 

it 


from which 


or 


process. 

18. These three facts about I make it a particularly 
useful L pantie in calculations of the theoretical perform- 
ance of a refrigerating-machine. In the ideal cycle we 
have the working substance pass successively through the 
following states:— —_ 

Before compression it consists of saturated vapour at 
the low pressure of the evaporator, or more commonly it 
is @ mixture of saturated vapour with a little liquid. 
this state a. The substance is compressed adiabatically to 
the pressure of the condenser, and the substance 
becomes somewhat superheated in the process. e then 
have a superheated v r at the pressure of the con- 
denser being disobarged from the compressor (state »). 
This is now cooled till it begins to condense (state c) and 
is cond in the condenser till it is completely liquid 
(state d). It is then cooled further to the temperature at 
which it reaches the expansion-valve, the whole operation 
going on at constant pressure. This brings it to state ¢, 
which is that of a liquid still at the pressure of the con- 
denser, but cooled below the temperature of condensation. 
The substance next passes the expansion-valve, thereb 
reaching state f, in which it is a mixture of liquid ond 
vapour at the pressure of the evaporator. It is then about 
to take up heat from the brine, or other thing that is to be 
—_ wh SS » = a  evapora- 

ion comple e cycle, bringing the substance agai 
tote inital stato (a) seed er 
e Cc rom to (a) is the effective part of the 
whole when ih, is being taken in by the work- 
ing su at the lower limit of temperature. The 
amount of that heat measures the ge a ing effect. 

19. By considering the successive yg in these 

— we can express very — the quantities of heat 
work involved in each part of the o tion. For it 
follows from the poopie of I, which have just been 
explained, that I, — I. measures the work spent in the 
com; » Ty — I. measures the heat rejected to the 
enser and cooler. This is made up in general of 


* It is assumed here that the velocity in the pipes i 
small that no account need be taben of the hinchis energy 


of the substance as it approaches the valve or as it passes 
away. 
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three parts—namely, I, — I., which is heat taken out 
of the superheated vapour before it begins to 

I. — Iu, which is the latent heat taken out during conden- 
sation, and I, — I. , which is the heat taken out of the 
liquid by cooling it after condensation. Iy = I., 

there is no change of I in passing the expansion valve. 
I. — J, measures the refrigerating effect. 





The coefficient of performance, which is the ratio of | 


the refrigerating effect to the work spent in the com- 
pressor, is :— — 
Pot” 


I, > Ia x 

20. The whole problem, therefore, of calculating the 
performance resolves itself into finding the total heat I at 
the various stages of the operation. For this pupae it 
is exceedingly convenient to have a chart exhibiting the 
properties of the substance, by meana of which I at each 

—_ oan be readily found. 
. In order to. draw such a chart we make use of 
another property of the substance—namely, itsentropy ¢. 
For the present purpose it will suffice to define the 
entropy as follows: Imagine the substance to be taking 
in heat while it changes its state in a reversible manner. 
Let its absolute temperature be 7 while a quantity of 


heat d Q is taken in. Then d@ measures the increase 


T 
of entropy. This increase of omg is caused by taking 
in the heat d Q. Similarly, when the substance passes in 
a reversible manner from any one state to another, the 
whole increase of entropy :— 
dQ 
oa , 


oo - i 
the integration being taken to include all the heat it 
receives in passing from the first state to the second. 

22. It can be shown that the change of entropy as thus 
defined is the same whatever be the reversible process by 
which the substance passes from the first to the second 
state. The ~ 4 of this proposition will be found in any 
treatise on the thermodynamics of heat-engines, and need 
not be reproduced here. pro 
obvious conclusion from the fact, t 


ition follows as an 

t in any reversible 
cycle, such as Carnot’s, | és is equal to zero when taken 
throughout the complete cycle. 

Thus the gg | ¢ is a definite function of the state 
of the substance. The numerical values of the entropy 
are reckoned from a stan state—namely, the zero 
state as already described in speaking of E (Art. 11), and 
the value of ¢ at that state is taken as zero. 

23. In any reversible operation we have :— 


dg =42 
T 


and therefore the heat taken in 


Q@= | rd. 


Hence, if the operation be carried out at constant tem- 
perature, as in evaporation or condensation at constant 


pressure, 
Q = 7 (b2— >). 


24. In an adiabatic operation ¢ does not 
entropy of a substance might therefore be defined as that 
property which does not change when the substance is 
compressed or expanded reversibly without taking in or 
giving out heat. 

25. When a substance expands irreversibly, say b' 
passing through a throttle-valve, its entropy is tnasenned, 
although no heat is taken in. This applies to the expan- 
sion stage in the ordinary refrigerating process. 

26. With regard to the numerical statement of the 
quantities E, I, and ¢, it is to be noted that E and I both 
express a number of units of heat per unit quantity of the 
substance. The unit of heat itself involves the unit of 
mass. Consequently it makes no difference in the numbers 
which express E and I whether we use the kilogram or 
the pound as our unit of mass, provided in both cases we 
use the same scale of temperature. heat is ex- 
pressed in pound-degree-cuntigrade units we have the 
same numbers for E or I as when it is expressed in 
calories But if British thermal units (based on the 
Fabrenheit degree) are used, the unit of is less for 
the same unit of mas, and the numbers pening E or 
I are consequently i in the ratio of 9 to 5. 

The numerical values of entropy are not affected by 
changing either the unit of mass or the size of the degree 
on which the unit of heat is based, for the size of the 
degree affects equally the numerator and the denominator 
in the expression for ¢. hin 

27. We are now in a position to consider how the pro- 
perties of a working substance may be represented by 
means of a chart. This is done by taking as co-ordinates 
two of the six quantities name} in Article 2, and drawing 
lines to show the relation between these during various 
imaginary o tions involving of state. In 
= the lines on the chart are drawn so that they 
show what ovcurs when the substance changes its state in 
such a manner as to keep another of the six quantities 
constant. : 

A familiar example is the chart which uses the entropy 
and the absolute temperature as co-ordinates. This chart 
has the valuable property that the area under any 
line which represents a reversible process measures the 
heat taken in or given out during that process (since 


Q=| 7d ¢, Art. 23), the area being measured down to 


the absolute zero of temperature. It follows that when 
any completely reversible cycle is represented on the 





chart, the area enclused by lines representing the process 
will be a measure of the work done, Bat it is important 
to bear in mind that this is true only of reversible opera- 
tions ; if any part of the cycle is irreversible, as it is in the 
action of a refrigerating machine, the encloeed area is no 
ae the work done, ana 
an. % represents an irreversi operation a 
ne Ma of the heat taken in. r: 

The entropy temperature chart is usually formed by 
drawing lines which show the relation of entropy to tem- 
— as the substance changes its state by taking in 

tat constant pressure. These are called lines 
pressure. Thus in the diagram, Fig. 2, if we start from 
any condition A, in which the substance is in the liquid 
state, and take in heat while the pressure is kept constant 
(as might be done by heating the substance in a vertical 
cylinder under a piston loaded with a constant weight), 

@ entropy increases and the temperature rises till a 

int B is reached, at which vapour begins to form. 

en heat continues to be taken in, but without 
further rise of temperature, till a point C is reached, 
at which all the substance is turned into saturated 
vapour. If the heating be continued, still at the same 
pressure, the vapour becomes superheated; the tem- 
perature and entropy increase together in the manner 
represented by the line OD. The whole heat taken in 
egy ge ie the operation is the area under the 
line ABCD, measured down to the absolute zero of 
temperature. The line ABCD is a line of constant 
pressure. If we carry out this experiment at various 
pressures, keeping the pressure constant in case 
throughout the operation, we find that the locus of B is 
a curve such as B, B., which marks the boundary between 
the liquid state and the state of mixed liquid and vapour. 
Similarly we find that the locus of C is a curve such as 


Fig.2, ENTROPY-TEMPERATURE DIAGRAM. 
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C, Cy, which is the boundary separating the state of mixed 
liquid and vapour from the state in which the vapour is 
superheated. If these boundary curves are extended 
upwards by using higher and higher values of the pres- 
sure, they come together in a rounded top at what is 
called the critical temperature of the substance. The 
pressure at which this occurs is called the critical pres- 
sure. If we use a still higher pressure the whole o) 
tion of heating at constant pressure will occur outside of 


The | the boundary curves. It is represented in that case by a 


line such as A’ D’ in Fig. 2, which is a curve with no 
straight jon. The su ce from the con- 
dition of liquid at A’ to that of gas at D’ in a continuous 
manner, there is no stage at which it is made up of 
a mixture of liquid and vapour. 

sketch relates to carbonic acid. In the other sub- 
stances used in refrigeration the working pressures lie 
much below the critical pressure, and we are consequently 
not concerned with the region above or near the critical 
point. 

28. For practical pu it is convenient to have an 
entropy-temperature chart with lines of constant pres- 
sure drawn upon it corresponding to a series of pressures 
differing from another by definite amounts, and 
extending over the in actual refrigeration. In a 
chart for carbonic aci 
15 or 20 atm up to 100 or 120, and as the critical 
pressure is about 75 atmospheres a large part of the dia- 
gram lies above that. ‘ 

The value of the chart is much enhanced if a series of 
lines are also drawn on it corresponding to constant 
values of the total heat I. The form taken by such lines 
is illustrated in Fig. 2, where H .J K is a line of constant 
total heat starting from a point H at which the substance 
is in the liquid condition. It is discontinuous at J, where 
it crosses the boundary curve. H’ J’ K’ isa line of con- 
stant total heat, part of which lies in the —. of super- 
heated vapour, and H” K” is one lying wholly in that 
region. 

29. Lines of constant volume may also be drawn on the 
chart if desired. An example is sketched in Fig. 3, 
where M M, N N are lines of constant volume, ex’ ii 
from the region of mixed liquid and vapour into that 
superheated vapour. 

same figure illustrates another useful addition to 
the chart. If the horizontal distances from one side to 
the other of the boundary curve (such as BOC), each of 
which corres} to the process of evaporation at some 
constant pressure, are all divided into a number of equal 
parts (say ten) and curves are drawn through the divi- 
sions, these curves represent lines of equal dryness: they 
indicate, where they cut each line of constant pressure, 
what fraction x of mixture consists of vapour, for in 
~ . the cnen nes me 4 - tone 
proportion to ion eva , its increase bei 
pecporsenal to the heat taken in. 

We may now consider how to represent on the 


I-I.. 


this range extends from about ( 





+ + rs 


é py-tempera chart yey operation of an 
ideal machine, in successive 
sisendy mtotionsl in Assi 18. The cycle may 
considered to begin at a, Fig. 4, where we have a mixture 
of saturated vapour and liquid ing from the evapo- 
rator into the compressor. In this example the dryness 
of the mixture is taken as 0.9. The line a } represents 
the of adiabatic compression, the he ght of the 
point 6 being determined by drawing a b vertically 
upwards till 1p meets the constant-pressure line corre- 
sponding to the pressure in the condenser. The sub- 
stance is somewhat superheated at b. The next process 
consists in cooling at aw pl ee] this is repre- 
sented by the line + ¢, and is e up of three stages, in 
the first of which (b c) the superheated vapour is cooled 


Fig.3. ENTROPY-TEMPERATURE DIAGRAM W, 
Gg LINES OF EQUAL DRYNESS aed 
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Fig. ENTROPY -TEMPERATURE DIAGRAM OF 
CYCLIC PROCESS. 
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to the temperature at which condensation begins ; in the 
second s' (c d) condensation takes place; and in 
the third s (d e) the liquid is cooled before reaching the 
expansion-valve. In the next process the substance passes 
the expansion-valve. This is re ted by the line ¢ f, 
which 1s a line of constant total heat. It brings the sub- 
stance into the condition of a mixture, consisting mainly 
of liquid. The proportion which is converted into vapour 
by passing the valve is determined by the position of f on 


the line g h, zy being equal to : f - Lastly, we have the 


process of effective evaporation, when the substance is 
extracting heat from the brine or other cold body by 
evaporating in the refrigerator; this is re mted by 
the line f a, during which the dryness changes from 


ay tO La. 

31. The heat taken in from the cold body is the area 
under the line fa, measured down to a base-line corre- 
ams to the absolute zero of temperature. This may 

be expressed as (¢. — ¢)7, orasI. — I,. 

The heat Tejected to the condenser and cooler is 
It is also equal to the area under the line b cde 
— — to the oe zero. 

work spent in the compressor is not the area of the 
closed figure abcdef representing the complete cycle, for 
the step ¢f is irreversible. The-most convenient way to 
find it, when lines of constant total heat are drawn on the 
chart, is to read off the values of I at a and at b, and take 
the difference, the work spent being I, - I.. It may 
also be found as the difference between the heat rejected 
and the heat taken in—namely, the area under bcde 
minus the area under fa—both areas being measured 
down to the absolute zero. 

It is essential in reckoning the heat taken in to know 
the position of the point f, and the only accurate way to 
determine that is to infer it from the fact that I, = I.. 
The proportion of vapour at f has to be such that the 
total heat of the mixture there, at the lower ure 
the pressure of the evaporator), is equal to the total 
heat of the liquid at the higher pressure, and at the 
temperature to which the substance has been eooled at ¢, 
before passing the expansion-valve. 

32. In carbonic acid the volume of the liquid changes 
considerably with changes of re or temperature 
under such conditions as occur in refrigeration, because 
the substance is not far from its critical condition. In 
consequence of this the total heat and the entropy of 
the liquid depend not upon the temperature alone but 
on the pressure as well. lines of constant pressure 


Fig. 5. CYCLIC PROCESS USING AMMONIA. 


dq 








Sunde > 
for the liquid, in the entropy-temperature diagram, lie 
} from one another, ond trem the dary curve. 
at in the other substances employed in refrigeration, 
the volume s yA liquid is so nearly constant for = 
pressures peratures as occur in practice that 
1s variations need not be taken into account, and there 
is practically no difference in the heat required to warm: 
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the liquid from one temperature to another whatever be 
the pressure or in the change of entropy produced by the 
operation. Hence the lines of constant pressure for the 
liquid practically coincide with one another and with the 
boundary line of the — state. The operation of 
heating or cooling the li 
accordingly represented by a movement up or down the 
bound: ine. This applies to the diagrams for ammonia 
and sulphurous acid. A diagram for ammonia is sketched 
in Fig. 5, where the successive stages of the refrigerating 
cycle are distinguished by the same letters as before. 

he line gd is part of boundary line of the liquid, 
and the point ¢ lies tically upon it. Thus though the 
actual pressure of liquid at ¢ is P,, which is the pres- 
sure corres ing to the line cd, the total heat there is 
substantially the same as that which the liquid would 
have if it were at the same temperature and at a pressure 
equal to the vapour pressure for that temperature. 

Call that I’.. The total heat of the mixture at f may 
be written— : . 

’ee2kL, 


where I’ A .— — heat ry the liquid, and L the latent 
heat, at the lower limit of temperature corresponding to 
the line g h. Since there is no change of total heat in 
passing from ¢ to f we may write— 


VY+eL=Iy, 
I. - I’ 
L . 


Thus < may be found, and consequently the position of f, 
provided we have a table of values of the total heat of 


1g. 7. 


from which 


z= 





Pressures, 
Kg. per Sqg.Cm. 
the liquid at various temperatures, and of the latent heat. 
‘Lhis method can be resorted to in cases where lines of 
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total heat are not drawn on the chart. But it applies 
only to substances in which ¢ lies practically on the 
boundary line of the liquid, and therefore it does not 
“pply to carbonic acid. 

. It will be clear that there is a very great advantage 
in having the values of I available for directly determin- 
ing the quantities involved in a refri process. 
For this purpose it is convenient to have them repre- 
sented on a chart for all the conditions which the sub- 
stance assumes during its operation. This consideration 
has led Dr. Mollier to invent another kind. of chart* 
better suited than the entropy temperature chart for 
exhibiting the changes of I. He uses I itself as one of 
the two co-ordinates of the diagram, with the result that 
the heat taken in, the work spent, and the heat rejected 
are all three read off as lengths on the scale used in 
drawing the set of ordinates which represent I. For the 
other co-ordinate he uses the wg so that the pro- 
cess of adiabatic compression is still represented by a 
straight line parallel to one set of ordinates. The Molli 
diagram, as it is commonly called, or ¢I chart, is now 
recognis:d as an extraordinarily effective instrument for 
the study of problems in technical ynamics re- 
lating to heat-engines and to refrigeration. 

Compared with the entropy-temperat chart, it pog- 
sesses advan which are especially jicuous 
when it is applied to examine the action of an i re- 
frigerating machine. Dr. Mollier, besides describing the 
method, has published a complete @I chart for carbonic 
acid. This was reproduced in the author’s book on ‘* The 
Mechanical Production of Cold” (Cambridge University 
Press, 19)8). . 


. R. Mollier, “Neue Diagramme zur technischen W ir- 
— Zetschrift des Vereins Deutscher I jewre, 








quid, under any pressure, is | and 





MOLLIER'S $I CHART FOR CARBONIC AC/O. 





34. To bring the diagram into a suitably compact form, | and 
Molli - hick pac i 


uses co-ordinates for I and ¢ of 
po ekg hy tae a yg 
angle, in the manner illustrated in Fig. 6. This 

gives lines of constant total heat running horizontally, 
lines of constant entropy crossing them as shown. 

In Mollier’s diagram for carbonic acid, the co-urdinates 
are inclined at an angle whuse sine is one-fifth, with the 


Fig.6. USE OF INCLINED CO-ORDINATES IN THE 
gl DIAGRAM (MOLLIER). 
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result that in an adiabatic —- (¢ = constant) the 
change of I may be measured by the'length of the ¢ line, 
a 7 os anceum as coarse as the normal 

or I. 
_ The chart itself, as drawn by Mollier for carbonic acid, 
is reproduced on a small scale in Fig, 7, in order to show 
* no li dra and al» 
t pressure lines are wn u i 0 
lines of constant temperature. eid 
35. Any line which represents evaporation under con- 
stant pressure is straight, with a slope proportional to 
the absolute temperature, for in that processd I = 7 d 9, 


and therefore the slope Pra equal to r. Further, any 


90int on such a line represents a mixture of vapour and 
Equid in the proportion of the segments from 
the beginning and end of the process of evaporation, just 
as in the entropy-temperature diagram, for the whole 
ehange of I which the line represents is the latent heat L, 
and the length from the beginning of the line up to any 
nt a of I, equal to 
zL. Hence lines of equal dryness can be drawn in the 
same manner as the entropy-temperature chart — 
dividing the whole length of each e ion line from 
one side to the other of the boundary, into a number of 
ot (suy ten), and joining the points of division 
curves. 
36. To trace a refrigerating cycle on the Mollier chart, 
in, as before, at a point « which represents the state 
of the substance when it is about to enter the compressor. 
The straight line a b parallel to the lines of constant ¢ is 
the process of adiabatic compression. The position of b 
is determined by its intersecting a line of constant pres- 
sure corresponding to the known upper limit of 
The tem,erature hed in the is seen from the 
ition of 6 among the lines of constant temperature. 
ext we have the constant pressure process of cooling 





condensation and further cooling, bede, e being 

fixed by the temperature to which the substance is known 

to be cooled before ing the expansion-valve. Then 

a Se 
ts process of passing 

expansion-valve, and determines a point f on the evapo- 

ration line which exhibits the condition in which the 





substance enters the evap . The pr of evap 
tion fa com the cycle. Ia, Is, I, and Iy (which is 
the same as I, ) are directiy from the di As 


already stated, the work done is I, — I., and refrige- 
rating effect is I. — ly. 

37. We may illustrate the use of the chart by some 
examples. Take, first, a case in which the working sub 
stance is carbonic acid, with — 10 deg. Cent. as the tem- 
perature of evaporation, -25 deg. Cent. as the tempera- 
ture of condensation, and 15 deg. Cent. as the tempera- 
ture to which the substance is cooled before passing the 
expansion-valve. Thediagram for the performance of an 
ee ee ae ee a 
assuming various d ness at inni 
the compression. if the substance is then entirely dry, 
the operation starts at a,; namely, the end of the eva- 

line for — 10 deg. Cent., and compression brings 
1t to b, which is on a line of a eee to 
the pressure of saturated vapour at 25 deg. Cent. ; 
namely, 930 Ib. sq. in. . But the vapour is consider- 
ably superheated at ,, its temperature (as the lines 
of constant temperature show) being 63 deg. Cent. e 
work spent in compression is most accurately found by 
reading off the length of the line a, b, on a scale whi 
makes that length a direct measure of the change of I. 
It is found to be 8.72. } ; 
We next trace the process of condensing and cooling 











Fig.8. CYCLIC PROCESS FOR CARBONIC ACID ON THE pI DIAGRAM. 


may the nenens pressure of the condenser. From 
toc gas is ans Se euqarnent, Geum 0 to 6 ty fo being 
condensed, and from d to ¢ it is being cooled as a liqui 

The point ¢ is found by the intersection of the line of 
constant pressure, under which the process is carried out, 
with the line of constant temperature for 15 deg. Cent. 
Next draw ¢ f parallel to the lines of constant total 
heat to meet the evaporation line for — 10 deg. Cent. 
I. or Jy is found to be 925. The refrigerating effect 
lai — J, is 47.92. The coefficient of performance is there- 
fure 5.50. ‘This cycle corresponds to completely dry com- 


pression. 

38. Suppose, on the other hand, that the compression 
is just wet enough to.avoid any superhesating. In that 
-_ it must a at de in order that ~ —- 

representi compression may pass thro on 
ao Gonstany ones. Then the work Oey Annee - cee 
is smaller than before, for a- c is smaller than a, b,. The 


_ ing effect is also smaller, for f ac is 
a). 
39. 


by 


coefficient of performance is now found to be 5.54. 
Between these two there is a certain degree of 
dryne:s which gives a slightly higher coefficient of 


formance either. may be shown by coh 8 


by | succession of points for various degrees of dryness, such 


88 @}, Gy. 23. a8 the starting-point of the cycle, and work- 
ing out the coefficient of for each. ' But we 
may the same conclusion more directly thus :— 
The refrigerating effect for these various 

dryness is I (on fa. 
The work done is proportional (on another scale) to the 
length ab. Hence the position of b which will give the 
best coefficient of performance is that which gives the 
smallest ratio of abtofa. This is found by drawing a 
tangent from / to the line of constant pressure on which b 
lies. By applying this method in the present case it will 
be seen that the best coefficient is got ing z about 
0.9 ; ite value is 5.72. The is then su) ted at 
the end of compression to 33 deg. Cent. 
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* l 
Refrigerating Work of | | Coefficient of 
* itect. | Performance. 
i b-la | 
1.0 | 47.92 8.72 5.50 
0.95 44.86 7.97 5.63 
0.9 41.80 1m | 6 
0.85 38.74 6.79 6.71 
0.8 85.68 6.32 5.65 
0.76 33.24 6.00 5.54 


By taking z equal to 0.76 we have the case chowa by 
a. ¢, when the vapour is just saturated at the end of the 


compression. 

41. As another example take the same conditions as 
before, except that the condensed liquid, instead of 
being cooled te 15 deg. Cent. before expansion, reaches 
the valve at the temperature of d ti namely, 
25 ae pag} ( In oor =~ the a < expansion 
is d fa, Pig. 8 (page , the rest of the remaining 
as before. The following results are ‘then found for 
various values of «:— 








Work of =| Qoefficient of 





| oe | 

x. ect. | Compression. | pertormance 

Ila - Ivy, ly = Ta. 
1.0 88.07 8.72 4.37 
0.95 85.01 7.97 4.39 
0.9 31.95 7.31 4.37 
0.85 28.89 6.79 4.26 
0.8 25.83 6.32 4.09 
0.76 23.39 6.00 3.90 


The maximum coefficient of performance is got by 
making « about 0.95, as may also be seen by drawing a 
tangent from fa to the line of constant pressure. Com- 
paring its value, which is 4.39, with that in the previous 
example ee | we see what is lost by omitting to cool 
the conde! liquid before it passes the valve. 

42. A further example will serve to illustrate the appli- 
cation of the Mollier diagram to carbonic acid workin 
under tropical conditions, so that the higher limit o 

ure is above the critical pressure of the substance. 

till taking — 10 deg. Cent. as the temperature of evapo- 
ration, we shall suppose the re in the condenser to 
be 80 kg. per sq. om. (or 1138 lb. per sq in), and the tem- 
perature to which the liquid is cool ore expansion 
to be 30 deg. Cent. With these data the diagram takes 


the form shown in Fig. 9, where a, }, represents a process 


Fig.9. CYCLIC PROGESS FOR CARBONIC ACID 
Ou TE O1 BAGRAM, UNDER TROPICA. 
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of completely dry compression, and ab a process of com- 
pression in which the position of a has so chosen 
as to give the maximum coefficient of performance. The 
line a 6 consequently cuts the curve of constant pressure 
aed 80 kg. per sq. om.) at the place where a tangent 
rom f would meet that curve. The pointe is determined 
by following the line of constant pressure till it cuts the 
line of temperature 30 deg. t. The maximum co- 
efficient is obtained when ~ is about 0.95. Its value is 
3.21, and under these conditions the vapour is "7. 
heated to 66 deg. Cent. at the end of compression. e 
y sot are the results in this case of varying the initial 
ryness :— 








Refrigerating Work of Coefficient 
x. Effect, Com on ot 
I,-t, lL - I: | Performance. 
1.0 35.67 | 11.16 3.20 
0.95 82.61 10.17 3.21 
0.9 29.56 | 9.26 3.19 
0.85 26.49 8.45 3.14 
0.8 23.43 7.72 3.04 


\ 


_ Inall these examples it is interesting, and practical: 
important, to notice how little the coefficient of perform. 


ance in the cycle is affected even by con- 
siderable in the dryness <x. 

48. The ication of the Mollier di to ammonia 
is illustrated in Fig. 10 by an example referring to tropica 













































































conditions.* There, as in former examples, the tempera-| wet compression—namely, com ion represented 
ture of evaporation is taken as — 10 deg. Cent. The| an adiabatic line thnoagh ¢—4er the purpose of finding Red 
substance is su to be condensed at 35 deg. Cent. | maximum coefficient. 
(pressure, 197.3 lb. per sq. in.), and to remain at that} Only for carbonic acid does any material improvement 
temperature until it 8 expansion-valve. The] in the coefficient take place b ing & » +4 value of 
cycle is abcdfa. ; the initial dryness x in the ideal cycle. It is because 
The following are results for various values of x :— carbonic acid is used under pressures not far removed 
from the critical pressure that it differs in this respect 
| Refrigerating | Work ot | Cocfiisient of from the other two substances. : 
x. | Effect. ~ | Compression. | Dotormance | .46. The method of finding « for the maximum coeffi- 
| Ta-y& | b-ke | * | cient has | explained in Article 39. It may be 
one in terms of the following rule, which is appli- 
o | | 82 | cable to any substance: 
0.9 230.4 45.4 5.07 Mark a point f on the evaporation line to show the 
0.85 214.9 | 42.5 6.06 state of the substance on entering the evaporator. From 
0.8 199.3 39.8 6.01 f draw fb tangent to the line of constant pressure for the 
_— = 2 te ay re mee’ noe ay in > Then ae 
. ne ab passing ug! is the one which gives the 
Fig 0. cy ype Ses eae GNA maximum coefficient of performance in the ideal cycle. 
. : This rule holds universally provided that a falls within 
the boundary curve, as it does under such conditions 
| —~>BoundaryCurve as are met with in practice. 
APPENDIX III. 
A Nore on Skew Co-ORDINATES AND THE CHOICE OF 
Scatzes ror ¢I CHartTs. 
By Professor C. FREwEN JENKIN, Member, of the 
University of Oxford. 

Engineers who are not familiar with the use of skew 
co-ordinates may feel some doubt as to the interpretation 
of the three ¢I charts issued with this Report (see pages 
517, 518, and 519 ante). The construction of diagrams 
with skew co-ordinates is explained in the following note, 
but it is not necessary for the user of the charts to under- 
stand their construction, because in all the ordinary 
calculations on refrigerating cycles the only quantities 
taken from the charts are values of the total heat I; 
these are read on the vertical I scale exactly as if the 
chart were drawn on ordinary squared paper. 

The co-ordinates of the point P, Fig. 11, referred to 

(4179.K) the axes OX, OY, are x=PM, y=PN, where PM 
Fég. U1. Fig. 12. ag-%. 
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Here the maximum coefficient of performance (5.07) is 
reached with a value of « only very slightly greater than 
that which just gives wet compression. We may take the 
coefficient got by using wet compression, with } on the 
boundary curve, as practically equal to that maximum. 

44. Asa final example, take ammonia working in the 
same conditions as those that were assumed for carbonic 
acid in the first example—namely, an evaporation tempe- 
rature of — 10 deg. Cent., a condensation temperature of 
25 deg., and the liquid cooled to 15 deg. Cent. before 
passing the valve. e then have for various values of < : 





+ Coefficient of 








a | Refrigerating | Work of 
Effect. Compression. Performance. 
1.0 284.6 42.2 6.74 
0.95 269.1 88.4 7.01 
0.9 263.5 35.8 7.08 
0.85 237.9 | 33.6 7.08 
0.8 222.3 81.5 7.06 
| 
Here, in, we have very nearly the maximum co- 


peor «A with completely wet compression, for which 
x = 0.91. 

45, These examples will serve to show that for am- 
monia (and the same thing is true of sulphurous acid) the 
— coefficient - i ition ce thet = 4, a with 

necessary accuracy by as i cycle one in 
which the substance is just saturated at the end of com- 
pression. In other words, it suffices to take completely 


* The data taken for the properties of ammonia are 
those Te by Goodenough and Mosher, Bulletin No. 66, 
of the University of Illinois, 1913. 


and PN are drawn parallel to the axes O X and OY. 
The magnitudes of the co-ordinates may be read con- 
rn 5 | on scales marked ~*~ the axes; thus 
z=PM=ON=3; y= PN=MO=4 

Exactly the same remarks apply to Fig. 12, where P is 
referred to the skew axes O X’ and O Y’. The co-ordi- 
nates P M and P N are drawn, as before, parallel to the 
axes. 

The scales on which the magnitudes of the co-ordinates 
are read need not lie along the axes; for example, the » 
scale might be marked alon any line O Y”, Figs. 11 
and 12. If the scale along O Y” be made the pw 
size, the intercepton it by the co-ordinate P M will give 
the same reading as the intercept on the axis O Y, 
Fig. 11, or O Y’, Fig. 12. Similarly, the scale for the 
x eo-ordinate might be set off in any direction, such as 
O X", Figs. 11 and 12. As a special case, both scales 
might be marked along the same line, as is done in 
Fig. 13, where the y scale is marked above and the x 

le below the line O Q. A similar pair of scales along 
a single line might be used in the same way with skew 
coapliastan. 

Finally, it is not necessary that the scales should be 
marked along a straight line. For example, in Fig. 14 
oa > ae ow | es # ofl 
partly along a perpendicular to it, X’ X”. i 
aes done in thi fguse, the «x co-ordinate of such a point 
as P could not be read, because the foot N of the co- 
ordinate falls off the paper. 

Generally the most convenient positions for the scales 
when skew co-ordinates are are, one vertically on 

li 


used 
the left and one along the bottom and right-hand side, as 





8, 
in Fig. 14. Another position for the x scale which wi 
sand to-all pulltie ot the pager ta cheng Gagentl, OG, 


ex 
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Fig. 14, but this position may interfere with other lines | is to be delivered f.o.b. Buenos Aires within a period of catalogues dealing respectively with Mond-gas plants 
on the di . twelve months from the date of the contract. suction-gas ts. The Mond-gas plants are made, 
It is y tor ber, when the co-ordinates of 





an int on the diagram are being measured, that the 
Pf on be found by drawing parallels to the axes throug! 
the point to cut the scales, and that the axes are not 
necessarily the lines al which the scales are marked. 
For example, the co-ordinates of B in Fig. 16 are found 
by drawing a horizontal line through B to ent the vertical 
scale and an inclined line parallel to O Y’ to cut the 
right-hand scale (y = 4, x = 3.5). 

The axis O Y’ need not b» shown, if any line or lines 
are shown to indicate the direction in which the co-ordi- 
nate P N must be drawn; such lines are drawn in 
Fig. 14 through the x scale divisions 1, 2, 3, &. If 
horizontal lines are also drawn through the y scale divi- 
sions 1, 2, 3, &c., the whole paper be divided into a 
skew graticule, or network of parallels, corresponding to 
the squares on ordinary squared paper, Fig. 14. 

The advantage of skew co-ordinates is that they enable 
the shape of curves or figures to be altered by shearin, 
them sideways in a manner which is im ible wi 
rectangular co-ordinates, whatever be the choice of 
scales. Such an alteration of shape may be used either 
to reduce the size of paper required to contain a given 
figure or to increase the scale to which the figure may be 
drawn in a given size of paper. Forexample, the triangle 
ABC, which is plotted as large as is — with rect- 
angular co-ordinates in Fig. 15, can enlarged to the 
form shown in Fig. 16 by using skew co-ordinates, though 
the outside dimensions of the paper on which it is drawn 
arenolarger. The line BC in Fig. 16 is made four times 
as long as in Fig. 15 by choosing the axis O Y’ inclined 
at an angle 0, such that , , 

* e. Be 
emia = ¢ fal i) 
where x and y are the co-ordinates of C. If the y scale is 
drawn mgeog « as in Fig. 16, it remains the same size 
as in Fig. 15, but the « scale is four times as large in 
Fig. 16 as in Fig. 15. 

For plotting ¢1 charts, which are more or less of the 
form of the triangle A BC, the advantages of skew co- 
ordinates are considerable, since the various curves are 
spread over a larger area (four times as large in a 16 
as in Fig. 15), so that they are more easily distinguished 
The increase in the ¢ scale is not of much use, because 
the values of ¢ are not needed in any of the ordinary 
refrigeration problems. 

The angle between the axes of skew co-ordinates should 
be chosen so as to keep the diagram as compact as pos- 
sible when convenient scales are used vertically and hori- 
zontally. There is no advantage in choosing an angle 
containing a round number of degrees, or one having 
simple trigonometrical functions ; the user of the chart is 
not concerned with the angle, but only with the scales. 

The scales chosen for the three ¢1 charts issued with 
the Refrigeration Committee’s Report are all simple mul- 
tiples of inches, so that a rule divided in decimals of 
inches may be used to measure the co-ordinates vertically 
and horizontally. The co-ordinates of any point on a 
chart may be read to the nearest scale divisions by means 
of the graticule. To obtain the exact values it is necessary 
to measure in what proportion the point divides the 
distance between the two graticule lines on each side of 
it. To do this the direction in which the distances are 

ed is immaterial, so that any rule divided in 
decimals may be used by holding it at a suitable angle. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information concerning these 
projects can be obtained from the Commércial Intelligence 
_— Board of Trade, 73, Basinghall-street, London, 


Canada: The Imperial Trade Correspondent at 
Toronto reports that a company has been formed in 
Ontario with a capital of 1,000,000 dols. (about 205,500/ ) 
for the purpose of searching for and working deposits of 
natural gas, oil, salt, and minerals. With reference to 
the notice on 7 of the Board of Trade Journal of 
October 1 last, relative to the construction of a concrete 
roadway between the cities of Toronto and Hamilton, 
the —— Trade Correspondent at Toronto has now 
forwarded the names of the members of the Toronto and 
Hamilton Highway Commission, as well as the name of 
the chief engineer. 

New Zealand : The office of H.M. Trade Commissioner 
for New Zealand reports that the Westport Harbour 
Board has adopted a schedule of works which it is pro- 
posed to carry out within the next eighteen months at an 
estimated cost of 98,225/. These comprise extension of 
the western breakwater, 30,000/.; building new wharf, 
30,000/.; wharf at floating-basin entrance to enable large 
vessels to swing, 10,800/.; dredging, 13,500/.; additional 
machines and tools for railway workshops at West; 
1500. United Kingdom firms interes should address 
any communications in this connection direct to the 


tary, Westport Harbour Board, Westport, N.Z. 
Argentina: The _Boletin Oficial, Buenos Aires, of 





September 11, cont 3 @ notice, issued by the Ministerio 
_de Agricultura, authorising the Compafiia Unida de Irri- 
gacion del Chubut to carry out the necessary works for 
the utilisation of the waters of the Rio Chubut, up to 
80,000 litres per second, for irrigation purposes. The 
Boletin of ae 14 contains a decree approving the 
estimate of 131,385 pesos currency (about 11,500/.) sub- 
mitted by the firm of Orenstein and Koppel (Arthur 
Koppel) or the provision of the metal work for a bridge 
over the Rio Dulce at Santiago del Estero. The material 





Netherlands: The Nederlandsche Staatscourant of | either with or without apparatus for the recovery of by- 


October 9 publishes the text of an 
Ministerie van Waterstaat and the steam-tramway 
company Oostelijk Groni for the construction of 
light railways from Ter Apel to Delfz:jl, via Winschoven, 
and from Blijham to i 
subsidies from communal and provincial authorities. 

Uruguay : The Diario Oficial, Montevideo, of Se - 
ber 22, reports that tenders are invited by the Monte- 
video Port Authorities for the supply of 50 wagons for 
the Port railway. Sealed tenders will be received, up to 
3 p.m. on January 19, 1915, at the Secrataria del Consejo 
de Administracién del Puerto, Calle Piedras 385, Monte- 
video, to which address application for further particulars 
should be made. 

Japan: His Majesty’s Commersial Attaché at Yoko- 
hama reports that there will probably be a considerable 
diminution in the number of new machinery orders placed 
oa firms, as, owing to the war, the majority of 
P for new companies and for the en! t of 
existing companies have been postponed. Hitherto most 
of the pumping machinery in use in the Japanese mines 
has been of German make, and the mine-owners have not 
been able to judge the merits of British pumping machi- 
nery of this class. Consequently United Kingdom makers 
may now be able to benefit themselves in this direction. 

Spain: The Gaceta de Madrid of October 15 contains 
@ notice, issued by the Ministerio de Fomento, author- 
we ae Alejandro Arriola to carry out the necessary 
works for the utilisation of the waters of the Rio Bornoba, 
district of Villares de Jadraque, u 
second, for industrial pu ork is to be com- 
menced within a period of six months from the date of 
the approval of the plans, and must be completed within 
three years. 


ent between 








CATALOGUES. 

Oil-Cans, &c.—From Messrs. Joseph Kaye and Sons, 
Limited, of 93, High Holborn, W.C., we have received 
a copy of their latest catalogue of oil-cans, fillers, oil- 
bottles, torch-lamps, &c. 


Artesian Wells and Pumping Plant.—Mesars. C. Isler 
and Oo., Limited, of Artesian Works, Bear-lane, South- 
wark-street, S.E., have sent us a set of their catal 
which have recently been revised and brought up to date. 
The catalogues deal respectively with driven tube-wells, 
well-boring plant, air-lift pumping plants, and deep-well 

jumps. An interesting ——— on ey and 
ing work in general was also included among them 


Drop - Forgings.—We have received from the Carron 


Company, of Carron, Stirlingshire, a catalogue illus- 


trating a selection of their drop and hand forgings. The 


forgings include a great variety of spanners, crane-hooks, 
eye-bolts, swivel-eyes, eye-plates, ring-plates, crank- 


afts, connecting-rods, hand-rail stanchions, bridges for 


manhole covers, turn-buckles, horn-cleats, &c., all of 
— are illustrated by reproductions of dimensioned 
sketches. 


Turbine - Pumps.—We have received from Messrs. 
Mather and Platt, Limited, of Park Works, Newton 
Heath, Manchester, a copy of their latest catalogue of 
high-lift turbine-pumps. The catalogue describes the 
construction of these wa and then deals with the 
different types made. ‘These include horizontal high-lift 
pumps, colliery and mining-pumps, sinking-pumps, single- 
chamber pumps, fire-pumps, hydraulic and boiler-feed 
pumps, automatically-operated pumps, well-pumps, and 
——— for bore-holes. The catalogue is well printed 
and fully illustrated, and is altogether a very attractive 
and useful publication. 


Rotary Pumps.—We have received from Mr. W. 
Carnegie, of 33 and 35, Charterhouse-square, E.C., a 
catalogue of Arnesen’s _— rotary pumps, which are 
manufactured by M. Clausen, of pe py oy These 

umps have no valves or springs, and can used for 

gads up to 200 ft. and suction lifts up to 20ft. They 
will pump all kinds of clean or dirty liquide, and have 
even been used to pump coft soap. The pumps consist 
of a cylindrical chamber containing an eccentric rotor 
with four radial vanes which are guided in circular slots 
concentric with the chamber; the tips of the vanes are 
thus kept close up to the inner surface of the chamber 
without being in actual contact. Several types and sizes 
are made with capacities ranging from 5 to 200 tons 
hour. Ther are arranged either for belt driving or for 
direct coupling to electric motors or steam-engines. 


Iron Cement.—The Smooth-On Manufacturing Com- 
pany of 572 to 574, Communipaw-avenue, Jersey City, 

.J., U.S.A., have sent us a pamphlet giving instruc- 
tions for the use of their well known iron cements and 
compounds, and illustrating examples of their many 
applications. These include the repair of cracked and 
a eage castings of all kinds, repairs to tanks and 
boilers, making flanged joints steam and water-tight, 
and other work of this description. Several different 
qualities are made, one of which is specially suitable for 
making tight joints in structural iron and stveel-work, and 
setting glass in metal skylights and pavement lights, 
Another kind is used, either alone or mixed with Port- 
land cement and sand, for making hard floorings, water- 
proofing walls, and other purposes. Other products of 
the company are a cement for setting and coating fire- 

i and corrugated sheet-iron garkets coated with 
Smooth-on cement for making all kinds of flanged joints. 
The London office of the company is at 8, ite-street, 
Moorfields, E.C. 


Producer-Gas.—The Power-Gas Corporation, Limited, 
of Parkfield Works, Stockton-on-Tees, have sent us two 


ingwolde, under a system of 
































to 2500 litres per 






per | Scotch steel works have increased the 


one, in units up to 30,000 horse-power or more. 
on-recovery plants are made with capacities of from 
100 horse-power, and by-product recovery plants from 
phen ayn ce . is well ee ay plants 
are or gasifying cheap bituminous » peat, ite, 
brown coal, colliery refuse, wood, and other cotes Teste 
the gas being used either for power production or heating 
purposes. The pamphlet points out the essential features 
of a good producer, explains the advantages of the Mond 
producer, and mentions some of the applications of Mond 
gee. A long list of installations, several of which are 
illustrated, is also included. The other pampblet deals 
in a similar manner with suction-producers and suction- 
pressure producers using anthracite, coke, or charcoal, as 
ae with special plants for use with semi-bituminous 
ue 

Boiler Mountings and Valves.—A very com ive 
catalogue of boiler mountings and valves has lately been 
issued by Messrs. J. Hopki and ., Limited, 
Britannia Works, Huddersfield. The catalogue, which 
contains 341 bound in r-covered boards with 
cloth back, is divided into thirteen sections. The first 


contains information relating to the firm’s 
ene pe! and deals particularly with the effect of super- 
steam on various 


Cast iron, it pointe out, 
“grows” and cracks when subjected to high tempera- 
tures, so that for high-pressure and superbeated steam 
the firm make their valve-bodies and covers of cast steel ; 
a new steel foundry has, we understand, recently been 
built for the purpose of making these castin or the 
construction of valve-discs and seats, a speci y hard, non- 
corrodible, and heat-resisting alloy, known as “‘ Platnam” 
metal, is used. is me’ a coefficient of friction con- 
siderably lower than that of bronze, so that it is especially 
suitable for the purpose for which it is pe . The 
second section is occupied by standard specifications of 
mountings for Renspaliien, dryback, Babcock and Wil- 
cox, Stirling, and other boilers, while Section III. deals 
with safety-valves and relief-valves, giving particulars of 
low-water and high-pressure safety-valves, as well as of 
ordinary safety-valves of the dead-weight, spring, and 
weighted-lever types. The next section, relating to stop- 
valves, is —y complete. It deals with many types 
and patterns of valves for high and low-pressure oe 
with steam, air, and water, among them being includ 
the well-known Hopkinson-Ferranti stop-valves, illus- 
trated and described in ENGINEERING, vol. lxxx,, page 851. 
We understand that about 15,000 valves of this type have 
been made up to the present time. Later sections give 
particulars ot check-valves, injectors, water-lifters, blow- 
off valves, scum-valves, water-gauges and water-level 
recording accessories, pressure-gauges, syphons, gauge- 
cocks, isolating-valves, reducing and surplus-pressure 
valves, expansion-joints, steam-dryers, steam-traps, auto- 
matic exhaust-valves, a whistles, unions, thermo- 
meters, and many other fittings and accessories. It con- 
cludes with a general index to its contents, a code-word 
index, and an index of illustrations. The catalogue, which 
is very fully illustrated and most conveniently arranged, 
gives all necessary particulars except prices ; it 1s, however, 
very fully coded to facilitate inquiries. The firm, in fact, 
seem to have spared neither trouble nor expense to make 
the catalogue as serviceable as ible to engineers, and 
we - no doubt that their clients will appreciate the 
result. 





Om In PaLesting.—According to a correspondent in 
soem, gee by the Morning Post, the American 
Standard Oil Company are constructing at t expense 
a road from Hebron to the Dead Sea. Two thousand 
men are said to be employed on the work, which is being 
carried out in connection with oil prospecting. The 
company are evidently satisfied that oil will be found. 
They are bringing out a large Ceaty of machinery and 
eight motor-trucks and automobiles by special steamer. 

© staff of the Pierson Company are proepecting on the 
east side of the Dead Sea, and appear equally hopeful of 
success. 





Tue Prices or Scorcn Srex, anp THE Warn.—The 
last issue of the Madrid Journal Revista Minera, Meta- 
lirgica y de Ingenieria contains a paragraph reproduced 
from Stahl wnd Eisen, Diieseldorf, which says that *‘ the 
products from 71. to 9, there bei re. 

ucts from 7/. to 9l., there being at the present time 
no competition on the part of Germany.” The 
in the German journal adds that “anxiety is felt in 
Britith shipping circles owing to the rise in price of ship- 
lates.” The word ‘‘ products” in the German journal 
as acertain saving vagueness, but it no doubt means 
ship-plates, judging from the context. hree pages 
further on, our Spanish contemporary gives the following 
quotations :— 


Oct.1, Sept. 24, Oct. 2, 
1914. 1914, 1918. 
£8. da. £a. d. £a. d. 
Ship-plates, Glasgow Tone | 726 77 6 
Ship-plates, Middlesbrough 7 5 0 760 760 


These quotations from our Spanish contemporary show 
that the prices have remained practically stationary. 
They agree in the main with the information we = 
every week in our Notes from the North and from 
Cleveland and the Northern Counties, and also with the 
i ices we publish monthly and quarterly. 
The ae in the German journal referred to calls to 
our mind the French saying: Voild comment on éorit 
Vhistoire. We have not received Stahl und Hisen and 
<< German journals since the commencem: nt of hos- 
ties. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. the pu 

the Specification Drawings is stated 
tioned the Specification is not | in the 


The number of views given in 
in each case ; where none is 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 

Copies of Speciation ay ko cbtained at the Potent Ofics, Seles 

Beret “ tone may - oe ' 
— 25, mm Buildings, Chancery-lane, W.C., at 
the uniform pri 

The date of the onetliqament of the yoy of a Complete 

i ‘ion is, in each case, given after abstract, w 





GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
4. ©. G. and Hans Renold, 


. Intern pegnes. 

March 23, 1914.—This invention relates to driving-chains of the 
kind usually called “‘ silent chains,” larly to comparatively 
narrow chains such as are used for driving the cam-shafte of 
internal-combustion engines. to the present inven- 
tion, a chain of the silent type, capable of gearing on one face 
only or on both faces, is built of inner and outer com ions, of 
which the inner combinations each consist of a pair of half-I links 
held together at each end A single cylind bush, the said 
bushes extending outwards ond the link-webs on each side 
thereof, whilst the outer combinations each consist of a pair of 
half-I links, one on each side of the inner combinations, held 
ther by a couple of studs, one at each end of the links, the 

id studs passing through the bushes of the inner combinations 
and being niveted to the outer combinations. A, A are the half-I 
or channel-section lirks of the inner combination, which are held 
together by the bushes B, B, on to which they are forced until 














they touch, as shown at T, either with their end projections P, P 
eae sey towards one another or away from one another. The 
ushes extend outwards beyond the link side-faces on both sides 
of the inner combination, as shown at B, These elements are 
connected to form a chain by outer combinations em | of 
half-I links C, O, placed one on each side of the inner combina- 
tlons, with their end-projections Q, Q poin' ing inwards, as shown, 
and by the studs D, D, which may be riveted to the connecting- 
links, as shown at R. It is of great importance that the studs 
D, D should be firmly held where they are riveted. Either the 
edges of the end-projections Q, Q are suitably formed to work 
against the side-faces of the adjacent links, as pi, 
or gM me of LA, .. ae so formed 
both the 8 of the end- ections Q, 
are 80 found, wherever wueatve +} 
side-faces can take . It will be seen that practical] 
full width of the chain is available for providing bearing surface 
for the studs. The gearing faces are formed on the 7 eed 
tions of the links, as shown at G. (Accepted July 22, 1914. 


MINING, METALLURGY, & METAL-WORKING. 
= Emel Furnace. (2 Figs.) 


December 18, 1913.—In electrical smelting furnaces it is neces- 
sary, by arti cooling, to prevent the lower electrodes meltio 
down during working or becoming incandescent. To this e 
the transverse section of the electrode has been made wider 
t ds the bottom, and the lower electrode so hollowed out 
that a cooling liquid can be led through it. At the same time 
the supply of the electric current took place at the lowest end of 
the electrode. Now it has been aeeey observed that out of 
a series of lower electrodes of this kind connected up in parallel, 
some of them exploded and at the same time ly wrecked 
the smelting furnace. The object of the invention, therefore, is 
to prevent with certainty disturbances of the kind mentioned. 
The invention consists in placing that part of the electrode which 
serves for the tion to the ductor carrying the current, 


Fig.l. 
Ql 


own at W, 




















between the part 
of the electrode. 
furnace ; B 


rit 
REESE R iGE 


the | ( 


comes into contact with a comparatively ope out of the outer 
surface of the end d® of the electrode whi is to be cooled 
Above the collar d5 are bolted thereto bronze clamps F, 

ly of the current is effected. The con’ 
ly of the electrode serves, in the subject 

y, as in the known e! fe 


August 19, 1913.—This invention 
block-links, such descri 
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f-I links, to chan; 
rectangle to an I or half I, as 


F 
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faces I of the lateral end-projections E may be oe to shape, 
and the carbonised parts that remain may be hardened by the 
usual heating and quenching or cooling. Finally, the gearing- 
faces G of the teeth may be ground to the proper size, shape, and 
position, this final — being, of course, very light, as it is 
necessary, probably, merely to correct the distortion due to 
hardening, and will remove so little metal that the finished sur- 
faces are still ep ep ad case-hardened. This would leave a 
hardened skin on the edges 8 of the links, as well as on the gear- 
ing-faces G, and on the bearing surfaces B of the stud-holes and 
ves. In some cases it might be advisable to remove the car- 
ised metal, before the hardening operation, from the corners OC, 
formed where the carbonised surfaces on the Ra and bottom of 
the gearing-faces of the tooth meet the carbon skin at the to; 
and bottom of the link, to prevent the possibility of a crac! 
starting to form there. An r way of carrying out the inven- 
tion would be to shape the links almcst to ed size, then 
electro-plate or otherwise tect from the action of the car- 
bonising means employed all parts of the link except the . 
faces and the stud-holes, next carbonise and harden the link, and 
finally grind it slightly, as described in connection with the other 
process of manufacture, to brivg it to a finished size and shape. 
(Accepted July 22, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


Makin, Manchester, Steam- 

November 19, ak oun invention 

t a primary gene- 

Wired flue or other flue or 

iler. The invention consists in the combination 

with a primary generator fitted in a flue or furnace of the main 
boiler, of a combined pressure header and mud-drum fitted with a 
blow-off cock and a circulating pump kept constantly working 
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placed in the most convenient position relatively 
In this arrangement each D-coil & is supplied 
b connected to one end, preferably the t 
and the circuit of circulation of steam and water 
connection through the pipe ¢ from the D-coil 
- of the boiler, the pressure header or reservoir 
with a pressure gauge, and the necessary valves 
pplied guli the feed and circulation. 
Ftarcagh the pips h by ths cvouiating wompe'n 
pipe iy im or 
and supplied through the pipe i and te - io 
re header a, and then by the'pipe b to ne- 
ck to the boiler by the pipe ¢, as already described. 
tt one circulating pump g, or equivalent, is 
© from the pressure header a for the 
circulating pump is kept constantly 
‘ r from the through the com. 
pressure header -mud-drum to each primary erator 
to the boilér, except when fires are banked and the 
is A second pump n or its equivalent is 
ied which draws feed water through 
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“pressure to the pressure header or 
, where it mixes with the water circulated from the 
- e pressure header a is converted into a mud-drum by 
it with a blow-off cock m, and in practice it is found 
g a continued and uninterrupted circulation of 
boiler up into the pressure header a and back to 
the generator k, that the formation of scale 
connections po enn and that the mud is 
mud-drum ressure header a in a very 
pulverulent condition, so much so that the 
dries into a fine silky powder. This sludge is blown out 
-off cock m in the well-known manner when it 
red to clear the pressure header a of the mud. (Accepted 
July 8, 1914.) 
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TEXTILE MACHINERY. 


16,037/13. I. Walton, Nelson. Looms. [1 Fig.) July 
11, 1913.—This invention comprises a selvedge motion that will 
weave any kind of selvedge or lockstitch without any considera- 
tion of the weave of the fabric. According to this 
invention, a lag-chain acts through feeler devices on hooks 
adapted to be engaged by draw-lugs to control the selvedge warps 
through suitable means. Fixed to the bottom shafc of the loom 
isan eccentric which gives motion to the rocking-lever E through 
the medium of the connecting-rod C. The — | cross-head and 
bracket form a suitable means of fixing the rod C to the lever E. 
The lever E is fulcrumed at F!. The two draw-lugs G! and G2 
are cast along with the |_-shaped arms that are fixed to the lever 
E by set screws. A short slot permits adjustment if desired. 
The two hooks H! and H? are connected at one end to the baulk 

means of a stud which forms a joint. The loose ends of the 

@ are designed to form catches to allow the hook H! to 
engage with the draw-lug G1 when the feeler J) is lifted and the 
needle I lowered by a peg in the second-row holes in the pattern 
iD ; to allow the hook H® to engage with the draw-lug 

G2 when the feeler J2 is lifted by a peg in the first row of holes. 
When in their normal position, the hooks H! and H2 are clear of 
the draw-lugs, the hook H! being held or supported at the loose 
end by the needle I which rests upon the feeler J} that is ful- 
crumed at F2 and so balanced to support the weight of hook 
H!. An extension of the feeler J2 suppor's the hook H*. The 
pattern is formed small wood Jags Z that are connected 
together by links and rings. Each lag is perforated by two holes, 
pegs being arranged to any given pattern in these holes to actuate 


the feelers J} and J°. The chain is passed round the cylinder, 
which has eight partitions. Oast along with the cylinder are the 
rack-wheel W and the star-wheel X. A spring-hammer Y rests 
upon the star-wheel and assists in kee ~ & e cylinder in its 
correct position whilst the selection of takes place. The 
cylinder receives its motion from the turning catch V, which is 
fixed to G2 by the stud V2 and the extension arm V!. At each 
stroke of the lever E and outward stroke of the draw-lu 
the catch V draws the cylinder one-eighth of a revolution an 
presents a fresh lag to the feelers every two picks of the loom, 
and since the draw-lug G! is the first to act on each lag, this must 
al take the first pick when arranging the pegs in the lags. 
Blan woogepen Se eae allow the hooks to remain 
in their n position. Pegs placed in the actuate the 
feelers and allow the hooks to cngege with 
thus a connection is made with 
baulk K the 
link L 
ite at F°, 
the lifting-lever M to give any desired 
slot in the short-arm of lever M provides another range 
setting to suit the leverage desired. Fixed to the bracket N is a 
band O is also connected to the fii P. This 
—- 
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(Continued from page 544.) 
SECTION G.—ENGINEERING. 
AUSTRALIAN Ports aNnpD Mopern SHIPPING. 


Mr. W. E. Apams, A.M. Inst. C.E., Principal 
Assistant Engineer to the Sydney Harbour Trust, 
presented a paper on ‘‘ Australian Ports in Relation 
to Modern Ships and Shipping,” of which we pub- 
lished a long abstract in our issue of September 18, 
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c) ; 

_ W. Reid Bell, of the Tasmanian Harbour 
Trust, had announced a paper on ‘* Harbours,” to 
be read at Melbourne, but was prevented from 
attending the meeting. 


Tue Port or Lonpon. 


Professor Dalby gave an abstract of a paper by 
Mr. ©. R. 8S. Kirkpatrick, M. Inst. C.E., Chief 
Engineer to the Port of London Authority, on 
‘“‘The Port of London.” With the aid of an 
excellent chart of the Thames below London 
Bridge, which Professor Dalby had sketched on 
the board, he was able to explain the main features 
of the big scheme in the few minutes at his dis- 
posal. Having emphasised the importance of the 
Port of London for Australia, and mentioned the 
most recent additions to the service, the new 
White Star liner Ceramic (18,600 tons) and the 
Aberdeen liner Euripides (15,050 tons)—which was 
praised by the members of the British Association 
whom it had brought over to Australia on its 
maiden trip—the author pointed out that, prior to 
the inauguration of the Port Authority, the docks 
had been in the hands of three independent com- 
panies: the London and India, the Millwall, and 
the Surrey Commercial, whilst the river had been 
administered by the Thames Conservancy Board. 
The fusion of these bodies had resulted in a more 
efticient and economical working, a general unifi- 
cation of policy, and a concentration of efforts on 
measures of supreme importance to the port. At 
the beginning of 1910, Mr. F. Palmer, then chief 
engineer, had drawn up a report on port improve- 
ments. The cost of the whole working was esti- 
” mated at 14,500,000/., and the project was sub- 
divided into three heads or programmes, according 
to the degree of the urgency of the work. The 
primary or urgent p mme, now being carried 
out, involved an expenditure of more than 5 million 
Pris. ed mainly th 

is primary programme concern inly the 
river “a the aan She Thames was beset with 
shoals, but was free from anything of the nature 
of a bar. From the Nore up to yfordness the 
navigable channel was to be widened and deepened 
to 1000 ft. and 30 ft at low water ; this work was 
practically completed up to Gravesend, opposite 
the Tilbury Docks. Up to the Albert Docks, 7 miles 
further up, the same depth was to be maintained, 
but the width was only to be 600 ft. The widths 
and depths further above were to be 600 ft., 500 ft., 
450 ft., and 26 ft., 16 ft., and finally 14 ft., the last- 
mentioned figures referring to the reach Tower 
Bridge to London Bridge. This work would involve 
the removal of 20,000,000 cub. ft. of gravel, sand, 
chalk, and mud ; the dredging plant comprised the 
suction -dredger Lord Desborough, raising 3500 
tons of sand per hour, six bucket-dredgers (maxi- 
mum bucket capacit 
hop for taking the 7 down to sea. 

The docks consisted of five groups. The first, the 
Tilbury Docks, covered, with their three branches 
for the Bombay, Australian, and Atlantic mger 
services, 54 acres ; 138 acres were to be added ; the 
main dock was to be extended to 3230 ft. by 600 ft., 
and involved an addition of 1600 ft. to the South 
Quay, and of three transit sheds, 550 ft., 
600 ft., and 650 ft. long and 120 ft. wide. The 
new quay-walls were founded on monoliths sunk 
to the ballast at a depth of 60 ft. below coping 
level. The ultimate extension would require a new 
entrance-lock, 1350 ft. by 130 ft., with 55 ft. of 
water over sills ; the depth at high water of spriug 
tides in the main and transit docks was 38ft. Two 
new dry docks and a deep-water jetty for cargo- 
steamers were also under construction. The latter 
was designed as a double-decked structure, 1000 ft. 
by 50 ft., built of reinforced concrete, and was to be 
— with 3-ton electric cranes ; the new river- 
rey edad for passengers was to be 1500 ft. 

y \. 
At the Victoria and Albert Docks, the heart- 


l cubic yard), and 21 steam- | d 





184 acres, was to be increased by 64 acres ; the 
depth was to be 35 ft. (ultimately 38 ft.) ; access 
was to be afforded by an entrance-lock, 800 ft. b 
100 ft., with 45 ft. of water below Trinity hig 
water, over the sills. The new and old docks were 
to be connected by a 100 ft. wide, spanned 
by a swing-bridge ; but ultimately a still larger dock 
would be built north of the present site. An im- 
portant feature of the present scheme was the pro- 
vision on the south side of seven jetties for the 
transference of goods between ship and barge, 
without interfering with the direct discharge on to 
the dock quay. A graving-dock, 650 ft. long (ulti- 
mately to be 800 ft.), was being provided at the 
extreme inner end. 

Similar improvements were planned for the next 
groups of docks, the East India system, which 
closely adjoined the West India, the Millwall and 


Surrey groups. New pumping plants, to give 
additional depth, were being installed at several 
of these docks. The improvements of the West 


India Docks, the pioneers of modern dock accom- 
modation, dating from 1802, involved the re-open- 
ing of the old Limehouse Basin and Lock. No 
large dock works were projected for the Miflwall 
Docks, where grain was chiefly handled, nor for the 
St. Katharine Docks, except for the wool storage. 
At the Surrey Docks there was ample area for 
further development ; at the London Docks the 
chief urgent improvement was the enlargement of 
the entrance channels ; a two-storey jetty, 783 ft. by 
192 ft., was also being constructed hens: the upper 
part to serve as a warehouse, the lower for transit. 
As regards other improvements in which Australia 
would particularly be interested, Mr. Kirkpatrick re- 
ferred to cold storage, to grain in bulk, and to wool. 
The cold storage at Charterhouse-street, Smith- 
field, for a further 78,000 carcases of mutton, was. 
nearly completed ; the electric conveyors had a 
capacity of 650 carcases per hour. At the Albert 
Dock large new stores, a sorting-shed, and a re- 
frigerating station were in course of construction. 
The sorting-shed formed the upper storey of a 
transit-shed, 1100 ft. by 1234 ft. ; frozen produce 
was to be discharged directly into the insulated 
chamber on the upper floor, which was to be 
maintained at 15 deg. Fahr.; the different con- 
signments were to be arranged either for imme- 
diate despatch or for transfer, by means of conveyor 
bridges, to the cold-storage warehouse behind. 
The cold store would be a building of six storeys, 
300 ft. by 100 ft., 64 ft. high; the refrigerating 
station was to be equipped with ammonia machines ;' 
within two years the accommodation for frozen meat 
at the docks would be increased to 1,350,000 car- 
cases. The additions to the means of dealing with 
grain in bulk comprised pneumatic elevators 
(capacity 100 tons per hour), fitted with turbo- 
exhausters instead of reciprocating engines, and 
suction-pipes to ships of any size. With respect 
to wool, the Port of London had last season 
handled more than 1} million bales, considerably 
more than all the other ports of the United Kingdom 
put ther. The floor space of the new warehouses 
at St. Katharine’s Docks would amount to 26 acres, 
there being accommodation for exhibiting 40,000 
bales of wool at a time. et 
During the discussion of this xr. Professor 
Luigi Luiggi, of Rome, remarked that the London 
ocks had remained behind; another speaker 
expressed this by saying that he had, some years 
ago, gone on board like Noah going on his Ark. 


Tue CanBeRRA PLAN. 


Mr. Walter B. Griffin, of Melbourne, read a 
paper entitled ‘‘The Canberra Plan,” on the pro- 
jected capital of the Commonwealth, Canberra, 
which is situated in the south-eastern portion of 
New South Wales, the site having been presented 
by that State to the Commonwealth. © paper 
dealt with economic rather than with engineering 


features, and might, perhaps, have been presented | certain 


to Section F, Economics and Statistics, where two 
discussions on town-planning were held. When 
the Commonwealth decided upon building a 
special capital, competitive designs were invited, 
and Mr. Griffin, of Chicago, now living in 
Melbourne, was awarded the prize, and was ap- 

inted Federal Capital Director of Design and 

mstruction. Mr. Griffin pointed out that archi- 
tecture had failed in effecting co-ordination in town 
construction, and that the creation of an altogether 
new city in a new country like Australia enabled 





and works were projected. The site offered many 
advantages. The general country level was 2000 ft. 
above sea-level; the Australian Alps formed a 
sunlit background ; three local mounts, rising 700 ft. 
above the plain, afforded objective points of pros- 
pect to terminate great quien and water vistas ; 
the hills of 200 ft. were appropriate for public 
buildings, and the Molonglo River and low grounds 
allowed of maintaining a water surface of 5 square 
miles. In classifying the purposes of the city he 
had proceeded from generals to particulars, and from 
the ends desired to the means for obtaining them. 
The scheme, which he outlined after having made 
extensive studies specially in America and Europe, 
looked very elaborate. It distinguished occupa- 
tion and communication as main divisions of func- 
tions. The public groups of buildings, forming 
centres joined by avenues, were to comprise Govern- 
ment buildings (Capitol, courts), a recreation group 
(stadium, theatres), university, thilitary, and muni- 
cipal groups. The university buildings were to be 
arranged m concentric circles or arcs to house 
natural science, theoretical science and applied 
science, and derivative experimental sciences. 
Private groups of buildings were not to be designed 
on the gridiron plan, though some streets would 
intersect at right angles ; the junction of the different 
centres would iavelve curved streets and radiating 
roads, but would avoid acute angles. Much industry 
was not desired in the capital. The circulation 
system was to be kept apart from the distribution 
system, the latter streets and lines to cut the 
former at right angles. Mr. Griffin explained his 
project by many views. Little had been done so 
far, and under the present conditions progress will 
probably be slow. Temporary arrangements would, 
of course, have to be adopted to a certain extent, 
and it is doubtful whether so detailed a project 
will admit of being carried out; some parts of a 
town, and departments of a university, ¢g, may 
develop strongly, and others languish. But Canberra 
certainly promises to become a picturesque, healthy, 
and pleasant city, which will be visited as demon- 
strating an instructive attempt of solving wsthetic 
and practical town-planning. 


IRRIGATION. 


The problems of irrigation were discussed in 
two meetings of Section G, at Melbourne and at 
Sydney, the latter being a joint meeting with 
Section M (Agriculture). The question is far less 
acute in Victoria and New South Wales, of course, 
than it is in West and Seuth Australia and in 
Queensland ; yet the subject is one of supreme 
importance for all Australia. Arriving in West 
Australia and South Australia, the visitors heard 
complaints about the drought, and when they re- 
turned, four weeks or more later, having mean- 
while had rain in the Kastern States, the drought 
had not yet been broken, and the situation was 
very serious. Water is everywhere the property 
of the State, and as many rivers are common to 
several States, water rights are, or are to be, settled 
by the Commonwealth. Apart from a few big 
installations, not much has so far been done in 
large irrigation plants from rivers and lakes, and 
this is, perhaps, not altogether to be regretted, at 
any rate not in those districts where irrigation is less 
resorted to for the p of obviating drought 
and famine than for raising the value of land. e 
expense of the big schemes has so far been too high. 
But in many districts a water famine is an ever- 
threatening danger, and there sufficient water 
should be provided to keep man and beast alive, 
That can often be done by the aid of artesian wells ; 
but the well water is not always palatable and suit- 
able even for superior irrigation, and artesian wells 
can only be junk under special geological condi- 
tions, where rainfall and hydraulic pressure can be 
made to force the water, which has perolated 
through the soil of a large area, out again at 

i ts 


spots. 

We do not abstract the papers quite in the order 
in which they were read, and we embody in the 
Australian pa also some notes from the guide- 
books and official publications presented to the 
visitors. The lengthen of the communications gene- 
rally — the discussions to complimentary 
remarks. 


TrRIGATION IN ITALY AND Lypsta. 


The first of these papers, read by Professor 
Luigi Luiggi, of the University of Rome, M. Inst, 
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C.E., President of the Italian Society of Civil 
Eagineers, on “ Irrigation in Italy,” was published 
in extenso in our issue of September 18, on pages 
371 to 375. The communication was discussed by 
the Melbourne Professor of Engineering and local 
organising secretary, Mr. H. Payne, M. Inst. C.E., 
and by Dr. Elwood Mead and Mr. Dethridge, of 
the Irrigation Commission of Victoria, who agreed 
that the outlay for irrigation benefited the country; 
it was also to be regarded as an insurance against 
failures of crops. 


IRRIGATION IN Lysra. 


In a second paper on ‘‘ Irrigation in Lybia,” 
Professor Luiggi referred to a country which, once 
famous for its fertility, had by neglect become almost 
desert-land. The neglect was not only due to 
Turkish misrule, to which Professor Luiggi alluded 
in his introduction ; it began long before the advent 
of the Turks, in Roman days. e term ‘‘ Lybia” 
was used in the official Italian sense, in order 
to designate Tripoli, Bengasi and Cyrenaica, 
countries in which the Italians, when they began 
the war against Turkey three years ago, practically 
found neither harbours, nor lighthouses, railways, 
or modern roads. Professor Luiggi briefly dwelt 
on these features and the general improvements 
adopted, and spoke especially of those concerning 
agriculture, as to which he had himself been con- 
sulted. 

Tripolitania was for the most part 4 flat country, 
slightly elevated above the sea-level ; all the rain 
fell during the winter, 20 in. near the coast, 10 in. 
near the table land, hardly any furtherinland. Yet 
owing to the abundance of sunshine, even in 
winter, good crops could be raised in March and 
April. Cyrenaica was an undulated plateau, 2500 ft. 
above sea-level, with a rainfall of from 15 in. to 
30 in. ; fruit trees, olives, cereals, &c., throve, 
provided they could be protected from the summer 
drought ; matters hardly appear to have been as 
bad as painted. 

Thus the future of Lybia, Professor Luiggi 
continued, largely depended on irrigation ; the soil 
was very permeable ; all the water passed rapidly 
into the subsoil, and had to be raised by wells. A 
very clever method, probably of Roman origin, 
was adopted to minimise evaporation. On the area 
to be irrigated palm trees were first grown, to serve 
as sun-shades for fruit trees planted underneath, 
which, in their turn, sheltered the lucerne, vege- 
tables, &c., which were directly irrigated; the 
same plot hence yielded three crops. But the 
method was only applicable to limited zones, in 
which the underground water-level was not more 
than 20 ft. or 30 ft. below the ground. In other 
spots the rainfall had to be collected in reservoirs, 
and ruins of ancient Roman dams and cisterns were 
found in many places, and were now being restored. 
The new reservoirs were provided with rock-fill 
dams, which were simple to build and to repair, 
and which, with slopes of 1 in 2, would resist earth- 
quake shocks. 

A novel feature of these dams consisted in the 
automatic syphon spillways introduced by Mr. 
Gregotti. The syphon was generally a square tube 
of ferro-concrete, capable of discharging from 1 to 
15 cub. m. per second, If larger disc es were 
required, up to ten syphons were placed side by side. 
The syphon was automatically primed as soon as the 
water-level exceeded the normal by 2 in. or 3 in., 
thanks to the shape of the lip; the velocity of dis- 
charge was due to the difference of level from the 
reservoir level down to the outlet, whilst in the 
ordinary spillway the head was limited below by 
the sill. e syphons were, moreover, less ex- 
pensive in construction. In the Lago Lungo 
reservoir, near Genova, e.g., the old overflow 
spillway required a head of 1.40 metres, and some 
15 million cub. ft. had run to waste over the 
spillway after a storm. There a bat of ten 
syphons, with an internal c:oss-section of 1.90 m. 
a (6 ft. 4 in. square) and a working head 
of 5.75 m. (18% ft.) had been provided, and at the 
same time the sill had been raised by 0.95 m. 
(3 ft.), so that an additional volume of 300,000 
cub. m. (104 million cub. ft.) could be impounded ; 
that was a very important advantage. It was, 
moreover, proved that the syphons gave a discharge 
of 150 cub. m. per second when the water rose to 
4in. over the lip, which was 14in. less than 
er with the spillway. A diagram of this 

ype of syphon appeared on page 373 (Fig. 9), of 
our issue of September 18, where we published 
Professor Luiggi’s first paper. The paper was 





illustrated by many diagrams, and when it was 
repeated before the Victorian Institute of Engi- 
neers’ meeting, together with the Chambers of 
Commerce and Agriculture, Professor Luiggi also 
showed kinematograph films. In proposing a vote 
of thanks, Mr. L. A. Wade, Chairman of the 
Irrigation Commission of New South Wales, parti- 
cularly dwelt upon the ingenious device adopted in 
Lybia for preventing evaporation; that device 
should more widely be known. 


Nie River F oops, a.p. 641 to 1451 


Mr. T. W. Keele, M. Inst. C.E., in presenting 
a paper on ‘‘ An Investigation of Nile River Flood 
Records from a.p. 641 to 1451 for Traces of 
Periodicity,” explained that his diagrams were 
interesting because they represented the longest 
continuous record in the world. The Egyptian 
records, which had recently become available, and 
which were trustworthy, after eliminating certain 
clerical errors in the Arabic, had been continued, 
apart from two breaks (a long one of 285 years and 
a shorter break of 25 years) up to the present 


ear. 

d When taking up the study of the rainfall in the 
Commonwealth in a paper on ‘‘ The Great Weather 
Cycle,” published in 1910, Mr. Keele had suggested 
a period of 19 years. Subsequent analysis pointed 
to multiples of 19, 76 = 4 x 19, or 114 = 6 x 19, 
and 171= 9x 19 years, and these periods were 
obtained by plotting, not the rises and falls above 
or below an arithmetical mean, as was usually 
done, but by adopting a system which would show 
the cumulative effects of departures from the mean. 
When he had first brought this matter up, he had 
connected Halley’s comet with the weather, and had 
been severely criticised for doing that. But from 
Mr. C. I. Merfield’s investigation of the positions 
of the comet at the times of its perihelion, it would 
appear that in almost every one of the fourteen 
instances the comet had made its appearance during 
periods of great drought in Egypt. 


Fertitity or Lower Eayrpt anp Corron 
GrowTh. 


We mention here two papers by Mr. H. T. 
Ferrar, M.A., F.G.S., of the Egyptian Survey 
Department, also read at this joint meeting. The 
first concerned ‘‘Two Maps Illustrating the Fer- 
tility of Lower Egypt,” and it emphasised the 
important lesson that it is an economy to spend 
money on detailed mapping of a new country 
before launching on canalisation and drainage 
projects, which, if lacking in finality, might entail 
a greater outlay on remodelling than would have 
been needed for the originalsurvey. The fine maps 
exhibited had been prepared by Mr. F. E. Frith 
and Mr. Ferrar to record the present condition of 
the land. The fertility of the soil in arid countries, 
Mr. Ferrar stated, depended chiefly on water supply 
and drainage ; but with injudicious irrigation much 
salt might accumulate owing to evaporation, and 
thus a good deal of harm had been done in some 
parts of the United States, for instance. In Egypt 
the salt content of good land was only 0.3 per cent. ; in 
barren, uncultivated land it might rise up to 20 per 
cent. The fertility also depended upon the relative 
level ; the high ground was, on the whole, much 
more fertile than the low ground, as sea-level was 
approached. The level differences were generally 
small in Egypt ; but there were drainage canals 
which were inefficient, because they did not closely 
follow the lowest parts of depressions between 
opposing elevations, and some ancient water 
channels had hence to be re-modelled. 

The second paper, on ‘‘Some Factors Con- 
trolling the Growth of Cotton,” dealt with tempera- 
ture, water supply, soil, and labour as the chief 
factors. Sub-tropical climates were best suited for 
cotton-growing. At sowing time the temperature 
in Egypt was about 65 deg. Fahr.; it rose to 
82 deg. and 83 deg. Fahr. as the plants attained 
maturity. The crops required an equivalent of 
an annual rainfall of 46 in., which was met by 
irrigation from perennial canals and by other 
means. The volume (or depth) of the soil was of 
more importance than its composition ; cotton was 
grown on almost pure sand and on unctuous clay, 
and a high-water level might actually reduce the 
yield, because it limited the volume of available 
soil. Where the price of labour was high, the culti- 
vation of the most valuable types of cotton proved 
most profitable. The East Coast of Australia, Mr. 
Ferrar concluded, seemed to vide the tem- 








perature and rainfall necessary for cotton cultiva- 





tion ; but widespread experiments would be re- 
quired in the first instance. 


Irrigation Dams anp Hypro-Etectric Power. 


Mr. E. Kilburn Scott, in his paper on “ Irriga- 
tion Dams and Hydro-Electric Power,” which in 
the author’s absence was read by Professor Petavel, 
dealt with another aspect of the irrigation problem. 
He described various plants, and he pointed out 
how the ——_ the impounded water could best 
be utilised. e plants described comprised the 
San Roque Dam of the Cordova Light, Power and 
Traction Company, in Argentina, where 253,000,000 
cubic metres of water were impounded in a lake 
basin larger than any in Europe ; the drainage area 
was 520 square miles. Fifteen years ago a tunnel, 
83 metres long, 8.5 square metres cross-section, was 
cut through granite at Bamba to connect two ends of 
a loop of the River Primero, flowing from this lake, 
and a fall of 31 metres was thus rendered available, 
driving seven McCormick turbines totalling 4000 kw. 
at 60 cycles and 700 volts. Two years ago a second 

wer-house was built lower down the river, at 

era, where four turbines of Escher Wyss, each 
developing 1870 horse-power, were instailed ; a 
third power-house was projected. In California 
many hydro-electric power-stations were linked by 
an enormous network of bus-bars, and the irriga- 
tion water was gained by pumping, centrifugal 
pumps being installed in wells, 60 ft. deep, 1 mile 
apart, a 30-horse-power motor being able to irrigate 
1 square mile of land. 

r. Scott further referred to the Assouan Dam 
project, where alternators were-to be installed, for 
which purpose he would recommend the project 
which Blathy, of Messrs. Ganz and Co., Budapest, 
had worked out for an installation on the Danube, 
and also to suit Australian conditions, in particular 
the Trawool Dam scheme on the Goulburn River, 
70 miles from Melbourne. In conjunction with 
Messrs. Crane, of Melbourne, he had schemed 
a plant eight years ago; a dam, 1800 ft. long and 
180 ft. high, was to impound 70,000 million cub. ft. 
of water in a lake 60 ft. deep. Mr. Scott then 

assed to the utilisation of the hydraulic energy 
or the manufacture of nitric acid, nitrates, calcium 
carbide, cyanamide for electrolysis, making car- 
borundum and — melting concentrates, and 
other purposes. Phosphate rock could be ground, 
mixed with water, and furnace-gas passed through 
the mixture to render the phosphoric acid and also 
the lime soluble. In basic Bessemer slag the phos- 
phorus was in the soluble state ; in open-hearth 
slag (Talbot furnace) it could be made soluble by 
treatment with nitric acid. For countries like 
Australia the direct method of making fertilisers 
seemed on the whole preferable to the indirect 
cyanamide process. 


IRRIGATION IN VICTORIA. 


Mr. J. H. Dathridge, already referred to, in a 
discourse on ‘‘ Irrigation in Victoria,” mentioned 
that irrigation had in their State been commenced 
in 1884, thirty years ago, in Mildura, where 
Messrs. Chaffey Brothers had obtained a concession 
for water from the River Murray; in 1887 the 
First Mildura Irrigation Trust had been founded, 
Other works had followed slowly on the Murray 
River, and artesian wells had also been started. 
The great difficulty of supply from rivers was the 
extreme irregularity of the available water. The 
snowfall in the Australian Alps (which rise above 
7000 ft.) was unimportant ; the rainfall fluctuated 
very much, as twenty-five years of careful observa- 
tions taught them ; it varied in different districts 
from 60 in. to 11 in. per year, and even in the case 
of the most regular of the rivers, the Goulburn, 
which joined the Murray, the fluctuations were 
very large. On that river the Goulburn scheme, 
the largest of the State works, was commenced in 
1887 ; the weir had a length of 925 ft. and a height 
of 50 ft. The main western channel thence to the 
Waranga basin (which had an area of 20 sq. miles) 
had a length of 23 miles, widths of 131 ft. and 
100 ft. (level and bottom), and a depth of 7 ft., the 
grade being 6 in. per mile. The wall of the Waranga 
basin had a thickness of 137 ft. at the base, and a 
width of crest of 8 ft., the water depth being 28 ft. 
The channel from Waranga to Serpentine Creek 
had a length of 92 miles. The recent Werribee 
scheme in the central een, of the State pro- 
vided water from the Bacchus Marsh to the Werribee 
Research Farm ; there the walls had to be founded 
on tubular reinforced-concrete piling in alluvial 





soil. A new great scheme, probably the largest in 
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the world, was connected with Lake Victoria, 
situated across the border in New South Wales ; 
there water would have to be raised 100 ft. by 
pumps. The custom was to supply water to users 
through water-meters, which, however, were not yet 
so accurate as gas-meters. The farmers were not 
very willing to take the water, as they had to pay 
whether they actually used the water or not. Since 
1906 all State water works were vested in the State 
Rivers and Water Supply Commission, which had 
also taken over the control of irrigation lands pre- 
viously vested in the Closer Settlement Board ; 
under that Board a number of irrigable estates were 
bought from private owners, subdivided and settled, 
mainly from over-seas. 


IrricatTion in New South WAtss. 


Mr. L. A. Wade, M. Inst. C.E., in his paper on 
‘‘Trrigation in New South Wales,” said that the 
history of irrigation to the present time was the 
history of the evolution of the small farm unit 
from the large seaper holding. Australia had, in 
its early years, been subject to the common law of 
Great Britain in regard to riparian rights ; that 
law provided rather for drainage than for irriga- 
tion. The State of New South Wales had been the 
first to pass a Water Act, defining the rights of the 
Crown to the control of river and like water and 
irrigation. As the great river of Australia, the 
Murray, received its tributaries from Queensland 
(the Darling), New South Wales, and Victoria, and 
formed the boundary between the latter two States, 
finally to enter South Australia, all questions of 
water rights affected four States, and an inter- 
State agreement had not yet been arrived at, 
especially because the rainfalls of different parts were 
either monsoonal or antarctic, and the rains came 
in different seasons. Some big schemes had, how- 
ever, been carried out. The biggest of these was the 
Murrumbidgee River scheme, which a committee 
had recommended in 1887. The task was, as in 
other cases, to take the water from the coastal 
district and table-land, which had a sufficient rain- 
fall, to the plains which were less fortunate in 
that respect. A dam was constructed below the 
junction of the Murrumbidgee and Goodradigbee 
Rivers (tributaries of the Murray) across a narrow 
gorge near Burrinjuck ; this dam hemmed in the 
water of a catchment area of 5000 square miles. It 
was one of the largest dams in existence. Com- 
pleted, the wall, of cyclopean concrete, would be 
236 ft. high ; the present height was 200 ft.; the 
wall was 160 ft. thick at its base, and the water 
depth was 80 ft. The wall rested on an intrusion 
of red granite ; the storage ground consisted of 
limestone and sandstone. The water liberated was 
taking twelve days to reach the irrigation area, 
100 miles further west, at Berembed, through a 
winding channel (the Murrumbidgee Rn, ab 
200 miles long. The State development work had 
not proceeded very far yet; provision was being 
made for 7000 farmers possessing from two up to 
fifty acres each, and for a population of 100,000 ; 
the area of a farm might 200 acres, but only 
fifty acres would be irrigated. At present 700 
farmers had settled. The lessee had to be a bond 
fide resident on the farm, and rentals were at the 
rate of 24 per cent. The State assisted the settlers 
in various ways, by charging half water rates for 
the first year, by building houses to be paid for 
within twelve years, &c. 

One of the most notable features of the Australian 
Continent was the existence of the great artesian 
basin which covered a total area of 500,000 sq. miles, 
327,000 sq. miles of which were within Queensland 
—the basin there had a width of 700 miles—and 
102,400 sq. miles in South Australia. The water 
given by artesian wells was almost entirely rainfall, 
as the Government astronomer, H. C. Russell, had 
first tried to prove in 1879 by showing that only 
1.46 per cent. of the rainfall on the Darling River 
flowed down that river ; this figure was wrong, but 
the idea was right. The deepest artesian well at 
Boronga had adepth of 4335 ft. ; several hundred feet 
was the usual depth, and hence the water was warm. 
One bore had in 1893 given 1,900,000 gals. of water 
per day ; but the yield had everywhere decreased, 
in the course of time, owing to the increase in the 
number of bores ; the diminution was mostly over 
70 per cent. in ten years. Nearly 400 bores had 
ceased to flow in six years, so that pum ing had to 
be resorted to. Of 512 wells omnk in New South 
Wales, 44 had been failures. The water was dis- 
uibuted by systems of inexpensive drains, of which 
more than 5000 miles had been laid. Some 3000 





bores were in existence, both public and private, 
by licence. The water was, as stated, warm ; it was 
also strongly alkaline, containing carbonates (chiefly 
Na, CO,), and altogether 0.6 or 0.7 solid parts in 
1000 parts; sometimes sodium chloride predomi- 
nated. The salinity was not too strong for potable 
water, although occasionally sulphuretted hydrogen 
was likewise present ; but the accumulation of alkali 
compounds was injurious to plant-growth, though 
it did not interfere with the soil merely wanted for 
stock-raising. A very uliar feature was the 
corrosion of the steel casings and iron pipe linings 
of some artesian wells, notably at Coonamble. 
This corrosion, once set in, proceeded very rapidly, 
so that the casings collapsed. The destruction had 
been ascribed to the free carbonic acid (and oxygen) 
in the water ; a remedy had not yet been found. 

Professor Fawsitt, of Sydney, read a paper on 
this subject—‘‘The Corrosion of Iron and Steel 
by Artesian Waters in New South Wales ’’—before 
Section B, Chemistry. We should add that some 
of our notes on artesian wells were taken from 
a contribution by Mr. E. F. Pittman, under this 
heading, to the ‘‘ Hand- Book for New South Wales.” 

Turning to electrical papers, we should first 
notice the discussion on ‘‘ Radiotelegraphy ;” as 
this discussion was held in conjuction with Section A, 
in the rooms of A, we shall abstract when dealing 
with the proceedings of that section. 


ELECTRIFICATION OF THE ATMOSPHERE. 


Sir Oliver Lodge, who opened this discussion, 
contributed to Section G notes on ‘‘ The Artificial 
Electrification of the Atmosphere.” He dwelt on 
the suggestions he had made in his Kelvin lecture 
before the Institution of Electrical Engineers last 
winter, on which we commented at the time; but 
he was not able to state that he had been offered 
any financial aid for starting the experiments on 
a very large scale, which the investigation of these, 
no doubt, very important problems would require. 


Tue Capacity OF RADIOTELEGRAPHIC ANTENNZ 


Professor G. W. O. Howe presented a mathe- 
matical paper ‘* On the Capacity of Radiotelegraphic 
Antennx,” a subject which has not so far received 
much attention ; the Jahrbuch der Radiotelegraphie 
contains a valuable contribution to the subject by 
Pedersev, who is associated with Poulsen in so 
many researches. When a straight wire was sup- 
my horizontally or vertically at a great distance 

rom the earth, Professor Howe pointed out, and 
brought to a potential, the charge would not be 
uniformly distributed all over the wire, the density 
being greatest near the ends of the wire. The 
calculation of the capacity might greatly be facili- 
tated, however, by the assumption of a uniform 
distribution which would ast be possible in a con- 
tinuous wire, but possible in a wire made up of 
short sections of, say, 1 cm. length, stuck am to 
end, but insulated from one another. The potential 
in such a wire would vary from point to point in a 
manner which could be calculated. If the sections 
were then assumed to be interconnected, electricity 
would flow from points of high potential to points 
of low potential until the potential was everywhere 
the same, and the assumption was made that the 
final uniform potential was equal to the average 
tential. This was not strictly correct, of course, 
ut sufficiently correct for practical purposes. 
Applying this method to antennw of various 
types, Professor Howe deduced formule and com- 
piled tables from which the capacity of any 
antenna could be read off directly from its dimen- 
sions. He fully considered the corrections due to 
the leading-down wires and to the proximity of the 
earth ; the effect of the latter was much greater in 
multiple-wire antenne than in simple antennz. 
Numerous examples had been worked out ; the capa- 
city of a single horizontal wire with vertical leading- 
down wires, ¢.g., length 200 ft., radius 0.048 in., 
100 ft. above the ground, was 483 microfarads, and 
if the proximity of the earth were neglected, 
467 microfarads ; ten parallel wires, of same radius, 
600 ft. long, 4 ft. —- at an elevation of 200 ft., 
would give a total capacity of 3.14 millifarads. 
Professor Howe did not mention measurements of 
his own. Referring to some measurements made 
by Louis Cohen last year, he pointed out that his 
formula was in better agreement with the measured 
value than Cohen’s own formula. 


Execrricity ry Coat-Mrininea. 


Professor W. M. Thornton, D.Sc., D.Eng., gave 
a résumé of his recent researches on ‘‘ The Limiting 


u 


Conditions for the Safe Use of Electricity in Cval- 
Mining.” The lower limit of inflammability of 
methane-air mixtures was 5.6 per cent. (by volume) 
of methane, or 5.1 per cent. at 200 deg. Cent.; the 
most inflammable mixtures were 8 per cent. for 
continuous-current break-sparks, and 10.2 per cent. 
mixtures for alternating-current sparks. The higher 
the frequency, the smaller the danger, 7 amperes at 
40 periods, 16 at 60, 20 at 80, and 29 at 100 periods 
being equivalent to 1 ampere at 100 volts continuous. 
When the inductance was varied, the energy of an 
igniting break-spark was constant at 0.1 joule. 

lectric signal- bells, having inductances up to 0.5 
henry, ignited gases. All electric lamps and fuses 
should be encased. Oscillations in a cable sheath, 
caused by short-circuits on the conductor, 
would not ignite gas, but maintained leakage arcs 
from armouring were slightly more active than 
break-sparks. Capacity sparks from cables left 
insulated after being charged were very active, 
0.002 joule causing ignition. Static discharges 
from 6-in. belting at high speed would not 
ignite gas, nor would the blue brush discharge 
from high-tension conductors. Dust clouds in 
movements called forth electrification and sparks, 
but under experimental conditions at any rate the 
energy was too small to cause danger. Radio- 
telegraphic operations above ground did not induce 
sparking potentials below. The influence of the 
presence of gas in forwarding coal-dust explosions 
was noticeable when 0.5 per cent. of gas was pre- 
sent. Coal-dust alone could be ignited by break- 
flashes, requiring 35 to 6 amperes continuous at 
480 volts in non-inductive circuits, and 14 amperes 
at 40 periods on a power factor of 0.8. As regards 
faults, continuous-current cables were rapidly 
disintegrated in the presence of moisture, while 
alternating-current faults were self-healing, and 
mechanical faults did not increase electrically on 
alternating-current cables. Armouring or protec- 
tion of lighting and signalling circuita was neces- 
sary to prevent sparking ; and though the limits 
of safety were electrically low, the risks of ignition 
were at present not greater than those attending 
the use of flame-safety lamps, and could be entirely 
prevented. 

AUSTRALIAN TIMBER, 


Professor W. H. Warren presented a long 
memoir on ‘‘ Australian Timbers,” which was taken 
as read owing to the stress of time. Professor 
Warren is an acknowledged authority on this sub- 
ject, on which he lectured before the Society of Arte 
two years ago. 

{To be continued.) 





THE MANHATTAN BRIDGE, NEW 
YORK. 


By Frank W. Sxrnner, Member of the American 
Society of Civil Engineers. 
(Concluded from page 530.) 
Design oF Marin Casies—(concluded), 


Stiffening Trusses and Floors. —The stiffening 
truss: s, of which a eneral view is given in 
Fig. 5, Plate XXVIIL, ublished with our issue of 
September 25 last, are 24 ft. deep on centres, are 
divided into 18.ft. 1-in. panels by I-shape verticals, 
made with a solid web-plate and four flange angles, 
and each panel is braced by a single diagonal member 
with a rectangular cross-section made of two built 
channels with 20-in. web-plates and 3$-in. by 3}-in. 
flange-angles, turned in and latticed. The chords 
are made of two built channels, 37-in. deep, with 
reinforced webs, and 8-in. by 6-in. flange-angles, 
latticed. The chords were shop-rive in two- 
panel lengths, with all splices fully field-riveted. 
All joints at panel points, as well as all lateral, 
floor-beam, and stringer connections, were field- 
riveted. Details showing the construction of these 
girders are given in Figs. 101 to 115, on page 554, 
which show specifically the end bay of the girders, 
whilst a general section through them is illustrated 
in Fig. 116, page 555, further details being given in 
Figs. 117 to 123. 

The trusses are suspended from the main cables 
at each panel-point by four parts of the suspender- 
rope, which pass am wee ay on both sides of 
the floor-beams, and terminate at their lower ends 
with sockets, 5} in. in diameter, threaded on their 
exterior surfaces to engage nuts with spherical 
bearings on thick concaved plates on the bottom 
— of the lower chords and end vertical posts. 

e 





trusses are built chiefly of nickel steel with 
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NEW 


YORK. 








Fie. 124, 


the viaduct piers was about 900,000 dols. 
of the piers has two pairs of pyramidal granite 
towers connected by transverse arches and walls, 
and having separate concrete footings on the sandy 
soil above ground water level. The principal 
quantities involved in the completed viaducts on 
both sides of the river include 56,000 yards of 
excavation, 61,000 yards of fill, 20,000 yards of 
concrete masonry, 11,800 yards of granite masonry 
and 13,000 tons of steel. 

On the Manhattan side the materials excavated 
from the pier foundation pits were shovelled into 
l-yard steel buckets, hoisted, and dumped between 
the piers by derricks with 80-ft. 15-ton booms. 
Broken stone and sand were unloaded from barges 
by a l-yard clam-shell bucket operated by a der- 
rick boom, and dumped in hopper-bottom storage- 
bins, which delivered by gravity to 14-yard bottom- 
dump steel buckets on wagons. The buckets and 
cement were drawn to the travelling concrete tower, 
which moved from pier to pier as the work pro- 
gressed. They were hoisted by the spoil-derricks, and 
dumped into the charging-hopper in the top of the 
tower, whence they were fed to the mixing-machine, 
which, in turn, delivered the concrete to buckets, 
handled by the adjacent derricks to the piers. 

On the Brooklyn side broken stone and sand were 
delivered by a clam-shell busket from barges to a 
belt-conveyor, 200 ft. long, discharging into 500-yard 
storage-bins. The bins delivered by gravity to 
special side-dump measuring-cars on the surface of 
the ground, which were pushed a few feet by hand, 
and discharged their contents to a skip set in a pit, 
and also received the cement emptied by hand 
from bags. The skip was taken to the c i 


hopper of the concrete-mixer by a trolley-hoist 
operated by the mixer engine, and moving about 
35 ft. horizontally on an overhead Howe trurs- 
bridge. The concrete was transferred about 1500 ft. 
from the mixer to the piers by wagons, which 
dumped it into scale-boxes handled by derricks, as 
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AppROACH-GIRDERS WITH TOWER TRAVELLER FOR 


much as 210 yards being thus handled in 10 hours. 
The superstructure of the viaducts on both sides 
of the river was erected by a 34-ft. by 40-ft. steel 
tower traveller (shown in Fig. 124, shoo, 53 ft. 
high, with four 50-ft. 20-ton booms, moving on 
the lower deck of the viaduct. The weight of 
the traveller and equipment, including four hoist- 
ing-engines, was about 80 tons; it was operated 
by a force of about 40 men, and erected a maximum 
amount of 217 tons of steel in one eight-hour day, 
usually unloading the pieces, weighing up to 
29,000 lb. each, from wagons, and assembling them 
in position in a single operation. After erecting 
most of the viaduct on one side of the river, the 
traveller was moved to the opposite side, and 
erected the superstructure there. 

The falsework consisted of vertical four - post 
bents calculated for 200-ton loads at every panel 
point, and framed together to make alternate 
towers and open panels. It was of novel design, 
made of interchangeable members with wooden 
compression pieces and steel tension pieces. The 
14-in. by 14-in. vertical posts, and 8-in. by 8-in. 
and 6-in. by 8-in. horizontal struts were connected 
together, and to the {-in. pin-connected sleeve-nut 
diagonal rods with pairs of steel angles bolted on. 
The falsework contained only about 350,000 ft. 
b.m. of timber, and after being used on one side 
of the river was re-erected on the opposite side, 
and after the completion of the job was in excellent 
condition for use on other work. 

The bridge was designed and the construction 
supervised by the Department of Bridges of the 
City of New York. The original designs were 


-|made under Mr. J. L. Shea, commissioner, Mr. 


S. R. Probasco, chief engineer, and Mr. R. S 
Buck, engineer-in-charge. Afterwards Mr. Gustav 
Lindenthal, Mr. Geo E. Best, Mr. J. W. 
Stevenson, and Mr. K. L. Martin successively 











ERECTION. 


as consulting engineers ; Mr. C. M. Ingersoll and 
Mr. Alexander Johnson served as chief engineers ; 
Mr. H. A. Lachicotte, Mr. Holton D. Robinson, 
Mr. J. A. Knighton, Mr. D. E. Baxterand Mr. A. I. 
Perry were principal assistantengineers ; and Messrs. 
Canére and Hastings were consulting architects. 

The principal contracts were awarded to Mr. J. C. 
Rodgers for the tower piers and caissons, to the 
Kosmos Engineering Company and to the Williams 
Contracting Company for the anchorage piers ; to 
Rvan and Parker for the steel superstructure ; to 
Mr. J. C. Rodgers for the viaduct substructures ; 
and sub-contracts to the Glyndon Contracting 
Company for the cable-making ; to the Terry and 
Tench Company for the erection of the steel towers 
and main spans; and to Oscar Daniels for the 
erection of the approaches. After the main spans 
had reached an advanced stage of construction an 
expert report was made on them by Mr. Ralph 
Modjeski, who found that the entire structure was 
well designed and well made of good materials. 
The foundations of the tower piers show total 
settlements of about } in. and 4 in., and those of 
the anchorage piers of 1}} in., and a horizontal 
displacement of 1 in. maximum at the top. The 
foundation ordinary pressures are about 7 tons per 
square foot, and 6.7 tons to 8.7 tons per pile. The 
towers and cables have a large margin of safety. 
The stresses in the stiffening trusses were found 
by Mr. Modjeski to correspond with the designer’s 
computations, the floors and lateral systems were 
of ample strength, and the details and connections 
were in accordance with practice and in good 
harmony with the structure. 








2-10-2 TYPE LOCOMOTIVES FOR HEAVY 
FREIGHT SERVICE. 





THE single expansion, non-articulated locomotive, 


R- " |has reached its highest development in weight and 
served as commissioner; Mr. O. F. Nichols, Mr. | hauling capacity, in the 2-10-2 type. Locomotives 


R. 8. Buck, and Mr. Alexander Johnson served | with this wheel arrangement are now_being intro- 
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RECENT 2-10-2 TYPE LOCOMOTIVES FOR HEAVY FREIGHT SERVICE. 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, PA., USA. 














Fic 1. Locomotive on tHE Atcutson, Topeka AND Sante Fe Rattroap. 

















y RAILROAD. 














Fic. 3. Locomotive FoR THE BALTIMORE AND Onto RarLRoaD. 


duced in the United States for heavy freight service 
on steep grades. On the majority of roads, the 
largest locomotives (excluding those of the articulated 
type) are of the eight-coupled type ; and where track 


conditions permit of heavy wheel-loads such engines 2-8-2 type are hauling the heaviest trains of practio- 


have sufficient adhesion to develop tractive forces of 
from 50,000 Ib. to 60,000 lb. Where grades are com- 
paratively light, locomotives of either the 2-8-0 or 


able size. With the same load per pair of driving- 
wheels, a ten-coupled locomotive can, of course, de- 
velop a tractive force 25 per cent. greater than an 
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eight-coupled engine. Although the rigid wheel-base 
is necessarily long, ten-coupled locomotives can be built 
capable of taking the s t curves encountered on 
trunk lines. These engines are well suited to heavy 
road-service, and are doing excellent work on divisions 
where long runs must be made over difficult profiles, 
and where the nature of the business is such that heavy 
trains can be economically handled at comparatively 
slow speeds. This is particularly true when handling 
mineral traffic. We illustrate three recent examples 
of this type on page 557 of this issue. 

The first road to adopt the 2-10-2 type was the 
Atchison, Topeka and Santa Fe in 1903. The Santa 
Fe had previously tried locomotives of the 2-10-0 type, 
but diffreulty was experienced with these engines on 
account of derailments when backing them on sharp 
curves. Conditions on this road are unusually severe, 
as the maximum grades on the mountain districts 
are 185 ft. per mile, and all locomotives must be able 
to take curves of 16 deg. (358 ft. radius). In order 
to prevent derailments, the 2-10-0 type was modified 
by the addition of a rear truck. The new design met 
the requirements euccessfully. 

During the years 1903-7, 160 locomotives of the 
2-10-2 type were built by the Baldwin Locomotive 
Works for the Santa Fe system. With two excep- 
tions, all these were equipped with tandem compound 
cylinders. The two engines referred to had single 
expansion cylinders, and one of them was fitted with 
a smoke-box superheater. Many of the compound 
locomotives subsequently underwent modifications, 
and ten of them were converted into Mallet loco- 
motives by the addition of forward units. In the 
years 1912 and 1913 additional locomotives of the 
2-10-2 type were built by the same firm, the new 
engines being fitted with . “Oey cylinders 
and fire-tube superheaters. Fig. 1, page 557, repre- 
sents one of these engines built in 1913. 

As has been explained, the rear trucks are used on 
these locomotives to enable them safely to enter sharp 
curves and switches when running backward. The 
forward end of the fire-box is immediately over the 
fifth (or rear) pair of coupled wheels, and the weight 
carried by the rear truck is therefore considerably 
less than it would be if the fire-box were placed 
entirely behind the coupled wheels over the truck. 
The height from the grate of the bottom row of 
tubes is sufficient to allow of a brick arch, which 
is supported on four water-tubes. The fire-door 
and grate-shaker are both operated by power. The 
superheater is of the Schmidt type, with thirty-six 
elements, and the superheating surface is 20.7 per 
cent. of the water-evaporating surface. The boiler is 
designed for a pressure of 210 lb. per sq. in., but in 
service the safety-valves are set at 170 lb. The cir- 
cumferential seams in the boiler barrel are lap-jointed 
and double-riveted, while the longitudinal seams are 
butt-jointed with inside and outside covering strips 
and six rows of rivets. These seams are welded at 
the ends, and their strength is equal to 90 per cent. of 
the solid plate. The frames are annealed-steel castings, 
witha carbon percentage of 0.40. They are of the bar 
form, 5 iv. in width, and are strongly braced trans- 
versely between adjacent pairs of driving-wheels. Each 
frame is in one piece, with a single front section, to 
which the cylinders are secured. This form of con- 
struction is, in large locomotives, generally replacing 
the former pattern, in which the front frame sections 
were separate from the main frames, and were bolted 
and keyed in place. With the new design the frame 
castings are increased in weight, but are better able to 
resist the severe stresses to which they are subjected. 

The front truck is of the radial centre-bearing type. 
with a swing bolster, which is hung on three-point 
suspension links. The springs of this truck are equal- 
ised with those of the firet and second pairs of coupled 
wheels, while the three remaining pairs are inde- 
pendently equalised with the rear truck. The latter 
is a side-bearing radial truck, with inside journals. 
The load is transferred to it through swing links which 
connect the boxes with yokes that form part of the 
equalising gear. The wheels of the third, or main, 
coupled pair have plain tyres without flanges. On 
the first and fifth pairs of coupled wheels the total 
lateral play between the rails and flanges is 3 in., 
while on the second and fourth pairs itis § in. The 
play on both the front and back truck wheels is also 
fin. Provision is made for lubricating the flanges of 
the leading pair of coupled wheels for the purpose of 
reducing flange wear. 

The steam distribution is controlled by inside 
admission piston-valves, which are 16 in. in diameter. 
As these locomotives are required to drift down lon 
grades, the cylinders are fitted with vacuum relief- 
valves, and also with by-pass valves. The valve 
motion is of the Walschaert type, controlled by the 
Ragovnet power-reversing gear, operated by com- 
pres‘ed air. In a locomotive of such size, fitted with 
coupled wheels of compara’ ively small diameter, it is 
a difficult matter to counterbalance the reciprocating 
and revolving parts properly. The locomotive now 


under notice has counterweights, keyed to the main 
driving axle between the frames, in addition to the 


A satis- 
ment of balance is provided in this 
way. In accordance with the usual American practice, 
the oom Ss carried on two a trucks. It 
is equi with a power-operated device for pushin 

ho andl treet as the supply becomes depleted, - 
that the fuel is always within easy reach of the fireman. 

Fig. 2, page 557, represents one of thirty engines of 
the 2-10-2 type operating on the Chicago, Burlington 
and Quincy Railroad. Five of these 2-10.2-ty 
engines were built by the Baldwin Locomotive Wor 
in 1912, and the remainder, of which that illustrated 
is one, in 1914. The two lots are similar in general 
dimensions, and as they exert a tractive force of 
71,500 lb., they constitute a notable group of unusually 
large units. They have a large number of inter- 
changeable detail " 

The particular locomotive illustrated is one of two, 
in which a material reduction in the weight of the 
reciprocating and revolving parts has been effected by 
the use of special alloy steels. The piston-rods, main 
connecting-rods, coupling-rods, rod-end straps, and 
main cran -pins are of nickel-chrome steel annealed ; 
while the pistons and crossheads are annealed-steel 
castings, with a carbon percentage of 0.40. The 

iston-rods and main crank-pins are hollow. A sav- 
ing in weight of the reciprocating parts, on each side, 
amounting to 379 lb., or 16 per cent., has thus been 
effected. This has avoided the necessity of using 
inside counterweights on the main driving-axle. 

These locomotives are required to traverse curves 
having a radius of 21 deg., or 273 ft.; and the fol- 
lowing provisions have been made to secure a sufii- 
ciently flexible wheel-base: The first and fifth pairs 
of coupled wheels have a lateral play of % in. between 
the wheel-hubs and boxes; for the remaining pairs 
the play is 4 in., while to compensate for this dif- 
ference the knuckle-pins of the coupling-rod ends 
on the second and fourth pairs of coupled wheels 
are fitted into spherical bushings of case-hardened 
steel, thus allowing the rods a limited amount of 
lateral flexibility. The tyres of the third or main 
pair of coupled wheels are flangeless ; while the lateral 
play between rails and flanges is § in. on the second 
avd fourth pairs, and Zin. on the first and fifth pairs. 
The front and rear trucks are of the radial-swing type, 
the front truck being equalised with the first three 
— of coupled wheelr, and the rear truck with the 

ourth and fifth pairs. The rear truck is of the Hodges 

pattern, with outside journals. It has a long, half- 
elliptic spring over each box, and the side swing is 
takin by the spring hangers, which are jointed for 
the , urpose. 

The steam distribution is by inside-admission 15-in.- 
piston-valves, driven by Walschaert motion. As in 
the case of Santa Fe locomotives, reversing is effected 
by the Ragonnet power-mechanism. The cylinders 
are fitted with vacuum relief-valves, but no by-pass 
valves are applied. The boiler has a long barrel of 
large diameter, with a deep, wide fire-box placed back 
of the coupled-wheels and over the trailing truck. In 
a long boiler of this type, extending over five pairs of 
wheels, it is advisable to use a combustion-chamber, 
not only to increase the fire-box volume, but also to 
keep the length of the tubes within reasonable limits. 
This combustion-chamber extends forward into the 
boiler-barrel, and has a length of 284 in. 
barrel is straight on top, but the third course has a 
slope on the under-side, in order to provide a suffici- 
ently deep water-space under the combustion-chamber 
to ensure free circulation. In this way the shell dia- 
meter is increased from 884 in. to 10Uin. The fire- 
box is equipped with a brick arch supported on four 
tubes, each 34 in. in diameter. A Street mechanical 
stoker is applied. This device transfers the coal 
from the tender to a point under the foot-plate, where 
it is picked up by a bucket conveyor. The fuel is 
raised by the conveyor to a sufficient height to be 
dropped, through suitable pipes, to three distributing 
points, which are placed in the rear of the fire-box 
above the level of the fire. From these distributin 
points the coal is blown into the fire-box by means o' 
steam-jets. With the aid of a stoker these large 
locomotives can be worked at full theoretical capacity, 
and the maximum steam pressure can be maintained 
in the most difficult kind of service. The success of 
theee unusually powerful units is unquestionably 
largely due to the application of fuel and labour- 
saving devices. 

The Baltimore and Ohio Railroad locomotive illus- 
trated in Fig. 3 was also recently built by the Baldwin 
Locomotive Works. It exerts a tractive force of 
84,500 lb. ,and exceeds in hauling capacity any other 
non-articulated locomotive thus far comtuusted. The 
ratio of adhesion is practically 4, and the load carried 
per pair of coupled wheels exceeds 67,000 lb. A loco- 
motive with such wheel-loading is, of course, suitable 
only for work on roads where tracks and bridges are of 
the heaviest description. A large part of the traffic 
handled by the Baltimore and Ohio Railroad consists 
of coal, which is moved in heavy train-loads at com- 

tively slow speeds, a class of service for which the 


usual counterweights in the wheel-centres. 
factory arran 





The boiler- | P°* 


In this engine all the coupled wheels have lateral 
play in the boxes of } in., while the play between the 
rail and flanges is 1 in. on the first and fifth pairs of 
wheels, and ? in. on the second and fourth pairs. The 
side-rod ends, as in the case of the Burlington loco- 
motives, are fitted with spherical joints. This arrange- 
ment has been successfully used for some time on 
heavy 2-8-2 type locomotives in service on the Balti- 
more and Ohio Railroad. 

The cylinders of this 2-10-2 type locomotive are 
bushed, and are fitted with by-pass valves, but no 
vacuum relief-valves are applied. The piston-valves 
are of the inside admission type, 16 in. in diameter, 
operated by Walschaert valve-gear. The Ragonnet 
power reverse mechanism is applied. The reciprocating 
and revolving weights are counterbalanced by keying 
supplementary counterweights to the main coupled 
axle, as was done in the case of the Santa Fe locomotive 

reviously described. The boiler, although somewhat 
er than that used on the locomotive for the Chicago, 
Burlington and Quincy Railroad, is similar to it in 
generaldesign. The superheater is composed of forty- 
eight elements, and the superheating surface amounts 

















to 1329 sq. ft. A combustion-chamber, brick arch, 
and Street mechanical stoker are applied. 
Tass I. 

Railway ..j|A. T&S. PF. Oo. B&Q. B. & O. 
Cylinders .. - .-|28in. x 32 in. 30 in. x 32 in. | 30 in. x 32 in. 
Valves, piston, diameter 16 in. 5 in. 16 in, 
Coupled wheel - 57 in. » 58 in. 
Truck wheels, front ,, 29} in. 33 in. 33 in. 

- back ,, .. 40 in. 42} in. 44 in. 
Boiler, diameter .. oa 803 in. 884 in. 90 in. 
Thickness of sheets -- 188 in in., 2 in. Z in., 3% in. 

in. 
Firebox length 108 in. 132 in. 132 in. 
» Width “e o« 78 in 96 in. 96 in 
Thickness, side, crown, and 

back sheets aa gin gin. gin. 
Thickness. tube-plate ys in gin. 8 in. 
Water spaces te 6 in 6 in. & 4 in. 6 in. 
Tubes, 2} in., number 251 264 269 

” ” ” 36 45 48 

» length 21 ft. 22 ft. 74 in. 23 ft. 
Heating surface :— 

Fire-box .. .. 8q. ft. 193 272 258 

Combustion chamber ,, — 68 65 

Tubes ee ee - 4174 4966 6215 

Arch tubes ° 9 23 43 35 

Total oe oo ” 4390 5349 5573 

Superheater a 910 1232 1329 
Grate area .. Fest on 58.5 88 8&8 
Working pressure 

Ib. per sq. in 170 175 200 
Wheel base, driving -| 19 ft. 9 in. 20 ft. 9 in. 21 ft. 

P total engine | 35ft.10in. 40ft.1lin. 40 ft. 3 in. 

Weight on coupled wheels 
Ib.| 248,900 293,000 336,800 
» total engine 9 296,700 370,000 406,000 
Tender tank capacity gals. 9,000 10,000 10,000 

» fue - tons 12 15 16 
Wheel base, engine and 

tender... a -.| 6 ft.4in. 74 ft. 9hin. 76 ft. 6 in. 
Weight, total, engine and) 

tender... -- Ib.) 470,000 555,000 584,000 


| 


The over-all dimensions of this locomotive are as 
great as the clearance limits on the line will permit, 
and some ingenuity had to be exercised to keep them 
within the maximum. The whistle is tapped into the 
side of the steam-dome and placed in a horizontal 
ition, and the safety-valves are screwed directly 
into the boiler-shell. The bell is mounted on the 
right-hand side of the smoke-box front, on a level 
with the head-light. The sand-boxes are four in 
number, two for use when going ahead and two for 
backing up. They are mounted right and left, on the 
top of the boiler; and the corners are rounded to 
keep within the tunnel clearances. For the same 
reason the cab-roof is rounded with a comparatively 
short radius. The tender is of the Vanderbilt type, 
with a cylindrical water-tank. The truck-bolsters 
are composed of I beams, and the side frames are of 
the arch-bar type. The wheels are of forged and 
rolled steel, each made oR in one piece. : 

In the accompanying Table I. we give the leading 
dimensions of the locomotives described above. 








Tue Tron anp Street InstrruTz.—As previously 
announced (see page 300 ante), the autumn meeting of the 
Institute, which had been arranged to be held in Paris, 
had, unfortunately, to be abandoned, and the Council 
decided, as a matter of courtesy to the prospective hosts 
of the Institute, that no alternative meeting should be 
held in this country for the reading and discussion of the 
papers offered for the Paris meeting. A meet- 
ing is, nevertheless, required by the rules for dealing 
with certain business ot a purely formal character, and 


the Council now give notice that a statu autumn 
meeting will be held for that purpose on Thursday, 
November 19, at 11 a.m. Asa numerous attendance is 


not expected, it has been decided to hold the meeting at 
the rooms of the Iron and Steel Institute, 28, Victoria- 
street, London, S.W. The agenda is as follows :— 
Scrutineers will be appointed for the examination of 
voting-papers for the election of new members. Announce 
ment of the names of Vice-Presidents and Members of 
Council due to retire in rotation at the annual meeting, 
1915. Announcement, as far as possible, of the arrange- 





locomotive now under notice is particularly well fitted. 








ments for meetings in 1915, 
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INDUSTRIAL NOTES. 


A CONFERENCE of miners’ representatives in the 
English Conciliation Board area was held on October 
29, in London, Mr. Stephen Walsh, M. P., occupying the 
chair. The following were elected as the men’s re- 
presentatives on the Board :—Mersrs. Stephen Walsh, 
M.P., Lancashire (President) ; T. Ashton, Manchester 
(secretary); J. Hoskin, Yorkshire (treasurer); Herbert 
Smith and Fred Hall, M.P., Yorkshire ; H. Roughley 
and H. Twist, Lancashire; Frank Hall and F. Lee, 
Derbyshire; W. Johnson, M.P., and W. Latham, Mid- 
land Counties ; W. Carter and C. Bemfield, Notting- 
ham ; E. Hughes, North Wales ; and W. Buckley, 
South Derbyshire. 





The annual meeting of the Half-time Council (Lan- 
cashire, Yorkshire, Cheshire, and Derbyshire) was 
held on Saturday, October 31, at the Grosvenor Hotel, 
Manchester. r. J. Bond (Chorley) was appointed 
President, and Mr. A. Lee (Rochdale) Vico Provident 
for the coming year. In his address, the President 
stated that nearly 100,000 children under thirteen 

ears of age were at the present time in employment in 
tngland, and in competition with adults in the labour 
market. The majority of these young people areengaged 
in the mills of Lancashire and Yorkshire, where wages 
are admittedly higher than in other parts of the country. 
Mr. Bond referred to the condemnation of the haif- 
time system by the Inter-Departmental Committee 
appointed by the Government. We had recently 
gone to war, he said, for the sake of “a scrap of 
paper ” bearing the pledge of the British Government, 
but England had failed to redeem another : 

iven at the Berlin Conference in 1890 by Lord Salis- 
Coey and Sir John Gorst, who then said :—‘‘ We can 
pledge ourselves for Great Britain that our Govern- 
ment, faithful to its actions in the past, will conform 


resolutely in the future (if it does not even go beyond | ™ 


them) to the benevolent principles of the Conference.” 
This pledge was to raise the age for child workers to 
thirteen years. Germany —_— faith and raised the 
age to fourteen yeara ; Great Britain kept the age to 
eleven years until 1899, and then only raised it to 
twelve years, at which it was still kept in spite of public 
remonstrances, 

The meeting discussed the serious position created 
by the large number of ‘‘ young persons” in their 
teens who are now in the streets unemployed, and the 
policy of local authorities in permitting children still 
to leave the schools at twelve and thirteen years of 
age to swell the numbers. The following resolution 
was passed unanimously :—‘“‘ Seeing that, owing to the 
war, many children who are now leaving, or have 
recently left, school cannot find employment, or have 
lost their positions, all children should at present be 
retained in school. No child should leave school to 
seek employment whilst those who have already left 
are unemployed.” 





A claim for a living wage of 30s. a week was made 
at a meeting of temporary Post Office workers, which 
was held a few days ago at Chandos Hall, Maiden- 
lane, London. The men in question, who work as 
sorters, postmen, and porters, in the place of those 
who have gone to the war, are paid 24s. per week. 
A number of speakers supported the claim, and a 
resolution was passed calling upon the Government 
to grant a minimum wage of 30s. for temporary post- 
men and others. 





The War Office has placed contracts in Sheffield for 
& million table-knives for soldiers. They are to be all- 
steel, both blade and handle. The Admiralty and War 
Office have also ordered from Sheffield works one mil- 
lion table-spoons of a non-ferrous alloy. 





The docks controlled by the Mersey Board reported 
& great shortage of labour at the weekly meeting of 
the Board held on Thursday, October 29. The situa- 
tion led to a letter being addressed by Mr. A. 
Chandler, general m r and secretary to the 
Board, to Sir Norman Hill, secretary of the Liverpool 
Steamship Owners’ Aesociation, stating that from 
information which had reached the the position 
had become very serious, and while the matter was 
one which at the present moment affected shipowners 
more immediately, it was felt that the existing state 
of affairs must cause serious injury to the port and 
greatly discredit it. 

_ The letter also stated that :—‘ The present condi- 
tion of affairs arises mainly through a shortage of 
men or & disinclination on the part of men to work 
regularly, or from the restrictions which the Dock 
Labourers’ Union is imposing on labour. I am to ask 
‘hat your special attention should be given to the 
question of obtaining more men, or in impressing the 
labour authorities with the need of relaxing their pre- 
sent methods. If any deputation is proposed to be 
formed, either by the Steamship Owners’ Association 
alone, or in conjunetion with the mercantile associa. 
“ons of the port, to wait upon the Board of Trade in 





London, my Board would wish me to represent them 
thereon.” 


In the course of the meeting Mr. J. W. Hughes 
stated that the records did not show that the shortage 
of labour had been brought about by increased imports 
to Liverpool. The imports for October were very 
much down, the importation of cotton being between 
100,000 and 150,000 bales less than in the correspond- 
ing month of last year. 

r. Rome, who followed, said the shortage 
of labour had become so bad that the greatest difficulty 
was experienced in keeping to fixed sailings, and man 
cases had occurred of vessels being seriously delayed. 
If this should continue, they would lose the 
which had accrued to the Mersey through Southampton 
being closed. During the week p ing the meeti 
the company he represented were never less than 
men short each day. Such a condition of affairs 
could only have one result, which was that the vessels 
would have to be diverted to Glasgow or other 


rts. 

Sir Helenus R. Roberteon, chairman, said no doubt 
consideration would be given to the question whether 
those who were unemployed in other parts of the 
country might be brought to Liverpool. 





The Conference of the Miners’ Federation of Great 
Britain met in the Westminster Palace Hotel on 
Wedneeday, October 28, when the resolutions sub- 
mitted were unanimously agreed to. They read as 
follows :— 

‘‘ That all war relief funds be merged together and 
taken over by the Government, to be administered by 
the Government, and that there be a general or 
uniform scale of relief, modifications or exceptions 


to be made to suit exceptional districts, the national has 


revenue to be made responsible for raising the funds 


‘*That this Conference “we the resolutions of the 
War Emergency Workers’ National Committee, and 
demands that the following should be the minimum 
scale of relief:—One adult, 12s. 6d.; two adults, 
17s. 6d.; one adult and one child, 15s.; two adults and 
one child, 20s.; two adults and two children, 22s. 6d. ; 
and 2s. 6d. for each child, and an additional 3s. 6d. for 
aduption in London boroughs. 

‘*That this Conference presses upon the War Office 
and on His Majesty’s Government that an allowance 
of 1l. per week should be paid to the wives of soldiers 
and sailors now serving with His Majesty’s forces, 


without any deduction from the pay of those th 


persons serving at the front, and to the widows or 
other dependants whose husbands, brothers, sons, 
&c., may Be killed in the war, or who may die from 
wounds received or disease contracted in the war ; 
also 1/. per week to those who may be disabled for life, 
or partially disabled, until they are fully recovered 
from their injuries. In addition to the above allow- 
ance, & payment of 3s. 6d. per week should be made to 
each child under working age. 

“That the Government be called upon to find employ- 
ment for persons thrown out of employment through 
the war.” 





Following upon the paragraph we gave on page 486 
ante, dealing with the present situation of the cotton- 
spinners in Switzerland, we now learn that the Inter- 
national Federation of Master Cotton-Spinners’ and 
Manufacturers’ Associations has received information 
concerning the situation of the cotton industry in 
Italy. In that country the spinning-mills are working 
generally four days a week, in consequence of the greatly 
reduced demand by manufacturers. The supply of 
cotton is said to be regular, but difficulties are bein 
experienced in financing the cotton bought in America. 
At the outbreak of the war sellers insisted upon cash 
payments, but now they are coming back to the old 
terms—bills at ninety days’ sight. Manufacturers 
have had some demand from the Italian home trade, 
but the exports generally are stopped on account of 
the impossibility of getting payments from abroad, 
especially from the Balkan States. Manufacturers 
are working four to five days a week. The cost of 
coal, war risks, the high rate of exchange, and reduced 
output materially increase the cost of production. 
In Switzerland there is a decrease in production of 
from 25 to 50 per cent. in the spinning-mills and 
about 50 per cent. in the weaving-mills. According 
to statistics compiled in the Swiss textile industry, 
the wages are 57.8 per cent. of the normal 
(excluding the silk industry, where they are 80 per 
cent. of ‘the normal). 





In their report for September last, recently issued, 
the General Federation of Trade Unions state the 
following :— 

“At an one of the ideals of the General Federa- 
tion has been reached ; its affiliated membership has 

sed the million. In spite of the hostility it has 
ad to face, both from employers and others, its total 
membership now stands at 1,006,904; a magnificent 
result when all the circumstances are considered. At 





the moment the Federation reaches such an important 
point in its existence it ye with every other 
trade union organisation, fi with the most serious 
crisis of a hundred years. It will require loyalty, 
foresight, and ability to bring trade union organisa- 
tions, including the Federation, out of the crisis 
without serious loss, 

“Realising the strain to which trade unions, 
whether they pay unemployment benefits or not, must 
be put, the management committee early preseed 
forward the increase of the subsidies under Part II. of 
the National Insurance Act. It also pressed the 
Government to extend its help to those unions, who 
have safe, but not easily realisable, securities, by 
taking up these seouritiis at their face value and 
Paying to the unions who required it the equivalent 
value incash. Part II. of the Act has already been 
dealt with, and it is certain that the Government is 
prepared to extend the operation of the Act to unions 
at present outside its operation. The management 
committee is anxious that the mistakes of 1911 and 
1912 should not be repeated. To stand outside and 
destructively criticise is not sufficient ; the leaders of 
the movement must come inside and help to create 
and construct. Neither ro nor political pre- 
judices must be allowed to militate against the 
construction of the best scheme or the tical asso- 
ciation of the trade unions with its administration. 
The Act should be made to apply to all trades or 
occupations capable of organisation ; immediate benefit 
should be granted in all cates of bond-fide unem ‘4 
ment ; the benefit period of fifteen weeks should 
extended, and simple facilities should be offered for 
the immediate creation of unemployment benefit 
schemes by trade unions not at present paying un- 
employment benefits. The m ent committee 
from the a pressed for a really national 
scheme and for the equal treatment of all workpeople. 
At present the operation of the Act is al, only a 
portion of the workers benefit, though all share in 
the provision of the Government subsidies. . . . 

“When the war became an accomplished fact 
the management committee strongly advised all ite 
affiliated societies to avoid, as far as possible, all 
industrial disputes. That they have loyally sought 
to act upon the advice is shown by the number of 
claims during the quarter. These only number 108, 
and 92 of these relate to pre-war disputes. The 
trade-union movement has given ve practical proof 
of its loyalty to national interests, and has shown how 
rapidly it can set aside its own particular affairs when 
e general interests of the State rise mount. It 
is gratifying to report that, with few exceptions, 
organi employers have loyally kept the truce. 
Those who have taken advantage of the crisis should 
be noted by each union and punishment meted out 
when times are favourable. . . .” 


the report in question, the General 
ade Unions make the following state- 


In concludin 
Federation of 
ment :— 

*‘ The war cannot last for ever, and after the war 
will come reaction and the rediscovery of the fact 
that working-class interests are common and not divi- 
sible by hical frontiers or | , and that 
internati effort to further these interests is im- 
perative. Our conduct to-day will affect our oppor- 
tunities to-morrow, and it behoves us therefore to 
carefully guard all our utterances and actions in order 
that we may not needlessly create additional obstacles 
and further retard the renewal of international and 
democratic friendships.” 

We have nothing to say against the sentiment 
per se which has inspired the above statement of 


€ | the General Federation. This country as a whole has 


always greatly desired to live on am'cabis terms with 
every country of the world, and an earnce: of this, as 
we have stated before, is afforded by the efforts which 
were made up to the very last moment by Sir Edward 
Grey to secure general peace on the present occasion. 
We think, however, that the General Federation 
should proceed with the greatest ible caution in 
their future efforts at internationalism. Their com- 
mittee should certainly read ‘“‘ A Bavarian’s Views on 
the War,” given in the Times for last Tuesday, the 
3rd inst. mong this Bavarian’s “ views” are the 
following declarations :—‘‘ We were at one moment 
somewhat afraid that the Socialists would be luke- 
warm, but happily it was not so. Our Social Demo- 
crates have let go ny international theories and 
give not a or the foreign Labour . They 
think only ‘dens the profit’ they a cnn for 
German workmen. I am even told that some labour 
unions have come forward with the claim that all 
Belgian factories should be confiscated and given 
to co-operative unions of German workmen e. 


If Germany gained the upper hand in the war now 
raging, Great Britain woul probably become a corpse 
toc. t should not take the General Federation long 
to realise clearly the view of internationalism taken by 
German labour, 
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SEMI-PORTABLE SUPERHEATED-STEAM ENGINE. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND CO., LIMITED, ENGINEERS, GAINSBOROUGH. 









Fig.1. 


Wr illustrate on the present and opposite 
pages an example of a superheated-steam engine 
of the ‘*Locomobile” type, constructed by 
Messrs. Marshall, Sons and Co., Limited, of 
Gainsborough. Power plants of this descrip- 
tion are now finding considerable favour for driving 
factories, electric lighting, and other industrial work, 
owing to their many obvious advantages, of which 
perhaps the most important is their very low fuel 
consumption. Several other desirable features, such 
as low first cost, economy of floor space, inexpensive 
foundations, absence of condensation losses in steam- 
pipes, and the fact that they can be housed in small 
and cheaply-constructed buildings, all tend to render 
them preferable in certain cases to independent engine 
and boiler units for plants with capacities up to 200 
or 300 horse-power. 

The plant illustrated herewith is rated at 100 brake 
horse-power, but is capable of sustaining an overload 
up to 125 brake horse-power for long periods. Figs. 1 
and 2, on the present page, are respectively an eleva- 
tion from the condenser side and a plan of the plant, 
while Fig. 6, on the ite page, serves to show its 
general appearance. Fig. 3 is an outline sketch illus- 
trating the engine direct-coupled to a dynamo, and 
Figs. 4 and 5 show details of the superheater, which 
ee Os utara 

e ine ® side-by-side compound type, 
and is oauint on top of the boiler, as is best Pia 
in Figs. l and 2. The high and low-pressure cylinders 
are combined in a single casting, fitted with separate 
liners, and bolted directly to the boiler. Steam distri- 
bution to both cylinders is effected by balanced piston- 








--———- 





valves, fitted with specially-designed spring-rings, 
driven from the crank-shaft b muataae m2 hin | 
levers, which can be seen in 


\\ y, 






Z/ 











——— — 


and | the high-pressure cylinder, and automatically varies 
the cut-off to suit the load. The crank-shaft, which 
igs. land 2. A centri-| is a steel forging, turned, polished, and fitted with 
fugal crank-shaft governor controls the piston-valve on | balance-weights, is supported on three adjustable car- 
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riages, with ring-oiled bearings. The carriages are both of which are shown in Figs. 1 and 6. The con- 
supported on a steel saddle, riveted to the boiler, |densed steam and injection water are dealt with by 
and attached to the cylinder casting by a distance- | a vertical air-pump of the Edwards type, driven from 
piece ; suitable provision is made for the expansion | the crank-sha by an eccentric. Incorporated with 
and contraction of the boiler. Mechanical oil-pumps | the air-pump is a feed-pump, which draws from the 
are provided for cylinder lubrication, and drop sight- | hot-well and discharges through the feed-heater ; the 
feed lubricators are fitted to all other working parts, | whole arrangement will be quite clear from an in- 
except the crank-shaft bearings, which are ring-oiled, | spection of Fig. 1. 
48 previously mentioned. The boiler, which is of the Cornish multitubular 
Exhaust steam from the low-pressure cylinder passes | type, is constructed throughout of Siemens-Martin 
through a tabular feed-water heater toa jet condenser, | steel plates, and is designed for a working pressure of 








180 lb. per sq. in. The fire-box and tubes are arranged 
so that they can be removed bodily for the purpose of 
cleaning and examining the internal surfaces. This 
feature is of considerable importance in factories where 
stop can only be made for short periods, as the 
whole of the heating surface can be thoroughly freed 
from deposit in a few hours. 

The following results were obtained in a test 
recently carried out on one of these engines at 
Messrs. Marshall’s works :— 


Duration of test ... os iv 4 hours 
Temperature of feed .. .. _ 120 deg. Fabr. 
Steam pressure (gauge) .. 188.7 Ib. per eq. in 
o temperature... .. 641 deg. Fahr. 
Superheat ... an am . 158 deg. Fah: 
Vacuum... bes * . 27 in. mercury 
Revolutions per minute.. 206 
Brake horse-power 124 
Coal consumption é 1.47 lb. per B.H.P. 
our 
Calorific value of coal... ... 11,500 ss aha per 
Coal burnt per square foot of 
grate per hour ... nn 23.7 Ib. 
a of CO, in flue gases 10.9 
Coal ysis :— 
Carbon ... ote a 77.30 per cent. 
Volatile hydrocarbons 7.75 m 
pega saeae sce 
Sulphur ... 0.5 ss 
Moisture 1.5 


It will be observed that the engine was tested at 
about its maximum continuous output, and that the 
coal used was of low calorific value. With spree 
Welsh coal having a calorific value of 14,250 B. Th. U. 
per lb. the consumption would have been 1.185 Ib. 
per brake-horse-power hour, a result on which we 
think the firm may be congratulated. Similar plants 
are made with capacities ranging from 50 to 300 
horse-power. 

One of the most important features of the plant 
under notice is the superheater, the details of which 
are illustrated in Figs. 4 and 5, annexed. It will be 
interesting to compare Messrs. Marshall's design with 
those previously illustrated in ENGINEERING.” Re- 
ferring to the illustrations, it will be seen that 
the saturated steam from the boiler passes through 
the pipe a to the top of a circular cast-steel header 
which extends round the circumference of the smoke- 
box. The steam divides on entering the header, and 
is directed by a series of bafiles through a number of 
U-shaped superheater tubes c. In this way the two 
streams travel round both sides of the header, and 
eventually recombine in a compartment d at the bottom 
of the smoke-box. The steam then travels upwards 
through a bank of zig-zag-shaped tubes ¢ to a separate 
header /, whence it —— through the pipe g to the 
cylinders. It should be noticed that in passing 
through the tubes c the steam travels in the opposite 





* See ENGINEERING, vol. lxxxviii., page 478, and vol. 
xcii., page 364, 
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direction to the flow of the gases, and that the final 
superheating tubes ¢ are placed directly in the path 
of the gases from the boiler tubes. As the tempera- 
ture of the steam increases, it therefore reaches hotter 
parts of the superheater, and thus the maximum 
efficiency of heat transmission is obtained. The actual 
amount of superheat added to the steam under ordi- 
nary working conditions is about 160 deg. Fahr. A 
sliding damper is provided to enable the gases to be 
wasted into the chimney without circulating round the 
superheater tubes, and a special double shut-off valve 
is fitted, so that the engine can be run on saturated 
steam if necessary. Ample —= is made for 
sweepivg both superheater and boiler tubes. 





SPEEDOMETER AND CARBURETTOR 

WORKS OF MESSRS. 8S. SMITH AND SON. 

On the whole, recent years have probably seen a 
tendency for the manufacture of engineering and 
scientific instruments to increase in this country. 
This is, no doubt, partly to be explained by the grow- 
ing adoption of such appliances for industrial and 
other processes. At the same time we think there 
are distinct signs that an increasing proportion, at any 
rate of the instruments we use ourselves, are of home 
build. The value of many scientific instruments in 
the workshop, and in other industrial fields, was 
earlier perceived on the Continent than in these 
islands, and as a natural consequence their manufac- 
ture was first taken up there. This gave foreign 
makers a start, and, to a large extent, our earlier 
supplies came from them. Recently, however, as 


we have su ted, manufacture has n started on 
a considerable scale in this country. The present 
international situation should assist us in further 


improving our position, and many of the well-laid- 
out shops we should be enabled either to 
increase their output or enlarge their range. It is 
probable that there are many users finding difficulty 
in obtaining various instruments or instrument parts at 
the present time owing to failure of ordinary supplies, 
and it would clearly benefit the country in two ways 
if such material could be made in some of our wor 

equipped to deal with the smaller class of ee. 

An interesting example of a works —— ly laid out 
for the manufacture of small parts is furnished by 
those of Messrs. 8. Smith and , Limited, of 179 to 
185, Great Portland-street, London, W. This firm, 
as is well known, has built up a large business in 
speedometers, carburettors, and other motor acces- 
sories, and it would appear likely that their equip- 
ment and trained staff might be of assistance at the 
present juncture in supplying small parts for other 
pur and spheres of work. We had an opportu- 
nity of visiting Messrs. Smith’s works a few days ago, 
and found an interesting collection of machine- tools 
of the smaller class, this remark applying particularly 
to the speedometer-shop. The works are situated in 
the basement and on the fourth and fifth floors of a 
fine modern building, the whole of which is devoted 
to Messrs. Smith’s business. The ground floor forms 
a large show-room, while the first floor contains the 
dispatching department and the various offices. The 
second and third floors are used as stock-rooms, which 
have a total floor space of about 100,000 sq. ft. 

The manufacturing departments, in which we are 
naturally chiefly interested, are, as we have said, 
rituated in the ment and on the fourth and fifth 
floors. The basement contains the garage and carbu- 
rettor-shops, while the speedometer-shops, demanding 
a lighter type of machinery, are situated upstairs. 
Views of the speedometer-shops are given in Figs. 1 
to 3 on 564. In them speedometers and dis- 
tance-recorders are manufactured throughout. As 
our present purpose is to give a brief description 
of works rather than the material produced in 
them, we need not say much of the details of 
these instruments. To assist in the understand- 
ing of the machine-tool equipment, we may, 
however, mention that the s ometer is of the 
governor type, and, in addition to the centrifugal 
parts, contains a sensitive balavce-spring arrangement 
and a train of wheels connecting to the pointer. This 
train contains spur, bevel, and worm-wheels. 
addition, there is a spur and pinion transmitting the 
drive from the axle, or Cardan shaft, of the car to the 
centrifugal gear. The distance-recorders contain 
counting-wheels of the usuul type. The brass or 
aluminium cases for the instruments are made in the 
shops. —— = speed and distance-indicators are 
the main manufacture, tachometers, chart-recorders, 
clocks, and various other forms of mechaniem are also 


turned out. An idea of the tool equipment is given | bel 


by Figs. 1 and 2. It consists essentially of a number of 
automatic and semi-automatic machines for the pro- 
duction of worm and gear-wheels and small parts in 
quantity. There are a number of wheel-cutting 
machines, small automatic lathes, sha and hobbing- 
machines. There are also some grinding-machines and 
an equipment of light drills. Hardening is carried out in 
a gas-furnace fitted with a distant-reading pyrometer. 
Assembling is carried out in an independent shop, 


In | oil in bulk, has just 


which is illustrated in Fig. 3. In the foreground to the 
right-hand side of this view can be seen the simple and 
ingenious machine on which speedometersare calibrated. 
The instruments are assembled with blank dials, and 
are run in el with a master-indicator, which is 
checked against an electrical device every few days. 
The calibrating-machine consists of a rotating disc, 
with a machined face, against which a small wheel 
bears. The wheel is mounted on a i. which can 
be moved across the face of the disc. The wheel is 
connected to two flexible shafts, one at each side of 
it, which are connected respectively to the instrument 
to be calibrated and to the master. The wheel being 
in contact with the disc, is driven by it, and by 
moving the carriage towards or away from the centre, 
any required speed can be obtained at the indicators. 
The speedometer dials are marked by pencil on the 
calibrating-machioes, and are then removed and per- 
manently marked on a series of Taylor, Taylor and 
Hobson engraving-machines in a special shop. The 
dials are made of metal or one of the cellulose 
products, as may be required. 
The carburettor-shops in the basement contain in 
eneral a heavier type of machine, as will be clear 
rom Fig. 4. The equipment consists of capstan and 
engine-lathes, milling-machines, drills, &c. This 
department also contains a garage having accommoda- 
tion for between twenty and thirty cars. The garage 
is reached from the street-level by a car-lift. The 
garage is provided solely for the fitting of the speciali- 
ties made by the firm to customers’ cars. It is 
obviously a great convenience to be able to fit the 
various accessories directly in the shops, such a 

rocedure enabling the work to be carried out directl 
by the staff having most knowledge of the different 
pieces of apparatus. In addition to speedometers 
and carburettors, lamps, horns, and electric and 
acetylene lighting installations are fitted to cars in 
the shops. essrs. Smith have the sole agency for 
the Trier and Martin electric lighting equipment, and 
are, we believe, the owners of the patents. The whole 
of the various shops are driven by electric motors, 
the power being obtained from the town mains. 





Contracts.—The Local Government Board has re- 
cently approved the scheme of sewerage and sewage 
disposal tr Pencoed prepared by Mr. T. J. Moss-Flower, 
Westminster and Bristol. The work involves the con- 
struction of about five miles of sewers, with railway 
and stream crossings, detritus, cing, sedimentation, 
humus, storm and other tanks, percolating filters, sludge 
and filter- engine-house, engines, pumps, —— 
and other incidental work. Tenders are to imme- 
diately invited for the work. 

Tue Farapay Soorty.—A_ general discussion on 
“The Hardening of Metals ” will take place on Monday, 
November 23, at the Chemical Society, Burlin 
House, London, W. The President, Sir Robert Hadfield, 
F.R.S., will preside over the discussion, and among those 
who will take part therein are Professor Ernest Cohen, 
of Utrecht, Dr. G. T. Beilby, F.R.S., Profeesor J. O. 
Arnold, Professor H. C. H. ter, Dr. C. H. Desch, 
Professor C. A. Edwards, Mr. H. L. Heathcote, Mr. 
J. O. W. Humfrey, Dr. T. M. Lowry, F.R.S., Mr. 
Andrew McCance, Dr. W. Rosenhain, F.R.S., and others. 
Farther particulars will be announced in due course. 


a. age rite beets ‘ 1914 giitinn, is 
at ice oO} . net by Messrs. Longmans, 
Green and Ce. 39, Paternoster-row, London, E.C. It 
opens with a short history, entitled ‘‘ A Hundred Years of 
Aeroplane Construction,” followed by a section on ‘*Mili- 
tary Aeronautics.” It gives the names of the various 
international aero clubs and societiee, their officers, and 
addresses ; illustrated information on the world’s modern 
aeroplanes, arranged alphabetically ; similar data on the 
world’s modern aero-motors; short biographies of well- 
known aviators ; an industrial directory, and data on the 
status of military and naval aviation in different 
countries. The book is a useful reference guide for the 
the subject dealt with. 





Moror O1-Tank Vesset ‘‘ Hermes.”—The motor- 
“vessel Hermes, built by Palmers Shipbuilding and Iron 
Company, Limited, to the order of the Anglo-Saxon 
Petroleum Company, Limited, of London, for carrying 
‘been delivered to her owners after 
rupning a successful trial trip off the Datch coast. The 
vessel, which is about 350 ft. long, has a dead-weight 
carrying capacity of over 5000 tons, and is built on the 
transverse system of framing to Olass 100 A 1 Lloyd’s under 
special survey, and desigued to meet Suez Canal require- 
ments. The vessel has seven pairs of oil-tanks 
below the main deck, with expansion trunk running the 
whole length between the main and wos deck, and 
summer tanks at the sides of the trunks. The deep tank 
iow the cargo hold forward is constructed for the 
carriage of oil fuel, as is also the double bottom below 
the boilers. The machinery for the vessel, which has 
been constructed by the Werkspoor Company, Amsterdam, 
consists of two Diesel reversible four-cycle six-cylinder 
engines, eg | on six cou direct to the 
screw-shafts. donkey boiler, working with a steam 


a of 1201b. per sq. in., for heating and other auxi- 
jary purposes, has been supplied by Palmers Company, 
and isarranged to burn oil. On the trials, reversing from 








ahead to astern, and vice versd, only occupied six seconds. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 


ei market was quiet but firm, 500 tons of 
Sieveland warrants changed hands at 49s. 44d. one month, 
and at the close sellers quoted 49s. 3d. » 49s. 64. one 


month, and 50s. 1d. three months. One lot of hematite 

was also done, and realised 62s. seven days. In the after- 

noon the market was idle, and sellers of Cleveland war- 

rants quoted 49s. 3d. cash and 49s. 6d. 

On Friday morning a steady tone prevailed, but 
of Cleveland warrants 


8 
dealing was confied to one lot 
one montb, and closing sellers named 


ope month. 


at 49s. 6d. 
49s, 3d. cash and 49s. 64d. one month. Quietness ruled 
in the afternoon, when no i was transacted, and 
the quotations of the morning for Cleveland warrants 
were u For the three months ition sellers 
quoted 50s. 0 On Monday morning the market was 
again quite idle, and Cleveland warrants were called 
493. 3d. cash 49s. 6d. one month sellers. In the 
afternoon there was little change, but Cleveland war- 
rants amounting to 1500 tons were fa through at 
49s. 2d. cash and 49s. 44d. one month, with buyers over at 
the latter figure, and sellers at 1d. more for that position, 
and at 49s. 24d. cash. Idleness again prevailed on Tues- 
day morning, and sellers of Cleveland warrants quoted 
49s. 2d. a and 49s. 64d. one month. The afternoon 
session was also idle, and sellers’ quotations were un- 
changed, but buyers named 493. 14d. cash and 49s. 5d. 
one month. When the market opened to-day (Wednes- 
day) the tone was firmer, but no transactions took place. 
Closing quotations for Cleveland warrants were 49s. 24d. 
cash and 49s. 6d. one month sellers, with buyers at 14d. 
less in each case. In the afternoon there was little change 
in Cleveland warrants and no business was done. Abt the 
close sellers quoted 49s. 3d. cash and 49s. 6d. one month, 


Y | and buyers named 49s. 144. and 49s. 44d. respectively. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is still slow, and there is little life visible. The 
price continues round 11/. per ton for prompt lots, Glas- 
ode Leith, and about 11/. 5s. per ton for forward 


Scotch Steel Trade.—No change of any moment has 
taken place in the Scotch steel trade since the last report, 
and while makers are managing to keep plant running 
fairly well, they are nevertheless very short of specifica- 
tions. This is the case for nearly classes of material 
for home consumption, as quite a number of new schemes 
have been yr delayed owing to the war. Many 
of these are likely to be put into being as soon as the 
outlook becomes more satisfactory. Some of the estab- 
lishments di Government work are very busy, and will 
be soforsometimetocome. The export trade is still rather 
quiet, and the dangers attendant on shipping at the 
present time, coupled with the higher freights and in- 
surance, are keeping iness which would otherwise 
come through. Prices show little change, but have a 
slightly easier tendency. 

Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland report the state of the trade as still 
rather quiet. Specifications are scarce, and some weeks 
it is difficult to secure even nine shifts; but it is freely 
anticipated that things will improve in the near future. 
— are still based on 7/. 12s. 6d. per ton for “‘crown” 


Blastfurnacemen’s Wages. — Mr. John M. MacLeod, 
C.A., Glasgow, has reported to Messrs. James C. Bishop 
and James Gavin, joint secretaries of the Board of Con- 
ciliation between the owners of blastfurnaces in Scotland 
and the blastfurnacemen, that as to the price of Scotch 
pig-iron warrants in the pe market for the months 
of August, September, and October, 1914, there is no 
change in the wages of the workmen. 


Scotch Pig-Iron Trade.—The past week has not brought 
forth any eo in the demand for the ordinary 
— of tch pig-iron, and business continues on 

side. The easier quotations of late have not 

even induced consumers to increase their orders beyond 
actual requirements, and it is doubtful if further shading 
will take in the meantime. Hematite is also slow 
of sale. following are the market quotations for 
makers’ (No. 1) iron: Clyde, 68s. ; Calder, Gartsherrie, 
Summerlee, 68s. 6d. ; and Langl 70s. (all shipped 

at Glasgow); Eglinton, 62s. 6d.; and Glengarnock, 70s. 
both at Ardrossan); Shotts (at Leith), 68s. 6d.; and 

(at Grangemouth), 69s. 

Scotch Shipbuilding.—The Scotch shipbuilding returns 
for the past month are fairly satisfactory, but are, never- 
theless, a long way behind the fine figures for the corre- 
sponding month of last year. The following are the totals 
for the various districts :— 





Vessels. Tons. 

The Clyde .. ie = ‘one 45,508 
The Forth .. ~ a ite va 1 200 
The Tay .. a se pat - 1 3,180 
The Dee... oe - ee os 4 820 
Total . 27 49,708 


The Clyde total is a good average for the year to date, 
and brings the output for the ten months up to 191 ves- 


sels, of 401,869 tons, which is almost 158,000 tons less than 
for the same period of last yom, Of course, it must not 
be forgotten that both 1913 and 1912 were exceptionally 


— years in the shipbuilding industry and that nothing 
ike the same returns were expected from this year, 
8? that the above total cannot be considered other- 
wise than fairly satisfactory. i during recent 
months have been very small, and October was no ex- 
ception to the others, and was, indeed, one of the leanest 





of the lot. Inquiries point to the fact that there is 
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fair amount of — under contain, byt much of it 
will depend u course war an 

of improvement in some of the overseas coi ae 
of the shipyards have lost many of their workmen, who 
are now serving in — Navy or Army, with the result 


Zamjrlty work 1 bei wo ne pone ead with al speed 
Admi 


and the progress being e is oF oa oben 





NOTES FROM SOUTH YORKSHIRE. 
y: 


SHEFFIELD, Wednesda: 
South Yorkshire Coal Trade.—The hard-steam section, 
which has been remarkably steady under tryin — 
stances, is now to show signs 

Though the industrial demand — up well, Somme weak- 
ness of the ex section cannot be disguised, and with 
stocks on the increase, forced sales are being made at re- 
a rates. On the week, Yorkshire hards have declined 
6d., and Derbyshire hards, which are a little easier, have 
ropped 3d. With the continuance of mild weather, house 
sales remain at a low level, values y and un- 
altered. Theadvent of cold, frosty weather would cause a 
general improvement. More gas fuel is being produced than 
is necessary to meet the current demand, and special lots 
are obtainable at low rates. Export business, though 
maintained ata fairly even level, is Well below the average 
for this time of year. Owing to a collapse of the Lincoln- 
shire demand, slacks are still on the downward grade. 
Output has been further curtailed, but stocks are accumu- 
lating, and inferior sorts are selling at varying reduc- 


tions. Coke is easier and prices are on the weak side. 

Coking fuel is nal plentiful. Quotations :—Best branch 

hand. picked, to 16s. 6d.; best Si 

12s. te 6 3 byshire best ts, 12s. 6d. to 

13s. 6d.; Derb: house, 11s. to 12s.; best large nuts, 

lls.; small nuts, 9s. 3d. to 10s. 3d.; Yorkshire hards, 
shire hards, 9s. 6d. to 10s. 6d.; best 


to 2s. 9d. 


Tron and Steel.—Business in the metal market shows 
a considerable falling off, and values are.weakening. Now 
that the downward movement has set in, consumers, after 
a spurt of activity, are content to await events, and with 
that end in view are ing such pu as will carry 
them over Pen ma Tiga emery The decline is con- 
fined v pay @ common irons. and there ages 
deal of w Official rates. In hematites, 
buying is po Soe more restricted, values are for 
most part steadily maintained, consumption being as 
great as ever. Special brands used in the manufacture 
of armaments show no decline. Only in the commoner 
East Coast brands is weakness evident. ere is no 
improvement in the finished-iron trade. The bar — 
are still short of work, and the pars in general busine 
is slow. ja ab is no 7 highe of Swedish iron, but 
users are pay her prices to compensate 
for the extra > eee a oly Satisfactory 

being made in tthe steel trades. The alloys 
Fifteulty, which has been brought into prominence in the 
resent crisis, is being age in a business-like manner. 
When German sup of tungsten ceased, hi; “ 
speed-steel makers to © fall back on supplies from 
United States at from two to three times the Geran 
price. Ata conference of users it was decided that the 
only way out of the caaiee dae was to commence the manu- 
facture of the ys in this country. The 
leading South Vorkshire 1 manufacturers have accordingly 
combined in the formation of a Private limited company 
called ‘* High-Speed Alloys, Limited,” with a capital of 
50,0002. The company has taken offices in Sheff , and 
its pu’ is ‘‘to carry on the business of manufacturers 
of an r a A in tungsten, molybdenum, vanadium, 
chrome, and other me or substances used in connec- 
tion with the manufacture = steel, general merchants, 
miners, iron-masters, smelte manvfacturers 
of chemicals, iron-founders, ke.” nemployment in the 
steel trades has undergone a further decline, only one in 
every 130 ——— pp being al & ae The 
armament houses are unceasingly in 
duction of armour, guns, and shells. A special shit 
system has been adopted which ee 
to continue day and night hem 5 the wee Orders 
for railway steel, casbings, of are 
lentiful. Deliveries are becoming a Ay and 
ess ~po | is experienced in payments. 
Special steel has been ordered by _ ‘Attion India, 
and Australia, and files, saws, twist-drills, and mining 
implements by Calcutta, i pastors, Durban, 
Natal, Montreal, - ay y. Business in crucible 
steel continues jiemens steel cannot be made 
fast enough, an nee prices are asked for acid billets, 


Bessemer acid being quoted at 7/. 15s. to 8/. and Siemens | type 


acid at 8/. 5s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A very quiet feeli 
vails. The action of the Admiralty i in practically closing 


the North Sea by declaring it a area is generally 
wht toed though itis falls it is fully realioed that the drastic 
1, for the time being, cri trading. Producers of 


pig-iron are very anxious to furnaces in blast over 


the winter months, and are prepared to do so at some lehem 


sacrifice. The position as regards cost of output ma 

become such as to render it impossible to ~ ‘the | on 

furnaces in operation, for nae continues very 

the declaration with North Sea is me 

— of foreign ore. _ however, it would seem, 
ve confidence in matters righting themselves, for, since 

our last report, Messrs. Bolckow, Vaughan have re-started 


breech-mechanism f 
step from 26 to 34 cents (1244. 011d) per 





4“ ~~ oe me pig, a the eel eee. Th Iron Com- 
pany have one to uce 8) is in- 
creases the number in blast on the North- oe 
71 to 73, of which ‘hd 12 are producing special Kinds of 
I hematite, and 12 are pened ial ki 
iron. No.3 g.m b. Cleveland is 498. 
is 5ls. 9d. ; No. 4 foundry 49s. ; 
mottled and white iron each 48s. 
pig is weak, with demand practically at a standstill. 
ome consumers are said to well stocked, and trade 
with oversea customers is cut off. Nos. 1, 2, and 3 are on 
res at 62s. Sellers of foreign ore base quotations on 
an 6d. ex-ship Tees for Rubio of 50 per cent. 
ty, and some firms intimate that they would not 
abe contracts for delivery over periods next year except 
ata much higher rate. Freights Bilbao. Middlesbrough 
have advanced 1s., and are now 5s. 6d. Up to 17s. 6d. is 
still asked for Durham beehive blast-furnace coke of 
average quality delivered at Tees-side works. 


+! of Pig-Iron.—According to the official returns 
issued by Messrs. Connal and the public warrant 
storekeepers, the stock of Cleveland pig-iron during the 
month of October was increased by 1097 tons are 
warrants in circulation for 100, tons of No. 3 Cleve- 
land pig-iron, and the quantity of iron in store now stands 
at 103,925 tons. 

Tron and Steel Shipments.—The — yy, of iron and 
steel from the Tees during the month of October were 
on only a moderate scale, and fell aN below 
those of October a year ago. Those of averaged 
2089 tons per working day, the total eopatches being 
returned at 56,406 tons, 4 757 tons of which went from 
Middles h, and 7649 tons from Ski ve. In 
ye A 
average of 2266 tons, and for the 
year ago the clearances amounted to 1 
average of 4636 tons per working day. 
cleared at Skinningrove last month went to 
land. Of the pig-iron loaded at Middlesbrough, 24,834 
tons went abroad, and 23,923 tons coastwise. Scot- 
land, as usual, was the largest buyer, importing 15,645 
—_ whilst Sweden received 10,840 tons; Wales, 

; Japan, 3325 tons; United States of America, 
282° tons; Holland, 2365 tons ; pe 1726 tons; 
ortugal, 1250 tons; Italy, 1200 tons; Denmar 
loadings of peas at Bow iron during 


October amounted to 12,425 tons, 5472 tons of which went slightl 


h | foreign and 6953 tons coastwise, a toe ot oe 
© | 23,227 tons, of which 19,741 tons went abroad, and 3486 
tons to home customers. India was the largest buyer of 
oes SS 3042 tons of manufactured iron and 8721 tons 
of si 


Manufactured Iron and Steel.—In the manufactured 
iron and steel trade works are fairly well employed. New 
business, however, is slack, and specifications are — | 
coming in slowly. Prices all round are unalte 
Principal —¥ quotations stand :—Common iron bars, 
81.; best bars, 8/. 7s. 6d.; best best bars, 8/. 15s.; packing 
iron, 62. 5s. ; iron ship-piates, 71. 5s. ; iron ship-angles, 81.; 
iron ship-rivets, 8/. 7s. 6d.; iron girder- plates, 7/. 5a.; 
meee she eg 7l. 103. ; steel bars (Siemens), 7/. 15s. ; 

plates, 7/. 5s. ; steel shi 71.; steei boiler- 


steel shi 
lates, . 68.; sbeel strip, 71. 58.; steel hoops, &/.; steel 
joists, 72. 2s. 6d.; ——? columns, 71. 7s. 3 cast-iron 


railway chairs, 4/. 5s. ; lig ht iron rails, 7/. 15s. ; heavy 
steel rails, 6/. 7s. 6d.; steel railway sleepers, 7/. —railway 
material net at works, and all other descriptions less 
2 per cent. discount ; vanised corrugated sheets, 
gauge, in bundles, 14/. f.0.b.—less 4 per cent. 


Northern Shipbuilding Orders.—Shipbuilders and engi- 
neers on the North-East Coast have a deal of work 
on hand. Besides being busy with work for the Govern- 
ment, they have received orders for the construction of a 
comsiieesie amount of tonnage. The following firms 
have just received orders :—Messrs. Sir — Dixon 
and Uo., Middlesbrough, a large cargo-boat for the | 
Colonial. Sugar Refining Company of Australia; Sir 
W. G. Armstrong, a and Co., Limited, ‘New- 
castle, a high-class liner, about 447 ft., for the Shaw- 
Saville- Albion poy, je Messrs. Palmer's Shipbuilding 
and Iron Company, —* Jarrow, 8 large cargo steamer 
5 ane Ellerman Line; Messrs. Swan, Hunter and 

ham Richardson, Limited, Wallsend, two = 
a ers for the lo-Saxon Oil ph a ng, TE mye me 
Wood, Skinner and Co., Bill Qua: dy- sized 
steamer for Messrs. Lysberg, of etd 





Unitep Starrs Ogpnance.—We read in the Jron 
Trade Review, Cleveland, Ohio, that the United States 
owe A a opened on the 15th ult. bids for a new 
f 14-in. gun. The Midvale Steel Company quoted 
97, 875 dols. (19, 575i. ) each for not less than ten guns, and 
the Bethlehem Steel Company 98,500 dols. ood, Bids 
for twenty guns—the number to be pure —- 
were also opened for twenty sets of Ree, = rou; 
and turned forgings; for these the Be’ oe 
quoted 334 cents ( 3 (163d. ) per Ib., and the bid Midvale 
pany 34 cents (17d.) for twenty sets. The other hide were 
or ed me five sets J — a. ee and turned 
prices for which ranged 
Ib., the ne lorent Pinee | Boe 
being that offered 


y the Panepieenio 
Erie Forge Com 


y quoted ba ae. doa ), P'the Beth- 
Company = (163d.), and the Midvale Com- 
pany 34 cents (17d.) per Ib. e total of the lowest bid 

finished — is 1,957,500 dols. (391,500/.), whilst the 
total of the lowest bid on forgings, involving 1600 tons, is 
1,172,000 dols. (234,400/.), and the total of the lowest 
figure on breech-mechanism forgings, involving 112 tons, 
is 56.250 dols. (11,250/.). The gan material in question is 
for the battleships California, Idaho, and Mississippi. 






















The | Board of Trade, oe 





NOTES FROM THE SOUTH-WEST. 


oreign, 898,098 tons ; coastwise, 75,911 
tons ; bunkers, 227, ae coke, 1831 tons ; and patent 


fuel, 30,889 tons. ing shipments in 
September, 1913, were :—Foreign, 1,675,361 tons ; coast- 
wise, 279,199 tons; bunkers, (827 tons ; coke, 7991 
tons ; and patent fuel, 65,526 tons. There were, accord- 


ingly, decreases all along the line—viz. : ae 
tons; coastwise, 203,288 tons; bunkers, 57,513 tons; 
coke, 6160 tons ; and patent fuel, 34,637 imilar 

were noted at rina yy J the shipments foreign 
having fallen off, in Se 805 toms; coastwise, 
17,565 tons ; bunkers, 1 759 tons ; and patent fuel, 2681 
tons. Coke d owever, ‘showed an increase of 
1361 tons. | mnt lecreases for the month were :— 


tons. Simil 


4400 Aa a 148,940 tons ; coastwise, 11,545 tons; bunkers, 


6652 tons ; coke, 906 tons ; and patent fuel, 22,913 tons. 
There were also decreases at Port Talbot, viz. :—Foreign, 
96,759 tons ; coastwise, 4209 tyes bunkers, 5520 tons; 
and patent ‘fuel, 13,414 tons. ral outlook was 
~ relieved by an increase ber 1055 tons in coke ship- 
ments. 


Wales and Algeria.—Welsh makers of patent fuel have 
been invited to tender for a) = ply of 102,000 tons of 
such fuel for the Algerian 5 ways, deliveries to 
be made from Jan to Oosober next year. A small 
quantity of coke was required for the same system. 


Newport.—The steam-coal trade has shown no o 
activi Supplies have been plentiful and prices have 
been s slightly unsteady. House coal, patent fuel, and 
coke have remained without quotable change. Best 
Newport Black Vein large has made 16s. 9d. to 17s. ; 
Western Valleys have brought 16s. to 16s. 6d.; and 
Eastern Valleys, 15s. 6d. to 16s. per ton. 


The South Wales Coal-Field.—A Peace Committee, 
y ace by the Conciliation Board some time since, bas 
disposed of a ~— number of disputes ; and the settle- 
ments effected have been acce by. employers 
and workmen with one or twoexceptions. A en’s 
committee has also made settlements at nearly all the 
collieries in the coal-field. The terms agreed upon by the 
committee are not compulsory, and in a few cases the 
men have elected to continue on the old system, where a 
reduction of hours is considered to mean a reduction in 
wages. 





Tue Late Ma. AtexanpeR Avuip.—The death took 
place, on he yh morni gy = the 30th ult., at his residence 
in Kilmarnock, of xander Auld, who for about ae 
in the akan of Messrs. Andrew 
fees ond Co., Limited, Caledonia Works, Kilmarnook, 
-_ for many years acted es their outside re tative. 
His s took him over the whole of industrial 
districts of Scotland and the larger of England. 


Mr. Auld was widely known and Rell cas , and 
his loss will be keenly felt by a large circle of friends, 





Morork AMBULANCES FOR THE F'RonT.—Messrs. Bab- 
cock and Wilcox, Limited, have presented two — 
motor ambulances to the British Red Cross Societ 
service at the front. One of the ambulances has 

ven by the company, and the other has been 
- subscriptions from the directors and staff. 
sponse from the staff has been so satis that there 
S00L, sevaine lus of between 40/. and 50/ yond the 

for the ambulance, and it is yh that 
this should be handed to the Red Cross Society to go to 
the cost of another ambulance. 


id for 
e re- 





Pe wy TBSADE WITH THE Sreaits SeTrLeMEnTs.— 
Stuart, Registrar of Im and Exports at 
Soegpore. pore, the correspondent of the Board of for 
the Straits Settlements, who is now -# a visit to England 
will attend at the Commercial Intel ligence Branch of the 
-street, London, E.C., on 
Tuesday, Wednesday, ureday, November 17, 18, 
and 19, between the a te and 5 p.m., and 
be pleased to see by appointment British manufacturers 
and traders, not represented in the Straits Settlements, 
who may desire to consult him regarding trade conditions 
and openings in that Colony. Anglesea for appoint- 
ments with Mr. Stuart should be made promptly to the 
Director of the ~~ ys a Branch, 
73, Basinghall-street, London, E. 
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NOTICES OF MEETINGS. 


British FouNDRYMEN’s AssociaTION: LANCASHIRE BRANCH,— 
Saturday, November 7, at 4 p.m., at the School of Tec! 
Manchester. Open diecussion on Foundry Problems. 

Tue LystrruTion OF MrcHanicaL ENGINEERS : GRADUATES’ Asso- 
ciaTION.—Monday, November 9, at 8 p.m., @ pay entitled 
“Some Notes on the Wear and Tear of lers” will be read b: 
Mr. E. B. W. Maitland, B.Sc., Graduate, of London. Chairman : 
Mr. O. E. Stromeyer. 
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the first ordinary g 1 ting of the session 1914-15 be 
held, when the President, Mr. Howard Chatfeild Clarke, will 
deliver an opening address. 

Tus InstiTuTion oF Raitway-SsonaL Enorneers. — Tuesday, 
November 10, at 2.30 p.m., in the Lecture Theatre, at the Insti- 
tution of Electrical Engineers, Victoria Embankment, London. 
Mr. A. H. Rudd's reply to the discussion on his r, “‘ American 
8 Practice as Compared with British ‘a 

® Instirorion or EvsecrricaL Eneineers : Scorrisn Locan 
Secrion.—Tucsdav, November 10, at 8 p.m., in the Rooms, 
207, Bath-street, Glasgow, when the Chairman, Mr. James Loweon, 
will deliver his inaugural address. 

Tar InstrruTION OF AUTOMOBILE EXGINEERS.— Wednesday, Nov- 
ember 11, at 8 p.m., in the Hall of the Institution of Mechanical 
Engineers, Storey’s Gate, St. James’s Park, Westminster, 8S.W. 
Mr. A. Ludlow Olayden and Mr. Harold Burchall will read a paper 
entitled *‘ Retail sport.” 

Tue OpricaL Socrzty.—Thureday, November 12, at 8 p.m., at 
the Rooms of the Chemical ety, Burlington House, - 
dilly. A ron ‘The Possible Effects of the War on British 
Optics,” by Mr. T. H. Blakesley, M.A. 

Tus Instrrution or EvecrricaL Exerxerrs.—Thureday, Nov- 
ember 12,at8p.m. ‘ Cables,” by Mr. C. J. Beaver, Member. 

Tue PuysicaL Society or Lonpon,—Friday, November 13, at 
8 p.m., at the Imperial College of Science, I rial Institute- 
road, South emi np, S8.W. Agenda: * ge for the 
Measurement of Self-Induction,” by Mr. D. Owen, B.A., B.Sc. ; 
“On the Coefficient of Diffusion in Dilute Solutions,” by Mr. 
B. W. Clack, B.Sc. 
NOTICE. 

In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
forwarded under normal conditions, 
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THE FUNCTIONS OF A TECHNICAL 
INSTITUTION. 


ENGINEERING is at bottom a commercial matter. 
Any new project or new operation, no matter what 
its success from a technical standpoint, must ulti- 
mately stand or fall by its ability, or lack of it, to 
make out a case for itself in business competition 
with other projects and operations. The commer- 


copies | cial test is in every case the final test. To realise 


this, however, is not to admit that engineering 
and engineers have no other interest than to pro- 
duce or sell more cheaply than their neigh- 
bour—that their business is one with that 
of the Saturday night coster bawling his apples 
and bananas. With many ongiantas-qudlliiy 
with most—the underlying commercial aim is 
hardly present in the foreground as they carry 
out their work. It more probably occupies 
a convenient place in the middle distance, and 
slightly out of focus. A draughtsman engaged in 

esigning a machine, in such a way as to con- 
serve its valuable features and yet reduce its 
manufacturing cost, fixes his attention and interest 
on the mechanical problem involved rather than 
on the selling necessity, which is the basis of that 
problem. He is an engineer, not a salesman, and 
although his work must ultimately be judged by 
commercial standards, his actual designing is not 
commercial work. It is engineering, and as such 
carries interests and claims which Selene only to 
engineering. 

At one time and another a good deal has been 
talked and written about engineers and business 
men, and the supposed superiority of the former and 
the finer nature of their calling. Most of it has 
been rather silly. Essentially all successful engi- 
neers are good business men. Their professional 
duties are, of course, not the same as those of the 
men who organise and operate the commercial 
sides of a business; but in the long run, unless their 
technical proposals and actions are commercially 


4| sound, they cannot be successful, and are, in fact, 


not good engineering. If we admit all this, as we 
do admit it, it opens the way for an attack on some 
of the professional proceedings of engineers. It 
may be asked, and it has been asked, why, if the 
interests and aims of the engineering and commer- 





cial sides of a business are one, do engineers insist 
on forming themselves into a caste apart, and, for 
instance, refuse to admit any commercial element 
into their technical institutions. The idea is not 
that they should admit purely commercial members. 
Clearly no case could be e out for such a claim. 
The contention is that, since successful engineeri 
must be based on successful business, it would 
be well frankly to recognise the fact, and not only 
admit, but encourage the discussion and handling 
of, commercial matters by the Institutions. 

A very important instance of this class of claim 
has been in evidence for the past year or so in con- 
nection with the Institution of Electrical Engi- 
neers. A —we think a strong party—in that 
Institution felt that its proceedings and activities 
were of too purely a technical character, and that 
if it was to take its place as the head in every 
sense of the electrical profession, it was necessary 
that it should interfere more directly in the 
many non-technical or semi-technical questions 
which affected the interests of its members. 
Whether as a result of the agitation of this party 
or not, we do not know, but certainly, in further- 
ance of its ideas, an Industrial Committee was 
formed by the Institution to deal with matters of 
the class in question. The Committee, which was 
formed in November, 1912, consisted of various 
members of Council and ordinary members of the 
Institution, with some re ntatives of such bodies 
as the Tramways and Light Railways Association, 
the Association of Electric Power Companies, the 
British Electrical and Allied Manufacturers’ Asso- 
ciation, &c. The Committee held fourteen meet- 
ings, and then reported to the Council of the 
Institution that its constitution had proved not 
such as to enable it to perform useful work, and 

that the Council should decide if its 
powers should be enlarged, or, alternatively, if the 
consideration of industrial questions was properly 
within the province of the Institution. In the end 
the Committee was dissolved in the early part of 
this year. 

The brief history of this Industrial Committee 
was referred to by Sir John Snell, the new Presi- 
dent, in his address to the Institution on the 29th 
ult. Sir John appeared to think that the non- 
success of the Committee was inherent in the 
nature of things, since ite proceedings had largely 
to do with controversial matters, in which the 
interests of one body of members of the Institution 
might be, and usually were, directly opposed 
by those of another body. For the Institution to 
attempt to deal with questions of this class was 
to divide it against itself. He stated that, in 
his opinion, there must be other bodies, apart 
from the Institution, whose duty it would be to 
deal with the immediate and special interests of 
various classes of electrical workers. The majority 
or all of the members of these classes might be 
members of the Institution, but their special sec- 
tional interests could not be directly safeguarded 
by the Institution without the possibility of injur- 
ing those of another class of members. ‘The 

rticular interests must be cared for outside. 

hus the 2m ppm Municipal Electrical Asso- 
ciation watch over municipal interests, the 
British Electrical and Allied Manufacturers’ Asso- 
ciation dealt with commercial and industriai details 
of manufacturing, the Electrical Contractors’ Asso- 
ciation made it its business to protect the interests 
of wiring contractors, &. Alongside all these 
bodies, above them if one wished, the Institution 
of Electrical Engineers would stand untrammelled 
by any sectional interest and desirous of advancing 
electrical interests generally, maintaining a broad 
and impartial outlook over the whole profession 
and electrical industry. 

With the whole position thus presented by Sir 
John Snell we are in complete agreement, but we 
would carry the case much further than he did. 
We have no wish to criticise the stand he took— 
those who are not against us are for us—but we do 
wish to take our stand in a more definite and pre- 
cise way than he ap d todo. The objections 
to a technical institution handling commercial 
matters go much further than the fact that such 
questions are likely to divide the institution 
against itself. They go down to the basis of 
the constitution and aims of the institution and 
threaten to undermine its whole position. We 
have said that engineering is based on commerce, 
but we have not said that engineering is merely 
commerce. ——— is an important and leading 
profession, and ite own interests and duties require 








566 


ENGINEERING. 


[ Nov. 6, 1914. 








the existence of institutions which shall represent 
it, and it alone, and such have no seco! aims or 
intentions. If the Institution of Electrical Engi- 
neers or any other such institution is to properly 
represent the engineering profession, it must be 
independent of all commercial and business factors. 

We do not know that there is anything in the 
Articles of Association of the Institution of 
Electrical Engineers, or of any other of the leading 
engineering institutions, to prevent it from dealing 
with commercial matters if it wishes; but if it is 
to do so, it must inevitably give up the idea of 
occupying the position that an important technical 
institution should occupy. The two things cannot 
go together. We do not mean to say that an 
institution cannot deal at one and the same time 
with technical and commercial interests; but if 
it does, it cannot occupy a leading position on the 
technical side. It is precisely inasmuch as they do 
not deal in camenell matters that the strength of 
the leading technical societies lies. It is not merely 
that the introduction of business interests may 
cause the Council to favour one part of the 
members against another. This division is not the 
essence of the matter at all. The technical in- 
terests of all the members of an institution are by 
no means necessarily similar. The point is that 
the authority of an institution in its own branch of 
work must weakened by introducing elements 
in which there can be no authority. 

An important technical institution rightly should 
be regarded as the final arbiter in its own i 
sphere. We do not say that all, or any, of our 
institutions have reached this position, but that is 
the aim. If, now, an institution of this class is to 
interfere in commercial matters, it must lose some 
of its influence in its own province. In commer- 
cial matters there are no authorities in the mt 
sense, and if a technical institution is to dabble in 
them, its standing can only be that of frankly com- 
mercial associations. We know very little of the 
Electrical Contractors’ Association, but have no 
doubt it is an enterprising and valuable body; but 
no one, least of all, we —— the Association 
itself, would suggest that it has, or can have, any 
independent authority as far as the general public 
and the engineering profession as a whole is con- 
cerned. Its actions and judgments are naturally 
and rightly coloured by its constitution and duties. 
Its affair is to look after the business interests of 
its members. The same thing applies to other 
commercial or semi-commercial institutions. 

The duties and privileges of the Institution of 
Electrical Engineers and similar bodies should be 
quite other than this. Their business in the best 
sense is to stand as independent authorities on 
technical matters. Their proceedings, their papers, 
and their published views should represent the 
best thoy are able to give and the best the country 
is able to give in the way of advice and information 
on strictly technical matters divorced from all 
consideration of the commercial value or otherwise 
of those views to their members or anyone else. 
If an institution has commercial interests, its 

‘opinions must be coloured by those interests. 
It is impossible that they should not be. And, 
as a consequence, it cannot attain to or hold 
an authoritative position in a purely technical 
sphere. It may attain a semi-authoritative position 
in the sphere of its commercial interests. If it does 
or not depends on many things. But it cannot 
take the position which, in our opinion, it should 
be the aim of the Institution of Electrical Engi- 
neers to take. It is not the business of the 
Institution of Electrical Engineers to look after all 
the electrical interests of its members. It is not 
its business to have anything whatever to say or 
do with disputes between wiring contractors and 
municipal supply departments. It is not its busi- 
ness to assist its manufacturing members in meet- 
ing foreign competition, except in so far as helping 
them to learn the best that is being done in other 
countries is such assistance. Its business is to 
stand aloof from commerce, so that its opinion and 
words, and the opinions and words of its members, 
when speaking as members, may represent tech- 
nical opinion only, and not technical opinion 
colo’ by even the smallest ulterior motive. 








THE PANAMA CANAL. 

Ir is perhaps just as well that the American love 
of demonstrations and celebrations was given little 
opportunity of ee itself on the occasion of 
the opening of the Panama Canal to commercial 





vessels, on August 15 last. On page 256 ante we 
chronicled the passage of the Ancon through the 
Canal. The event passed off without incident, and 
practically no ceremony. A number of guests were 
on board the ship, but Colonel G. W. Goethals, 
although the chief figure of the occasion, was to 
be seen superintending the various operations in 
the most informal manner. Quite forgetful of the 
elaborate programme arranged for next year, the 
American Pram has adopted an attitude conforming 
with the official decision, and has tried to make 
out that a quiet and unostentatious opening best 
befitted the grand scale of the work at Panama. 
In the light of subsequent events, any other form of 
inauguration at so early a stage would have been 
unfortunate. Indeed, it is a question whether the 
postponement of the opening of the Canal to com- 
merce would not ultimately have been better. 

There has been a great desire to bring the work 
to a conclusion, but for so large a task some extra 
weeks or months would have been no. serious 
matter. Some delay would probably have proved 
—— to the dislocation of traffic once it has 

n started. Twice recently the Canal has been 
blocked. Once, on October 15, material slid into 
the Canal and blocked it for five days. On this 
occasion fifteen ships were detained in the Canal, 
and have demur claims against the Govern- 
ment. Again, on the 2nd inst., the Canal became 
blocked by a slide which, it was announced, 
would take three days to clear. The first of 
these two slides occurred just north of Gold Hill. 
It is not clear whether it formed of a large 
slide which has given trouble in this vicinity for 
many years, and which has extended over an area 
of over 50 acres on that side of the Canal. It 
ery however, that one of the characteristics of 
the old slide was noticed in that of a fortnight ago— 
namely, the upheaval of the Canal bottom by the 
— of the mass sliding down the k. 

pheavals of this kind are, of course, particularly 
dangerous to navigation. When they have happened 
in the past, the earth movement has sometimes 
been so rapid that there would seem to be con- 
siderable risk of vessels being grounded in the 
canal at such places, and it is difficult to see how 
the danger can be removed even with constant 
patrolling. 

There was some question before the excavation 
was completed whether or not, on water being let 
into the canal, there would be a greater tendency 
for the banks to slide in. One of Colonel Goethal’s 
chief arguments in favour of admitting water as 
early as possible last year was that if such things 
were likely to happen, the sooner they occurred 
the better, so that they could have done with them. 
Whether the saturation of the banks has increased 
their tendency to give way or not, it is fairly clear 
that the slide trouble is not yet over. The first 
few passages of large boats even at slow speed must 
bring down a good deal of unstable material on the 
banks. The rainy season, which is now at its 
height, will probably bring down more. Having 
regard to the magnitude of the slides in the 
past, it will be surprising if they do not give 
trouble for some time to come. In fact, it is 
a question whether it would not have been 
better, rather than throw the waterway open, to 
subject it to some moderately severe tests for 
some months yet. From the official reports, the 
test passages made have mostly been for the pur- 

of demonstrating the correctness of align- 
ment and the working of the mechanical equip- 
ment. Where there has been trouble from slides, 
the material might even have been tempted to come 
down, and if it had done so it could have been 
cleared away, while greater provision for drainage 
at the weak spots could have been introduced. 

In the end, even if the use of the Canal by com- 
mercial vessels were deferred for some months, the 
result would have been more satisfactory. Shipping 
will be rather shy of placing reliance upon a route 
liable to sudden interruption in this way, to sa 
nothing of the risk to the vessels themselves. It 
will take some time to attract regular services to 
the new route if, after their making arrangements, 
they are forced by this reason to depart from 
them. Much of the merchant shipping is run 
nowadays to such clockwork schedules that the 
risk of being detained for an unknown length of 
time in the Canal would put that route out of the 
question for the present, and once frightened away, 
such services may prove difficult to bring back. 
The success of a good many engineering works 
has at one time and auother been jeopardised 





by putting them to practical use just a trifle too 
soon. We trust that the troubles ahead of the 
Canal may prove slight, but the price of some 
further delay, if it would assure ultimate security, 
would be trifling on so big a work, and we cannot 
h Ip thinking that the authorities would have been 
well advised not to announce the waterway as open 
for some time yet. The date for the official cele- 
brations seems to have been better chosen. 





THE BREAK OF GAUGE ON 
AUSTRALIAN RAILWAYS. 

Wir everybody discussing war and invasions, 
it is natural that it should recur to the Australian 
mind how the defence of that continent is incon- 
venienced by the multiplicity of the railway gauges 
in the various States. No military expert who 
has given this matter attention has, so far as we 
know, done other than condemn this diversity. 
We have frequently referred to the complications 
this lack of uniformity introduces, even in times of 

The breaks of gauge at the various borders 
orm barriers which impede intercourse and inter- 
change between the States to an extent which 
might amount to a veritable danger in time of war, 
if war entailed the risk of an invasion of the 
continent. There must be coupled, we think, 
with any reflection on the matter some regret at 
the procrastination which has postponed, year after 
year, the final settlement of this vexed question. 

The Melbourne Age, which has always urged 
the importance of a decision, recently returned to 
the subject in its columns. We cannot help think- 
ing, however, that in this instance its argument in 
favour of promptly undertaking unification is a 
little strained. It presupposes the possibility of 
an invasion of the Continent of Australia during 
the pes upheaval. Now, though events have 
developed in the last few weeks so rapidly that any 
hazard at an exact forecast borders on rashness, 
we can hardly believe that the time has come for 
Australia’s defence policy to be put to the test in 
that way. The enemies with which our nation is 
concerned have so far shown themselves unable to 
prosecute any over-sea expedition of importance, 
and the whole complexion of affairs will have to 
undergo a thorough change before anything of the 
kind can be attempted against our colony. Sporadic 
raids on ports an shipping, such as those already 
executed in various seas by Germany’s fast cruisers, 
might be attended bysome success. The overland 
transport of troops could do nothing to put a stop 
to such actions. The vessel would be away again 
practically before the troops had entrained, and 
only heavy —— on the spot would be of service 
in such an event. It seems likely that so far as the 
transport of troops during the present war is con- 
cerned, the Australian railways will be employed 
mainly with the movement of the contingents dis- 
patched to support the arms of the Mother Country 
in Europe. Even a few hours extra in that case 
really matters little. The delay would be a minute 
percentage only on the time occupied in training 
and in the voyage to Europe. 

Not only does the work of unification not 
appear to be urgent at the momept, but it can 
easily be shown that quite reasonable arguments 
can be adduced in favour of its temporary post- 
ponement. If we suppose that the course of 
events might so turn against us that the invasion 
of Australia by large hostile forces became likely, 
it would clearly be greatly to the disadvantage of 
our colony to be caught inthe middle of all the dis- 
organisation which must almost inevitably accom- 
pany the act of unification. If the defence authori- 
ties had to contend with numerous temporary ex- 
pedients and arrangements, the nature of which 
would depend upon the exact phase at which the 
work was segs ae they would be much harder 
put to it than if they had to deal merely with what 
are, by now, known inconveniences, for which pro- 
vision has doubtless been made in any plans for 
mobilisation. It may quite reasonably be argued, 
therefore, that a little further delay is advisable 
at the present juncture. The reply that this will 
still further increase the cost of the work when it 
comes to’ be undertaken is met by the fact that 
a hasty decision now would entail a lasting ex- 
pense on the continent, probably of a much larger 
order. It is all very well to adopt an heroic 
strain ; to say that now is the time for great works ; 
that the confidence felt in the country should 
be translated into acts calculated to be of future 
value on a continental scale, and of present use 
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in improving employment, &c. ; but, before such 
work is put in d on the railways, we should 
like to see some broad-minded attempt made 
to secure an irrefragable verdict on the gauge 
and loading-gauge questions so often discussed 
in these columns. It has been pointed out to 
us that the present need for postponement fur- 
nishes just the opportunity for a reference of 
the whole matter to a commission of experts of 
world-wide standing, such as we have consistently 
advocated. Itis to be hoped that this opportunity 
will be seized. Hitherto when any attempt has 
been made by politicians to force a decision in 
favour of one gauge or another, the plea has always 
been that the time for argument is past and that 
for action has come. Present conditions are clearly 
favourable to a deliberate survey of the whole posi- 
tion by first-class and independent judges. 

It has often been argued that the 4-ft. 8}-in. 
gauge is best for the defence of Australia, because 
it would enable her to purchase stock easily and at 
short notice. On the other hand, we have shown 
that it would be better for the country to have an 
exceptional gauge, since it would then be more 
difficult for an invading force to utilise the railways. 
It has long been known, of course, that Russia’s 
railways were made of a different gauge from 
those of Germany for military reasons. A German 
invasion of Russia is greatly hindered by the 
break of gauge. The same, of course, applies in 
the case of the prospective Russian invasion of 
Germany. In fact, an unique gauge is incon- 
testibly advantageous for defence. The invader 
not only has to repair damage done by the forces 
retreating before him, but he has to supply his own 
rolling-stock ; for naturally, except in a few acci- 
dental instances, all stock belonging to the railways 
would be withdrawn. This very fact, which should 
carry some weight at the present time, is an argu- 
ment in favour of a departure, in Australia, from 
the so-called standard gauge. 





NOTES. 
Tue War aND THE EXTENSION oF TRADE. 

Tue Manufacturers’ Section of the London 
Chamber of Commerce has just issued a report 
on the subject of the trade hitherto in the hands of 
German and Austro-Hungarian firms. Since the 
outbreak of hostilities the Chamber has been 
engaged in collecting information relating to the 
trade done by our enemies, and has been the 
means of bringing together manufacturers willing 
to make goods of some particular character, but 
not of their usual line, and merchants whose 
sources of supply have been cut off. The report 
just issued shows that, on the whole, business 
has been interfered with to a considerable extent, 
but only in a few instances has it been altogether 
suspended. The chief points relate perhaps to the 
financing of new enterprise. Prominent among 
these is the expression of the need for banks to 
give greater financial facilities to employers in 
financing the development of existing, or the 
establishment of new, enterprises, so that the ad- 
vantages of present conditions may be secured. 
No business can, of course, be pushed- ahead 
on to new ground without adequate capital. 
There appears to be some reluctance to invest in 
new industries or in plant, &c., needed for expan- 
sion, unless, to quote the report, there is given 
**some assurance on the part of the Government 
that manufacturers will be enabled to carry on 
freshly - established industries after the war, in 
the face of renewed foreign competition.” With 
the prospect of having ultimately to compete with 
countries assisted by low wages, subsidies, &c., it 
is uncertain how far new investments would be 
assured of reasonable returns. The Emergency 
Committee has been instructed to give effect to 
several suggestions contained in the report. One 
of these is that the Government should be ap- 
proached with regard to the Excise duties on 
alcohol ; another suggests the Government assist- 
ance of firms having large uncollectable assets due 
from belligerent or neutral countries ; a third asks 
for the relaxation of the Factory Acts, so that the 
hours of working may be made to suit the changes 
in the demands of business better. 


INTERNATIONAL Atomic WEIGHTS. 


The annual report for 1915 of the International 
Committee on Atomic Weights is published in the 
November number of the Journal of the Chemical 
Society of London. The members of the Committee 





—Messrs. F. W. Clarke, W. Ostwald, T. E. Thorpe, 
G. Urbain—do not propose any change in the 
now accepted weights. This is in accordance with 
the resolutions of the Eighth International Con- 
gress of Applied Chemistry—that no alterations 
should be made until after the meeting of the next 
Congress. The new analytical work dealt with in the 
report is, on the whole, moreover, not of a kind to 
press alterations. The accounts of the recent work 
of Oechsner de Coninck on calcium, barium, and 
copper are, for instance, not sufficiently detailed 
to justify recognition. Engaged in the study of 
standard cadmium cells, Hulett has, in conjunction 
with Quinn and Taylor, redetermined the atomic 
weights of cadmium and mercury; the values 
found for both these metals are lower than those 
accepted, and the Committee suggest the possi- 
bility of some methodica) error. @ repeatedly 
made suggestion that tellurium might not be 
a simple element, but contain a constituent 
“‘dvitellurium” of higher atomic weight than 
tellurium, is not supported by Dennis and Ander- 
son. By reducing the iridium-ammonium chloride 
by means of hydrogen, Holzmann finds Ir = 193.42 
instead of 193.1; a confirmation is to be awaited. 
On the other hand, the discrepancies between 
the recent and the old accepted values of the 
atomic weights of yttrium (Mt er and Wein- 
heber), ytterbium (Auer von Welsbach), helium 
(Heuse), and neon (Leduc) seem sufficiently well 
established almost to justify a change; but the 
matter will stand over till the next as 
mentioned. As regards the last-mentioned two 
rare gases—helium and neon—the determinations 
rest on density measurements ; the discrepancies 
found are not large (helium = 4.002 instead of 3.99, 
the accepted value, and neon = 20 instead of 20.2), 
but they are important in view of the speculations 
which have recently been based upon differences 
in the atomic weights of radioactive and other 
elements. The atomic weights of nickel (Ni=58.68) 
and cobalt (Co = 58.97), about which there is so 
much controversy, have not been redetermined by 
chemists within the most recent years. We might 
add that the international atomic weighte are based 
upon the assumption that oxygen has the atomic 
weight 16, which makes hydrogen = 1.008. 


Steam anp Exectric Traorion. 


In a recent address to the Railway Students’ 
Association, at the London School of Economics, 
Mr. R. H. Selbie, general manager of the Metro- 
politan Railway, discussed the relative advantages 
of steam and electric traction on railways. It was, 
he said, impossible to give a direct answer to 
the question as to whether electric working were 
cheaper than steam. Taking a six-car train, weigh- 
ing tons, and accommodating 400 passengers, 
which was, he said, a convenient size, the cost of 
operation by electricity would be224d. pertrain-mile. 
The energy required to drive sucha train averaged, 
he said, about 18 Board of Trade units per mile, 
the cost of which, inclusive of all generating, 
maintenance, and interest charges, would be about 
9d., since in a station generating, say, 50 million 
units per year the cost unit, inclusive of all 
charges, did not exceed $d. per unit. The cost of 
stafling such a train, the interest and maintenance 
charges on it, would average, he said, about 2}d. 
per car-mile, or 13.5d. per train-mile, which, with 
the generating charges, made up the total cost to 
224d., as already mentioned. A steam-train of 
equal seating capacity could, Mr. Selbie said, be 
run at an inclusive cost of 17d. per train-mile, 
thus showing a very substantial saving. With 
steam-trains, however, it was not usually practicable 
to run over one set of metals more than fifteen 
trains per hour as a maximum, whilst with 
electric working thirty trains could easily be 
worked, and in special cases as many as forty to 
forty-five. Hence, if the traffic required thirty 
trains per hour, it would be n in the case of 
steam working to double the number of tracks, and 
the interest charges involved would then much 


more than offset the greater working cost per train- | P@8* 


mile of the electric service. The six-car train 
adopted as the standard of comparison in the 
foregoing formed, Mr. Selbie said, a very con- 


venient unit. It was 320 ft. long and seated 
400 ngers, and during the k hours of 
the day could be broken up into two trains, thus 


reducing running costs, whilst maintaining fre- 
quency of service. Longer electrical trains could, 
however, be run, and, in fact, nine-car trains were, 
in certain cases, in service during rush hours. 





Steam-trains could not be economically broken up 
into smaller units, since haulage charges with steam 
were not even approximately proportionate to the 
number of cars behind the engine. Hence the only 
— way of suiting the service to the slack- 
our requirements was by reducing the number 
of trains, a procedure which tended to drive 
passengers to the motor-bus and tram. Up 
to distances of about three miles the motor- 
bus could, Mr. Selbie said, successfully com- 
eee with even electrically-worked trains, but for 
onger distances the advantage lay with the 
latter. As at present constructed, higher maxi- 
mum — could be attained with steam than 
with electricaliy - operated trains, but in the 
case of suburban traffic, where the stops were fre- 
quent, this was no advantage, being much more 
than offset hy the fact that the electric train 
attained a speed of 30 miles per hour in 29 seconds 
from the instant of starting, whilst the steam train 
took 97 seconds. In spite of the fact that during 
the slack hours of the day steam-locomotives might 
be used in other than passenger service, the electric 
system had in practice a better load-factor than its 
rival. This Mr. Selbie illustrated by the statement 
that in one power-station equipped with five 5000- 
kw. units the load-factor on the machines 
actually in operation was 75.6 per cent., which was, 
he said, far in excess of any corresponding figure 
possible with steam-locomotives engaged in working 
suburban traftic. 


Inoporous SewaGe TREATMENT. 


According to Dr. Rudolf Hering, there are over 
100 Imhof sewage-treatment plants in Germany, 
and from none of them which is properly operated 
is there an offensive odour. The principle of the 
process lies in effecting the decomposition of the 
solids by means of bacteria which do not give rise 
to the evolution of sulphuretted hydrogen. Fer- 
mentation has to take Jeae, of course, but it does 
so under conditions which give rise to marsh gas 
and carbonic dioxide, both of which are inoffensive. 
In the septic tank there is another form of fer- 
mentation—that is, putrefaction—and the result is, 
among other things, sulphuretted hydrogen. If the 
solids can be separated from sewage, and be pro- 
tected from contact with further liquid sewage, then 
the controlling bacteria in the ales are confined 
substantially to two classes producing the two gases 
named, ‘To effect this the sewage is passed very 
slowly through a tank. This tank has a V-shaped 
bottom, with a narrow slot at the point of the V, 
affording communication with a lower, closed tank. 
The solids drop through this slot and lie quiescent in 
the lower tank, which has an escape for and 
appliances for the removal of scum. Such sulphur 
bacteria as find their way into the lower tank rapidly 
die, and in some three to five months the deposit 
attains a condition in which it can be exposed 
to the air without nuisance. The sludge laid 
in well-drained beds rapidly dries, and then can 
be used as a fertiliser. fore the sewage reaches 
the settling-tank it needs to go through a catch- 
pit to remove the grit and sand. This will 
take place at a velocity of 12 in. per second, and, 
after this, a lant may be added to ensure the 
precipitation of the fine suspended matter which 
would not otherwise be deposited even at so slow 
a speed as one-tenth of an inch per second. The 
liquid sewage which escapes can be treated on 
filter-beds of some kind, and then discharged into a 
stream, or passed over land, according to circum- 
stances. The great advantage of this process is 
that the sludge lies at the bottom of the tank until 
it has lost its objectionable features. The portion 
at the bottom can then be pumped out from time to 
time, and be exposed to the air without giving rise 
to a stench or making its presence known at a 
distance. The sludge, too, appears to have some 
manurial value, a feature which is not usually 
found in this product, although it is more than 
probable that the chief value of the sewage 
es away with the liquid portions to be nitri- 
fied in the filters or contact-beds. However, the 
managers of sewage works have long abandoned 
the idea of making a profit out of the process, 
and are quite content if they can carry it out 
without creating a nuisance. 





Tur Institution or Nava. Arcuitects.—The ordi- 
=f dates for the next annual meetings of the Institution 
will fall on Wednesday, March 24, 1915, and the two 
following days. 
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AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. X. 


By Frepertck Wit11am Lancuester, M. Inst. C.E. 
OTHER WEAPONS OF OFFENCE. 


For the fighting aeroplane there is no doubt 
that the gun will prove to be the most useful all- 
round weapon; however, several other means of 
offence have been suggested and to some extent 
have proved themselves of value. Bombs and 
hand-grenades, both explosive and incendiary, 
have been found to be of considerable service 
under appropriate conditions. Other means of 
attack have oo proposed, such as rockets, air- 
borne torpedoes, &c.; so far, neither of these latter 
ap 3 to have been successfully utilised. 

he difference between a bomb and a hand- 
grenade is mainly a matter of size and weight, and 
a corresponding difference in the arrangements 
made for ite release. Ordinarily, a hand-grenade 
is a small bomb of some 5 lb. or 6 lb. weight or 
less, containing a high explosive or inflammable 
charge, and is, as its name implies, thrown by 
hand. Requiring no particular provision for its 
storage or discharge, it is a weapon particularly 
suited to employment by scouting and other 
machines not ‘primarily intended for fighting. 
The judicious employment of a few hand-grenades 
for the scattering of cavalry or the stampedin 
of led horses, or against troops on the sowie 
or massed in reserve, may by its effect amply 
justify the use of such a device. The bomb is 
commonly of considerably larger dimensions than 
the hand-grenade, and is stored or mounted in a 
magazine of some kind beneath the fuselage of the 
machine, with some mechanical device for its 
release, arranged either to let go a single bomb or 
to empty the magazine as required. It may be 
said that whereas the hand-grenade is only suitable 
for injuring personnel, the legitimate objective of 
the bomb is matériel. Thus the dépé6ts, magazines, 
arsenals, oil stores, &c., of the enemy cannot be 
effectively destroyed by gun-fire, at least from 
present-day aircraft; but if attacked by a few 
squadrons of aeroplanes, each dropping some eight 
or ten 30-lb. or 40-lb. bombs, irreparable mischief 
might be effected in a very short space of time. 
We may take it that in the future any such 
points will be duly protected by the fighting 
aeroplanes of the enemy. Consequently the Sen 
dropping machine will need to be also a fighting 
machine itself, with a capacity for rapid fire suffi- 
cient to enable it to hold its own with the enemy. 
Or it will have to act in conjunction with a sup- 
porting fleet of fighting machines of sufficient 
strength to overpower, or at least hold, the enemy 
during the operation. It is thus clear that the 
bomb differs from the hand-grenade in not being 
a weapon suitable for casual employment by the 
non fighting machine. Further than this, it is a 
weapon that will in future warfare probably be 
found to possess little or no value, except when 
used in considerable numbers by machines acting 
in squadrons, or fleets several squadrons strong. 
The use of the incendiary bomb, or petrol bomb, as 
it is sometimes termed, is indicated where the ob- 
jective is of a sufficiently inflammable character. But 
it is probable that in al] cases in which an attack is 
made upon buildings of permanent character, such 
as in the destruction of an arms or ammunition 
factory, or of a dockyard. the petrol bomb will be 
used to complete the jon by firing the wreckage 
remaining after high explosives have done their 
work, 


Tue Bome: DrrricuLties In CONNECTION WITH 
AIMING, 


The accurate directing or aiming of bombs or 
hand-grenades, or of any gravitationally-propelled 
missile, in fact, is one of great difficulty, and many 
suggestions for the improvement of the degree of 
precision attainable have been made. The problem, 
in a sense, is the inverse of that of firing at an 
aeroplane at high altitude. The period during which 
the projectile is at the top of its trajectory (the 
beginning of its fall in the case of the bomb), and 
in which its velocity is low, introduces considerable 
uncertainty into the question of direction ; it has 
been proposed to minimise this difficulty by giving 
the bomb an initial velocity, or ‘‘send off,” by some 
form of spring or pneumatic gun. The factor 
affecting the aim definitely known to the pilot is 
the velocity of flight (relatively to the air) ; the 
factors less exactly known are the height, the 





direction and velocity of the wind, or, as it must 
be reckoned by the aeronaut, the earth drift, and 
the direction of the vertical. Previous observation 
may have given the approximate wind allow- 
ance, and the barometric reading (the aneroid) 
will give the altitude, which, in conjunction 
with a contour map, will give the pilot the 
figure for his height. The determination of the 
vertical, or ‘‘ plumb,” is far less simple or certain 
than would at first sight appear, since any pen- 
dulum device is affected by acceleration just as 
much as by gravity, and the reading of a damped 
pendulum ora spirit-level gives the apparent plumb, 
which may be anywhere. 

In the case of a machine ‘‘looping the loop,” 
for example, the apparent plumb is, in fact, at one 
instant diametrically opposite to the true plumb, 
and during the whole evolution it ‘‘boxes the 
compass” ina vertical plane. The lateral deviations 
of the apparent from the the true plumb, are 
no less serious, and, in fact, whenever a machine 
is turning, and correctly banked, the spirit-level 
records the machine as being on an even keel. In 
other words, an error in the reading under these 
conditions is equal to the angle of banking, and is 
quite commonly as much as 30 deg. or 40 deg. It 
is precisely on this point—the confusion of the 
true with the apparent plumb—that many of the 
suggestions offered for the direction of bomb- 
dropping are found to fail; and it is quite useless 
for those having no knowledge of the “soma me 
involved to attempt to deal with the problem. No 
better way of obtaining a clear conception of the 
difficulty exists than a study of the pendulum 
accelerometer.* 

In the case of a modern aeroplane which virtually 
‘* flies itself’ it is possible to determine the true 
plumb with considerable exactitude under calm 
atmospheric conditions. Such a machine will, just 
like a gliding model, settle down to a definite flight 
velocity, known as its natural velocity, and to a 
known gliding angle, and will maintain a tolerably 
straight path ; under these circumstances the appa- 
rent plumb is the true plumb. When, however, 
atmospheric disturbances are present, the difficulty 
once more makes its appearance. 

In view of the above, it is doubtful whether 
bomb-dropping from aeroplanes will ever be found 
to compete with gun-fire on the score of accuracy, 
and it may be anticipated that the utility of this 
mode of offence will be confined mainly to attack 
on positions or objects that present a mark either 
of sufficient area or size te be easily hit or of suffi- 
cient importance to justify a prodigious expenditure 
of missiles. 

Tue Street Darr. 


A form of gravitational projectile or missile 
introduced during the present war is the steel dart; 
this commonly consists of a piece of steel wire or 
rod some 6 in. or 6 in. long by ,', in. in diameter, 
pointed at the one end and ‘‘feathered” at the 
other. In size and shape the missile resembles an 
ordinary well-sharpened graphite pencil, the 
feathering being done in some cases by the milling 
away of the tail portion to a cruciform section. 
Alternatively the rear two-thirds of the missile may 
be made of thin-gauge tube ; the weight is about 
loz. This ‘pencil dart” is used against the 
personnel of the enemy—i.e., encampments, men or 
cavalry on the march, &c.; the rate of fall, if 
“ot ec from a few thousand feet altitude, would 
be little short of the limiting velocity, say some 
400 ft. or 500 ft. per second. The penetration at 
this velocity should be about l}in. to 2 in. of 
spruce planking. Steel darts are either allowed to 
fall out of a hopper or may be simply thrown out or 
**sown” by hand. They appear to be quite effective 
when they find their mark, but their discharge and 
direction are subject to the same limitations as to 
accuracy that apply to the throwing of the hand- 
grenade or bomb, with much greater uncertainty as 
due to wind resistance. Beyond this the steel dart, 
to be effective, must be dropped from a height—avery 
considerable height—and so it is not possible to 
make a sudden descent for the pur of bringing 
off an attack, as is the case when the bomb is the 
weapon chosen. For these reasons the writer does 
not believe that the dart will have a very great 
vogue. Once the aeroplane has been satisfactorily 
adapted to the carrying of a machine-gun, it is 
quite clear that the steel dart, weighing, as it 
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ical Magazine, August, 1905 ; also Proceed- 
nstitution of Automobile Engineers, vol. iv., 





does, as much as the ordinary Service eartridge, 
must become a thing of derision. 


Tue Rocket anp THE AriR-BorRNE TorRPEDo. 


A suggestion that has made its appearance over 
and over again is that of the pone — roma of the 
rocket in some shape or form ; the objective is 
usually presumed to be a dirigible or airship, and 
the rocket is to be fired from a rocket-tube or gun 
of some kind from an attacking aeroplane. There 
are two replies to this suggestion: firstly, no 
weapon can be contemplated as forming part of 
an aeroplane armament that is confined in its 
purpose to the attacking of the airship. The airship 
is already becoming regarded as a prospective bonne 
bouche for the aeroplane squadron that is fortunate 
enough to encounter it in the open, and, as the 
recent exploit at Diisseldorf has shown, it is not in 
a much happier condition when at home. It is 
already recognised that the airship may not expose 
itself to the attentions of hostile aeroplanes, and 
when the latter are able to attack by one-pounder 
shell fire, in addition to bombs (explosive and 
incendiary), the airship, already little more than a 
name in active hostilities, will cease to have any, 
even verbal, interest. Apart from the above, the 
supposed effectiveness of the rocket, or of other 
spit-fire projectile, is based to a great extent upon 
a misconception. The modern airship is not so 
easily set on fire as is commonly supposed ; in the 
rigid type, as exemplified in the Zeppelin, it is 
reported that the s between the gas-bags and 
the outer envelope is charged with a non-flammable 
gas, and it may be penetrated by any ordinary 
rocket through and through without the smallest 
chance of ignition.* 

The aerial torpedo (proposed by the writer in 
1897) at first sight appears promising. Such a 
torpedo would consist of a gliding model of high 
velocity adapted to be launched from a gun or 
pneumatic projector of some kind, and carrying a 
charge of explosive and an impact fuse actuated by 
the striking of the aerofoil member on some part of 
the enemy’s craft. Again, we are confronted with 
the fact that any such weapon would be of little 
service apart from attack on an airship, and so may 
be looked upon as useless lumber. 


Tue SupREMACY OF THE GUN. 


The real fact at the bottom of the whole question 
is the vital ee of high velocity in any pro- 
jectile directed against a rapidly-moving target, and 
its doubly vital importance when the craft from 
which it is projected is also in rapid motion. This 
is universally recognised wherever the gun is to be 
found, and it is nowhere more important than in 
the attack on aircraft by aircraft, and in particular 
aeroplane on aeroplane. Any lapse of time whilst the 
projectile is in its flight introduces a corresponding 
uncertainty owing tothe relative difference of motion 
between gun and mark. Thus any projectile travel- 
ling at 200 ft. or 300 ft. per second, such asa rocket 
or aerial torpedo, would require to be directed at a 
point so far removed from the aircraft it is intended 
to hit that, in the case of an aeroplane, the chances 
of success would be remote in the extreme. In 
brief, -nothing but gun-fire gives the necessary 
rapidity to ensure a reasonable degree of accuracy 
and. useful percentage of hits, and it is probable 
that for some time to come the demand will be for 
higher and higher velocity in order that the effec- 
tive range may be increased. This, however, is 
looking into the future ; at present, the problem of 
mounting a gun in a satisfactory manner, and 
getting the highest possible rate of discharge—i.e., 
rounds per minute—are the more immediate concern 
of the aeroplane constructor. The relation of the 
ordinary flight velocity to the mean velocity of the 
projectile is round about 12 to 1, and this gives the 
angle of lead necessary to aim in front of the ob- 
jective from a fixed mounting. When firing from 
another aeroplane moving in the opposite direction, 
the angle of lead will be six to one, more or less, 
considerably greater allowance than is known in 
any other branch of gunnery. With the highest 
muzzle velocity and slow-moving aircraft the angle 
of lead under these conditions is about 1 in 15. 
The angle of lead given by a pigeon-shot when the 
bird is flying fast across the line-of-sight is about 





* This feature was actually proposed some years ago to 


the authorities in this country, and was understood to be 


a matter of — However, according to Navy and 
Army Illustrated (September 12, 1914), it now appears to 
he an established feature of some of the later an 


Zeppelins. 
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1 in 20, and even here the demand, under the 
stress of competition, is for higher and higher 
velocity. This may be taken as a sure indication of 
what may be expected in the eventual future of 
aeronautical gunnery. 


LITERATURE, 
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Compressed Air: A Treatise on the Production, Trans- 
massion, and Use of Compressed Air. By THEODORE 
—— E.M.,C.E. New York: McGraw-Hill Book 

., Ine. 

Tus is an eminently practical book, written by one 
who is well equipped for the task he has under- 
taken. It is evident that he has had experience 
of the working of compressed-air plant at the rock 
face, and is equally familiar with the training of a 
class of students acquiring a knowledge of the 
principles underlying the construction of machinery. 
When the ambition of the professor is tempered by 
the necessities of the workshop, and practice 
controls theory, a helpful achievement is likely to 
result. That is certainly true in this case, and 
those who are interested in the production, trans- 
mission, and employment of compressed air should 
get from this treatise a clear insight into the opera- 
tion of the various appliances concerned in the 
several processes. With the explanation provided 
it should be easy to master those general principles 
of physics and thermodynamics that enter into the 
practical problem, and enable an engineer not only 
to understand the working of his installation, 
improve its efficiency, or trace its defects, but, if 
he will, to pursue independent researches into 
those wide-reaching possibilities of compressed air 
that have not yet been exploited. 

After reference to such elementary subjects as 
the composition of air, the difference between 
isothermal and adiabatic compression and expan- 
sion, and the application of the laws of Boyle and 
Charles, we are introduced to the working of a 
single-stage reciprocating compressor, its mode of 
action, and the work aceomplished under theoretical 
and practical conditions, a subject that is pursued 
till a satisfactory relation is established between 
the final pressure of a given quantity of air and 
the power required to compress to that pressure. 
We may trace a cubic foot of free air through all 
the changes of temperature and pressure to which 
it is submitted, and measure the causes that make 
for and against economic efficiency. That is the 
goal that the author keeps always in sight, and 
methodically and with great nicety he tracks the 
several causes that are operating and carries each 
to its proper place in the profit and loss account. 
There are some terms that refuse to submit to 
exact classitication in the final balance-sheet. They 
can only be settled by a compromise between first 
cost, operating cost, and effect. The general pro- 
blem becomes more complicated and the oppor. 
tunities for the exercise of discretion more varied 
when the next step is considered, the attain- 
ment of the desired pressure in two or more 
stages. Obviously, there is an advantage if, 
after partial compression has been effected, 
with consequent rise in temperature, the air is 
led into an intercooler, where the heat generated 
during the first compression is absorbed by running 
water, and the cooled air subjected to a final pres- 
sure in a second cylinder. In such an arrangement 
we have also on the credit side a reduced strain on 
the machinery, better steam economy, dryer air, 
with consequently less trouble from condensation in 
the discharge-pipe, and less danger of freezing the 
exhaust-ports. On the other hand, the stage com- 
pressor is a more expensive piece of machinery, and 
its employment is only warranted when the reduc- 
tion in operating costs more than compensates for 
the original investment, so that again the selection 
must be the result of compromise. As a practical 
rule, the author gives 60 lb. to 701b. terminal 
pressure as the limit at which it is economical to 
use a single-stage compressor. Between 60 lb. and 
100 lb., the choice will be determined by the price 
and amount of fuel available, though altitude above 
sea-level, which has the effect of diminishing the 
weight of free air taken in at each revolution, will 
have to be considered. ‘‘ Above 100 Ib. both safety 
and economy speak for two-stage, and above 500 Ib. 
for multi-stage compressors.” 

When a decision has been made to compress either 
by one or by more stages, the design and con- 
struction of the plant offering for selection are still 
bewilderingly varied, The problem of mechanical 








design is handled only so far as it serves to illus- 
trate the theoretical principles discussed. Leaving 
on one side all details concerning the method of 
driving the engine, whether direct driven or belted, 
whether operated by electricity or other motor 
power, it is sufficient to note that the two main 
types on the market, known as ‘‘ straight-line ” and 
‘*duplex” compressors, have fundamental defects 
that are not easily eliminated. In the air-cylinder 
the resistance to the advance of the piston increases 
from zero to that maximum at which the discharge- 
valves open. In the steam-cylinder the develop- 
ment of power is precisely the reverse, so that in 
compressors of the ‘‘ straight-line” type the steam 
wer isin excess of the work at the beginning, 
ut in defect at the end of the stroke. A fly-wheel 
is the natural expedient to overcome this incon- 
venience ; but even with this aid the running is not 
smooth, and a severe strain on the moving parts is 
inevitable. The ‘‘ duplex’ compressor is designed 
to meet these manifest defects. It is essentially a 
combination of two ‘‘ straight-line” machines so far 
as the steam and air-cylinders are concerned, with 
a single crank-shaft, a single fly-wheel serving 
both. The essential and valuable feature consists 
in the arrangement of the movements of the 
pistons on the two sides of the machine, which 
are so adjusted that by setting the cranks a 
quarter of a circle in advance of each other, one 
will be nearly in the middle, while the other is at 
the beginning or end of its stroke. With less 
assistance from the fly-wheel, the rotation is much 
more uniform, but, on the other hand, in addition 
to the greater initial outlay, the increased floor 
space occupied, and the more costly foundations 
required, there are double the chances of delays, 


for either side may be accidentally stopped, and 
then all the air is shut off until the necessary 
repairs are made to both machines. ‘‘ A heated 


journal on either side will stop both.” We can 
never escape the choice of compromise. The 
balancing of the advantages and disadvantages in 
forms of construction is rendered very evident. 
Every engineer in the course of his experience has 
met with plenty of similar cases, but here the 
defects are worked out quantitatively on the effi- 
ciency, with as much precision as the nature of the 
case permits, and we are made to see how our 100 
per cent. at start dwindles down to 20 per cent. 
or less. 

The device of re-heating in order to increase effi- 
ciency, the most judicious construction of the pipe- 
line, the economic use of compressed air in — 
ing the engine, and many other practical details 
are amply discussed, and carefully constracted 
problems are designed to illustrate the working 
of each. These problems are made to contribute 
very successfully in enforcing generic principles, 
and in urging the necessity of strict supervision 
at every stage of the process. The author is 
justified in stating that ‘‘ such problems make the 
student familiar with actual quantities never re- 
vealed by mere formule, quantities which are often 
startling to the uninitiated, and impress him with 
the practical value of such formule more forcibly 
than the mere text can do.” In confirmation of 
this remark, we would ask anyone to work out the 
quantity of free air that will escape per minute 
from a pipe-line carrying air under pressure of 80 1b. 
gauge when the combined area of leakage in the 
total length amounts to half a square inch. He 
will find that it is no less than 824 cub. ft., and 
that to compress this amount of air in two stages to 
80 lb. gauge would require 116 horse-power. This 
result should appeal more powerfully than any 
formula, and emphasise, in a way not to be for- 
gotten, the importance of attending tou comparative 
trifles. 


The Petrology of the Igneous Rocks: A Summary of the 
Modern Theories of Petro-Geflesis, a Description of the 
Rock-Forming Minerals, and a Synopsis of the Chief 
Types of the Igneous Rocks and their Distribution as 
Illustrated by the British Isles. By F. H. Haron, 
Ph.D. Seventh Edition, revised. mdon : George 
Allen and Co., Limited. [Price 7s. 6d. net.] 

For more than twenty years the author has been 

justly regarded as an authority on petrology, and 

this seventh edition of a well-known text-book 
marks his deserved success, and attests the popu- 

larity of his work. This is only one portion of a 

more complete treatise, for Dr. Hatch has endea- 

voured to systematise our knowledge of the compo- 
sition and structure of sedimentary rocks, and the 


principal feature of this edition is the adjustment 


with the 


regards new forces, Enlistments followed, 





of the plan so as to bring the whole subject of 
the science of rocks under uniform and adequate 
discussion. This re-arrangement has necessitated 
new chapters on the pyroclastic rocks and the 
metamorphic derivatives of the igneous rocks. 
The primary classification of igneous rocks into 
plutonic, hypabyssal, and volcanic may not be 
satisfactory or scientific, but it is convenient, 
and having the sanction of almost universal 
usage, must be accepted. Similarly, the separa- 
ticn of each class of rocks into families and 
types can be justified, though among autho- 
rities there may exist differences of opinion in 
doubtful cases. We cannot say that we are pre- 
pared to accept with complete confidence the 
author’s conclusion drawn from the eutectic theory 
of the process of crystallisation of igneous rocks, and 
his review of the formation of porphyritic crystals. 
To trust to the method of thermal analysis or the 
equilibrium diagram alone can hardly be regarded 
as sufficient in the presence of much recent work 
on metallic compounds. Just as the chemist has 
had to review some hasty and doubtful conclusions, 
so the geologist will find himself obliged to adopt 
other tests for the establishment of his conjectures. 

Little alteration seems to have been made in 
the section exhibiting the distribution of the 
igneous rocks in the British Isles. This was a 
specially valuable feature in the earlier editions 
and would alone have warranted one in commend- 
ing the work as a text-book to students. The 
amendments and extensions that have been made 
to this edition will give to this excellent manual a 
wider reputation and a longer life. 
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Fourth Edition, Revised by H. T. Tatuacx. London: 

.and F. N. ro Limited, and W. F. Stanley and 
Co., Limited. [Price 7s. 6d., post free. ] 

United States Geological Survey: Department of the In- 
terior. Bulletins. No. 498. Head-Water Regions of 
Gulkana and Susitna Rivers, with Accounts of the 
Valdez Creek and Chistochina Placer Districts. By 
Frep H. Morrit. No. 507. The Mining Districts of 
the Western United States. By James M. Hin. Wi 
a Geologic Introduction by Watpemar LINDGREN. 


By ‘‘ Housr- 
ited by K. W. Lan- 


No. 508. The Onondaga Fauna of the Allegheny lon. 
By E. M. Kinpix. No. 516. Results of Spirit l- 
ling in Florida. By R. B. Manrsnaun. No. 517. 


Results of Spirit Levelling in Alabama, 1911. By R. B. 
MarsHatt. No. 540. Contributions to Economic 
Geology, 1912 Part I. Metals and Non-Metails, except 
Fuels. By Davip Whore. No. 543. Geology and 
Geography of a Portion of Lincoln County, Wyoming. 
By Aurrep Reoinatp Scuuitz. No. 546. Mineral 
Resources of South-Western Oregon. By J. 8. Dituer. 
No. 547 Reconnaissance of the Grandjfield District, 
Oklahoma. By Matcotm J. Munn. No. 551. Results 
of Triangulation and Primary Traverse, 1911 and 1912. 
By R. B Marsnauut. No. 552. Results of Triangula- 
tion and Primary Traverse in Ohio, 1898 to 1911, in- 
elusive. By R. B. MARSHALL. No. 553. Results of 
Spirit Levelling in Iilinois, 1911 to 1913, incluséve. By 
R. B. MarsHatt. No. 554. Results of Spirit Levellung 
in Kentucky, 1898 to 1913, inclusive. By R B. Mar- 
SHALL. o. 558. of Spirit Levelli in 
Wyoming, 1896 to 1912, inclusive. By R B Mar- 
SHALL. No. 564. Results of Spirit Lerclling in Okla- 
homa, 1895 to 1912, inclusive. By R. B. MarsHatu. 
No. 575. Geology of the Standing Rock and Cheyenne 
River Reservations, North and South . By Ww. 
R. Catvert, A. L. Berxiy, V. H. Barnert, and 
M. A. PisHet. Washington: Government Printing 


Office. 

Business Life: Hints on Office Management. By W. J. 
Parkins. London: H. R. Allenson, Limited, Racquet- 
court, EC. [Price 1s. net. | 





Tue New Army.—The number of recruits who were 


employees of the British Thomson-Houston Company, 


Limited, of Rugby, has been raised from 900 to 1000.— 
On the 18th ult, Mr. Charles Bright, F.R.S.E., M. Inst. 
C.E , M.LE.E., gave an address at Leigh, Kent, dealing 


cause of the war and Britain’s requirements ag 
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THE LATE MR. JOHN JAMES WEBSTER. 


WE regret to have to announce the sudden death 
of Mr. John James Webster, which occurred at his 
residence, 81, Mount Nod-road, Streatham-hill, 8.W., 
on Friday last, the 30th ult. 

Mr. Webster was a member of the Institution 
of Civil Engineers, of the Institution of Mechanical 
Engineers, and a Past-President of the Liverpool 
Engineering Society. He was born in Warrington, 
on June 9, 1845, and was articled pupil to Messrs. 
E. T. Bellhouse and Co., Manchester, in 1861, and 
remained in their employ for over ten years, occu- 

ying for over four years the position of head 
Senthtenen and assistant manager. During his 
apprenticeship he was also an engineering student 
at Owens College, under Professor O. ynolds. 
Whilst on the staff of Messrs. E. T. Bellhouse and 
Co., Mr. Webster was engaged on the construction 
of several large road and railway bridges, from 
the designs of Mr. E. Woods and Mr. William 
Martineau. He also made many original designs 
for bridges, roofs, piers, &c. In the year 1871 he 
was engaged by Mr. William Parsey, manager of 
the Adin Carriage and Iron Company, on plans 


for a number of Indian bridges, and on plans for |g 


new steel-making plant for the works. In October 
of the same year he took up a position at the works 
of Messrs. Thomas Brassey and Co., as chief of their 
Bridge Department, a position which he held until 
April, 1876, and where he had charge of the designing 
and construction of numerous important structures 
for all parts of the world. He had charge, among other 
works, of the construction of the Liverpool landing- 
stage, from the designs of Mr. G. F. Lyster. In 1876, 
also, he held a short engagement as assistant to Mr. 
William Dyce Cay, Engineer to the Aberdeen Har- 
bour Board. He was further engaged, in October, 
1876, as assistant to Mr. R. A. \erillier, engineer 
to the Hull Dock Company, under whom he had 
charge of the designs, construction and erection of an 
hydraylic swing-bridge, two tilt and draw-bridges, 
one fixed bridge, grain warehouses 500 ft. by 50 ft., 
five floors and cellars, a sliding caisson, two large 
hydraulic pumping-stations, a large double dredger, a 
laa Re. He left this position in December, 
18 


Mr. Webster received the Telford Medal and Pre- 
mium in 1880, and in 1881 he commenced private 
ractice in Liverpool, when he designed a bridge 
ft. long for erection in Australia, a pier and 
landing-stage for South America, and assisted in the 
designing of the Leyland Water Works; he also 
designed wire ropeways for Spain. In 1883 he was 
appointed engineer for the new bridge to be erected 
over the Ouse, at Bedford, the bridge having a 200-ft. 
clear span, and 35 ft. width between parapets. He 
also had charge of improving the River Ouse at the 
bridge site. Among his other work carried out in the 
‘eighties of last century we may mention the plans 
for the Lyndhurst Gas and Water Works; designing 
and supervising the construction in Liverpool of three 
roadway bridges for the Indian frontier ; superintend- 
ing the construction of 100-ton and 25-ton cranes for 
the Alexandra Dock, Hull; designing further bridges 
for India; and surveying for civil engineering work 
generally. 

Mr. Webster was also responsible for the follow- 
ing works : Promenade piers at Dover, Bangor, 
Minehead, Llandudno, Menai Bridge, Penmaenmawr, 
Egremont, &c. ; bridges for the Corporation of Cam- 
bridge, Bedford, the Guildford Town Bridge and the 
Northwich Town Bridge, the reconstruction and 
widening of Conway Suspension Bridge, the Ports- 
mouth ao Bridge, Littlehampton Swing Bridge, 
Kemaes Bridge, near Abergavenny, Xc. 

Among his later activities may be mentioned the 
transporter bridge across the Mersey, joining Widnes, 
on the Cheshire bank, with Runcorn, on the Lan- 
cashire bank, which he designed in conjunction with 
Mr. J. T. Wood. The bridge was constructed by the 
Arrol Bridge and Roof Company, Glasgow, and we 
described it on its completion—April, 1905—in former 
issues (see ENGINEERING, Vol. lxxix., pages 451, 716, 
and 783). % 

In open competitions he was placed either first or 
second on fourteen occasions, including the Watkin 
Tower, for which eighty-seven competitors sent in 
designs, the Sydney Harvour Bridge, &c. He also 
designed the big wheel at Earls Court, the Stadium, 
and the structural work of four of the Jargest buildings 
at the Franco-British Exhibition. In 1911 he com- 

leted the design of a large transporter bridge for 
Routh America, the construction of which was imme- 
diately proceeded with. His last work was on a 
reinforced-concrete bridge at Warrington, now prac- 
tically completed. 

Mr. Webster had for many years established a 
private consulting engineer’s practice at 39, Victoria- 
street, Westminster, acting of recent years in partner- 
ship with Mr. H. W. FitzSimons. His services were 
in frequent request by the Local Government Board 
and for Parliamentary work. 





QUICKSILVER AND THE WAR. 


TRADING interests in quicksilver are attractin 
attention on account of the very extensive use 0 
mercury in the preparation of fulminate for explo- 
sives, the present and probable future consumption of 
which must have an important bearing on the market 
for the metal, the withdrawal of available supplies, 
and the future demand. 

Quicksilver is put to many practical uses, such as 
gold-mining, but probably the most important is for 
percussion caps for igniting powder. The world’s 
production is increasing; the average for the last 
decade has been 3728 tons. The output during recent 
years has been as follows, in tons :— 

1913. 1911. 1909. 1907. 1905. 
4171 3419 3233 3307 3336 

The world’s supply is obtained from only six coun- 
tries, the main source being Spain; the Almaden 
mines of that country produce nearly a third of the 
entire quantity. Recent outputs have been as follows, 
in tons :— 


— 1913. | 1911, | 1909. 








es ss lt ae |) a ht Coe 
United States =. = «.| 688 | RTT 
ae ees 815 | 700 
Austria “8 ea ea 855 685 | 609 





Ten years ago the United States’ output of quick- 
silver was the largest in the world, exceeding 1000 
tons for several successive years, but since then it has 
been declining; the main American supply is obtained 
in California, mostly from one mine. reat Britain’s 
trade in quicksilver is peculiar, in so far as none is pro- 
duced in the country ; it is purchaeed and distributed, 
and, in effect, controls the world’s markets in the 
metal. The following schedule shows the imports, 
exports, and British consumption, in flasks, during 
recent years :— 








| | 
aa | Imports. | Exports. | Consumption. 
a ae ae 45,348 26,815 | 18,533 
1912 rs 47,262 82,240 15,022 
eS 46,547 31,438 | 15,109 
ee 44,595 24,748 | 19,847 
ee ge as 43,163 27,051 | 21,112 
enka Ag 43,605 22 348 21,257 


The flasks contain 75 lb. each. Our consumption 
fluctuates within very wide limite, as shown by these 
rye At the commencement of next year the 
effect of the war will be ascertainable on both the 
supply and our consumption. In Austria the quick- 
silver deposits occur in Idria, Western Carniola, and 
in Italy at Monte Amiata, Tuscany. The Mexican 
and Russian outputs are on a very limited scale ; four 
years ago the Russian output was only 4 tons. The 
price of quicksilver has risen enormously since the 
war commenced ; the Austrian supply, controlled by 
the Government, is definitely cut off from the world’s 
markets, and the Italian supply is uncertain. The 
Spanish supply is controlled mainly in London, and 
very little may be available for export. American 
supplies can scarcely be obtainable for export to 
Europe, as the consumption appears to have overtaken 
the production in the States. In fact, we have been 
exporting quicksilver to the United States in small 
quantities for some years—during 1913, 154,500 Ib., to 
the value of 14,9607. 

Quicksilver imported was worth 7/. 9s. 3d. per flask 
last year, compared with 8/. 12s. 3d. during 1911. 
The war has had a marked effect on our quicksilver 
imports, as shown by the following figures :— 


Imports for August. 


1914. 1913. 1912. 
1792 lb. 67,196 Ib. 101,779 Ib. 
24 flasks 896 flasks 1357 flasks 

Imports for September. 
18,240 Ib. 61,851 Ib. 32,818 Ib. 
243 flasks 824 flasks 437 flasks 





Prrsonat.—The Council of the University of Sheffield 
has made the following appointments :—(1) Mr. Wilfrid 
Vickers, M.Sc. (Manchgster), to the post of Junior 
Lecturer in Education and Assistant-Master of Method. 
2) Mr. H. J. Davies, to the post of Demonstrator in 

ineering. (3) Mr. F. Orme, B.Met., to the post of 
trator in Non-Ferrous Metallurgy. 





UNIVERSITY OF Bristot.—A copy of the calendar of 
the University of Bristol for the current session has 
recently been received from the Registrar. The book 
gives lists of officers, professors, staff, and uates, 
as well as the almanac for the session. It prints 
the charter, Act, statutes, ordinances, and regulations 
of the University, and gives particulars of scholarships, 
exhibitions, and prizes. Particulars of courses of study 
in the faculties of arts, science, medicine, engineering, 
and other subjects are not given in the calendar, but 
will be fourd in separate prospectuses which are issued 
for each faculty. 





GERMANY’S FOREIGN TRADE AND 
THE WAR. 


WHEN the war had only been in operation for a couple 
of months, responsible German —— made the galling 
confession that it had caused the German foreign trade 
to come almost to a standstill, and with it the German 
industry. This spontaneous admission certainly did no 
agree with a statement by W. E. Havenstein, the Presi- 
dent of the German Reichsbank, who, at a Board meeting 
of the bank on September 29, stated ‘‘that even the 
foreign trade had to a great extent been maintained.” 
“Tt was,” ~~ “‘a matter of s = interest = 
our ex in August, in spite o obstacles, 
receded less than England’s.” 

Be this as it may, and although the statements made by 
the authority above referred to should not be subject to 
any doubt, German industry, however brave a show it 
is making, unquestionably feels the position very keenly. 
German journals deal with the question in a less hopeful 
vein than Mr. Havenstein, and their remarks have all 
the more interest, because they distinctly deal with the 
English danger. ‘‘ The tumult of war,” > one journal, 
“has burst upon us as a devastating flood over a fertile 
country. Shall we always be victorious?” This anxious 
question at present weighs upon the entire German 
industry as a nightmare. ‘‘We all know,” adds the 
German source from which we quote, “ that England can 
do but little harm to our coaste, but the great majority 
of our people may not have yet realised the amount of 
damage to our er and commerce with which the 
untrammelled rivalry of this Power threatens us, nor can 
they realise it, since they know nothing about the vast 
values which will be lost for us with markets over the 
seas ; only those who will have to suffer are aware of the 
figures.” In order to make the situation clear, the follow- 
ing figures are given :— 

Imports to Germany. 








_ 1913. 1912. 1911. 
| £ £ £ 
Europe ee 294,465,000 300,420,000 284,500,000 
Asia .. . 52,470,000 50,315,000 42,800,000 
Africa... 24,840,000 23,930,000 20,835,000 
America ° 149,720,000 144,270,000 123,110,000 
Australia .. 16,385,000 | 15,210,000 13,655,000 
Exports from Germany. 
Europe oe 384,360,000 337,180,000 303,495,000 
Asia .. ee 27,395,000 21,010,000 19,175,000 
Africa. . ee 10,535,000 9,265,000 9,065,000 
America oe 77,325,000 74,820,000 68,095,000 
Australia 5,180,000 4,995,000 4,585,000 


In the ‘following table is shown the ‘relation between 
imports and exports for the last three years :— 








| | 
i | Imports. 
| Importa. Exports. | Surp oy 
| £ £ 
1913 537,880,000 504,795,000 | 38,086,000 
1912 584,145,000 447,270,000 | — 86.875,000 
1911 484,900,000 404,415,000 | — 80,485,000 


_ Whilst the imports in 1912 showed an unprecedented 
increase of 49,245,000/. over the figure for 1911, the in- 
crease for 1913 above 1912 was only 3,735,000/. On the 
other hand, the exports, which in 1912 showed an increase 
of 42,855,0002. over those for 1911, had in 1913, compared 
with 1912, the unparalleled increase of 57,525,000/. 
Hitherto the tt increase in the year had been for 
1910 compared with 1909, ¢.¢., 44,050,0002. Looking back 
over ten years, we find the imports to have increased by 
238,350,000/., or about 80 per cent.; the exports having 
increased by 254,100,000/., or over 100 per cent. 

The aggregate German foreign trade amounted in 
1913 to 1,042,675,000/.; in 1912 to 981,415,000/.; and in 
1911 to 889,315,000/. It will appear from the first table 
that the greater portion of the German exports remain in 
Europe. All the figures given will no doubt be most 
materially altered by the war, since exportation to certain 
countries will become impossible. 

The te trade with the Colonies amounted in 
1912 to 23,225,000., as against 4,980,000/. in 1902. The 
imports to the Colonies consisted a, of textile 
goods, iron goods, and articles of food ; the exports from 
the Colonies consisted of rubber, palm kernel, cocoa, palm 
oil, ivory, bananas, oo! coffee, cattle, diamonds, 
and phosphate. f course, the commerce with the 
mother-country = aly most prominent part, and all 
future German Colonial trade remains more than doubt- 
ful. The financial harm Germany will suffer by losing 
her colonies is immense. 

In connection with the question of Germany’s ?- « 
trade, her turnover —_, the pane with agg Oe 
is now at war are na of great importance. 1) 
ees dealings with these four countries were 
as follow :— 





- Imports. 
£ 
England 71,900,000 48,800,000 
France .. os os 39,500,000 29,200,000 
Russia .. eo oe 49,000,000 73,500,000 
Belgium ° 27,550,000 17,230,000 
Total .. 187,950,000 168,730,000 





CanapiaAN Steet Propuction. — According to the 
American Iron and Steel Institute, the Canadian pro- 
duction of steel ingots and castings amounted in 1913 to 
1,042,503 gross tons, or 189,472 tons above the total for 
1912. The total for 1913 is made up of 1,006,149 tons of 
ingots and 36,354 tons of steel castings. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


46 
—_ AUGUST. 


Note.—Owing to the fact that the London Metal 
Exchange remains closed we are unable to continue 
the publication of our Monthly Diagram of Metal 
Prices in its usual form. The above diagram, how- 
ever, shows the prices of steel ship-plates and 
heavy steel rails to Middlesbrough quotations, and 
also gives the Glasgow settlement prices for war- 
rant iron. Each vertical line in the diagram repre- 
sents a market day, and the horizontal lines re- 
present 11. in the case of ship-plates and rails, and 
ls. in the case of hematite, Scotch and Cleveland 
iron ; the prices are per ton in all cases. 

Private dealings, of a very restricted nature, 
have taken place in all metals, but the markets 
generally have been very dull throughout the 
month. Straits tin fell from 1351. 10s. on the 
Ist ult. to 1231. on the 19th, and then rose sharply 
to 1361. 10s. on the 26th. Some reaction followed 
the rise, and the metal stood at 133/. 10s. at the 
end of the month. English ingots, which have 
undergone similar fluctuations, were quoted at 
132/. 10s. to 1341. on the 30th ult. According 
to Messrs. Ricard and Freiwald’s statistics, the 
quantity of standard tin in stock or in transit to 
the United Kingdom on the 3lst ult. was 
8708 tons, as compared with 7142 tons on 
the same date last year. The price of electro- 
lytic copper, which stood at 52l/. 15s. on the 
30th ult., has ranged from 521. 10s. to 5651. 
during the month, the latter figure being quoted 
on the 6th ult. Best Selected, which was quoted 
at 561. 15s. to 571. 5s. on the.2nd ult., ually 
fell to 541.—541. 10s. on the 20th, and afterwards 
recovered slightly, its price on the 30th ult. being 
from 541. 10s. to 551. The price of antimony has 








SEPTEMBER. 


increased greatly, owing to the scarcity of spot 
metal. 551. to 561. was asked for English regulus 
towards the end of the month, whereas on the 
Ist ult. its price was 371. 10s. to 401. In spelter 
the market was generally dull, and at the end of 


the month 241. to 241. 5s. was asked for American on 


G.O.B.’s to arrive ; Specials are nominal. English 
lead, which stood at 19/. for the first part of themonth, 
fell to 181. 15s. on the 9th, and to 181. 10s. on the 
13th, at which figure it was stationary until the end 
of the month. Quicksilver shows a considerable 
increase in price. On the 3rd ult. its price 
advanced from 7/. 17s. 6d. to 91., and on the 8th 
ult. another advance to 101. took place. A further 
advance to 101. 10s. occurred on the 19th, this 
figure being maintained until the 26th, when it fell 
to from 101. to 101. 5s., remaining at the latter 
figure until the end of the month ; these, however, 
are only nominal prices. The prices for quick- 
silver, it should be mentioned, are per bottle, 
the contents of which vary in weight from 70 Ib. 
to 80 lb; the prices of all the other metals men- 
tioned are per ton. There has been but little 
demand for tin-plates, and the market has con- 
sequently been dull and lifeless. The price per 
box of I.C. cokes fell from 12s. 9d. to 13s. early in the 
month to from 12s. 6d. to 12s. 7$d. on the 30th ult. 
According to Messrs. W. Jacks and Co.’s statistics, 
the total shipments of pig-iron from Middlesbrough 
(includin iitaalagpoveh during October amounted 
to 56, tons, as compared with 58,923 tons in 
September, and 31,870 tons in August. During 
October of last year the shipments amounted to 
125,190 tons. 








BRITISH MANUFACTURERS AND THEIR 
SALES METHODS. 
To THe Eprror or ENGINEERING. 


Str,—Now is an opportune time to consider this im- 
portant subject. Many of our manufacturers still con- 
tinue in the old-fashioned style of waiting until some- 
one brings them something to manufacture, and even then, 
if anything new, the difficulty of getting this accom- 
plished has been almost beyond belief. We must have a 
complete change in these methods ; new articles made to 
customers’ requirements at competitive prices must be 
manufactured suitable for the new markets now available. 
_ Many seem to imagine sales organisation only consists 
in appointing a large number cf agents as canvassers and 
travellers on commission, without providing them with 
any funds or giving them power to do anything if they 
could. In many cases this is done simply with a view of 
trying to get sales conducted at other people’s expense ; 
these agents accept these positions from want of some- 
thing better, and are helpless, and so it continues, neither 
party doing Sp bear Sy &@ permanent direction. The 
term ‘‘agent” would be better abolished as now applied 
in the engineering trade, unless it is to be recognised in 
future as repre-enting a person of position and capa- 
bility. All employees, from the managing director down- 
wards, ure in reality agents of any company ; but buyers 
are tired of interviewing what are now known as agents, 
and they require to see the equivalent of a principal. 

We have, therefore, on the one hand, in many cases 
manufacturers employing, on starvation terms and on 
temporary arrangements, agents, canvassers, and tra- 
vellers, and immediately thereafter proceeding to stultify 
their position and efforts by mding direct behind 
their backs with the customers, in other ways lower- 
ing what prestige they possess, thereby destroying their 
——e -_ chance of success. Possibly this is done 

© cases vent their getting too strong a hold 
of the business, t in others, we fear, with a view of 
preventing them earning too much money. This system 





is carried out in many ways right down to the man at 

the works that offers better terms if the sales can be com- 
leted without the knowledge of their own representative. 
uch methods must be exterminated. 

On the other hand, we have the customers, the archi- 
tects, the consulting engineers, trying to exterminate 
these agents, canvassers and travellers, by shutting their 
doors inst them and communicating direct with the 
works. This arises in some cases through the utter incom- 
petence of the men employed and their failure to satisfy 
the customers’ requirements, but in many owing to the 
behaviour of the works correspondente. 

The — result must aaa throw Reco: sen of me 
men out of their t employment, but being a gradu 
process, they will, when unable to take the place of the 
expert salesman, no doubt be provided for in offices and 
works where they would be better employed. When this 
is accomplished, think of the relief to the buyers and the 
relief to many of these weary individuals themselves, to 
say nothing of the enormous saving to everybody when 


they are found definite employment with a visible earning | fi 


ey benefitting to themselves and the country in 


general. , 

Out of this medley, if we are to improve, must arise 
the So au = the enli paanee works corre- 
spondent, engaged on terms of possible permanenc 
with the firm, the one realising that he must satisf. hie 
customers’ requirements in every way, the other admit- 
ting the man’s position and giving him the utmost 


support. 

Bch expert salesmen should be welcomed with appoint- 
ments by the customer again and again, if only they were 
available, and the persecution of bu by incompetence 
discontinued. The salesmen of the future should be fewer 
in number and much better paid, and of permanent and 
a tee with the o--€ — must be 
men w passed throu every shop, are 
selected and finally trained for ae positech in tho oath 
mating and designing departments, and with at least 
ten years’ experience. Such salesmen will be expected 





to answer any questions and give any advice, and be in a 
position to ay! —— making ee of sug- 
gestions, if required, preparing icing esti- 
mates; and, in cases of necessity, cudating contracts 


What a rarity such men are to-day; equally so the 
_ mes + have app — in the out- 
side agents travellers they now em . 

The works correspondent is in alti the manu- 
facturer, as, after all, this correspondent is the person who 
controls the situation, making or marring any concern. 
Anyone nowadays is permitted to deal with corre- 
spondence, from the junior partner to almost the office 
boy, the result in many cases being as might be ex- 


The works correspondents should have been salesmen 
for five years at least, having had what workshop ex- 
perience a salesman should bmp - before he occupied 
that position; we should have ndents 
knowing all the difficulties, and trained in both the 
positions necessary for success. They must realise that the 
entire system of customers, salesmen, and works staff are 
in a sense under their control, and that they can by care- 
lessness or want of forethought destroy the best-laid plans ; 
and until such men are appointed by merit only we shall 
continue as we are. The subject of advertisement in the 
technical Press is another opportunity sadly neglected 
many of our manufacturers never a ing. This should 
form the first subject of discussion between the salesmen 
and the works correspondents, as without this how are 
purchasers ever to know, more especially abroad, of a 
manufacturer’s existence. Many manufacturers seem to 
imagine, nowadays, that if they employ large numbers of 
commission —, advertisement is unnecessary: the 
rs) 

If only we can our manufacturers to devote a 
reasonable sum to their selling organisations, instead of 
spending their all on the works, and to select their sales- 
men and works correspondents by merit, encouraging 
them with permanent appointments, and, having done 
this, persuade the British workmen to do as much work 
as they can if they like, then there will be little trouble in 
holding our own and securing our full share of trade at 
every opportunity. Surely there has never been a better 
time for a change. 

Yours faithful 


y: 
Victor H. Coarss, MIL Mech. E. 
121, Victoria-street, London, 8. W. 





SpanisH Scooo, ANNUAL.—We have received a copy 
of the annual issued by the Instituto Catdlico de Artes é 
Industrias, Madrid, for the term 1914-15. This Institute 
was inaugurated in October, 1998, and commenced both 
with = | classes for the instruction of mechanical and 
electrical engineers, and with evening classes for work- 
men. In the term 1909-10 session courses for the Bachelor 
degree were started, and both the day and the evening 
classes were made to cover a wider field. Recently 
classes have also been added to prepare students for 
entering the Spanish Military Academy. The annual 
gives the names of the professors, the mme of 
studies, and illustrations of the college, which show this 
to be a well-appointed institution. 


British Coat Propvuction.—British coal production 
in 1913 beat the previous record, the output for the year 
having been 287,430,473 tons. is te compared 
a8 follows with the extraction of of the nine pre- 


years :— 
Year. Tons. Year. Tons. 
1904 -- 282,428,270 1909 -- 268,774,312 
1905 -- 286,128,936 1910 -. 264,483,028 
1906 .. 251,067,628 1911 271,891,891 
1907 -. 267,830,962 1912 260,416,338 
1908 261,528,793 1913 287,430,473 


This year the war has interfered seriously with our coal 
exports, and probably the extraction of the twelve 
months will also show some falling off. The value of 
the coal raised in the United Kingdom last year was 
145,535, 6697. 





ARGENTINE RatLway Workine.—The present year has 
been a decidedly adverse period in Argentine railway 
history, revenue having fallen off, while flood difficulties 
have also had to be contended with. Floods commenced 
in August and September, 1913, and resulted in consider- 
able loss of traffic and damage to the ag A of the 
Buenos Ayres Great Sou Railway wy 
~ yy to — No sooner was RAL . i- 
culty got over, than Argentina was visi y hot, 
mn ms € and drought, ah caused the failure of yedoes A 
in the southern portion of the company’s zone. Raina, 
which set in again in the latter part of the company’s 

nancial year, caused dislocation of agricultural business 
and delayed the transport of the maize crop, great part 
of which still remains to be carried. During the t 
financial year 145 miles of extensions were o for 
traffic by the Buenos A Great Southern Railway, 
bringing its total completed lines up to 3727 miles. 
The company is now restricting its expenditure upon 
capital account, only absolutely essential works bei 
undertaken. In view of the vores difficulties ex- 
perienced by the Great Southern way in 1913-14, 
it is nob —a_, * find that the traffic receipts 
declined to 5,464, » a8 com: with 6,569,345/. in 
1912-132. On the other hand, the working expenses were 
brought down to 3,200,093/., as compared with 3,698, 9961., 
so that the decline in the net revenue was reduced to 
605,8541. A transporter bridge built for road traffic 
between the capital and Avel a and the Sud Dock 


were brought into tion in June, and by a Presi- 
dential Decree the Government formally accepted the 
bridge from the company. 








572 


ENGINEERING. 





[ Nov. 6, 1914. 








SHALLOW-DRAUGHT STEAMER FOR THE 
YANGTSE KIANG. 


WE illustrate in our ag plate the latest of a 
long succession of shallow-draught steamers, built by 
Messrs. Yarrow and Co., Limited, Scotstoun, Glas- 
gow. This vessel, named the Shu-Hun, was con- 
structed for the Szechuan Steam Navigation Company, 
for their passenger and cargoservice between oe 
and Chungking, on the Yangtse River. The lengt 
of the voyage is about 400 miles, and is very dan- 
gerous and difficult owing to the rapids and whirl- 
pools, the position of which frequently changes as 
the river rises and falls. Hitherto it has been found 
necessary for the small steamers running on this ser- 
vice to be warped up the rapids by means of ropes 
taken ashore, which was a slow and dangerous opera- 
tion. The Shu-Hun was built to the special designs 
of Captain S. C, Plant, one of the best-known navi- 
gitors of the river, and with many years’ experience 
on this particular part of the great inland water- 
way. His aim was to produce a vessel sufficiently 
large and powerful to negotiate the rapids under her 
own steam without the assistance o' 
achieve this end it was also necessary that the steer- 
ing capabilities should be such that there was no pos- 
sibility of the bow being slewed round when enter- 
ing the rapid. At the same time it was desirable that 
the vessel should have sufficiently good passenger 
and cargu capacity to enable her to be a financial 
success, 

It was finally decided that a length of 190 ft. and 
a beam of 30 ft. was the largest size vessel which 
could safely navigate the rapids on a draught of 5 ft., 
when the load of cargo was 300 tons, and the Shu-Hun 
was accordingly built to these dimensions, and with 
machinery of 2000 indicated horse-power. 

Another feature conducive to the success of the 
design was the fitting of the tunnels, in which the 
twin-screw propellers work, with Yarrow’s patent 
automatic hinged flap, arranged to give the maximum 
efficiency of propulsion in all conditions of load. It 
has, of course, been long a practice for vessels of this 
type to be driven by screws working in tunnels ; but 
the introduction, by Messrs. Yarrow, of the hinged 
flap very materially increases the efficiency of this 
system. Various shallow river gunboats for the 
British Admiralty, such as H.M.S. Widgeon, were 
fitted with this device ; but recently the system has 
been still further improved by the adoption of a 
balanced flap, by which means the flap automatically 
is always at the most efficient position. The detailed 
drawings of this flap, given on the two-page plate, are 
therefore of special interest. 

The third essential to the realisation of the aim was 
the steering-gear, which consists of three balanced 
rudders actuated by hand and steam. There are two 
steam steering-wheels, one in the wheel-house and one 
on the upper bridge, and the hand-gear is also in the 
wheel-house. The steering-engine is in the main 
engine-room. The vessel turns within two lengths, 
with both engines working at half power. 

The general features of the design of the Shu-Hun 
are clearly shown on the drawings reproduced on the 
two-page plate. Fig. 1 is a longitudinal section, 
Fig. 2 a plan of the forecastle, Figs. 3 to 5 plans of the 
decks, Figs. 6 to 9 cross-sections, and Fig. 10 a per- 
spective view of the vessel on the Yangtse Kiang. 
The hull is divided into nineteen compartments by 
transverse and longitudinal bulkheads, and water-tight 
doors are also fitted to the bunker bulkheads, as dam 
to the hull of vessels on this river more frequently 
occurs at the turn of bilge than on the bottom of the 
vessel. Fig. 1 shows that there are four decks in all 
—namely, main deck, upper deck, boat-deck, and 
awning-deck. he accommodation for European 
passengers and the officers is on the boat-deck (Fig. 3), 
and consists of a dining-saloon, eight two-berth stave- 
rooms for passengers ; also captain’s, chief officer’s, 
and chief engineer’s cabins, pantry, galley, bath-rooms, 
and w.c,’s, and steward’s cabin. e accommodation 
on the upper deck (Fig. 4) is for the Chinese first and 
second-class ngers, and consists of a first-class 
saloon with dining-tables, and eight first-class two- 
berth cabins ; a second-class saloon and eleven four- 
berth cabins; also purser’s cabin and office, and 
assistant purser’s cabin, On the main deck (Fig. 5) 
there is accommodation for 170 Chinese steerage 

engers, 15 firemen, and three Chinese engineers, 

n the forecastle (Fig. 2) there is accommodation for 

4 potty officers and 12 m>n, and there is also a mess 
place for 14 cooks and boys. 

The vessel is lighted throughout with electric light, 
the current being supplied by an oil-driven dynamo, 
so that it is not necessary to keep up steam when the 
vessel is moored for the night. There are five separate 
holds for cargo, having a total capacity of about 
16,000 cub. ft., and on a draught of 5 ft. the steamer 
has a dead-weight capacity of about 300 tons. 

There is a special double-headed steam capstan 
forward, one head being arranged for working the 
anchors and for 7 warping purposes, the other 
head being specially designed for warping up the 





rapids, if found necessary, and large rollers are fitted 
on the berthing for bringing in the warp. There is an 
unusual number of bollards and fair both forward 
and aft. 

The main propelling machinery, Figs. 5 and 9, con- 
sists of two sets of triple-expansion surface-condensing 
engines, balanced on the Yarrow-Schlick-Tweedy 
system. Piston-valves are fitted to the high-pressure, 
mean-pressure, and low-pressure cylinders. The link 
motion is of the twin-bar Stevenson marine type, with 
adjustable bearings. All the bearings have large 
surfaces, so as to ensure satisfactory results with these 
engines when running at somewhat higher revolu- 
tions than those usually adopted for this class of 
vessel. One condenser of the “‘ Uniflux ” type is fitted 
as common to both engines, and an independent Weir 
air-pump is fitted in conjunction with it. A circu- 
lating-pump by Messrs. Matthew Paul, of Dumbarton, 
is fitted, the engine being of the enclosed forced-lubri- 
cation type. A fire and bilge-pump by Messrs. Turn- 
bull is also fitted in the engine-room, and arranged to 
pump from several compartmentsand thesea. At the 
forward end of the engine-room is placed a feed-filter 


warps. To| tank 


In the closéd stokeholds, Figs. 5 and 8, are fitted 
two Yarrow patent double-ended water-tube boilers, 
each boiler being fitted with an independent funnel. 
These boilers are designed so that, if at any time an 
overload power is required, it can be quickly obtained 
by burning oil-fuel in conjunction with coal. Other 
auxiliaries fitted in the stokehold are as follow :— 
Two forced-draught fans and engines by Messrs. Paul, 
of Dumbarton, the engines being of the enclosed, 
forced-lubrication type ; two main feed-pumps (one to 
each of the boilers) and one auxiliary feed-pump, all 
by Messrs. Weir ; and one oil-fuel pump by Mesirs. 
Mumford, of Colchester. 

Owing to the fact that the water in the Yangtse. 
Kiang carries in suspension a very large —— of 
foreign matter, it was considered advisable to fit some 
form of settling and filter-tank in place of an evapo- 
rating plant. It was finally decided to supply three 
tanks for this ; these have been fitted on the 
deck above the engine-room. The water supply i3 
taken from a branch-pipe off the fire and bilge-pump 
discharge to the sanitary tank (this system being 
under slight pressure). The water is discharged into 
the uppermost of the three tanks through a ball-valve 
(which maintains a fixed level in this—the settling- 
tank), and then flows from this tank into the second 
tank containing strata of filtering material, and pass- 
ing through this it flows into the third tank, where it 
is again filtered. If desired, the course of the water 
can be short-circuited. We understand that this 
system of making up the feed-water and providing the 
drinking-water has proved thoroughly satisfactory. 

Fi 1l to 13 show the Yarrow hinged balanced 
flap for the propeller tunnel. The efficiency of the 
propellers depends upon their working in solid water, 
and it is therefore important that when the propeller 
starts revolving in the tunnel, and the air is forced out 
and water takes its place, there shall be no leakage 
back of air. The after part of the tunnel must project 
below the surface of the water, even when the vessel 
is at its lightest draught. When the vessel is loaded, 
and this projection is more Say immersed, resist- 
ance is increased very considerably. Messrs. Yarrow, 
many years ago, arranged for the after part of this 
tunnel to be movable, so that it could adjusted 
corresponding to the draught of the vessel. The 
adjustment was effected by hand, and the range 
was such that, while the tunnel was always sealed, 
the after part would only just be below the 
surface of the water. It was found in practice, 
however, that this adjustment was not always made 
by the ship’s company. Messrs. Yarrow therefore 
arranged for the flap to be self-balancing, as illus- 
trated in Figs. 11 to 13. The forward part of the 
tunnel forms part of the hull in the usual way, but the 
after part is hinged at a point about the centre of the 
tunnel, and the flap is balanced by means of weights 
attached to the end of a chain, which passes over 
a and is secured to the end of the flap, as shown. 

y this means the flap automatically regulates itself. 
If, for instance, a quantity of cargo is put on the boat 
and the draught increased, the increased pressure of 
water on the after part of the tunnel, due to the action 
of the more deeply-immersed propellers, tends to 
raise this flap, mo thereb uces its resistance. 
Under all conditions of load and draught the flap is 
always io an efficient position. 

We understand that throughout the trials of the 
Sha-Hun the machinery gave every satisfaction, and 
that practically no vibration was felt in any part of 
the ship at any speed. The double-ended Yarrow 
water-tube boilers provided an ample supply of steam 
without recourse to oil fuel in conjunction with coal. 
The vessel has made several ages, and in each 
case crossed the rapids without the aid of hawsers. 
She has broken all records in the run from Chungkin 
to Ichang and back. She did the round trip of 
miles in vy and this against a strong freshet, the 
water in the gorges during the short run up of under 





44 hours’ steaming rising from 13 ft. to 35 ft. The 
actual times upwards are as follow :—Ichang to Qui- 
few, 13 hours (first day); Qui-few to Wan-shen, 8 hours 
55 minutes (second day); Wanshen to Foochen, 
14 hours 20 minutes (third day) ; Foochen to Chung- 
king, 7 hours 25 minutes (half a day). The above runs 
were only at three-quarter speed, except at the Yehtan 
and Fuhtan rapids, when full s was necessary. 
Had the vessel gone full speed all the trip, she could 
easily have taken 8 to 10 hours off the time on the 
upward run ; but at full speed the wash of the vessel 
would have partially swamped the majority of the 
small and deeply-laden rice and other native craft in 
the vicinity of the numerous rapids, and more or less 
in one continuous line. In the near future, when the 
number of steam-vessels on the river has been doubled 
or trebled, conformity to some future rules of speed 
will require to be made obligatory. At present no 
rules or regulations of any kind are in force. 





Tue University oF SHErrikLD ScrentiFic ADVISORY 
Comumrrrgx.—The Council of the University of Sheffield 
realising that, under the present exigencies of trade, 
manufacturers will be more than ever faced with problems 
requiring scientific solution, has approved the formation 
of a University Scientific Advisory Committee to offer 
assistance, under conditions arranged to safeguard the 
interests of the consulting profession, to manufacturers 
carrying on processes within the Sheffield University area. 
From applications already received, they consider that 
there is undoubtedly a big field for work in front of the 
Committee. 

CoMPETITION WITH GERMANY AND AUSTRIA-HUNGARY. 
—We have, from time to time, drawn attention to 
the campaign undertaken by the Board of Trade, on the 
advice of their Advisory Committee on Commercial 
Intelligence, to assist British manufacturers and mer- 
chants to secure trade formerly in the hands of German 
or Austro-Hungarian firms. ‘The Board have received 
since the outbreak of hostilities a very large number of 
inquiries for names of sellers or buyers of articles of 
which the sources of supply or markets have been inter- 
fered with. Several lists hove been prepared and cir- 
culated by the Board of articles which inquirers desire 
(a) to purchase and (5) to sell. The third list, in which 
1s incorporated the first and second lists, was published 
on October 14; the fourth list, which is a supplement to 
the third list, isnow ready and may be obtained, together 
with copies of the third list, on application to the branch. 
Firms interested in any of the goods mentioned, either 
as buyersor sellers, should communicate with the Director 
of the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, London, F.C. 





Uses oF THE Hypraviic Mininc CartTriper.—‘‘ Uses 
of the Hydraulic Mining Cartridge ” was the subject of 
@ paper by Mr. James Tonge, M.I.M.E., F.G.S., 
before the Society of Engineers (Incorporated) on 
November 2. The author stated that ea Ebenatngs 
and danger of cuoheying explosives to excavate rock and 
other material from confined places had long been recog- 
nised. The effect of ne coe not always be con- 
fined to the area desired to be dislodged, and the use of 
explosives must involve either the risk of accident 
through insufficient charge or the production of misapplied 
energy. Many mechanical substitutes for blasting had 
been devised to avoid these draw the simplest 
form being the wedge. The stub and feather and the 
multiple wedge had been used as improvements on 
the simple wed and in coal-mines wedges in- 
vented by Bidder, Burnett, Sbreeve, and Hall had 
been employed. These all had proved impracticable, 
and, except in the case of the simple wedges, were now 
practically out of use. The hydraulic mining cartridge 
was not worked on the principle of a wedge. It consisted 
of a steel cylinder containing a number of telescopic 
pistons operating at right angles, which expanded upon 
the application of water from a hand hydraulic pump 
attached to the cylinder by a steel pipe. The cylinder 
was placed in a suitably drilled hole, and the rock 
removed gently. As the operation proceeded it was pos- 
sible to see the rock slowly fracturing, and at the conclu- 
sion of the operation the débris was left in good round 
condition suitable for speedy removal. Explosives could 
not be made to take advantage of the natural bedding and 
cleavage of rocks, their violence being expended on “‘hack- 
ing through” to the nearest unsupported edge. With the 
hydraulic cartridge it was possible to excavate greater areas 
at one operation, the weight of the detaching strata itself 
being used to increase the scope of the operation. The 
hydraulic cartridge was used to a large extent in mines 
for (a) commercial reasons; (b) safety. The machine had 
been found equally applicable to work either in open 
trenches or under water. In considering the excavation 
of concrete beds by a method which would not involve 
explosive blasts. it was necessary to remember that there 
was a wide difference between concrete and stratified 
deposits. In the latter case there was only slight crushb- 
ing of the rock before the applied pressure 1 the 
—_ to bend = acock ; on in es cranieer. 
able pumping to be employed without any apparen 
effect before the fracture appeared. This was due to the 
crushing or compressing that the mass would withstand 
before finally ing. Further pressure, of course, 
increased the magnitude of the break. It was found that 
concrete foundations were particularly well suited to the 
application of this machine, horizontal and vertical shots 
being arranged at intervals all round the bed and pumped 
off inturn. About 3} tons of material could be excavated 
per thrust, , 
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SEMI-AUTOMATIC MULTIPLE TAPPING-MACHINE. 


CONSTRUCTED BY THE LANGELIER MANUFACTURING CO., PROVIDENCE, R.I., U.S.A. 


Fie. 1. 


ELECTRICAL PART 
BRASS 

















Fie. 2. 


ELECTRICAL PART 
COPPER 

















(4063.c) 





WE illustrate in Figs. 1 and 2, on the present page, 
two views of a vertical semi-automatic multiple 
tapping-machine for small taps and close spacings, 
which is built by the Langelier Manufacturing Com- 
pany, Providence, Rhode Island, U.S.A. It has a 
stationary head and a movable working-table, and is 
designed to tap a large number of holes in one opera- 
tion in practically the same time that it would take 
ordinarily to tap one hole with a single-spindle tap- 
ping-machine. With the machine we illustrate, the 
operator has merely to place the blanks on a simple 
holding-down device, and to take off the tapped parts. 
As many as fourteen brass plates, 7, in. thick, with 
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seven holes each, have been tapped in one minute. 
The feed is claimed to be agar | as rapid as 
that of a printing-press. The machine is specially 
suited to the manufacture in large quantities of similar 
parts, such as those used in automobile work, clock- 
work, the manufacture of typewriters, electrical work, 
camera-shutter manufacture, telephone work, &c., 
where the highest standard of workmanship is required, 
coupled with low manufacturing cost. 

operator sets the machine in operation by 
tripping the bent lever located at his left, or by 
lowering the opposite end of this lever by hand; this 
operates the belt-shifting mechanism, and moves the 








round leather driving-belt which runs up from the 
base countershaft very quickly over to the forward 
driving-puliey. This immediately sets in motion, 
through bevel gearing at the rear, an upright shaft 
which drives the main spindle of the multiple tapping- 
head through another ceries of bevel gearing near the 
top of the machine column. The tapping-spindles in 
the tapping head are crank-driven, machined out of a 
solid alloy-steel bar, hardened, heat-treated, very 
pony os | ground, and all fitted with extreme accuracy 
on fixed centres in a hard phosphor-bronze spindle 
bearing, which is so designed as to be quickly remov- 
able from the machine, to permit the insertion of 
other heads having the spindles arranged according 
to other lay-outs within a 5-in. circle. 

In the tapping-heads, each spindle is provided with 
a special compensating device, which allows each tap 
to follow its own lead independently of the other taps ; 
by this means every hole is tapped with clean-cut 
threads free from drag or stripping, even when work- 
ing through very thin soft brass or other material, 
and with taps of small diameter. This feature also 
allows of tapping simultaneously with taps of different 
pitches, and, moreover, ensures uniformly accurate 
and interchangeable work. On reaching the required 
depth, the taps are reversed automatically ; the resist- 
ance on the taps is not depended upon for reversal, 
thus obviating the risk of all straining or breakage 
of the taps. versal is very rapid. 

The upright shaft above referred to, which drives 
the multiple head, also drives through steel and 
bronze spiral gearing a short horizontal shaft on the 
right-hand side of the machine. On the front end of 
this latter shaft is mounted a steel worm in mesh with 
a@ worm-thread cut round a vertical hub under the 
working-table. This hub has an edge cam-path cut 
on its upper end, over which runs a cam-roller teun- 
nioned to the stub-post of the working-table when the 
hub is rotated by the worm on the horizontal shaft. 

During tapping the working-table is progressively 
raised by the edge-cam and roller at the same ratio 
that the taps eater the work, until the taps have pene- 
trated to the depth wanted, when an automatic tripping 
device operates, shifting the round driving-belt sharply 
and very quickly over to the grooved reversing-pulley, 
at the same moment instantly reversing the taps, and 
lowering the table at about double the tapping speed. 

When the table reaches its lowest, or loading and 
unloading position, the tripping device again shifts 
the round driving-belt to the loose pulley, when the 
machine stops. The cycle of operations repeats itself 
with great exactness and rapidity during the tapping 
of each part. The automatic tripping device may be 
set to stop the table at practically any point wanted, 
and the upward and receding s of travel of the 
working-table may be closely adjusted to correspond 
in each case with the pitch of the taps used and with 
the thickness of the work, so as to prevent over-travel 
of the table, breakage of taps, or spoiled work. No 
time is therefore lost in the tapping of each piece. 

The base of the machine carries fixed and loose 
pulleys 64 in. in diameter for a 2-in. belt, running at 
960 revolutions per minute ; the belt is shifted by the 
action of a foot-lever. An efficient oil-feed maintains 
a constant flow of oil on the taps while the machine is 
running, the oil returning to a self-straining reservoir 
connected to the pump suction ; this enables the same 
oil to be used over again without waste, the lubricat- 
ing device requiring only periodical attention from 
the attendant. The moment the machine stops run- 
ning, the flow of oil stops also, automatically ; the 
flow starts again immediately the machine is set in 
motion afresh. All the running bearings and movable 
parts are efficiently lubricated. The whole of the 
gearing is carefully guarded to comply with the re- 
gulations in regard to safety. 

The machine has a net weight of 828 lb., and the 
floor space occupied measures 22in. by 28 in. Figs. 3 
to 7 are examples of work done. 





University or Lonpon, University Cottece.—The 
Calendar for the current session at the University Col- 
lege, Gower-street, W., has recently issued. It is 
in the form of a large bound volume, of some 880 pages, 
containing a list of the departments and staff of the 
College, and giving full particulars of courses of study, 
scholarships, exhibitions, &c. The class and other ex- 
amination pa set during last session are reprinted, 
and much other information relating to the history, 
organisation, and work of the College is also included in 
the volume. 





“MANUEL PRaTique DE SerevureRiz.”—We have re- 
ceived from Messrs. H. Dunod et E. Pinat, 47, Quai des 
Grands-Avgustins, Paris, a copy of a manual published wv 
them at the price of 4.50 francs, and edi by Mr. 
Henriet. This is a locksmith’s hand-book, which, although 
a ey for the use of apprentices, will prove 
most ul as a guide-book to working smiths. It gives 
brief notices on the manufacture of iron and steel, describes 
all the tools used in the trade, and gives very detailed illus- 
| trated information on all the various methods followed 
| for assembling ry of metallic fittings, such as the join- 
‘ing together of built-up girder leng the making of 
window and door framework, balcony work, and so forth, 
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THE INSTITUTION OF CIVIL ENGINEERS. 
Address of Bensamin Haut Buiyru, M.A., President.* 


GENTLEMEN,—My first duty is to thank you for the 
great honour you have done me, and, through me, the 
engineering profession in Scotland, by electing me Presi- 
dent of this great Institution. Although I am not the 
first Scotchman who has occupied that position, I am 
the first engineer practising in Scotland on whom you 


to assist the industrial of the country and to 
advance the interests of the community. : 

First, with regard to the railway systems in Scotland, 
I have prepared a cartoon,* which hangs on the wall, and 
which shows in black the railways existing in Scotland in 
1864, and in red those that have bren constructed since 


that date. I endeavoured at one time tosub-divide the red | G 


railways into those constructed during the decades follow- 
ing 1864 down to the present time, but I found that the 
variations in many cases were so small that it would be 


are divided into each decade, but I shall not trouble the 

meeting with reading them at the present time. [See 

ere ee. 1s and 1867 th Scottish amalgama- 
n 3 1 the great i 

tions, which completely altered the whole railway systems 

in the country, took place. In BS = 


lasgow way was amalgama 
British Railway, and the Scottish Central Railway was 
ted with the Caledonian Railway. That left 
the Scottish North-Eastern to be fought for between the 





have 


leased to bestow that honour. 
you that it will be my most earnest endeavour Cusing mz 
year of office to do everything in my power to uphol 


T can assure | al a 
time to time. 




















almost impossible to show distinctly the increases from 
ranslating this map into figures, it will 
be found that the total mileage of Scotch railways in 


Caledonian Railway and the North British Railway ; and 
naturally it ought to have gone to the North 
British Railway, as the completion of an East Coast 






































Scorrish Raitways, 1864. ScortisH Rattways, 1874. 
Number | | | | Humber | | 
Miles | - Tonnage Total Miles | | of Pas- | Tonnage Total 
Capital sengers. Capital | sengers, 
oO 7 " of Goods Passenger| Goods | Receipts, . n of Goods Passenger; Goods Receipts, 
Name of Company. | “fp” Paid up, | Exciud- | and | Receipts. |Receipts. alt Name of Company. | “fy” | ae: | a | | Receipts |Receipte.1| All 
Traffic. | ane. Pp. a Minerale. Sources. Traffic. | o P-. Minerals. | | Sources 
Tickets. | | Tickets. | 
£ | yp wer £ aa Ee e | @& £ 
Caledonian .. ..| 616 | 18,130,860 | 8,105,514 | 7,495,71%:| 665,240 | 1,095,745 | 1,660,983 || Caledonian... --, 826 | 26,996,143 | 13,585,643) 11,387,310) 906,324 | 1,982,839 2,889,163 
Glasgow aud South- | Glasgow and South- } | | 
Western... ..| 2.0 | 6,610,173 | 9,499,011 | 8,208,715; 165,012 347,669) 512,681 Western en --| 817 | 10,011,198{ 6,784,891) 3,931,841) 324,856) 665,161 890,017 
Great North of Scot- | Great North of Scot- | 
land .. a .-| 268 8,370,696 | 1,692,967| 556,221 81,734 85,991 | 167,725 land .. in --| 286 | 8,658,727 | 1,782,185] 657,915) 123,562/ 140,702) 264,264 
Highland a ¥33 2,206,749 843,769 305,871 94,189 68,946 | 163,135 || Highland wa ..| 402 4,100,408 1,210,735) 343,098) 181,573 142,278 | 323,851 
North British .. 749 | 18,428,086 | 7,163,204 | 6,266,827 | 622,515 739,270 | 1,261,785 || North British .. --| 869 | 26,565,664§ 14,857,488 8,275,581 814,278 | 1,299,207 | 2,113,485 
| nz, SD | i” | 
Totals “| 2105 | 47,736,564 | 20,205,455 |17,822,846 1,428,600 2,337,619 | 3,766,300§ Totals --| 2700 | 71,327,140 | 88,220,892) 24,495,740) 2,360,598 | 4,130,187 | 6,480,780 
* Including the capital of all undertakings absorbed at a later date by the five named « inctoding the capital of all undertakings absorbed at a later date by the five named 
companies. companies, 
+ Including minerals and miscellaneous recefpts. t Includes minerals and miscellaneous receipts. 
{ Exclusive of 87921. Union Canal receipts. t Including half the capital and receipts of the City of G Union Railway. 
§ An error of addition, amounting to 10,000/., in the official return. § Includes 56,8621. for Wi: Railway, subsequently managed by a Joint Com- 





ScortisH Rai.ways, 1884. 














gtownshire 
mittee, and half the capital and receipts of 


the City of Glasgow Union Railway. 

















Scottish Rariways, 1894. 
| Bppber oe hy | 
| @ ‘as- | | | 
Miles | Ganj Tonnage | Total Miles | Tonnage | Total 
| Capital sengers, | Capital | se 7 
Nameot Company, Ofer | eadupio BrgSd’ ted | ere [ccpns) eval” | Name ot Company. | Ofe™ | fui'uy, | idea: |* a ere mst a 
| Traffic. | ¥ | Season Minerals. Sources. | Traffic. P Season | Minerals. | Sources. 
| Tickets. | Tickets. 
el 2 aie 
[a7 | ion £ £ ae ge e | ¢@ 
Caledonian .. ..| 878 | 40,604,864 | 17,568,514 14,870,586 1,045,813 1,983,000 | 3,028,813 || Caledonian ..  ..| 891 | 48,628,774 [27,042,302 | 16,740,476) 1,291,906 2,068,288 3,360,139 
Glasgow and South- || Glasgow and” South-| | 
Western... --| 869} $14,461,688 | 10,338,725 5,576,917 | 486,498 680,425 | 1,166,923 || Western .. ..| 388} | 15,957,433 |15,865,814 | 5,966,188 561,109, 748,319 | 1,309,928 
Great North of Scot- | | || Great North of Scot-| 
~ ahs | 5,010,815 | 2,054,647, 681,998 154,008 167,247; 321,840 land .. ..  ..| 816 | 5,661,508 | 3,011,631 807,869, 203,400, 198,212 401,612 
Highland - --| 416 | 4,456,028 | 1,602,245 376,780 230,497 163,418 393,915 | Highland a -.| 445 5,571,165 | 1,794,601 487,821) 275,927| 189,428 466,355 
North British .. -.| 10174 |$36,069,3268 | 22,743,603 14,001,113 1,010,711 1,666,323 | 2,677,034 || North British .. oh i 56,990,823§ |34,562,520 | 16,443,754 1,336,388 | 2,048,060 | 3,384,448 
Portpatrick and Wig. | Portpatrick and Wig-| | 
townshire Joint! | townshire Joint| 
Committee .. -| 20 152,366 102,340 19,627 | 4,625 8,241 7,866 Committee .. .. | 541,879 | 459,663 137,900 82,747 26,848 59,595 
Totals --| 2009 | 09,654,987 54,306,074 35,526,921 | 2,981,787 4,668,654 | 7,595,301 \ Totals 3828 /183,351,577 ‘82,786,581 40,583,958 3,701,477 5,279,600 | 8,981,077 


* Inchading the capital 


panies, excluding the Joint Committee. 
+ Includes minerals and miscellaneous receipts. i 
! Including half the capital and receipts of the City of Glasgow Union Railway. i 
§ Includes 685,776l. for Forth Bridge, and half the capital and receipts of the City of i} 
} 


Glasgow Union Railway. 





of undertakings absorbed at a later date by the named com- 





* Including the capital of undertakings absorbed at a later date by 
panies, with the exception of the Joint Committee. 

+ Includes minerals and miscellaneous recei 

t Including 

§ Includes 3,048,331. for F 
Glasgow Union Railway. 


the named con:- 


half the capital and receipts of the City of Glasgow Union Railway. 
‘orth Bridge, and half the capital and receipts of the City of 


























ScorrisH Rariways, 1904. | ScortisH Raritways, 1912. 
- | | | | ee ¥ : 
Mil Pe | Mil | ‘ot Pas T | ‘Total 
iles of Pas- ‘onnage Total iles | Tonnage | Tot 
Capital Capital sengers, | 
Open sengers, | of Goods |Passenger Goods | Receipts, . of Goods Passenger Goods Receipts 
Nameot Company. for | Paid up. | excluding | and. | Receipts. Receipta.t| All” || Name of Company. ter ae | a | and — Receipts. |Receiptat, _ Al 
Traffic. * | Season | Minerals. | Sources. Traffic. | . a. a Minerals. Sources. 
‘Tickets. Tickets. | } 
Bary a oe £ £ e | &£ 
Caledonian ee --| 1084 | 70,678,134 | 38,205,940 [28,495,103 | 1,760,363 2,945,104 | 4,705,467 ||Caledonian... --| 1075 78,745,346 31,684,886 26,393,166 | 1,987,882 3,202,940 | 5,140,822 
Glasgow and South- | \|Glasgow and South. | 
Western... ..| 417 | 24,262,605 | 16,611,341 8,796,002 | 751,087 1,064,050 | 1,815,087|| Western .. -.| 466 | 24,934,056 16,328,326 | 8,842,452 823,046 | 1,191,315 | 2,014,361 
Great North of Scot- | } | ||Great North of Scot- 
land .. oe ee | 7,600,929 | 3,595,406 | 985,779, 255,089| 244,496 499,585 '| land .. ° 333 7,661,325 8,276,098 | 1,012,970 269,922 | 258,127 618,049 
Highland} i 531 | 6,748,009 2,476,380 , 506,107| 337,866 196,824 534,690 |'| Highland ve -| 507 6,928,495 | 2,094,683 | 604,061 352,203 | 222,387 | — 574,5%) 
North British .. | 1305  67,997,987)| | 39,795,952 (25,783,940 | 1,771,081 | 2,830,140 | 4,601,221 ||North British .. --| 1839 71,171,660} 84,984,829 29,867,262 1,849,759 3,284,487 5,134,246 
Portpatrick and Wig- | | Portpatrick and Wig- | 
townshire Joint 82 | | townshire Joint) | 
Committee .. on 501,552 610,670 148,488 | 38,589 26,391 64,980 | Committee .. 82 492,180 422,966 150,791 37,241 23,612 60,853 
Totals | 8705 177,779,2168 101,095,689 (64,715,509 4,914,025 7,307,005 12,221,080 | Totals 3802 | 184,933,062§ 88,791,783 166,870,702 5,260,053 8,182,868 paaeneee 
* Including the capital of undertakings absorbed at a later date by the named companies, ‘ * Including the capital of all undertakings absorbed at a later date by the named com- 
with the exception of the Joint Committee. panies, with the exception of the Joint Committee. 
t Includes minerals and miscellaneous receipts. + Includes minerals and miscellaneous receipts. 
{ The figures include the returns for the Invergarry and Fort Augustus Railway. t Includes 3,048,333. for the Forth —— 
|| Includes 3,048,333i, for the Forth Bridge. § Returns for the Glasgow District Subway and the Campbeltown and Machrihanish 
§ Return for Glasgow District Subway omitted. Light Railway omitted. 


the splendid traditions, and in every way to further the 1864 amounted to 2105, and in 1912, the last year for 
interests, of this Institution, and I know I can count on | which statistics are available, it extends to 3802. 
the loyal assistance of the Cou 
Secretary and his staff, to help me to perform the duties | a time is 184,933,062/. The 


of this office. 


There have been so many idential addresses deli- | 
vered from this chair that the 
subject on which to address you to-night has caused me | received 


no little anxiet 
of engineering in 
which co 
professional life, 


“© Delivered November 3, 1914. | 





ncil, as well as of the capital in 1864 amounted to 47,736, 


were 20,205,455, and now 88,791,783. 
The tennage of good 


during the last fifty years, | time 8 182,868/., showing the 


5641., and at the 


is and minerals 
question of selecting a | 17,822,816, and now amounts to 66,870,702. The amount 
. for passengers in 1864 was 1,428,690/., and now 
anxiety ; but as lam a Scotch engineer, I have amounts to 5.260,053/. The amount received 
thought it might be interesting to give a short account and minera’s in 1864 was 2,337,619/., and at the present 
i total receipts from all 
very nearly with the term of my own | sources in 1864 to have been 3,766,309/., and at the 


d to show what has been done there The figures I have hefore me 


route, the Caledonian bid higher terms, and the Scottish 
The | North-Eastern was amalgamated with it in 1866. y 
In the Session of 1865 the North British and Caledonian 
i _ Fargerner in eee ~ oe se | 
with each other, and the passing of the amalgamation © 
the Edinburgh and Glasgow and of the Scottish Central 
with b North British and ag ee Ps wb = 
part of a general agreement whic uded also the ° 
drawal of the oppositicn of the Caledonian Company to 
the first senvane teat Bridge, and the withdrawal of 
the opposition of the North British Company to the - 
ing of the Bill authorising a direct route, in the hands of 
Caledonian Railway Company, from Edinburgh to 


carried in 
in 1864 was 


for 











present time 13, 442,921/. 
* Not reproduced here. 


the 
Glasgow. In 1867 the Caledonian pany amalgamated 
‘with the Forth and Clyde Canal, whereby they became 
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owners of the original docks at Grangemouth. These 
amalgamations conferred innumerable running powers 
on the various Scottish companies over the lines of the 
other companies, and most of the great ish com- 

jes also got running powers over the ted 
Beoteh railways, and those Acts of Parliament have prac- 
tically fixed the terms upon which running powers are 
granted—namely, 75 per cent. of the receipts being given 
to the owning company and 25 per cent. to the running 


company. 

It has always been a great mystery to me why railway 
managers have almost invariably set their faces against 
the granting of running powers. The terms prescribed 
in the Acts I have mentioned make the use of running 
powers almost prohibitive, and as far as I know there is 
only one case in Scotland where running powers are 
exercised under the provisions of any of these Acts. 
There are many cases where they are exercised by agree- 
ment, but the only case I know of under the terms of 
any of these Acts is that the North British Company 
run over the Caledonian Railway from Kinnaber Junc- 
tion to Aberdeen, a distance of about 38 miles ; but there, 
instead of costing the a7 only 25 per cent., it costs 
them about 42 per cent. of the receipts, so that they are 
running at a dead loss, of course, recovering a lot of this 
by securing at Aberdeen a large proportion of the traffic 
to and from Edinburgh and the through traffic to and 
from England. 

R. seems to me that _- division of the rates between 
the owning company and the running company been 
equitably adjusted, many oumgetiinre lines might have 
been saved, and one company might have quite well 
carried the traffic of other competing companies in addi- 
tion to its own. 

At the present time there are, to all intents and pur- 
poses, only five railway companies in Scotland and a joint 
committee—namely, the North British Railway Company, 
the Caledonian Railway Company, the G@ w and 
South-Western Railway Company, the Great 
Scotland Railway Company, and the Highland Railway 
Company, and the Portpatrick and Stranraer Joint 
Committee, which, however, has no rolling-stock of its 
own. Although in 1864, and since, many other different 
companies existed, all the smaller companies have been 
amalgamated with one or other of the five I have men- 
tioned, and in dealing with any figures in comparison 
between 1864 and 1914, I have dealt with those smaller 
companies as if they had at the earlier date belonged 
to the larger one with which they have since been 
amalgamated. 

The North British Railway Company was originally 
incorporated by an Act of 1844 for the construction of a 
line from Edinburgh to Berwick, with a branch to 
Haddington—in all about 62 miles. The Edinburgh and 
Glasgow Railway Company was incorporated by an Act 
of 1838, and, as I have Guonty said, was am - 2 
with the North British Railway Company in 1865. The 
total length of the North British lines in 1865 was 
625 miles. 

Since that date the company has obtained powers to 
construct various branches throughout the country, and 
has amalgamated with no less than seventeen other com- 
panies, including the Wess Highland Company, which 
extends from Helensburgh to Fort William, a distance of 
100 miles, with an extension from Fort William to 
Mallaig, a distance of upwards of 40 miles. The total 
mileage owned by the North British Railway Company 
at this date is 1395 miles. It is of interest to note that the 
Mallaig extension and the harbour there were promoted 
chiefly in the interests of the fishing traffic on the West 
Coast. The Government guaran interest at the rate 
of 3 per cent. on a capital sum of 260,000/., and they also 
contributed a sum of 30,000/. towards the cost of con- 
structing the pier and breakwater at Mallaig. 

The original West Highland Railway was sanctioned in 
1889 and it was ae throughout its whole length from 
Helensburgh to Fort William in 1897—very rapid work 
considering the country through which the railway passed; 
and it is a the greatest length of railway opened 
at one time in Great Britain during the period under 
review, 

The outstanding works on the North British Railway 
constructed during the last fifty years are the Tay Bridge 
and the Forth Bridge. The original Tay Bridge, which 
was opened for traffic on June 1, 1878, was, as is well 
known, destroyed by an exceptional gale on December 26, 
1879, and the company immediately took steps to replace 
it by a new bridge, much more su tial in character 
Powers for this were obtained in 1881, and the bridge 
was opened for traffic in 1887. The opening of this bri 
80 greatly increased the East Coast north and south traffic 
that it became imperative that a bridge should be built 
across the Forth for this increased traffic. Already power 
had been obtained from Parliament in 1865 to cross the 
Forth by a bridge 3 or 4 miles further west than the 
existing bridge, but these powers were abandoned in 1868. 
A new Act was obtained by the North British Railway 
in 1873 for a new bridge practically on the same site as 
the existing eee) a 

ri 


orth of 


_ I believe, was of the nature of a 
I ridge. The contract for its con- 
struction was actually let to Sir William Arrol and the 
work was begun, w the fall of the Tay Brid 
directed the ‘Serious attention of the company to 
proposed design, with the result that the scheme was 
abandoned, and an arrangement was made between the 
East Coast companies, namely, the North British, North 
Eastern, Great Northern and Midland, to construct a 
bridge under their joint guarantee. The consulting 
engineers of these four companies were asked to submit 
= with wh result _ — of Sir John Fowler and 
; jamin er was ado} , and an Act authorising 
its construction was obtained in 1882. This bridge was 


This -_ 
stiffened suspension 





constructed by Sir William Arrol, and was opened for 
traffic in March, 1890. I do not ae eee any 
description of the Forth and Tay Bridges, as they have 


been already fully described in the Proceedings of the | I 


Institution. ‘ 

Prior to the opening of these two brid the time 
taken to travel between Edinburgh and A een, via 
the Granton and Burntisland Ferries, was 6 hours 
25 minutes. No train left Aberdeen after 4 o'clock in 
the afternoon, so that it was impossible to do the out- 
ward and return journeys ina ay day. Now, since 
the opening of the Forth and Tay Bridges, one can leave 
Edinburgh at 10.45 and arrive at Aberdeen at 2.7, in 
3 hours 22 minutes ; and can either leave at 5.35, arriving 
at Edinburgh at 9.6, in 3 hours 31 minutes, or at 7.35, 
getting into Edinburgh at 10.51, in 3 hours 16-minutes. 

While dealing with train services euch as these, 
although the journey is not entirely confined to Scotland, 
I may mention that one can leave Edinburgh by thé East 
Coast train at 7.45 in the morning and get to don at 
4.10 in the afternoon, which gives ample time for 
2 hours’ business, for dining at a fashionable restaurant 
and going to a theatre afterwards, and returning from 
London at 11.30, getting back to Edinburgh at 7.15 the 
next morning, or considerably under 24 hours from the 
“ithe opening of the Forth Brid 1 us] 

opening of the Forth Bridge in 1890 enormously 
insane tie volume of traffic passing through the then 
existing Waverley station, with the result that it became 

uite incapable of dealing with the traffic, and in 1891 
the North British Railway got an Act for rebuilding the 
Waverley station and duplicating the tunnels leading to 
and from the station in both directions, including also a 
line to Leith, with a new station there. 

The new Waverley Station was begun in 1895, and was 
completed and opened for traffic in 1900 At the date of 
its opening it was, if it is not indeed «t the p time, 
by far the largest station in Great Britain, extending to 
over 23 acres, of which upwards of 114 acres are under 
roof. It is fitted up with the most modern appliances in 
the wavy of hydraulic lifts and machinery of every descri 
tion. It has two main-line platforms running the whole 
length of the station, each about 560 yards in , an 
a suburban railway platform on the south side of, and 
outside the main station, with lines on either side of it, 
each about 470 yards in length. There are, in addition, 
four docks at each end of the station accommodating 
trains at both sides of them. The doek platforms average 
about 180 yards in length. The total length of platforms 
in the new station is 4660 yards, and there are 32,520 
square yards, or about 64 acres. The station is situated 
in the valley of the old Nor’ Loch, about 50 ft. below the 
level of Princes-street, and the main accesses to it are off 
the Waverley Bridge, which crosses the valley of the old 
Nor’ Loch, but at a considerably lower level than the 
North Bridge, a description of which is given later. These 
accesses are 30 ft. wide and on an incline of 1in 15. The 
roof covering the station may aquees to some to be rather 
low, but its height was fixed by Act of Parliament to 
meet the views of the Corporation, and was not to be 
more than 42 ft. above the level of the rails running 
through the station. 

Ta connection with the reconstruction of this station 
the Waverley Bridge had to be entirely rebuilt. The 
piers carrying the old Waverley Bridge interfered very 
much with the laying out of the station ; and, in addi- 
tion, the structure itself, although only built in 1872, 
was too light for the heavy loads now ing over it. 
There is a block of station offices in the centre of the 
station, and the total cost of the Waverley station and 
bridge amounted to 1,500,000/. The station itself is now 
a hed from the east by four lines of rails under the 

ton tunnels, and from the west by four lines of rails 
through the Haymarket and Mound tunnels. The com- 
pany have also widened very considerable portions of 
their lines and provided large marshalling yards at many 
oe ge on the system, and they are now in 4 position to 
eal with a very large traffic. For instance, at Porto- 
bello, in the eastern district, the accommodation for 
wagons has been increased from 560 to upwards of 2000. 
At South Leith it has been increased from 1200 to 2500, 
-< many other yards have been provided throughout the 
istrict. 

The line between Edinburgh and Glasgow is, between 
Haymarket and Cowlairs, one of the straightest and 

ttest lines in the kingdom. It has no gradient steeper 

in 1 mile, and no curve with less than 

}-mile radius. When the line reaches Cowlairs, how- 
ever, it descends to Glasgow on a gradient of 1 in 44 
for a distance of 1800 yards, the last 1030 yards of this 
in tunnel. This gradient, from the time of the 
opening of the railway till November, 1908, was worked 
by a wire controlled by an engine at Cowlairs. The 
annual cost of this was very considerable, and the directors 
had frequently considered the advisabi 
the top of the gradient farther east. and so, while increas- 
ing the length both of the ge oe and the tunnel, 
ucing 1 in 100. 





the gradient to This would also have 
enabled them to improve Queen-Street Station, but 
nothing in this direction has as yet been ied out. 


At the date I have mentioned the rope was done away 
with, and since then the traffic has been worked, both up 
and down, by the ordinary locomotives, and so far quite 
successfully. This wee caly rendered possible by the 


enormously increased r of the modern locomotives. 
In common with the other Scotch railways, the 
weight and size of the ing-stock has very m in- 


rolling: ’ 
creased. In 1864 the heaviest type of locomotive running 
on the main lines in full working order di i 
weight 60 tons, and the majority of th 
weighed considerably less. To-day the total weight of 
locomotives under running conditions, including tender, 
amounts to about 120 tons. The weigh i 


ility of removing | G 





driving-wheels is 20 tons, which is about double the 
maximum axle weight in 1864. 

Similarly, the rolling-stock has increased in weight. 
n 1864 the heaviest carriages weighed 13 tons and were 
24 ft. in length, carried on four wheels. To-day the 
dining-cars are 66 ft. in length and weigh nearly 44 tons, 
with six-wheel bogies at each end. The heaviest wagons 
pee pong: Pag gh RAUF aS 
and were 15 ft. long. To-day they weigh 7 tons, carry 
16 tons, and are about 20 ft. long. 

I recollect once sitting at dinner next our late colleague, 
Mr. Webb, when he told me that in his early days the 
weight of a train was equal to } ton per passenger, and 
that at the time he was s ing, now some years ago, 
the weight had increased in the dining and sleeping-car 
trains to 3 tons per passenger—an extraordinary increase. 

All the Scotch railways have from time to time increased 
the woes of their — t- way ee pace with the 
incr ight engines and carriages running 
over it. ils, instead of being 65 1b., which was the 
ordinary weight 50 years ago, have been increased up to 


90 lb. and 100 Ib., and the other parts of the permanent- 
way in proportion. 
he Balbdonian Railway Company was in rated 
by Act of Parliament in 1845, the lines authori bei: 
e main line from Carlisle to Wirhaw, the Edinburgh 
branch from Carstairs, and the Cas' branch from 


near Gartsherrie to Greenhill. Prior to that the Glasgow, 
Garnkirk, and Coatbridge Railway and the Wi+haw and 
Coltness Railway were in existence, but these lines were 
amalgamated with the Caledonian Company in 1846 and 
1849 respectively, so that the Caledonian Railway ex- 
tended from Carlisle to Glasgow and Edinburgh, and on 
to Greenhill, the total length being 144 miles. 

Subsequently to 1864, a number of amal 
other companies were made, the chief of these being, as I 

ve dy pointed out, the amalgamation with the 
Scottish Central Railway in 1865, with the Scottish 
North-Eastern in 1866, and the Forth and Clyde and 
Monkland Canals in 1867. In 1864 the mileage of the 
railways was 230 miles, and since that time, in addition 
to theee and other ations, the onian Rail- 
way has been ae me | ilding new lines and branches 

t the whole of its system, and to-day it extends 
to about 900 miles. 

Among the principal extensions may be mentioned the 
Callander and Oban Railway, which was the first railway 
to open up the Western Highlands. It was authorised 
in 1865, but after it had constructed as far as 
Tyndrum the rest of the line was abandoned, as the 
traffic was so inconsiderable, and so much less than the 
promoters had expected, that the Caledonian Company, 
who were by this time responsible for the line, despaired 
of ever making ee A new Act, however, was got for 
the completion line to Oban in 1874, and it was 
opened throughout, a total length of 72 miles, in 1880. 
Owing to the very difficult nature of the country through 
which it , it was found necessary to adopt gradients 
of 1 in 50 and 10-chain curves, but there are on it no 
works of any great magnitude. 

Prior to 1872 all traffic from the south and east coming 

G terminated on the south side of the Clyde, 
and this was found exceedingly inconvenient for the 
ro increasing passen traffic. Accordingly, in 
1873, the Caledonian Railway obtained an Act for the 
eonstruction of a short line carrying their railways from 
the south side of the Clyde b of a viaduct over 
the river into what is now the tral station at Gordon- 
street. The viaduct over the Clyde has already been 
described in the Proceedings of Institution, but it 
may be noted that it consists of five the south- 
most, over Clyde-place, being 61 ft., the three river spans, 
respectively, 1644 ft., 186 ft., and 151 ft., and the north- 
most span over the Broomielaw, 89 ft. The piers were 
sunk to the rock at depths varying from 83 ft. to 101 ft. 
below high water, by excavating with grabs inside cast- 
iron cylinders weighted with cast-iron weights. It is 
believed that this was the first bridge on which hydraulic 
riveting was used in situ, and t was done by Sir 
William Arrol, whose first important contract this was. 

The station at Gordon-street and the bridge over the 
o- have been very y increased under the Act of 

. The extension works were begun in 1901, and the 
new bridge and station were opened for traffic in 1910. 
The piers for the new bridge were exactly in line with the 
piers of the existing bridge, but were not, like the piers of 
the existing bridge, carried down to the rock, but only to a 
depth of 66 ft. below high water. piers were sunk 
under pneumatic pressure. The extension of the Central 
station and the extended bridge over the Clyde have 
already been described in detail by Mr. Matheson in a 
paper read before the Institution. 2 

A other very important works carried out by the 
Caledonian Railway Company was the extension of the 

reenock line to Gourock. Prior to 1885 


tions with 





through 

steamers. To obviate this the railway was extended to 
Gourock by pee y tunnel, which is the longest in 
Scotland, through the heart of the town. The extension 
was 3} miles in length, and occupied 5 years in con- 


Probably the most in 


ing and important work 
which the Caledonian Railway 


apeny bee carried out 


in recent is the Glasgow tral Underground 
Railway, about 7 miles in length. This railway passes 
iles come of the most crowded 
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partly of arching, was put on, the dumpling was re- 
moved, and the invert of the tunnel completed. jis 
railway was constructed at enormous cost, mainly with 
the view of giving the Caledonian Railway Company 
direct access from the east to Stobcross Docks, instead of 
having to run over the North British Railway, round the 
north of Gl Ww. 0 

When the Caledonian and North British Railway Com- 
panies were vying with each other in promoting un- 
remunerative railways in the Highlands, the Caledonian 
Railway Company constructed an extension of the 
Callander and Oban line to Ballachulish from Connel 


Fe Power was obtained in 1896 for this extension, 
which was 28 miles in length, and it was ope’ for 
traffic in 1904. There are two large and important 


bridges on this line, the Creran Bridge over Loch Creran, 
with two spans, each of about 150 ft., and a cantilever 
bridge over Loch Etive, with a clear span of about 500 ft., 
and a total length of steelwork of 735 ft. In addition to 
this, the Caledonian Railway Company have constructed 
a whole network of lines in the Mid-Lanark and Ayrshire 
districts, and on these lines there are many large and 
important viaducts. 

Sear of the early viaducts and bridges on the Cale- 
donian Railway consis' of timber laminated arches 
with timber rail-bearers. These have all been renewed 
and replaced by wrought iron or steel, and nearly all the 
cast-iron under-line bridges have been replaced with steel 
superstructures. 

In addition to the bridges, the roof of Carstairs Station, 
which must be well known to travellers to Scotland, was 
also of laminated timber. It was long kept up out of 
respect to Mr. George Graham, the late engineer of 
the Caledonian Railway, who drove the first teain which 
ran from Carlisle to Carstairs, and who thought Carstairs 
one of the finest stations in Scotland ; but it has at last 
been pulled down, and Cafstairs is now to have a modern 
station with a modern roof. 

The Glasgow and South-Western Railway Company 
dates from 1811, when it consisted of only 94 miles of 
short lines connecting several collieries near Kilmarnock 
with the coast town of Troon. In 1864 the system ex- 
tended to 198 miles. The principal station in Glasgow in 
1864 was the PRridge-street terminus on the G'asgow and 
Paisley Joint line on the south side of the Clyde. 

In that year the City of Glasgow Union Railway was 
outheceedl This was a short line connecting the 
Glasgow and South-Western Railway at Shields-road, on 
the south side of the Clyde, with the North British, 
Edinburgh, and Glasgow line at Sighthill, on the north 
of the Clyde, and with a Jarge terminal station at St. 
Enoch-square, branching off the main line. Thisstation, 
which was opened in 1876, was modelled on the Midland 
Railway Company’s Station at St. Pancras, and was the 
first large terminal station of modern days to be opened 
in Glasgow. The station and approach-lines became 
vested in the Glasgow and South-Western Railway Com- 
pany in 1883. 

In 1896 the remainder of the City of Glasgow Union 
line was divided between the North British and Glas- 
gow and South-Western Railway Companies, so that the 
City of Glasgow Union Railway Company then ceased to 
exist. 

Since 1864 the Glasgow and South-Western Railway 
Company have made many amalgamations and exten- 
sions, and their lines now extend to 492 miles. They 
claim that their original line, already alluded to, from 
Kilmarnock to Troon, was the first railway made sn 
Scotland underan Actof Parliament. It was constructed 
with cast-iron rails resting on stone bloc 

The Great North of Scotland Railway Company began 
by a line between Elgin and Lossiemouth, which was 
opened in 1852, and, with the exception of the Moray 

irth Coast line from Portsoy to Elgin, the Cruden Bay 
Railway opened in 1897, and a light railway from Fraser- 
burgh opened in 1893, the whole of the lines were in 
operation in 1867. The coast line from Portsoy to Elgin 
crosses the River Spey near Garmouth. The bed of the 
Spey at that point bas a nominal width of 2200 ft.; that 
is to say, main channel of the river fluctuates from 
side to side within that width. The Spey is one of the 
wildest rivers in Scotland, and during the celebrated 
Moray floods in 1829, graphically described by Sir Thomas 
Dick Lauder, it showed what it was capable of doing. 
After two or three days of continuous rain the river rose 
from 17 ft. to 20 ft., carrying away the Fochabers Road 
Bridge some miles above the site of the proposed railway 
= referred to, and flooding the adjacent country for 
miles. 

In designing the railway bridge across the river, pro- 
vision had to be made to carry off a similar flood should 
it ever recur, and the original intention was to cross by 
a bridge with eleven spans of 100 ft., with long training- 
walls to confine the river within moderate limits ; but the 
then Duke of Richmond oars this design, as he 
thought it might interfere with his salmon fishings, and 
insisted on a bridge being built with one central span of 
350 ft. and three s of 100 ft. at either side. This was 
done, and although on one occasion it was severely tried, 
it has been found equal to the requirements. 

There is also on this railway a small viaduct known as 
the Lower Cullen Viaduct, which consisted of six spans, 
each of 42 ft. The piers of this viaduct were founded on 
what to all appearance was an excellent foundation. But 
the hill on which three of the piers were built were very 
steep, and underlying the foundation at some consider- 
able distance was a bed of clay. After the traffic had 
been running over the railway for a little time the clay 
had evidently slipped down, and three arches of the 
viaduct collapsed, nothing being left but the rails i 
in mid-air for aspace of about 150 ft. As the traffic on 
the railway had to be resumed as quickly as possible, it 
was not considered desirable to rebuild these arches, and 





the place was filled up with an embankment of ashes. 
I have mentioned this as I do not think any notice 
was ever taken of the accident in the Proceedings of the 
Institution, and I am sure nothing gives more useful 
information to all members of the profession than the 
description of accidents which have actually taken place, 
with, if possible, the causes and the means adopted to 
overcome them. 

The largest station on the Great North system is that 
in Aberdeen, which is jointly owned with the Caledonian 
Railway Company, and is at the present time being 
reconstructed. © original station, constructed in 1867, 
has long been quite insufficient to deal with the traffic, 
and there is no doubt that the present reconstruction 
ought to have been undertaken many years ago. 

It is interesting to note that the Great North of Scot- 
land Railway Company never had any second-class car- 
riages. They were also the first to introduce the inter. 
change of tablets at high speeds, the tablets being 
exchanged by means of catchers fixed on to the loco- 
motives and standards set at the side of the line. These 
were introduced in 1899, and tablets are successfully 
exchanged at speeds up to 60 miles an hour. 

For a ren the Great North of Scotland Railway 
Company tried by various means to get access from their 
— into the capital of the Highlands. First, in 1883, 
the year in which the Highland Company were promoting 
their direct line from Inverness to Aviemore, the Great 
North of Scotland Railway Company promoted a line 
practically over the same country from their Speyside 
railway at Nethy Bridge into Inverness at an estimated 
cost of 400,000. That was thrown out, and they returned 
again to the charge in 1889 by promoting another line 
running nearly parallel with, but a little distance from, 
the existing Highland line from Elgin to Inverness, at an 
estimated cost of 550,000/.; but that again was thrown 
out, and, as a last resort, in 1892 they endeavoured to 
reach Inverness by a direct application for running 
powers over the Highland Railway from Elgin to Inver- 
ness. This was also thrown out by Parliament. 

I never could understand what the Great North were 
driving at in their anxiety to reach Inverness. Inverness 
is a small, quiet town, and the traffic that would have 
been got from it never could have remunerated them for 
the great capital expenditure they would have incurred, 

The Highland Railway Company began by the opening 
of a short line, 15 miles in length, from Inverness to 
Nairn, in 1855. The system now, including the Dornoch 
Light Railway, extends to 560 miles. The main lines are 
constructed through some of the wildest and most 
mountainous districts in Scotland, and much of the 
railway over deep moss and soft moorland. The summit 
of the old main line at Drumochter is 1484 ft. above 
Ordnance Datum, and the new line from Aviemore to 
— rises to a height of 1320 ft. above Ordnance 

atum. 


There are many large and important viaducts on the | h 


system, but the princi viaducts are on the new direct 
line from Aviemore to Inverness, where the River Nairn 
is spanned by a very fine stone viaduct of red sandstone 
with twenty-eight arches of 50 ft. ya and one large 
semi-circular arch of 100 ft. span. The total length of 
this viaduct is 600 yards, and the height from the river- 
bed to the parapet is 135 ft. It is on a gradient of 1 in 
60, and at the south end on a curve of 40 chains. A little 
farther south the River Findhorn is crossed by a viaduct 
with nine spans of steel girders, each 130 ft. span, and 
with a height of 145 ft. above the river. This also is on 
a 1 in 60 gradient. 

Many members may have noticed that a serious 
accident occurred on this part of the Highland Railway 
in the early summer of the present year, owing to the 
washing away of a small bridge carrying the railway 
over a mountain stream. It is no uncommon thing in 
the Highland districts to have bridges washed away after 
severe floods, but in this instance the whole rainfall took 
place in one hour, and the destruction caused by that 
rainfall is almost inconceivable. Immediately above the 
railway a road-bridge, which had stood for more than 
one hundred years, was washed away, and the railway- 
bridge itself had been in existence for over twenty years, 
and was amply large enough to carry away any flood which 
an engineer might anticipate and think it necessary to 
provide for. 

One of the great difficulties which the Highland Rail- 
way has to contend against is snow. On parts of the 
line the snow drifts into the cuttings with great rapidity. 
This is met, to a certain extent, by having double sleeper 
fences along the line at the exposed places, and by having 
a complete system of snow-ploughs. 

In order to show the fluctuating amount of engineering 
works in Scotland and the consequent difficulties that 

ineers there have to contend with, I have Pom ener 
a diagram* showing in red the total amount of deposited 
estimates forall Bills in Scotland from November, 1865, 
up to the present time, and in solid blue the amount of 
those estimates which are for railways, the balance being 
municipal, tramways, docks, water-works and others. By 


far the largest amount of deposited schemes in any one | Barrh 


year was in 1865, when the total of the Parliamentary 
estimates amounted to about 144 millions, of which al] 
but 1 million was for new rai —. Many of these 
schemes were thrown out, and those which were 
passed many were abandoned in the following two years, 
while in 1 no Bill from Scotland was introduced 
into Parliament. The recurring periods of activity in 
—_~ in Scotland were those of 1872, 1882, and 1890 
and 1896, and since 1900 there bave been very few rail- 
ways promoted in Scotland. This, to a extent, is 
due toa agreement which was entered into between 
the North British and Caledonian Railway Companies, 


* Not reproduced here, 





whereby each undertook not to promote any schemes 
invading the district of the other company. ile the 
applications for new railways have been decreasing in 
later years, there m a considerable number of 
new schemes for municipal and other purposes. 

During the period under review the total number of 
Bills introduced from Scotland was 677, representing an 
estimated capital expenditure of nearly 119 millions, and 
of that number 341 were railway Bills with an estimated 
capital expenditure of upwards of 74 millions. 

n the early part of the period, although many here 
may ignorant of the fact, passenger luggage was 
carried on the roofs of the passenger coaches, covered 
with tarpaulins and carefully strap down, and when 
it came to its destination it was slid down to the platforms 
on broad wooden slides. The guards in those days sat in 
little wooden boxes raised above the level of the roofs of 
the carriages. I have endeavoured to find out the exact 
date when this practice was given up, but I can get no 
definite information, and am told it was some time in the 
*seventies. 

The largest my, 9 Bill in any one year was the Cale- 
donian Railway Company’s Glasgow Lines Bill of 1865, 
with an estimate of 2,100,000/., nut this Bill did not pass 
the Committees of Parliament. 

Several large railway schemes have been promoted in 
Scotland by independent parties, some of which have 
been withdrawn or rejected, while some have been 
adopted by one or other of the existing companies. One 
of the boldest, and also one of the wildest, was a scheme 
promoted by a London syndicate in 1883 for a railway 
all the way from Glasgow toInverness. It oe along 
the east side of Loch Lomond, up Glenfalloch, across the 
Moor of Rannoch, down Glencoe, and up the route of the 
Caledonian Canal, keeping the south side of Loch Ness. 
Much of it was over groun1 having a natural angle of 
little over 45 deg., for which, in the opinion of many 
engineers who knew the district well, very inadequate 
provision was made in the estimates, and the Bill was 
rejected in Committee. 

Another bold, independent scheme was that of the 
West Highland Railway, 100 miles in length, from 
Helensturgh to Fort William; but the promoters were 
fortunate enough to get the North British Railway to 
take it up, although it cost more than double the Parlia 
mentary estimate. The original estimate was 776,000/., 
hut it actually cost upwards of 1? million, and the esti- 
mated traffic bas never yet been nearly realised. The 
line was opened for traffic in 1897. 

As a further instalment of a new through line from 
Glasgow to Inverness, the Invergarry and Fort Augustus 
Railway, extending from Spean Bridge, a station on the 
West Highland line, to Invergarry, at the foot of Loch 
Ness, was promoted in 1896. This line is 24 miles in 
length, and was estimated to cost 240,000/., but its 
actual cost was much in excess of thatsum. There never 
as been any traffic on it to speak of. The company, 
having no plant of their own, first entered into an agree- 
ment with the North British Railway Company, and 
afterwards with the Highland Railway Company, to 
work it, but both these companies found the terms of 
their agreements unremunerative, and ultimately the 
railway was closed altogether. Owing to the pressure of 
the County Council and the landed proprietors, it bas 
again been opened for traffic, and only this year the 
North British | Railway Company acquired the whole 
railway for a sum of 27,500/. It is very doubtful if, even 
at that price, it can be worked at a profit. 

The line was sanctioned in 1896, and in the following 
Session of Parliament no less than three Bills were pro- 
moted for railways between Fort Augustus and Inver- 
ness, and all practically over the same route. One of 
these was promoted by the Invergarry and Fort 
Augustus Railway Company; another by the North 
British and West Highland Railway Company, who 
asked for running powers over the Invergarry and Fort 
Augustus Railway, and for a line from Fort Augustus to 
Inverness ; and the third was promoted by the Highland 
Railway from Inverness to Fort Augustus. The esti- 
mates for these lines varied from 540,000/. to 371,000/., 
the distance from Inverness to Fort Augustus being about 
34 miles. : 

The Fort Augustus terminus was on Loch Ness, which 
has direct communication with Inverness and the Moray 
Firth by means of the Caledonian Canal, and the canal 
and loch were amply sufficient to deal with any traffic in 
the district. These three railway companies, however, 
were so impressed with the necessity of having a through 
line to Inverness that they all promoted Bills. Two of 
them were thrown out in the House of Commors, and 
the third, the Highland Railway Company’s Bill, was 
thrown out in the House of Lords. These Bills were pro- 
moted before the days of motor-cars, and it is exceedingly 
doubtful now, with motor.cars on land and steamboats on 
the loch and canal, whether the intervening link between 
Fort Augustus and Inverness will ever be filled up by 4 
railway. " 

Another independent scheme was the Paisley and 
ead Railway, which was authorised in 1897, and 
was taken over by the Caledonian Railway Company. 
The construction of this line was proceeded with imme- 
diately after the Act was obtained, and it was corpleted 
and by the Board of Trade some years ago; but 
from that time to the present not a single train has ever 
run over it. It was used a few years ago during the time 
of the wagon difficulty in Scotland as a great siding for 
the storing of empty wagons. 

During the great part of the period under review the 
Bills for the construction of new works were introduced 
into Parliament in the ordinary way, and heard at West- 
minster before Committees of the Houses of Lords and 
Commons. ; . 

In 1899 the then Government passed the Private Legis- 
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lation Procedure (Scotland) Act, which provided that in 
future new schemes were to proceed by way of Provi- 
sional Orders, and were to be heard by a i 
composed of Members of th of 


shallow, and which formed part of the Forth and Clyde 
canal, ond 1876, to meet the large coal traffic coming 
from kshire, they built a new dock about 20 acres 
in extent and 24 ft. deep, entering directly off the River 
Carron, which they deepened up to the entrance of the 
new dock. In 1906 they again enlarged their accommo- 
dation at Grangemouth by ing a dock about 
30 acres in extent, with a depth of about 30 ft. This dock 
connects, by means of a lock, directly with the Firth of 
Forth, and so does away with the necessity of using the 
River 7 as an entrance—a river not only tortuous, 
but very difficult to keep efficiently d > 

The Grangemouth docks and the docks at Methil are 
fully equipped with the latest appliances for the ship- 
ment of coal, and they are both capable of cong with 
large quantities, Methil alone having sufficient appliances 
to ship from 7 to 10 million tons per annum. ere are 
railway docks on the west coast at Ayr, Troon and 
Ardrossan, and other places, but none of these are very 
—~ or important. 

ith regard to the docks owned by municipalties and 
others, the principal of these are at Glasgow, Leit 
Dundee and Aberdeen. With regard to the Clyde, as 
hope the members of the Institution will have the ad- 
vantage of hearing a paper read during the nt 
session by Sir Thomas Mason, the chairman of the Clyde 
Trustees, I shall deal very shortly with the great works 
that have been carried out there. 

The first dock to be opened on the Olyde was the 
Kingston , on the south side, extending to about 
54 acres. That was opened in 1867, and was unfortu 
nately burned down this summer. Since then the 
Queen’s Dock on the North and Princes Dock on the 
south, and Rothesay Dock at Clydebank, have all been 
opened ; and, in addition, docks have been constructed at 
Yorkhill, on the north side of the river. 

The Clyde Trustees have power to construct extensive 
works on the south side of the Clyde, authorised by the 
Act of 1911, and also two tidal basins, authorised in the 
last Session of Parliament. These two tidal basins are 
only an instalment of five which it is ultimately proposed 
to construct. 


Fifty years ago the quayage measured 4400 lineal 
yards, and at the present time it extends to 19,200 lineal 
yards, with powers to increase, as I have already men- 
tioned. The revenue of the Clyde Trustees in 1865 was 
121,000/., and in 1913 it was 634,000/.—an increase of 500 
oe! cent. Since 1899 the net tonnage of vessels using the 

arbour has increased from 8} million tons to 134 million 
tons, or 54 per cent., and the tonnage of goods from about 
7 millions to 104 millions, or nearly 50 per cent. 

When I talk of the docks on the River Clyde, I really 
mean large tidal basins, as there is not a single gate onany 
of them. Such astate of affairs is only feasible where the 
rise and fall of the tide is comparatively small. In 1871 
this rise and fall of the tide was at Glasgow Brid 
10 ft. Now, owing to the dredging and deepening of the 
river lower down, it has increased to 12 ft. 

The river has now been deepened from (Glasgow 
Bridge right down to deep water in the lower stretches of 
the Firth of Clyde, so that vessels of the largest class can 
be built at Glasgow and taken down the Clyde, and 
the Clyde Trustees have done everything in their power 
to facilitate the building of 1 vessels. No better 
instance of this can be found than the launch of the 
Aquitania, which, at the time of its launch, eighteen 
months ago, was the largest vessel afloat in the world. 

The jurisdiction of the River Clyde is at the present 
time in the hands of three different bodies. From 
Albert a Glasgow, to Newark Castle, Port Glasgow, 
a distance of 184 miles, it is under the Clyde Trustees. 
From this last point to the west end of Greenock Harbour, 
a distance of 4 miles, it is under the Clyde Lighthouses 
Trustees ; and from there downwards, a further distance 
of 4 miles, it is under the Greenock Harbour Trustees. 
There have been several attempts in recent years to have 
these three bodies joined together to form one large con- 
trolling body, to manage the whole of the River Clyde, 
and it seems to me that such a course is eminently desir- 
able, and would be the best way of securing the interests 
of the traffie and the continued improvement of the 
river. 

At Leith three new docks have been built since 1864, 
and four graving docks, one of the latter being 550 ft. long. 



































































@ Houses 
Commons, and of an extra Parliamentary panel. There 
was to be no dual inquiry under this procedure, and the 
Act also provided for Orders being introduced both in 
November and March, instead of as in the Parliamentary 
procedure in November alone. Fortunately, this Act also 
provided that it was im the power of the irmen of the 
two Houses to transfer any Orders under the Scottish Act 
to be heard as Bills at Westminster in the ordinary way. 

I believe the origin of this Act wasa clamour raised by 
a number of briefiess Scotch advocates, who desired to share 
in what they believed to be the large fees paid to counsel 
for promoting private Bills. The Act was advocated as 
being @ more rapid and a more economical way of carrying 
out the inquiries; but after having had experience of 
such inquiries since their introduction in 1899, I am 
satistied, and I have no hesitation in saying that those 
best qualified to judge share my opinion, that this Act 
has been a lamentable failure. @ cost of inquiries is 
certainly not reduced, and in many cases it has been con- 
siderably increas 

The composition of the tribunals which preside over 
the inquiries in Scotland has rarely been satisfactory, and 
what is worse than all, in some cases, after the tribunal 
has given its decision, the Scottish Office has taken 

ion of the Order and held it up for more than 
a year before the necessary Act has been passed giving 
effect to the decision of the Court of Inquiry. 

There has never, in my opinion, been an Act relating 
to public works which has been a greater failure 
than this one, and it is almost invariably the custom now 
that, when any large scheme is promoted in Scotland both 
the promoters and opponents of the measure appear 
before the Chairmen of the two Houses and ask that 
it may be sent to London to be heard as a Bill in the 
ordinary way. I understand the Government are con- 
templating amending this Act, and if I might be allowed 
to make a s tion for their consideration, the best 
amending of the Act would be to make the proceeding 
under it optional, and let those in 4 - of measures in 
Scotland decide whether they wish to have them heard 
at Westminster in the ordinary way, or whether they 


wish to have them heard in Scotland before this special 
tribunal. 


In 1896 the Light Railways Act was introduced to 
facilitate the construction of light railways in Great 
Britain. It has always been difficult to understand what 
was meant by a light railway. Certainly the term has 
nothing whatever to do with the weight of the per- 
manent way, and it was at one time thought that by 
adopting light railways a great deal of money would be 
saved in connection with the fencing and signalling of 
the line. The Act has not been very much made use of 
in Scotland, but it has been found in most cases that it is 
better, as in the case of an me yey Sey +o to fence the 
light railways throughout, and to have the usual amount 
of signalling on them. No doubt some promotion money 
is saved by the procedure before the Light Railways 
Commissioners, and I believe the Act has been much 
more taken advantage of in England than it has been 
in Scotland. During the eighteen years that this Act 
has been in operation only eight light railways in Scotland 
have been constructed under its provisions. 

So far nothing has been done in Scotland with 
to the electrification of any of the railways, but I think 
there can be no doubt it would be a great improvement 
and a considerable saving in cost if many of the suburban 
tunnel lines in and around Glasgow weré equipped for 
electric traction. 

Coming next to docks, these may be divided into two 
classes—railway-owned docks and municipal or private 
company docks. Both the Caledonian and North British 
Railway Companies have large docks on the East Coast 
of Scotland. The North British Railway Company have 
docks at Alloa, Bo'ness, Burntisland, and Methil, and the 
Caledonian at Grangemouth and South Alloa. 

The principal docks on the North British Railway are 
at Methil, in Fife. These have been fully described in a 

aper read before the Institution in November, 1912. 
The first dock there was built by the late Mr. Randolph 
Gordon Erskine Wemyss, who did a great deal for the 
development of the county of Fife. Not only did he 
build docks and railways, but he constructed a large 
system of tramways and built a large garden city, and 
also greatly assisted in the development of the Fife coal- 
fields, in which he bad a large personal interest. 

After he had completed the first dock at Methil, and 
the branch railway to it from the North British Railway 
at Thornton, he sold these to the North British Railway 
pang binding hinsall of the same time not to wth 

other competitive on his own perty along 
the shores of the Firth of Forth. But, untorsunasely for 
the North British Railway Company, the agreement 
entered into with him did not prohibit him from making 
& complete set of independent railways on his own 
Ryoperty to carry his own coal traffic to the docks at 
Methil, and so enable him to avoid using the railway he 
had sold to the North British Railway Company, and 


that a large quantity of land on which they have been 
built has been reclaimed from the sea by means of heavy 
sea-walls. In 1864 the number of vessels arriving at 
Leith was 4830, with a net tonnage of 527,000 tons. The 
number of vessels had increased in 1913 to 7552, with a 


of 2,927,000, and the goods exported and im- 
smal to 4,700,000 tons, of which 2, 200,000 tons 
were coal. 

In the last Session of Parliament the Commissioners 
of Leith Harbour obtained further powers to increase 
their dock accommodation by reclaiming more land from 
the sea. No doubt this is to enable them to deal with 
the increasing output of coal from the Lothian coal-fielde. 
Much of this capital expenditure Prev however, be 


saved, at any rate meantime, if the ities for dealing 


with the shipment of the coal were more up to date. 

which he had constructed for that very purpose. When one sees for shipment being ht to a coal- 

The first dock was comparatively about 44 acres | hoist over the same line of rails on which the empty 
in extent and 23 ft. deep, and soon after it was acquired 


wi 8 are taken back, it is evident that the best pos- 
sible results cannot be obtained. 

The harbours of Aberdeen and Dundee have also been 
improved, the latter having erected the newest machinery 
for the discharge of jute. 

With regard to water works,Glasgow bas the advantage 
of a vast supply from Loch Katrine, and during the last 
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INCT@ASIN: 


lway they had, owing to the 
r ‘ing output of coal, to supplement it with a second 
ock, 6 acres in extent and 27 ft. deep, and only about 
18 months . they completed a third dock, 16} acres in 
extent and 32 ft. deep. All these docks, when trade is 
Fro — fully occupied in shipping coal for the Baltic, 


rranean and other ports. fifty years the aqueduct for bringing that water from 
At Grangemouth the Galedonian Com in 1867 | Mi ie into Glasgow bas been duplicated, and a 
acquired the original docks, which were quate anal and pl - 


second service reservoir at Milngavie, called the Craig- 


There is nothing special about the docks at Leith, except | the 





maddie reservoir, has been constructed. This reservoir 
has a very deep puddle-trench ex ing to about 200 ft. 
below the surface. The level of Loch Katrine was raised 
5 ft. some years ago, and it is in contemplation to dupli- 
cate the aqueduct from Lock Katrine to Milngavie. 

The Corporation of Glasgow applied to Parliament 
this year for power further largely to increase the suppl 
of water by raising the levels of Lochs Doine and Vail, 


and taking the water by means of a long tunnel into 
Loch Katrine for transmission to Glasgow. is scheme, 


or some substitute, must soon be promoted again, as 
it is essential that an ample supply of water must be 
secured to Glasgow. 

In the Edinburgh district the supply of water to the 
populace in 1864 was 724 cubic feet per minute, which is 
equal to 31.12 gallons per head per day toa population of 
208,000. The water supply of Edinburgh was at that 
time in the hands of a water company, who managed 
their affairs, it was stated, not so much in the interests 
of the consumers of water as in the interests of the share- 
holders of the company. After a great deal of quarrelling 
with the Corporation, and when a B'll promoted by the 

ration was in Parliament, an agreement was 
arranged by which the ae bought up the old 
water company and established the presently existing 
Edinburgh and District Water Trust, = of 
members of the Corporations of Edinburgh and Leith. 

In 1874 the Edinburgh and District Water Trustees 
rromoted a scheme to bring water from the Moorfoots to 
Edinburgh, giving an additional supply of nearly 
9,000,000 lons per day, at an estimated cost of 
324,000/. ‘That supply was duly introduced, but again a 
shortage of water Come apparent, and in 1895 they 
introduced another Bill to bring water from the Talla, a 
branch of the Tweed. This scheme gives a further supply 
of 10,000,000 gallons per day, and includes a reservoir 
with a storage capacity of 2,800,000,000 gallons. 


It has been so laid out that a further supply, when 


necessary, can be taken at a very small additional cost 
by diverting the waters of the Fruid and the Menzion 
into the T Reservoir. The supply of water to Kdin- 


burgh now amounts to 45 gallons per head per day. 
There is nothing very striking in connection with either 
the works of the Moorfoots or the Talla schemes. 
Aberdeen promoted a scheme for an additional supply 
of water from the River Avon in 1909, but this}was thrown 
out by the Committee to whom the Bill was referred. It 
is, however, essential that some new supply of water be 
got for Aberdeen. The present supply is very much over- 
taxed, and the culvert by which the water is supplied to 
the town is in a very unsatisfactory condition, besides 
which the supply is drawn from the River Dee, only about 
20 miles from the sea, above which point there are man 
villages and thousands of acres of highly-cultivated land. 


(To be continued.) 





Concrete FounpDaAtIons ror GuNns.—Concrete publishes 
drawings of the building at Willesden which was stated 
in the daily papers to have a flooring and roof capable of 
su ting heavy guns. It turns out to be an ordinary 
building, with floors 5 in. thick, except where provision 
was made for the engine and boilers, and to have a ferro- 
concrete saw-tooth roof. Im one part there is a flat ferro- 
concrete of the usual section. 





Tue Hapriretp ResgarcH Prize.—We gave a pre- 
liminary announcement concerning this prize in a former 
issue (see vol. xcvii., page 819). The Iron and Steel 
Institute now states that a Research Prize of the value 
of 2007. has been placed by Sir Robert A. Hadfield, 
¥F.R.S., Past-President, at the disposal of the Council of 
the Institute, to be awarded by the Council for original 
research work on the subject of ** The Different Forms or 
Combinations of Carbon in Iron, Steel, and Alloys of 
Iron with other Elements.” Oompetition for the prize is 
open to metallurgists, chemists, and others interested in 
metallurgy, and ib is that the prize shall be 
awarded at the annual meeting of the Institute in May, 
1916, for the best a presented before February 1, 
1916. Sir Robert Hadfield is also prepared to offer a 
second prize for the report next in merit to the one that 
gains the first prize, vided it is adju to be a really 
meritorious paper. It is not desired to limit the scope of 

research too closely, but it is suggested that the work 
should be in continuation of, or based upon, the work of 

vious investigators, such as Jullien, Abel, Miiller, 

ebur, T. Sterry Hunt, Akerman, Arnold, E. D. 
Campbell, Hogg, Parry and others. The object of the 
Research Prize is to stimulate the study of carbides in 
iron and iron alloys gonseent. also with a view to dis- 
covering the best method of determining the forms and 
combinations in which carbon occurs in iron and steel. 
These carbides are now s nm of by metallurgists in a 


eral way, as sub-carbides, carbides, or double carbides. 
Sia very desien ble to define the composition of these 


y 
exist which have hitherto not been identified. The stud 
of the molecular constitution of the carbides will also f 
within the range of the investigation, and, in this con- 
nection, attention may be directed to previous researches 
on particular combinations of carbon or forms of carbide. 
For instance, it would be of interest to determine whether 
the ordi carbide is Fe,C, Fe,C,, or some other com- 
bination. If so, what is its nature and molecular consti- 
tution? The foregoing is a general direction which should 
guide intending participants in this research. It is hoped 
that the results obtained will throw much light on the 
cause of hardness of steel, also on the nature and form of 
carbon combinations with iron and itsalloys. Intendin 
competitors should communicate, in the first pines, with 
Mr. G. CO. Lloyd, Secretary of the Iron and Steel Insti- 
tute, 28, Victoria-street, London, 8. W. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign quainesting projects, taken from the Board of 
Trade Journal. Farther information concerning these 

jects can be obtained from the Commercial Tetelliqnses 
ro hh, Board of Trade, 73, Basinghall-street, London, 
South Africa: The office of H.M. Trade Commissioner 
for South Africa reports that tenders are invited by the 
Johannesburg Municipal Council for the supply of a 
tramway lay-out (points, crossings, rails, kot, Copies 
of the specification and form of tender may be obtained 
from the office of the Controller of Stores, Municipal 
Offices, Johannesburg. Sealed tenders, on the proper 
forms will be received by the Town Clerk, Municipal 
Offices, Plein Square, Johannesburg, up to noon on 
December 4. It will be observed that the time for the 
receipt of tenders is limited, and owing to forms having 
to be obtained from South Africa, this intimation will be 
of use only to firms having agents in the Union who can 
be instructed by cable. 

British India: The Director-General of Commercial 
Intelligence in India reports that an English timber 
merchant and contractor in that city is desirous of getting 
into touch with United Kingdom manufacturers of chea 
light-railway material. He states that he is in touc 
with all likely purchasers of this class of material. 

New Zealand: H.M. Trade Commissioner for New 
Zealand reports that, according to the local Press, the 
ratepayers of Pahiatua have approved the raising of a 
loan of 10,000/. to establish electric-lighting and power 
works in the borough. 

France, Netherlands : A gentleman with a good business 
connection in France and the Netherlands, who is start- 
ing shortly on « business tour in those countries as the 
representative of United Kingdom manufacturers of tool- 
steel and metal soap, is desirous of getting into touch with 
United Kingdom manufacturers of other engineers’ 
— and allied articles with a view to representing 
them. 

Spain: The Gaceta de Madrid notifies that a conces- 
sion has been oe by the Ministerio de Fomento to 
Don José F. Soldérzano y Freire for the construction of 
an electric tramway from Ferrol to Santa Maria de Neda. 
The Gaceta also contains a decree authorising the Direc- 
cién General de Obras Piiblicas, Ministerio de Fomento, 
Madrid, to call for tenders for the dredging of the ae 
of Alicante at an estimated cost of 283,038 pesetas (about 
10,480/.). A further decree authorises the execution of 
dredging works at ge of Ibiza, Balearic Islands, at 
an estimated cost of 296,988 pesetas (about 11,000/.). 

Russia: H.M. Consul-General at Moscow reports that 
a firm in Ekaterinoslav desires to get into touch with 
manufacturers in the United Kiagdom, or preferably 
their local agents, who can supply the following articles :— 
Electric motors and parts, lath drilling-machines, 
wood-working machinery and benches, steam-engines, 
materials for electrical installations, iron and steel imple- 
ments and tools, belting, furnace bricks, tool-steel com- 
pressors, Manila hemp ropes and steel ropes. 

Greece (New Territories).—H.M. Minister at Athens 
reports that the Greek Government has ratified the fol- 
lowing contracts for surveys of new railways, all of which 
are to be of the 1.44-m. (4-ft. 84-in.) gauge :—Kalabaka- 
Kozani-Sorovitz line and the Kozani-Verria line, by the 
German firm of Lentz and Co. ; Drama-Cavalla line and 
the Larissa-Kozani line, by Mr. Emile Garguilo; 
Salonica-Angista line, by the Compagnie des Chemins 
de Fer Orientaux ; Kalabaka-Yanina line (via Kozani 
and Sorovitz), by the Batignolles Company. 

Chili: The Diario Oficial, Santiago, contains a decree, 
dated August 27, approving the project of Sejiores 
Emilio Rodriguez and Eduardo Arzon for the establish- 
ment of an electric-lighting system in the town of 
Curepto. Work must be commenced within a period of 
six months from the date of the decree, and completed 
within a further twelve months. 

Brazil: According to a report by the British Vice- 
Consul at Maceio, State of Alagoas, motor-cars are now 
being imported into that district, and this branch of 
trade should expand considerably, as the Government is 
improving the streets in the city, and also the roads con- 
necting the suburbs. The United States supply most of 
the cars, as they are cheaper t! British cars, which are 
not advertised and put forward with sufficient energy. 
The Diario Oficial contains a decree approving the plans 
of the Com ia Paulista de Estradas de Ferro for the 
extension of the Rio Claro-Itirapina line to Sao Carlos, 
at a cost of 1,632,773 milreis (about 95,200/.), and author- 
ising the company to make surveys for further extensions. 





Fatmoutu.—The Town Clerk of Falmouth states that 
in view of the fact that large numbers of people who have 
hitherto spent the winter abroad will not be able to leave 
England for the present, he vill be pleased to send free, 
on receipt of a t-card, an illustrated booklet which 
the Corporation have published on the town and its 
environs He is also prepared to give advice as to 
accommodation. 





ARGENTINE Permanent-Way.—During the past year 
track has been relaid with hard-wood sleepers and 85-lb. 
rails between the following points upon the Central 
Argentine Railway :—Main line to Tucuman, 224 miles ; 
Firmat to Chucul section, 19 miles; Galvez to Maria 
Juana section, 33f miles ; Pilar and Villa del Rosario 
section, 187 miles; Maria Juana and Morteros section, 
27 miles; and Melincue and Pergamino section, 21} miles ; 
or altogether, 143 miles. 





CATALOGUES, 


Accessor ies  «: Power Transmission.—The Smith and 
Grace Screw-Boss ra, Company, Limited, of 35, 
Queen Victoria-street, E.C., have issued a new illustrated 
catalogue giving pricesand full particulars of belt-pulleys, 
shafting, collars, shaft-couplings, plummer-blocks, swivel 
adjustable bearings, hangers, floor - standards, wall- 
brackets, wall-boxes, and other accessories for the trans- 
mission of power by mechanical means. 


Flame Arc-Lamps.—A catalogue, giving ee and full 
information relating to their a londel flame 
arc-lamp, has been issued by Messrs. Crompton and Co., 
Limited, of Arc Works, Chelmsford, Essex. lamps 
are made for continuous-current and alternating-current 
circuits, and are suitable for burning in parallel, in series, 
or in series- Particulars are given of auto- 
transformers, raising and lowering gear, steadying resist- 
ances, choking coils, and other accessories. 

Motor-Starting Panels.—Mr. George Ellison, of Vic- 
toria Works, Warstone-lane, Birmingham, has sent usa 
number of separate sheets giving particulars of his auto- 
transformer starting-panels for squirrel-cage induction- 
motors. The panels are of the totally-enclosed ironclad 
type, and are suitable for motors up to 100 horse-power 
running on two-phase or three-phase circuits in which the 
line pressure does not exceed 650 volts. They contain all 
that is necessary te start, stop, and protect the motors, 
and are fitted with full automatic releases; a separate 
circuit-breaker is therefore not required. Prices are 
stated for the panels on wall and floor mountings. 


Briquetting Machinery. — We have received from 
Messrs. Yeadon, Son and Co., of Albion-place, Leeds, a 
catalogue of their latest machinery for briquetting small 
coal, iron ore, and other materials. Two presses are 
dealt with—one for making rectangular briquettes, and 
the other for making briquettes of ovoidal shape. The 
former machines are made in five sizes, capable of pro- 
ducing from 15 to 200 tons of briquettes per day of ten 
hours, while the latter are made in four sizes, with ca 
cities ranging from 30 to 200 tons in the same time. The 
firm supply complete plants for briquetting coal, &c., and 
the catalogue illustrates some examples of these. 


Roots’ Blowers.—We have received from the Alldays 
and Onions Pneumatic oo Company, Limited, 
of Great Western Works, Birmingham, a copy of their 
latest list, giving prices and fu —— of their 
“Climax ” Roots’ blowers. The list contains much 
interesting and useful information about these machines, 
which are made in many different ty: for hand, belt, 
steam or electric driving, and in widely varying capa- 
cities ; the latter range from 0.042 cub. ft. per revolution 
in the smallest to 110 cub. ft. per revolution in the largest. 
Particulars of Roots’ + gas-exhausters and 
are also included in the list. 


Rotary Converters.—The latest bulletin issued by the 
General Electric Company, Limited, of 67, Queen Victoria- 
street, E.C., is devoted to ‘‘ Witton” rotary converters. 
The bulletin is divided into four sections, of which the first 
gives a standard specification covering the construction of 
these machines, and the second explains the principles of 
rotary converters in general. The two remaining sections 
deal respectively with the control of rotaries and with 
the lay-out of rotary-converter sub-stations. The pam- 
phlet is fully illustrated, and the reading-matter, which is 
clear and concise, contains a great deal of interesting and 
useful information on the subject—more, in fact, than 
is to be found in many text-books on electrical engineering. 

Plug-Cocks.—Messrs. W. H. Willcox and Co., Limited, 
of 38, Southwark-street, S.E , have sent us a pamphlet 
giving prices and particulars of their new patent full-way 
cocks for steam, water, gas, and air. These cocks are 
claimed to have all the advantages of round-way full- 
bore cocks without the added cost, the full-bore feature 
being obtained by gradually varying the circular inlet 
and outlet at the flanges to an ellipse of equal area in the 
plug. The through the cock is quite smooth 
from end to end, so that it offers the minimum resistance 


to the flow of the fluid. Prices are stated for cocks | th 


and screwed 


ranging et to 6-in. bore, with fi 
ends. Speci and alkaline 


**bathed” cocks for aci 
solutions are also listed. 


Petrol and Alcohol-Engines.—A catalogue giving full 
particulars, with prices, of engines for running on petrol, 
alcohol, and other similar fuels, has come to hand from 
the Dudbridge Iron Works, Limited, of Stroud, Glouces- 
tershire. The engines are of the horizontal type, and are 
similar in general design to the firm’s ines, but 
they are fitted with a carburettor suitable for the liquid 
f Ignition is effected either ty @ magneto or by 
means of a heated porcelain tube. Standard engines are 
made in two types, for industrial work and _ electric 
lighting, respectively, and with capacities ranging from 
3 to 60 horse-power on petrol or benzine, and from 3} to 
62 horse-power on alcohol. Portable engines giving from 
7 to 27 horse-power on benzine or petrol are also listed. 


Laundry Machinery. — Messrs. R. G. Whitaker, 
Limited, of 22, Southwark Bridge-road, S.E., have issued 
a booklet illustrating four laundry-machines constructed 
hy them. The first is known as the ‘‘ Waterleap” 
fl -washer. In this machine, which is suitable for 
all kinds of delicate fabrics, all rubbing and squeezing is 
avoided, and the cleansing is effected entirely by the 
washing liquors. It consists of an outer case of galva- 
nised steel, with cast-iron ends, and an inner cage con- 
structed of brass rods and ends; the inner cage is given 
a sompocaelie rotary motion. The machine is open, so 
that work is always in view, and it is claimed that it 
will not shrink or otherwise injure the most delicate 
woollen articles or other fabrics. The other machines 


dealt with are a rotary washer, a hydro extractor, and a 
shirt and collar-ironing machine. All are illustrated, and 
their many special features are pointed out. 


High-Pressure Gas Lighting.—The James Keith and 
Blackman Company, Limited, of 27, Farringdon-avenue, 
E.C., have sent uscopies of two of their latest pamphlets 
relating to the use of the Keith high-pressure gas-lighting 
system in ae textile mills, and other 
factories. Many installations are illustrated by repro- 
ductions of photographs taken at night by means of the 
Keith light, and a number of testimonials from users are 
printed. An interesting com of the cost of pro- 
ducing a light of 10,000 candle-power for one hour by 
various systems of lighting is included in one of these 
pamphlets. With gas at 2s. 6d. 1000 cub. ft., and 
electric en at 3d. per Board of Trade unit, the figures 
given are as follow :—Carbon filament lamps, 10s. ; meta! 
filament lamps, 3s. 14d. ; half-watt lamps, 1s. 3d. ; flat- 
flame gas-burners, 8s. 4d.; ordinary incandescent gas- 
burners, 1s. 3d. ; and Keith high-pressure gas-lamps, 64. 


Centrifugal Pumps.—The British Electric Plant Com- 
pany, Limited, of Alloa, Scotland, have issued a new 
catalogue of their patent self-balancing centrifugal pumps 
for high and low lifts. A general specification covering 
the construction of these pumps is given, together with a 
table showing the speeds and outputs at heads varying 
from 20 ft. to 150 ft. of single-stage pumps, with outlets 
up to 12in. in diameter. Similar tables are given for 
pumps with from two to six stages, and with outlets up 
to 9 in. in diameter ; the six-stage pumps ean be used for 
heads up to 1070ft. The catalogue gives some useful 
hints on the installation of electrically-driven turbine- 
pumps, and also deals with sinking-pumps, boiler-feed 
pumps, and other pumps for special duties. Illustrations 
show these pumps, as well as standard pumps, driven by 
electric motors, which are also constructed by the firm. 
Few people, we imagine, will dispute the advantage of 
making one firm entirely responsible for the success of an 
installation. 

Temperature Control.—A catalogue illustrating and 
describing their ‘‘ Isothermal” valve, and dealing with 
some of its very numerous applications, has reached us 
from Messrs. James dwin and Co., of Devonshire 
Works, Keighley. These valves are used in connection 
with steam-heating processes to regulate the supply of 
steam, and thus maintain a constant temperature. They 
are sufficiently sensitive to give a maximum temperature 
variation of not more than 1 deg. Fahr. The valve is 
operated by means of a solenoid, and this, in turn, is con- 
trolled by a mercury thermometer placed in the vessel or 
chamber which has to be maintained at a constant tem- 
perature. A transformer and relay is interposed between 
the thermometer and the solenoid, so that a very small 
current in the former controls a much heavier one in the 
latter. The catalogue illustrates the application of the 
system to the temperature-control of dyeing vessels and 
other processes in the textile industry, as well as of 
— chemical processes, jacketed pans, rooms, 
and workshops, drying- machines, superheated - steam 
mains, &c. Valves on a similar principle are made for 
the control of gas-heating, and heating by hot-water 
pipes. 


Measurement of Vibration. — Messer. Kelvin, Bot- 
tomley and Baird, Limited, of 16 to 20, Cambridge- 
street, Glasgow, have sent us a pamphlet illustrating and 
describing the F'ullarton vibrometer for measuring the in- 
tensity, direction, and frequency of the vibrations of 
turbo-generators and other machinery. The instrument 
comprises a light and rigid frame attached to a spanner- 
sha arm, by means of which it can be clamped under 
the bearing-nuts or other part of the machine being in- 
vestigated. The frame carries a vibrating reed, the free 
length of which is adjusted by means of a sliding clam 
until the maximum amplitude of vibration is obtained. 
The end of the reed vibrates in front of a millimetre 
scale, which serves to measure theamplitude. To enable 
the direction of the vibrations of the machine to be deter- 
mined, the frame supporting the reed is mounted on two 
axes at right angles, and the frame is adjusted about 
ese two axes until the reed is vibrating with the maxi- 
mum amplitude. The pamphlet gives full instructions 
for using the instrument, and reproduces a number of 
specimen log sheets on which complete records of the 
vibrations of a machine can be kept. It is pointed out 
that such records, if made at regular intervals, afford a 
a of detecting any change in the running of a 





Junior Instrrurion or Encingers.—The September 
issue of the Journal of this Institution contains the 
conclusion of some notes on ‘‘ National and Industrial 
Professor H. J. Spooner, M.I. Mech. E., an 

Status of the Gas-Producer in the United 
States,” by W. J. Lindsay, A.M.I. Mech. E., and the 
index and title- to Vol. xxiv. of the Journal. In addi- 
tion to the coud general observations and personal notes 
concerning members there is a report on National Service, 
in which particulars are given of what members of the 
Institution are doing, are prepared to do, to serve 
their country during the present crisis. The — 
which is dated 5 oe 27, states that 124 members had, 
at that time, joined either the New Army, the Territorial 
Force, or the Special Constabulary ; 67 other members 
were employers of labour, or men employed on Govern- 
ment work or connected with the public services, 8n 


were thus serving their country by remaining in their 
usual employmunt ; and 128 other engineers had offered 
the whole or a of their time for guarding the public 


services, and had expressed their to take 





shifts in the maintaining of these services in case of emer- 
gency. 
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THE BRITISH ASSOCIATION 
AUSTRALIA. 
(Continued from page 553.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


IN 


Section A met, like all the other sections, in the 
University Buildings of Melbourne and Sydney, 
in the former city on the three mornings, Friday, 
Tuesday, and Wednesday, August 14, 18, and 19, 
and in the latter on Friday, Monday afternoon, and 
Tuesday, August 21, 25, and 26. A programme of 
forty-one reports and papers, comprising two im- 
portant discussions, had to be discarded, and the sub- 
division into a mathematical and a physical depart- 
ment not giving sufficient relief, Monday afternoon 
had to be given to sectional work. The President- 
elect, Professor F. T. Trouton, F.R.S., of Uni- 
versity College, London, having been too ill to 
proceed to Australia, his place was taken by his 
college colleague, Professor A. W. Porter, F.R.S. 
The other Vice-Presidents were Professors E. W. 
Brown, of Yale College, New Haven; H. S. 
Carslaw, of Melbourne; Sir Oliver Lodge, and 
Sir Ernest Rutherford, all Fellows of the Royal 
Society. The Secretaries were: Professor A. S. 
Eddington, F.R.S., M.Sc., of Cambridge (Recorder); 
E. Gold, M.A., of London ; 8S. B. McLaren, M.A., 
of Reading; A. V. Rankine, D.Sc., of University 
College ; T. R. Lyle, F.R.S., of Melbourne ; and 
J. A. Pollock, D-Sc., of Sydney. The presidential 
address of Dr. Trouton was read by Professor 
Porter. 

ABSORPTION AND ADSORPTION. 


In his introductory remarks Professor Trouton 
alluded tothe Australian meeting as the “‘ scientific 
coming of age of Australia,” a kind of recognition 
of the well-known maturity of scientific Australia, 
and expressed the opinion that the readiness with 
which ‘‘ the fundamental principles of relativity 
had been accepted was characteristic of present-day 
physics, or, more correctly speaking perhaps, an 
exaggerated example of it.” Hethen passed to the 
subject of his recent researches, ‘‘ Absorption and 
Adsorption.” The latter term, he explained, had 
been introduced to distinguish between absorption 
taking place throughout the mass of the absorbing 
material and adsorption which took place over the 
surface only. When glass—powdered to provide a 
large surface—was introduced into an aqueous salt 
solution, some of the salt left the body of the 
solution and adhered in some form or other to the 
surface of the glass. Physicists had only recently 
taken up the serious study of these phenomena, 
which had long before occupied biologists and 
physiological chemists. 

The laws of adsorption appeared to be very com- 
plicated, and that might account for the many appa- 
rently contradictory experiments. On the whole, 
however, it might be said that the amount adsorbed 
increased with the strength of the solution according 
to a simple power law, and diminished with rise of 
temperature. But there were many exceptions 
to this simple law. For instance, in the case of 
certain sulphates and nitrates, the amount adsorbed 
by the surface of precipitated silica, e.g., increased 
only up to a certain critical point as the concentra- 
tion of the solution was increased. When the con- 
centration was further raised, the surface actually 
gave up some of the adsorbed salt, or the amount 
of salt then adsorbed was smaller than that adsorbed 
before from the weaker solutions; beyond that 
critical stage there followed again increased adsorp- 
tion. There might be two modes in which the salt 
was adsorbed or taken up by the solid surface. The 
first mode resulted from a simple strengthenin 
of the solution in the surface layers ; the secon 
mode appeared like a deposition, in more ,concen- 
trated solutions, of the salt in what was apparently 
analogous to the solid form. The former adsorption 
seemed to reach out from the solid surface to about 
10-8 cm., which was the order of the range of 
attraction of the particles of solids. The cause of 
the diminution in the adsorption at a critical value 
was difficult to understand. It might be analogous 
to the critical thickness of oil-films floating on 
water, studied by Rayleigh. As oil was being 
supplied, the thickness of the film increased, but 
only to a certain thickness ; on adding more oil the 
film thinned out in certain places and me much 
thicker in others, the intermediate thicknesses 
being apparently unstable. Similarly, the adsorbed 
Surface layer might become unstable, and the 
second mode of deposition just referred to might 





then set in. On account of this instability the 
process was irreversible, and the applicability of 
thermodynamics restricted. 

A ible cause of the instability might be 
found in the change of attraction between particles 
into ee as suggested by Kelvin. Within 
the molecular range the particles attracted one 
another mutually ; but at very close distance they 
must repel one another, for two particles refused 
to occupy the same space. At some intermediate 
distance the force should hence pass through zero, 
and it had, for various reasons, been thought that 
this occurred twice more; that is to say, as the 
distance between neighbouring particles increased, 
the force was first negative (repulsion), it vanished 
to zero, became positive, dec once more, 
passed through the second zero, became negative 
once more, and finally, after changing sign once 
more, remained positive. If a repulsive force could 
intervene between the particles in the adsorption 
layer, because the particles became so crowded that 
repulsion set in, instability would arise. A rise of 
temperature, as stated already, generally reduced 
the amount adsorbed, but below the critical point 
the opposite held for sulphates and nitrates, and also 
for alkali chlorides. The isothermals thus crossed 
one another, and that might be the reason why 
certain experimenters had not observed any change 
with temperature. That solids—sand, or better, 
precipitated silica—would filter out salt from a 
solution had been already known to Daniel Defoe, 
the author of ‘‘ Robinson Crusoe ;” in one of his 
books he let travellers in Africa filter salt water 
through bags of sand in order to make the water 
potable. It was hardly a practical proposal, how- 
ever ; for only the first portion of the liquid became 
purified in this way, mad when the sand had taken 
up all the salt it could absorb, the salt solution 
passed unaltered. 

It would be interesting, Professor Trouton con- 
tinued, to investigate the influence of pressure on 
adsorption. Little had been done in this respect, 
although the question was very important for the 
phenomena of osmosis. In osmotic experiments 
solution and water were separated by a semi- 
permeable membrane which was sup to absorb 
only water (throughout its mass), but not any salt 
or sugar. Though this ideal state was not realised, 
@ medium or membrane would absorb less water 
from an aqueous solution of sugar than from pure 
water, and the absorption or release of water by the 
medium, according as the solution was made weaker 
or stronger, was accompanied by a swelling or a 
shrinkage greater than could be accounted for by the 
water taken up or rejected. This amount of water 
absorbed by the medium depended upon the hydro- 
static pressure and increased when the pressure 
was increased ; it was therefore possible by apply- 
ing pressure to force the semi-permeable medium 
to take up as much water from a solution as it 
would take up from pure water at atmospheric 
pressure. If the medium were so arranged as to 
separate the solution and the water, and were 
strong enough itself to bear the strain, the pressure 
of the solution might be increased without increas- 
ing the pressure of the water on the other side. 
The thickness of the membrane did not directly 
enter into this consideration, and it was sometimes 
helpful to consider the membrane as very thick, 
lest the idea of molecules shooting throug p- 
holes in the membrane should arise. The advan- 
tage of a thin membrane was simply that the neces- 
sary moisture could rapidly be applied to the active 
surface, thus enabling the pressure on the solution 
side to rise quickly ; the thickness had no effect 
on the ultimate equilibrium, however, and the 
membrane might be infinitely thick—i.e., there 
was no real need for a receptacle of the pure sol- 
vent at all, provided the membrane could be kept 
moist. 

The real field where the osmosis took place was 
the surface of separation between the saturated 
semi-permeable medium and the solution. If a 
large mass of colloidal substance (silica) were satu- 
rated with water, and if there were a cavity inside 
containing some solution, the pressure inside 
would rise up to the osmotic pressure, until an 
equilibrium was established in the surface transfer 
of molecules from the solution into the medium, 
and vice versd. That often occurred in Nature, and 
the high-pressure cavities occasionally found in rock 

stale ight be cases in point; the medium was 
colloidal silica, subsequently changed into quartz 
crystals, and the solvent car dioxide. In con- 
sidering equilibrium between a saturated semi-per- 


meable medium and a solution the adsorption layer 
over the surface of the medium should not be neg- 
lected. Solutions were profoundly modified in the 
layers adjoining certain surfaces. The equilibrium 
of surface transfer of water was not between the 
unmodified solution and the membrane, but 
between the altered solution in the absorption layer 
and the saturated medium ; and if there were any 
adsorption, it might help to account for the excep- 
tionally high osmotic pressures observed at high 
concentration ; there might further be the above- 
mentioned deposit in the solid state. Quantitative 
determination of absorption by solid media from 
solutions were difficult to carry out, but there was 
less difficulty with liquid media. Ether, e.g., con- 
stituted an excellent semi-permeable membrane 
for use with sugar solutions, for it dissolved only a 
small amount of water and no sugar at all. - 

iments had shown that the absorption of water 
from asolution diminished with the strength of the 
solution and increased with the pressure; thus 
ether could, by applying pressure, be made to 
take up the same quantity of water from solutions 
as it would take up from pure water at atmospheric 
pressure. 

Finally, Professor Trouton referred to Van’t 
Hoff’s discovery that the hydrostatic pressure was 
equal to the pressure that would be produced by a 
gas having the same number of particles as those 
of the introduced salt. A colloid or semi-permeable 
medium placed in a vessel of water would hold, 
when in equilibrium at atmospheric pressure, the 
normal amount of moisture ; that moisture could 
be increased by increasing the pressure, and be 
reduced by introducing salt, and the amount of 
salt required for this purpose was approximately 
the same as that which in the gaseous state would 
produce the pressure. Thus the salt, although 
confined within the liquid, produced the same 
molecular bombardment as it would if it were in 
the gaseous state, although the free path must, of 
course, be enormously restricted compared with 
what it would be in the gaseous state. This view 
had not met with general acceptance ; but the recent 
work of Perrin and others on molecular movements 
removed many of the difficulties. The diminution 
of the vapour pressure by the addition of salt to 
the solvent was a cognate fact ; that vapour pres- 
sure was also increased by the application of 
hydrostatic pressure which might be done by the 
aid of an inert gas. In both cases there was equal 
molecular transfer backward and ferward across 
the bounding surface ; in the osmotic pressure pheno- 
mena er from the solution to the medium 
and back again into the solution ; in the vapour 
pressure phenomena transfer from the solution into 
the superambient vapour and back into the solu- 
tion. @ phenomena of osmotic equilibrium 
might hence with Callendar be attributed to eva- 
poration, not to evaporation in ite restricted 
sense, from a free surface of liquid, but from a 
saturated colloidal surface into the solution ; the 
process might perhaps better be referred to as 
** molecular migration.” 

We now pass to radiotelegraphy, because this 
subject was discussed in a joint meeting with G ; 
but we may first mention a Committee report. 


RADIOTELEGRAPHIC INVESTIGATIONS, 


The Interim Report of the Committee on Radio- 
telegraphic Investigations (Sir O. Lodge, chairman ; 
Dr. W. H. Eccles, of the Chelsea Polytechnic, 
secretary), pointed out that the Committee had 
the cordial support of the Navy, Post Office, and 
other Government departments of the British 
Empire, as well as of foreign governments, tele- 

phic companies, and private individuals in 
—— and in the other divisions of the world. 
Forms for recording observations had been sent out 
to all these, andsome completed forms had already 
come to hand. Special ee had been made 
to take observations during the solar eclipse of 
August 21, and the Governments of Norway, 
Sweden, Russia, and India had, in icular, been 
approached, as the central line through these 
eclipses. Special signals were also to be sent from 
different stations in Western — Australia, New 
Zealand, Africa, &c. It isto be feared that most of 
these preparations have been in vain ; the Australian 
newspapers, atany rate, did not refer to the eclipse 
at all as long as the British Association was over 
there. The report further emphasised that the 
work of the British Commission, which concerned 
the relation between geophysical phenomena and 





the propagation of electric waves, did not in any 
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way interfere with the work of the Commission 
Internationale de Télégraphie sans Fils Scientifique 
at Brussels, which anak at quantitative measure- 
ments concerning the emission, propagation, and 
reception of electric waves. Dr. Eccles had been 
a delegate to the recent conference at Brussels. 


Discussion ON RADIOTELEGRAPHY. 


A joint discussion of Sections A and G was held 
in A at Sydney, and opened by Sir Oliver Lodge ; 
the large lecture theatre was overcrowded. Sir 
Oliver remarked that he merely wished to intro- 
duce the discussion ; he was not going to attempt 
to settle points, nor were practical or commercial 
features to be discussed. Some remarkable observa- 
tions required explanation. When Hertz waves had 
first been experimented with, they were found to 

astonishing energy, but wf seemed to be 
Fimnited to a few miles, and nobody had expected 
that they would go round the earth almost. Sur- 
risingly large — (known as ‘‘ freak” signal- 
ing) were commonly observed, however ; at other 
times the signals failed at relatively short ranges. 
Then stray waves and atmospheric disturbances 
were known to interfere with the signals; the 
Committee on Radiotelegraphic Investigation was 
to deal with these ; the Committee had been sug- 
ested two years ago, by Professor Fleming, and 
Br. Eccles had thrown all his energy into the work. 

Waves were apparently bent round the earth 
according to the laws of diffraction. H. M. 
MacDonald, of Aberdeen, had investigated the 
problem, and concluded that considerable amounts 
of energy might travel as far as 2000 miles. Sir 
Oliver thought that surprising, though yet insufii- 
cient. Why did the waves not go off tangentially ? 
Then refraction had been suggested. If there were 
an upper, rarefied layer of the atmosphere, with 
waves travelling at a quicker rate than in the 
lower atmosphere, refraction should*come in, and 
J. A: Fleming had calculated a formula for the 
radius of curvature p, at which a ray starting 
tangentially to the earth in a medium of a 
certain density should be deflected. That formula 
contained a constant characteristic for each element. 
For air the p was equal to 4 R, R being the radius 
of the earth; for hydrogen p = 100 R; that 
was to say, there was hardly any refraction ; for 
krypton p = R, which meant that the waves would 
travel round and round the earth, if the air con- 
sisted entirely of krypton. Again conductivity 
would come in, though the waves did not really travel 
through an electric wire conductor, but were onl 
guided by it. Sir Oliver here inte the remar 
that if radiotelegraphy had been discovered before 
cable telegraphy, the latter would be regarded as 
an improvement of the former. According to Eccles, 
waves travelled faster in air containing free ions than 
in ordinary non-conducting air. Conductivity might 
help, as to certain waves, somewhat after the 
manner of the human ear, which was able to pick 
out one voice or one instrument of the orchestra. 
The waves might be conducted or guided, and it 
was found that signalling was easier over salt water 
than over land. None of these factors sufficed to 
explain the facts, however. There was a capricious- 
ness connected with the position of the sun. Night 
signalling was better than day signalling; but 
after sunset signalling might temporarily me 
impossible. Now air at low pressure was a con- 
ductor, and if the upper layer conducted, it would 
_ man to the — an — — Fn to 
the earth, as in a whispering-ga - The boundary 
might be steady and regular at ‘night, but become 
irregular and corrugated (puckered) in daytime ; 
the waves and rays would hence be scattered. 
Tonisation of the air by the sun-light might produce 
this puckering. The irregularity would affect long 
waves more than short waves, just as almost any 
surface acted like a mirror for long acoustical waves, 
but not for optical waves. The more sudden the 
changes in density, the better would be the reflec- 


tion. In conducting air the waves would also 
travel faster, and that would partly account for 
the transmission through very large distances, and, 


further, for the sunrise and sunset effects. Half 
of the earth was always illuminated, and the other 
half dark ; if one of the stations, sending or re- 
ceiving, were in daylight, the other in darkness, 
transmission might be impeded in one direction 
and facilitated in the other, there being a north- 
south belt of ionisation (and recombination) be- 
tween the two hemispheres ; the radiotelegraphic 
eclipse observations had been planned to investi- 
gate this point. Aurors seemed to be favour- 





able to radiotelegraphy, and meteorology on the 
whole would profit from this investigation. Very 
long antennz could be used for very long waves (of 
almost acoustic frequency), and, finally, telephones 
might directly be inserted into the circuits without 
coherers. But the whole subject was in its infancy. 

Dr. Eccles then abstracted a very long and very 
technical contribution by Mr. Balsillie, chief of 
the Wireless Telegraph Department of the Common- 
wealth, who was absent. The department had nine- 
teen stations all around the coast, under one control, 
and they were thus in a position to conduct syste- 
matic observations under different conditions. The 
day range might be only 450 miles, whilst the night 
range generally came up to 2000 miles and more. 
Land or sea did not appear to make much differ- 
ence, probably because the waves were transmitted 
in the upper atmosphere. Plotting the time of 
the day as abscissa against the intensity of the 
received signal as ordinate, Mr. Balsillie found on 
the Melbourne- Adelaide line (410 miles) that fora 
wave-length of 600 metres the intensity rose rapidly 
at 4 p.m. and fell off rapidly again at 9 a.m., the 
curve resembling an inverted U with flat top; 
between 8 a.m. and 5 p.m. communication was im- 
possible. For the wave-length of 850 metres the 
curve was much flatter throughout and the maximum 
weaker ; for 1 = 1200 metres the time of day would 
no longer make any difference at all apparently. 
On the Melbourne-Brisbane service (950 miles) 
similar curves were obtained, but the early after- 
noon was bad for all wave-lengths. As regards 
freaks, too many meteorological factors might come 
into play to justify any special theory. Yet dust- 
storms from the north certainly weakened all signals 
at Melbourne badly, chiefly in the wind direction, 
without making them impossible, because they 
seemed to affect the disturbances in the same way 
as the signals. But when the north-south trans- 
mission was better than usual, the south-north 
transmission was worse; this polarity and irre- 
versibility, unknown in optics, was unaccounted 
for. As regards stray waves, the northern stations 
suffered less than the southern stations. But 
Hobart (Tasmania) was a very peculiar case ; there 
disturbances known as ‘‘ wipers” (sounding as if 
metal was rubbed on a —— made all com- 
munication impossible, for periods of six or ten 
minutes, over a range of more than 2 miles, about 
sunset and sunrise ; these wipers were only known 
in Hobart, which Dr. Eccles regarded as a rather 
suspicious feature. 

rofessor A. W. Porter (chairman) suggested 
that the irreversibility —— out by Lodge and 
Balsillie might possibly be due to the boundary of 
the conducting layer being corrugated, not in 
waves, but in ~— 

Professor G. W. O. Howe regretted the small 
attendance of members of Section G (which was 
sitting in two departments that same morning). 
He said that Boston had often overheard the signals 
from Clifden (Ireland) to Glace Bay (Cape Breton, 
Ireland) ; but at sunrise and sunset the intensity 
dropped down altogether. Observations made 
between Madrid and Barcelona, and between 
Barcelona and Ceuta (partly across the sea) also 
showed that the sharp midnight maximum itself 
was complex, having the shape of a W, quite dif- 
ferent from Balsillie’s curve. Whatever the cause of 
these fluctuations, the ionisation would be diffused 
round the earth, and the enormous influence of 
changes of wave-lengths seemed to upset all ordinary 
explanations, also Lodge’s puckering. Coming over 
to Australia on board the Orvieto, he had made some 
experiments with the assistance of the Marconi 
operator, and he had found most of his notions un- 
confirmed. Thus he had never observed any sunset 
effect (in the tropics), and the operator had told him 
that signalling across water and land were equally 
effective, and day and night made little difference 
there for wave-lengths of 600 metres. But operations 
on were very difficult ; there was too much 
noise on deck, especially when sports were going 
on. The Marconi Suns, on the other hand, cer- 
tainly had a longer range over the Atlantic at night 
time, working with waves of 600 metres. Dr. Howe 
did not know how matters could be improved. 
But they might determine the most suitable wave- 
length for each transmission ; that could be done 
by making the antenna bigger, or by increasing 
the antenna area, or also by putting inductance 
in the foot of the antenna ; the radiated power was 
decreased by the latter expedient, but the ene 
was radiated at greater wave-length, and though the 
resistance was likewise increased, the device appeared 


to be profitable, according to the researches of 
Austin. 

Dr. Eccles himself, in commenting on Balsillie’s 
ea said that they were driven into 4 
belief in ionisation and a conducting layer, sepa- 
rated from the lower atmosphere by a sharp boun- 
dary ; some whispering-gallery effect would, accord- 
ing to Rayleigh, exist even when there was no sharp 
boundary. In daytime the conducting layer de- 
scended and refraction came in, different for diffe- 
rent wave-lengths. There was really no proof of 
the existence of this ionised layer, however, and 
they had to rely on a research for 
its investigation ; at considerable heights the 
signals certainly became stronger. He had at 
Pago-Pago (on the American Island of Tutuila, 
in the Samoa group) picked up signals from 
Alaska, and other spots 4000 miles away, sent by 
small ships equipped with stations of 1 kw. or 
2 kw. On that island the operator’s hut was 1000 ft. 
up on a lava hill, standing on glass, sv to say. They 
had first anchored on one side of another lava moun- 
tain, 1800 ft. high, and moving afterwards over to 
the other side of the mountain, they had picked up 
signals from Honolulu, 2000 miles away, with the 
same facility, so that the intervening insulating hill 
had no effect. With kites, 4 mile up in the air, 
Marconi signals from Clifden had been received at 
5000 miles range, in Argentina. Thus high-level 
stations on non-conducting rock seemed to be com- 
mendable. Freaks (of excessive range) were not 
freaks in the Pacific ; night after night distances of 
over 2000, and even 4000, miles had been overcome. 
Stray waves were common in the tropics, where 
thunderstorms always occurred somewhere in the 
distance, and where anti-trade winds were blowing 
above the trade winds ; those winds were a source 
of dust. Sunset minima, frequent in England, were 
not observed in the tropics; he could offer no 
solution to the problem. 

Sir Oliver Lodge, in concluding the discussion, 
took up the last remarks of Dr. Eccles that strays 
seemed to originate in the equatorial regions. 
The solar rays were concentrated there, and the 
positive a particles fell there, whilst the negative 
particles were deflected towards the poles, so that 
there was an excess of itive electricity near the 
equator. He agreed that stations should be at 
high level and insulated ; then sharp tuning was 
possible. The lengthening of the waves by means 
of self-induction had long been practised at Bir- 
mingham. As regards the irreversibility, another 
point might have to be considered. There was 
some tangential ionisation at sunset and sunrise, 
and also at midnight, owing to the orbital move- 
ment of the earth. The earth was sweeping up 
meteorites and ions on the one hemisphere, but 
the other hemisphere was screened ; at midnight a 
spot hitherto screened passed into the unscreened 
half. 
On behalf of Mr. J. G. Balsillie, Dr. Eccles sub- 
sequently, in Section G, gave a brief abstract of a 
paper on ‘“‘The Balsillie System of Wireless Tele- 
graphy as Employed on the Radiotelegraph Sta- 
tions of the Commonwealth of Australia.” This 
system—which is in use in most of the Australian 
stations, a few being equipped on the Telefunken 
system—relied, it was explained, on unidirectional 
impulse excitation, the radiator bein excited by 
the action of three circuits permanently associated 
with it, distinguished as the primary, charging, and 
exciting circuits. Connection between the first two 
was by a transformer, between the exciting and 
radiator circuits bya common condenser. The dis- 
charge was not oscillatory, but single, giving a simple 
sharp-peaked curve like an inverted V ; this was 
also shown by the image of a spark at frequency 
360 second, taken in a mirror rotating at 5400 
pe wr Hoan per minute. The spark electrodes were 
a tube, with an orifice ,; in. in diameter, through 
which air was blown at a pressure of 100 lb. per 
sq. in., and a disc. 


MecuanicaL ANALOGUE oF CouPLED CIRCUITS. 


Professor T. R. Lyle, D.Sc., F.R.S., of Mel- 
bourne, gave a demonstration of an ‘‘ Exact 
Mechanical Analogy to the Coupled Circuits used 
in Wireless Telegraphy.” Having derived a simple 
formula expressing the coupling angle between two 
inductively coupled circuits in terms of the in- 
ductances, he showed his model. It consisted 
essentially of a steel beam M (Fig. 3) built up of 
two parallel straight edges, 4 ft. long, 34 in. «pote 
connected rigidly by aluminium distance-pieces 4D 





clamps, and resting with its edges on the over- 
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hanging axles of two pairs of steel discs, which|should, under certain conditions, be twice the|X ray was converted, by the through 
were 1¢ in. apart and made from 5-in. slotting|length of the rod ; but according to MacDonald | matter, into the en of a single 8 ray, without 


cutters (} in. thick), by grinding off the teeth. 
The wheels rested on a carefully-levelled plate of 
glass, all friction being so well reduced that the 
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beam system, when once set in motion, would con- 
tinue to oscillate to and fro for a long while ; « indi- 
cated the distance of the beam from a stationary 
origin. Two pendulums, of masses m, and mp, were 
suspended from cross-boards by means of YY’s, so that 
they could swing in the longitudinal space between 
the two members of the beam. Dr. Lyle showed that 
the angular displacements of the two pendulums 6 
were mutually connected by equations identical in 
form with those connecting the potential differences 
of the condensers in the corresponding electrical 
system. The relations of the resultant frequencies 
were best presented by the aid of a triangle, the 
apex of which was the coupling angle. As described 
so far, the mechanical system was the analogue of 
the coupled circuits of a radiotelegraphic trans- 
mitter. The beam might itself be considered to 
represent the ether. e variation of the coupling 
was imitated by placing masses on two platforms at 
the ends of the beam ; by increasing the load on 
the beam the coupling was diminished. When 
the beam was first steadied and then started by 
hand, and the one pendulum let go simultaneously, 
the second pendulum began to swing with in- 
creasing amplitude, whilst the amplitude of the 
first pendulum diminished ; after a certain time the 
conditions appeared reversed, and so the transfer 
of energy forward and backward changed many 
times. These surgings could be calculated, and the 
advantages of loose coupling were demonstrated. 
The pendulum model also explained the theory of the 
quenched spark ; as it was impossible to ‘‘ break ” 
the primary circuit, without disturbing the whole 
mechanical system, if the bob of the pri pen- 
dulum was not placed on its platform, but taken in 
the hand so as to slacken the string. In order to 
imitate the conditions of a receiver when receiving 
signals, the first pendulum was made compound, 
and disturbances were transmitted to it from the 
beam by means of a simple electro - magnetic 
device energised through flexible wires, for instance, 
by attaching one permanent bar magnet to the 
pa between two electro-magnets on the 

eam. The model would also elucidate some of the 
problems arising in connection with the parallel- 
ing of alternators. The many models that others 
had described utilised rubber cords and steel 
springs, whilst inertia forces should alone be re- 
sorted to. 

_In the discussion Dr. Eccles sketched a médel of 
his own on the board, consisting of a string passing 
over two pulleys in fixed bearings and under a loose 
pulley hanging between thetwo. The loose pulley 
was loaded by the mass M, each of the other two 
by the mass 4M, these latter loads being pulled 
down by two fixed spiral springs, imparting two 
natural frequencies to the system ; the inertia of 
the fixed pulley could be varied by weights sliding 
on rods to represent variations in the inductance. 
The model, Dr. Eccles said, led to the same equa- 
tions as Dr. — ; but Dr. Lyle objected that 


the Eccles model would only explain transmission, 
not reception. 


Wave-LenotH in Arr. 

Professor J. A. Pollock made a communication 
on “‘Some Measurements of the Wave-Length in 
Air of Electrical Vibrations Associated with a 
Thin, Straight, Terminated Rod.” He said he 
wished to draw attention to a discrepancy in 
the theory of electric radiation. According to 
Rayleigh and J. J. Thomson, the wave-length 





(theory and experiments) the coefficient should be 
2.53, and not 2. Rayleigh had recently returned 
to this old controversy. Professor Pollock had 
some time ago made experiments aes Mac- 
Donald. Using the coherer method for detecting 
nodes, he had recently found the value 2.09, which 
with the 2.1 of American experimenters. 
e theory was very difficult on account of the 
discontinuities at the edges of the rod and for other 
reasons, and he did not understand why he found 
different values, 2.5 and 2.09, in different experi- 
ments. Sir Ernest Rutherford,Sir Oliver Lodge, and 
Professor Porter offered comments on the paper. 


Nature or y Rays. 


The paper by Sir Ernest Rutherford, F.R.S., 
on ‘The Origin and Nature of the y Rays from 
Radium” attracted as much attention as the 
general discussions. Professor Rutherford said he 
would give a digest of the work of the last six 
years, including some unpublished researches by 
himself, F. N. da C. Andrade, and H. Robinson. 
The y rays could by their oe in aluminium 
be separated into groups of soft and of very pene- 
trating rays. The method of Laue and Bragg had 
opened out another way of study. A homogeneous 
pencil of X rays or y rays was reflected from a 
crystal when received at the proper angle of 
incidence, such that n A = 2 d sin 6", where A was 
the wave-length of the rays in question, n an 
integer, d the spacing of the parallel planes 
within the crystal, and @ the angle the rays 
made with these planes. If the rays were kept 
the same, but different crystals were used, this 
examination revealed the spacings of the various 
planes; if the same crystal were used, and 
the angles of reflection of different rays were 
measured, the wave-length of the rays could be 
studied ; the n indicated the order of the spectrum 
in which the lines corresponding to’reflection at 
definite angles were observed. e study of the 
soft y rays from RaB by this method was very 
difficult, for several reasons: the photographic 
effect of these rays was very feeble, so that expo- 
sures of twenty-four hours (instead of ten minutes 
with X rays) were required ; and both the more 
penetrating rays of C and particularly the 

rimary 8 particles had to be shut out; for this 
fatter reason the whole apparatus was placed within 
a very powerful magnetic field. 

The apparatus sketched out in plan showed two 
blocks of lead (or a thick block horizontally slotted) 
and a fine tube of radium emanation (a circle in 
plan) held over the slot ; the rays passed through 
the slot and impinged on the centre of a crystal 
(rock salt, 1 mm. thick), mounted centrally on a 
turntable; the reflected ray fell on the photo- 
graphic plate. Very soft y rays gave in this appa- 
ratus two strong lines deflected at about 10 deg. 
and 12 deg., and a good many weaker lines ; 
magnified ‘cee lines proved to be images of the 
tube, the edges being dark and the middle por- 
tion fainter. The strong lines appeared iden- 
tical with the characteristic L radiation of lead, 
which, according to Soddy and Fleck, was an 
** isotope ” of RaD, being chemically inseparable 
from RaD, and having the same general properties, 
but different atomic weight, RaD = 214, Pb = 207 ; 
lead was not radioactive, of course. To test this 
identity further, they had placed the emanation 
tube in such a position that the rays were first 
reflected from a strip of lead before entering the 
slot, thus exciting the characteristic radiation of 
lead. Another transmission method was also tried. 
In this case the arrangement was: emanation tube, 
rock-salt crystal, 5 mm. thick, photographic plate ; 
then they y rwedel with the tube end on, in addi- 
tion to dark reflection lines, also white trans- 
mission lines, crossing the others at 45 deg., just as 
they had expected. RaC gave in these exami- 
nations a very large number of lines. 

Now, Professor Ruthorford proceeded, they were 
dealing with the extreme pod of the short-wave 
spectrum, and he had thought that the spectra 
should be very simple. They were not, he found, 
and there was, moreover, an indication of a faint 
continuous spectrum in addition to the line 
8 a. These difficulties he explained by Planck’s 
theory of the emission of energy in definite 
quanta, E = hv, where h was Planck’s constant, 
and v the frequency, and by the following con- 
siderations as to the origin of 8 and y rays. 
Bragg had suggested that the energy of a single 





any loss of energy. is had to be generalised, 
because a train of X rays of the same frequency, 
each of definite energy, might be given out, and 
the whole energy of the train might ap in the 
form of a swift 8 ray. The primary effect on the 
atom was the excitation of y rays by the escape of 
8 rays from the nucleus ; the appearance of homo- 
geneous § rays was a secondary effect, due to the 
partial conversion of y into 8 rays in their 
passage through the radioactive atom. That esca 
of SB rays disturbed the nucleus of the atom and the 
electrons surrounding it enormously, and there 
were certain regions of the atom capable of high- 
frequency vibrations at frequency v and of energies 
lhyv, 2hv, &. On the other hand, the continuous 
B radiation was ascribed to the 8 particles escaping 
from the nucleus which had lost energy, though not 
in definite quanta, in setting the electronic system 
of the atom intovibration. The matter is too com- 
plicated for further abstracting. 

Sir Oliver Lodge thought t these researches 
promised to become most fruitful; when chemists 
and physicists discussed those problems together, 
both sive generally gave only the results without 
the details, and hence each side thought the other 
jumped at conclusions. Mr. Moseley explained 
why the lines were really images of the slit ; it was 
owing to diffraction. Professor Hicks was not 
satistied as to the spectroscopic identities. Accord- 
ing to Rutherford and others, he said, the total 
internal charge es atoms and negative elec- 
trons) determined the chemical properties (which 
the removal of the outer electrons would not alter), 
whilst the atomic weight depended only on the 
atoms, and the outer electrons gave the spectra. 
But as those outer electrons moved under the 
attraction of the central charge, all isotopes— 
derived successively from one another by the 
emission of one a icle with two itive 
charges, and the additional emission or picking up 
of two electrons—should give the same spectra. 
The only experimental determinations available, 
however, concerned thorium and ionium, and were 
quite inconclusive ; Rutherford and his pupils had 
only examined the visible spectrum, of ionium, of 
which they had a very small undetermined 
quantity, and neither of the two bodies, thorium 
and ionium, was ever free from the other. Pro- 
fessor Nicholson supported these objections ; should 
a difference of 7 units in the atomic weight not 
make a considerable difference in the s ? Pro- 
fessor Rutherford replied that his identity meant 
rather analogy of type than real identity. 


ScaTTERING OF a AND 8 Rays sy Maonerons. 


In a *‘ Note on the Magneton as a Scatteri 
Agent of a and 8 Particles,” Professor W. M. 
Hicks, F.R.S., of Sheffield, pointed out that the 
magnetons, or elementary magnets, which P. Weiss 
regarded as constituents of the atoms, should act as 
very effective scatterers of rays, but the general 
mathematical treatment of the problem was too 
difficult. He therefore discussed the simpler case 
of charged particles moving in the equatorial plane 
of a fixed magneton, without taking account of the 
nuclear charge. If the plane of the paper were the 
equatorial plane of the magneton, the north pole 
being above the paper, the particles approaching 
in parallel lines from infinite distance, then the 
particles would all be deflected, the curvature of 
the orbit depending upon the lateral distance of the 
path from the axis. Particles moving near the 
axis would be returned in hyperbolic orbits, and 
loops would be formed ; under certain conditions 
series of loops or circles would be described ; the 
final result would be that the majority of the 
—— were scattered in all directions. Inci- 

entally a theory of combined electrons appeared. 


(To be continued.) 





GRANARY AT GLASGOW HARBOUR. 
(Continued from page 526.) 

Tue Considére system of reinforcement was used 
throughout in the reinforced-eoncrete work, which 
included the 168 ft. of the length of the building 
arranged with 150 silos, the largest of which were 
102 ft. in depth, and collectively having a capacity 
of 20,000 tons. The reinforced-concrete work is 
illustrated in detail on pages 582, 583, and 584. In 
making calculations, the limits of working stresses 
laid down in the Report of the Committee of the 











582 ENGINEERING. [ Nov. 13, 1914. 








GRANARY AT GLASGOW HARBOUR. 
MR. W. M. ALSTON, M.INST.C.E., ENGINEER TO THE CLYDE NAVIGATION TRUST, GLASGOW. 



































» 4tgh. North Wall 
Ta ae ae ee a ae Oe ee oe ee ee ee 
7 y G sm 
; i tL us 
4 y) apa 
- : [ Veen! 
‘wt Z ot 00d) ae, Yrs er e7 sas see | 
& = i 
Ss Y A. ee S22 o Lh), 
i ie a. +e oe ee) ee oe y y f a 
pet ole South Wall ee Soe 
, . AD Y 4 Y y ~ 
Fic. 16. Key Pian or Externat Piers anp Sito WELLS. j 7) | oe Oe FE, E 
Fie. 17. Key Exevation or East Watt sHowinc Cotumns anv Piers BETWEEN SILO 4 A gl 1 Pomel 
AND FiLoor ConstTRUcTION. : “a : ae / 


“**” ELEVATION OF EAST WALL. 
COLUMN4 | Fig.27. 
















































































































































































































































ot Silos cei Ty Fig. 26. * ; Ties 46.8.3. Fpitch 
, 444 ay) 5 ora 
Fig. 18. Soak seat Bars 1%6 a. 15.6'lg. 1% 166g. 
sace | ee . | 
oa ; > 
GRAB ae 5 Tt 2 : 
sae ett A-HaHtHI-A ytd 
nae ard ~ : erie SECTION ON LINE A.A. 
a2 : | I f 7 ‘4 - ‘ 
anne eee! SECTION ON LINEA.A (Fig.22.) | Bars 15'6% (Fig. 26) 
A-ha Ht 
iat Sb she lg 
=} Ties wd. 10:9 
Sacking of Floor (TT, es 24, 
Level i : £ a LintelLevel_ if 
HH 6 o j P ‘ rr = 
“a pelt i f Paony > j g 
: \ Ties4'd.66'lg.9p : — Ties 46d. 7.6 Ug.9 pitch 
HH: Sat sBars1%6d. 189g | HL: SECTION ON LINE B.B. 
HEH, 9Bars ted. 70g, al: SECTION ON LINE 8.8. (Fig.22) ttt (Fig. 26) 
35 [ “SECTION ON LINE 8.8. (Fig.18) " Fig.25 miERS 
tg, 21. 4.7%. + bia oe {dia.5'0' long 4Barst%ed. halt 
a ; ert em i.  '\---- 4:9%3 ----*— a 70tong ~ ie 
Ye iti porary : OF | FD 7 = 
67 T—8 3 | | 
Cround Floor ova tPF ears ‘e BESS IRS aLE i] | 
f SR us tt ls 
i - " a eS miko a i 3 
Bea RAL. =» —~ ' t 
(wee x, a fT tS “3 x 1 BOTTOM SLAB. 
BOTTOM- SLAB 

















BOTTOM SLAB 


























































































































































































COLUMN COLUMN G tg.34., ? 
Bare via.t6tigh pg Fig.37. — conumn ! got G%.- Fig. 
4 +) Ties Yed.7°0'lg. Ipitch| —— 4 4 <7 Fia.42a--4--7) 
6g 4Barsta.15'6%g. 4 ” 
7 : _— 15694 
3d. Se Pe K--10°-—> ie- Boi 
BS pucch Ep Ties Hed. 69 "Long <I mo, ers fag 
. - " oy (2Bar: «4 Wg. 
Ties Hid. Rate aie Ties ¥ed.10'6 Ug. ole: 3 a ae poo te —— >| ‘$ , oh ; 
SECTION ON LINE A.A See on. BR Barsia6ttg 7 | ogy INS) + ue 
, — . SECTION ONLINEAA, {ING 8 THe 
Fig.32. Fig. 38. (Fig.37) ae. i ‘i 
k-——--2'9-~ , Sed. oa ¥ 
Zs Supp A Y Ties hd. 25g. 7 
Seng Ties yid 70 9p. Fig.39 — 
6Barshid 40g g Barst d. 18.9 ig DETAILS OF BRACKETS 
ati: Beek . Saar +, Colume T+ + 
ary SECTION THROUGH _ -~ ¥en 1919’ Ba me 3: I~ 
SECTION ON LINE BB. SCARCEMENT SBarsthed. 70 lg. 7 ---—S 1 —> “Bars a 
(Fig.30) , act ON LINE BB. TYPICAL SECTION OF BOTTOM SLAB 
(Fig.37) 44. Ar 
Fig.33. COL. I. 
Tiested. TOSILOS. 
Fig40 Strrups jd. 6 p. a 
— a0 -—4 Ties Wed. ontthed 
tt oe er t oe 
+= eS " . 
5 be RA Se re i 
3 > ih i et oe a ont Sate Ap | * Wb la 
SLY | rested 6319 Fy pth 
BOTTOM SLAB BOTTOM SLAB _s 











Nov. 13, 1914.] 


ENGINEERING. 


583 








GRANARY AT GLASGOW HARBOUR. 
MR. W. M. ALSTON, M.INST.C.E, ENGINEER TO THE CLYDE NAVIGATION TRUST, GLASGOW. 





a 


Fig. 48. 
































CROSS SECTIONS OF COLUMNS (See Fig. 17) 
Fig. 46. g.47. 




















i 


2 







Fig .55. ; ; 
| aprender 9 Toga ery 

















i Bar $dia.15'‘0lg. Tiesgdia. 6 Fig. Ip. 














Fig. 54. 
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toyal Institute of British¥Architects on Reinforced 
Concrete were adopted. With a view to obtaining 
a suitable concrete mixture, a number of tests were 
carried out. A concrete composed of one part 
cement, two parts Loch Ridden sand, and four 
parts whinstone chips from Hillhouse quarry was 
found to satisfy the specification requirements. 
Loch Ridden sand is a sea sand, and the presence 
of salt rendered its use in the construction of grain 
silos inadvisable. After experiments were made, it 
was decided to use a mixture consisting of one part 





—_ 


Fig. 16 is a key plan, which will assist the reader 
to identify the location of the typical columns and 
beams illustrated. This plan only shows that part 
of the building constructed of ferro-concrete work, 
the east wall, of which Fig. 17 is a key elevation, 
being the divisional wall between this portion of 
the building and that arranged with floor accom- 
modation. The two corner piers of the west wall, 
numbered 2 on the key plan, are illustrated in 
detail by Figs. 18 to 21; the next adjoining columns, 
numbered 3, by Figs. 22 to 25; while the column 


cement, two and a-half parta crushed granite, and| numbered 4, which is placed between two rail- 


two and a-half parts granite chips, in all reinforced 
concrete with which grain would come in contact. 

The external walls of the building are constructed 
with piers, 2 ft. 4% in. in width, and intermediate 


| 


tracks. and therefore had to be made narrower to 
provide clearance for wagons, is illustrated by 
Figs. 26 to 29. The outer column at the north end 
of the east or partition wall, between the two 


panels. Including the brick-work facing, the piers | sections of the buildings, numbered 5, is shown in 


are 3 ft. 10} in. in width. 
The piers or columns are illustrated on page 582. 


detail by Figs. 30 to 33. The opposite column, 
numbered 6, at the south end of the partition wall, 
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SECTION ON LINE 7-7. 





adjoining the staircase, has slightly lighter rein- 
forcement, and is shown by Figs. 34 to 36. 

The ordinary piers in the north and south walls, 
numbered 1, are illustrated by the details, Figs. 37 
to 40, while Figs. 41 and 42 show the details of 
the brackets on these piers to carry the loading- 
platform and the sacking-off floor respectively ; 
Fig. 43 gives a typical section of the bottom slab 
forming the base of the pier ; and Fig. 44 shows the 
details of armouring at the junction of the pier, and 
the beam forming the base of the silos. Various 
details in connection with the east division wall are 
given in Figs. 45 to 54, annexed, in conjunction with 
the key elevation, Fig. 17. Figs. 45 to 48 illustrate 
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the south external pier, numbered 6 ; and Fig. 49 
is a section of the north pier, numbered 5. Figs. 50, 
51, and 52 are cross-sections of internal walls, 
according to the sectional lettering on Fig. 17. 
Near the level of each floor in the eastern portion 
of the granary, a corbel is formed in the silo east 
wall to carry the rolled-steel beams and concrete 
composing the floor, and details of this are shown 
in Figs. 53 and 54. 

Generally it may be said the thickness of the 
reinforced concrete at the panels is 6 in., and 
at the piers 20 in. for the greater and 9 in. 
more for a width of 16 in. at the centre (Fig. 38). 





South Wall 











12'°0° 


meter throughout, are spaced 1 ft. 6in. apart. The 
external walls have a 9-in. brickwork facing, so 
as to correspond with the eastern portion of the 
building, the walls of which are of brickwork. This 
facing was built up in advance of the reinforced 
concrete, in sections of twelve courses of brick- 
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Fig.66. HORIZONTAL SECTION OF PARTITION WALL D.D. 
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sion-walls of the bins. These beams are illustrated 
on page 583. Figs. 55 to 57 show the beam or 
corbel at the east wall, marked ‘‘A” on the key 
plan, Fig. 16. Figs. 58 to 60 represent one of the 
transverse beams, all of which are marked ‘“‘B” on 
the same key plan, while Figs. 61 to 63 are details 
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The bottom of the piers, at the level of the founda- 
tion layer, rests on a reinforced-concrete slab, 
4 ft. 6 in. by 3 ft. 6 in. by 18 in. indepth. Each 
slab is reinforced in both direc:ions by eighteen 1-in. 
diameter bars, with vertical stirrups at the corners 
(Figs. 40 and 43). The reinforcement of the piers 
consists of ten vertical bars, 1 in. in diameter, four 
on the outer face, four in the centre, and two at 
the inside of the pier (Fig. 38). These bars are con- 
nected together by ties ,3 in. in diameter and 9 in. 
pitch. The wall panels are reinforced in both 


work, so as to serve as shuttering for the concrete. 
In order to tie the two portions of the wall to- 
gether, the back stretcher course atthe top of each 
section was omitted, and the spaces left were filled 
in with concrete as the inside portion of the wall 
was brought up. In addition to this, hoop-iron 
hooks were built into the brickwork, the inner ends 
of which were hooked round the reinforcing-bars 
in the concrete. These hooks were s 
apart horizontally, and twelve courses of brickwork 
| apart vertically. 





3 ft. | beca 





directions on the external and internal faces.| The internal reinforced-concrete structure com- 
The horizontal reinforcement consists of bars vary- | mences at a height of 12 ft. above the level of the 
ing in diameter from ,’ in. to } in., and placed at | sacking-off floor, where longitudinal and transverse 
distances varying from 5} in. to 10 in. apart. The beams are placed on the top of the cast-iron 
vertical reinforcing-bars, which are ,% in. in dia- columns to support the hopper-bottoms and divi- 


SIDE. 


of a longitudinal beam from east to west in the 
building, and marked ‘‘ E” on the key plan. These 
beams are 16 in. broad by 20 in. deep, with at least 
seven reinforcing-bars from 1 in. to { in. in diameter. 
The maximum pressure on each column carrying 
these beams, with the bins full, is 500 tons. 

The bin or silo division-walls are illustrated on 
the present page. The dimensions of these differ, 
use, as shown in the key plan, Fig. 64, the 
largest of the bins are 12 ft. by 12 ft. between centres 
of walls; others are 12 ft. by 6 ft., while others 
again are 6 ft. by 6 ft., and a few 6 ft. by 3 ft. 
The details of the reinforcement of a complete 
series of silos from the outer west wall to the 
east, or partition, wall are given in Figs. 65 to 67, 








in conjunction with the key plan, Fig. 64. An 
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examination of the key will show that there are 
five distinctive sections or types of panel in the 
length. The outer silo is necessarily of heavier 


reinforcement ; then follow eight ordinary 12-ft. by | 
12-ft. silo sections ; both of these sections (k! and | 
k) are shown in Fig. 65. Fig. 66-shows three other | 
ing heavier than the others, | 


sections, one (I?) 
because, although it is-enly a 12-ft. by 6-ft. silo, it 


division-walls was carried on a series of timber 
frames 6 ft. in height. The reinforced-concrete 
work was carried up in sections of 6 ft., a height of 
from 12 in. to 24 in. being laid ata time. As each 
section was completed, the frames were removed, 
placed in ition on the top of the completed 
section, and the walls carried up a further 6 ft. 
The concrete was mixed on the ground, and breught 


is adjacent to a 12-ft. by 12-ft. silo, and called for to the working level by means of an electric hoist 
heavier reinforcement. The panel / is only 12 ft. capable of dealing with 27 cubic yards of concrete 


. PART OF 


Fig.69. 
SECTION I-1 (Fig.68.) 
Dist Barstedia.12'p.16:0g 


Fi 





3 
m 
| ad 
m 
NS 
5 
2 
9 
7 
om 
m 
> 
k 
bad 


ee Se Se rel ee 
1 \TiesVedia.9p.3.6 Ug. 2Bars 9s dim. ey 
&2Barsedia.13'0 Ug. 


Bent up Bars Hédia. W/p.15 





















































~—m Fig.71.SECTION 2-2. (Fig.68) IE 
Bs Cheoaps Hidua.023:0%g "9 ae ¥ 
ey ME 2S on a amin aman Bent up Bars hedia. 10p & 
<A ee & 
; \Bar{Straight) jrdia.5.0lg & 
“| St Bars$idia. 10p.2'6lg. é 
ee ene Re A: 
1%) 

me 
B 
72, Rake ey Qi 
ELEVATION OF BEAM A, “trrupshdia. " 

. aoe |S 


——— 























orem 


by 6 ft., and the panel /' of the same dimen- | 


sions, but it adjoins the east wall. Generally 
it may be said that the division-walls are 6 in. 
i thickness, and are reinforced in both direc- 
tions. The horizontal reinforcement consists of 
ig-in. bars at 5} in. pitch for the greater portion 
of the depth of the bin ; near the top the reinforee- 
ment is reduced by steps to }-in. bars at 8 in. 
pitch on one side of the wall, and 12 in. pitch 
on the other side. The vertical reinforcing-bars 
are yy in. and } in. in diameter, and a 
18 in. apart, being alternately on the internal and 


external sides of the walls. e shuttering for the 











per day. The concrete was mixed in a machine 
mixer having a capacity of 10 cub. ft. A coating 
of cement grout was given to all exposed surfaces 
of the bin-walls after the shuttering was removed. 

The covering of the bins, forming part of the 
twelfth floor and conveyor gallery, is of concrete, 
4in. in thickness, puntos by 4-in. bars at 5 in. 
pitch, each alternate bar being turned up to near 
the upper surface of the floor at the juncticn of 
the floor with the bin division-walls. 

The sloping roof over the twelfth floor is illus- 
trated on the present page. It is 4in. in thickness, 
and is carried by transverse beams and columns. 





The reinforcement of the roof consists of ;4,-in. bars 
at 5in. pitch, with distributing-bars } in. in diameter 
at 12in. pitch. Fig. 68 is a plan and Fig. 69 a 
section of a typical area of the roof, and Fig. 71 is 
a an longitudinal section through the skylight. 

he transverse beams are supported at the lower 
end on the external wall of the building, at the 
centre by reinforced-concrete columns, and at the 
upper end by a beam or corbel formed on the side 
walls of the central rows of bins, which rise to a 
greater height than the side rows. 

The beams, shown in elevation in Fig. 72, are 
6 in. broad by 16 in. deep, with §-in. diameter 
reinforcing-bars and j-in. vertical stirrups con- 
nected to the roof reinforcement. The inter- 
mediate columns, shown in Figs. 73 and 74, are 
8 in. square, with chamfered corners, and are rein- 
forced by four 4-in. bars and wiring } in. in dia- 
meter and 9 in. pitch. The wall beam or corbel, 
Fig. 70, is 16 in, deep and has §-in. and 4-in. rein- 
forcing-bars, with }-in. ties at 9 in. pitch. The 
surface of the roof is covered with asphalt to a 
depth of 1 in. 

The contract for the building was carried out by 
Messrs. John Train and Taylor, contractors, 
Rutherglen, Glasgow, to the design and specifica- 
tion of Mr. W. M. Alston, engineer-in-chief to the 
Trustees of the Clyde Navigation. In our next 
article we shall deal with the elevating and con- 
veying machinery, 

(To be continued.) 








INDUSTRIAL NOTES. 

On the 6th inst. the sailors and firemen of two 
ships signing articles at South Shields asked for 7/. per 
month, and their demand was granted. Sea-going 
engineers are also asking an increase of wages corre- 
sponding to that ted to the crews; we under- 
stand that on the Tyne an advance of 1/. per month 
has been given. 





A meeting of the Durham Coal Trade Conciliation 
Board was held at Newcastle on Friday, the 6th inst., 
Sir Lindsay Wood presiding. Others present in- 
cluded Sir Hugh Bell, one of the owners’ representa- 
tives, and Mr. John Wilson, M.P., one of the miners’ 
representatives. Wages were reduced 3} per cent., 
and now stand at 53# per cent. above the 1879 basis. 
The last change was in May, when there was 4 
reduction of 24 per cent. 





A correspondent at the Hague of the Manchester 
Guardian states that there is much unemployment in 
the German textile industry, despite military re- 
quirements. The Vorwdrts says that in September 
the unemployed in this branch of industry amounted 
to 24.7 per cent., as ——— with 15.1 per cent. in 
August. The number unemployed in September 
was 200,000, whilst most of those still employed only 
worked part of the day. The total number of workless 
days in the third quarter of this year was 895,055, as 
against 139,248 in the corresponding months of last 


ear. 

. A letter froma Berlin trader states the following :— 
** As regards business, everything is at a standstill in 
the matter of blouses, jackets, &. Nothing can be 
sent to Spain, Finland, aud Russia, while Switzer- 
land, Denmark, Sweden, and Norway each have a 
moratorium. Of the various establishments most 
have gone bankrupt or have liquidated. Raw mate- 
rial is simply not to be got.” 


At a meeting of the Birmingham Trades Council 
which was held on Saturday, the 7th inst., at the 
Queen’s College, Mr. J. Kesterton, the secretary, 
read a letter which he had sent to the Postmaster- 
General. In this he stated that the council was 
not at all satisfied that the Post Office was living 
up to the Government maxim of ‘‘ business as usual. 
The letter continued: ‘‘ two of the most important 
deliveries in Birmingham have been onan. and 
the public consequently inconvenienced. llections 
have similarly been curtailed ; 103 clerks have becn 
withdrawn, and only 15 taken on in their places 
The most serious complaint we have to lodge is in 
regard to the rate of pay to tempo clerks, few 


being paid more than per week. 6 minimum 
prom be in Birmingham is 30s. per week, and for a 
Government department to fall so tly below this 
amount is & very serious thing.” he secretary also 
dealt with the nye to labourers in the engineer- 
ing department at Hill-street, which, he stated, were 
almost generally below the minimum standard obtain- 
ing in private e —— and that established by 
the Corporation. He strongly protested against the 
Government’s action. 

Mr. F. C. Sim y my = by the local branch of 
the Postal and Te ph Clerks’ Association, stated 
the following :—‘‘ The public are posting letters 
under the impression that they are receiving practi- 
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cally @ full service. That is not so. Two deliveries 
have been cancelled in the town area; this means 
that the deliveries have been decreased by 33 P ea 
cent., and the department is saving oe t 
number of men on delivery work. e cannot pos- 
ence as it should be dis- 

of, and the result is that numbers of letters are 
eft behind and fall into a later delivery at the towns 
to which the letters are addressed.” 

The chairman pointed out that 3000 hours per week 
overtime were worked at the Birmingham Post Office. 
The condition of affairs had reached a point when a 
great public protest should be made. 

On the motion of Councillor Beard, it was decided 
that a — of the secretary’s letter should be sent to 
the Members of Parliament for Birmingham. 


sibly dispose of 





Mr. John Byass, of the Manor House, Warter, 
York, says, in the Yorkshire Post, that the places of 
tne men mobilised in the Waggoners Reserve have 
never been filled. He adds the following :— 

‘* All sorts of supplies have been tried. Many of 
them were useless. me did not want work at all. 
A farmer engaged two of these men; they went on 
Saturday, they had a on Saturday night, three 
meals on Sunday, and breakfast Monday morning, 
and then walked off. All the work they did was eating. 
A good many farmers tried the fake 
but again and again was I told the men were no good. 
There would be, of course, exceptions, but, taking it 
as a whole, the Labour Exchange men are not much 
good to a farmer. . . . Then, in the East Riding, the 
men engage for a year, and live in the house with the 
hind or master, board and lodging. Our men leave us 
on November 23, and a good many have openly said 
they are going tw enlist. Seeing that there is such a 
scarcity now, what is going to hap then ? 

** The letter from the of e to the Central 
Chamber said that there was a concerted scheme in 
operation between the Board of Trade and the Board 
of Agriculture to supply any shortage. The only thing 
we could learn at the Chamber was that farmers were 
to put themselves in direct personal touch with the 
Labour Exchange. This was what those two wonder- 
ful organisations were going to do for us. They had 
better put up their shutters if that is all that they 
can do. Farmers are willing to to any source if 
only they can get suitable men, or men willing to learn. 
Failures are no g to us, neither are men who are 
constantly on the move. I think one or two things 
could easily be done ; let all the lads in country schools 
5 to the farms earlier. Again, why shouldn’t the 

Igian refugees be put on the ? Surely some 
organisation could be called into existence to put in the 
country those who are uxed to the land, and I am 
sure it would be better for them than being dependent 
on charity. There need be no fear that they would 
injure the English labourer by bringing wages down ; 
no farmer wants to do this.” . 





The rame journal, in a later issue, says that the 
annual November hirings for single farm servants at 
Alnwick on Saturday, the 7th inst., was attended b 
a large gathering of agricultural servante. A dull 
tone prevailed, and engagements were generally 
entered upon at last year’s rates. Women obtained 
9. to 12/., and girls 5/. to 7/. for the half-year. Men 
were hired at 12/. to 15/., and boys at 6/. to 9/., accord- 
ing to age and ability. In exceptional cases ls. per 
week more was conceded to men who could undertake 
responsible farm duties. 





Several of the Northumberland collieries are work- 
ing irregularly in consequence of the dislocation in 
the export coal trade due to the war, and relief 
pay to unemployed men is costing the Northum- 

a Miners’ Association a little under 1000/. a 
week, 

Since the war began, the disbursements of the 
union in this respect have amounted to over 12,000/. 
The sum required for unemployment benefit will doubt- 
less become larger, since the recent closing of two or 
three collieries has appreciably increased the number 
of members out of work. The association has resources 
sufficient to last a few more weeks. 





es to the very demands made upon the 
Midland manufacturers of saddlevy ‘and harness by the 
British Government and by the Governments of the 
Allies, several Birmingham gentlemen pro to 
start a factory in the town for the purpose of increas- 
ing the supply of military nage &e., of which the 
country is now so much in need, and at the same 
time to provide profitable employment for men of 
adaptable trades who, as a result of the war, are at 
een out of employment. Work has already been 
ound for about thirty men, including several Belgian 
refugees, and it is h that some hundred men who 
would otherwise be idle will very shortly be found 
employment at full trade-union rates. 


ur Kxchanges, | be 





The report for October issued by the United Pattern- 
Makers’ Association states that on the North-East 
Coast trade is good, and on the Tyne it could scarcely 
be improved upon, considerable difficulty having been 
experienced by the local district secretary in filling all 
the situations he had the chance of fillivg during the 

t few weeks. On the Clyde trade is on the whole 
air, although Glasgow shows a proportion of unem- 
loyed members rather above the average. As might 

fe e ted, Barrow maintains its position as bein, 
one of the best employed districts in the kingdom, an 
Belfast shows a considerable improvement over last 
month’s returns, although things there leave much to 
be desired. Inland centres show a considerable im- 
provement as com with a month ago. Man- 
chester makes fair returns, but trade is dull in other 
parts of Lancashire. Leeds and other districts through- 
out Yorkshire show a distinct improvement, with the 
exception of Sheffield, where it is somewhat surpris- 
ing to find so large a proportion of members signing 
the vacant-book. The Birmingham districts furnish, 
on the whole, excellent returns, and throughout the 
Metropolitan area trade is fair, with as many men as 
there are jobs for. Falkirk reports trade as very good, 
a little misunderstanding with regard to overtime rates 
being attended with the happiest results to members, 
who would otherwise be idle if unlimited overtime were 
being generally worked. The branches which seem to 
mostly in need of outside assistance are Sheffield, 
Liverpool, and Belfast, and a little effort on the part 
of members who find it difficult to cope with the work 
in hand should result in a speedy clearance of the 
vacant-books of these branches. The chief reason for 
the present position of the union is the Government 
work, which, very properly, is being as widely spread 
as circumstances admit, and this class of work and 
the circumstance attending its executing is not of a 
character that may be expected to possess the element 
of permanence, nor is this desired. However, what- 
ever be the wishes with regard to the present Euro- 
pean war, there is no doubt but that its immediate 
effect is to have given almost full employment 
to all workmen connected with the pattern-making 
industry. 

The joint wages agreement terminates at Liverpool 
at the end of the year, and the local officials consider 
the conditions favourable enough to justify an appli- 
cation for an advance of 6s. per week. 





The Board of Trade issued on Monday last a report 
on strikes and lock-outs, and on the work of the 
conciliation and arbitration boards, for 1913. It 
states that the year 1913 was remarkable for the 
number of disputes, which far exceeded the number 
recorded by the Department in any previous year. 
Practically all the main groups of es were affected, 
notably the building, metal, engineering, shipbuild- 
ing, and textile es. In addition to the 1497 dis- 
putes which occurred during the year, 50 disputes 
which began before the year, involving 8885 work- 
people, were in progress for varying periods of the 
year. The number of workpeople involved in dis- 
putes during the year (686,925) was higher than in any 
other year except 191] and 1912 (when great disputes 
in the transport trade and eeoegrer industry were 
in progress), and this high‘tigure tends to show the 
widespread character of the unrest, as no single dis- 


pute involved more than 50,000 eg le. The 
aggregate duration of working days of all disputes 
was 11,630,732. A large portion of the te was 


due to three disputes—viz., the motor-cab drivers’ 
dispute in London, the metal-workers’ dispute in the 
Midlands, and the general dispute in Dublin. The 
remaini portion, amounting to nearly 8,000,000 
working days, was much in excess of the total for any 
of the years of normal industrial disturbance during 
the whole comparative period of from 1904 to 1913. 
Of the 1497 aputen, 701 involved less than 100 
people, and 1366 involved less than 10,000. The 
percentage of = involved, compared with the 
number of people employed in industrial occupations, 
in 1913 was 5.6, as compared with 13.4 in 1912, and 
4.4 the mean for the ten years 1904-13. The amount 
of time lost would have been about one day per head 
if spread over the whole industrial population. 

e report states that just as the majority of dis- 
putes involved only a comparatively small number of 
people, so also the largest number of disputes were 
of very short duration. During the ten years from 
1904 to 1913 the number of disputes lasting less than 
one week has varied from about one-third to one-half 
of the total; in 1913, 669 disputes lasted less than 
one week, and the number of workpeople involved 
therein was 246,900. 

Disputes arising out of demands for advances in 
wages accounted for nearly one-half of the total 
number of workpeople directly involved in disputes 
beginning during the year. The trades with the 
largest proportion of disputes arising from this cause 
were building, mining (other than coal), quenrying, 
metal, woollen and worsted manufacture, railway, 
transport (especially carters), brick, pottery, chemical 


manufacture, &c., and the wood-working and furnish- 
ing trades. In coal-mining, y nineteen disputes, of 
small magnitude, out of a total of 163, arose out of 
demands for advances in wages. 

The great majority of disputes that occured were 
settled by direct arrangement or negotiations between 
the parties or their representatives, without the inter- 
vention of third parties. About three-quarters of 
the number of disputes, involving over two-thirds of 
all the workpeople directly involved, were settled in 
this manner. Disputes which were brought to-a close 
by return to work on the employers’ terms without 
ye ey numbered 8 per cent. of the total 

uring the first seven months of 1914 the time lost 
owing to labour disputes was even greater than in 
1913, but since the beginning of the war the majority 
of the outstanding differences have been settled. 





COPPER AND THE WAR. 

THE world’s production and consumption of copper 
have been seriously interfered with by the. war, and 
prices are very unreliable, as no one can foresee, at 
the moment, the probable demand during the imme- 
diate future, nor the length of the war. In France, 
according to apparently reliable reports, the end is 
expected next year, whilst in this country some look 
forward to years of fighting. The world’s production 
of copper during recent years has been as follows :— 


Tons. 
1913 1,005,900 
1912 1,018,600 
1911 893,800 
1910 891,000 


More than 50 per cent. of the total is produced in 
the United States; last year 589,100 tons out of 
1,005,900 tons. It is noteworthy that although the 
American output largely exceeds the American con- 
sumption, copper is, nevertheless, imported. Thus, 
during October 475 tons of slabs were imported from 
Japan and 690 tons of pig copper from Peru. Copper 
was produced last year in the following countries :— 
Mexico, 90,000 tons ; Japan, 77,200 tons; and Aus- 
tralia, 41,800 tons. As —— Europe, German and 
Austrian output was the largest, the quantity being 
52,100 tons, out of a total European output of 186,500 
tons. Great Britain is second, with 41,100 tons; 
then Russia, 34,300 tons ; and Spain with 23,600 tons. 
European consumption during 1913 reached 643,100 
tons ; after allowing for the European output, 456,600 
tonshad to beimported, obviously mainly from America. 
The European consumption was as follows:—Germany, 
259,300 tons ; Great Britain, 140,300 tons; France, 
103,600 tons; Russia, 40,200 tons; Austria, 37,200 
tons ; Italy, 31,200 tons. The American consumption 
reached the enormous quantity of 351,000 tons. Re- 
duced consumption has necessarily resulted in reduced 
production ; the world’s copper output, now that cur- 
tailment has become effective, has dropped, according 
to very competent expert opinion, to a basis of about 
550,000 tons per anuum. At the great Rio Tinto 
copper mine in Spain operations have been slowing 
down ; its operations are said to have been curtailed to 
bring it in line with orders issued by other com- 
panies, It may be assumed that the leading copper 
mines of Germany, if not entirely closed down, have 
also curtailed their production, as the two leading 
consumers of copper in that country have been idle for 
some weeks. 

The Russian output is entirely required by Russian 
consumers ; the Austrian output is unimportant ; and 
the Italian output, 1600 tons, is very insignificant ; 
whilst the Scandinavian output is only 12,000 tons. 
The Australian output has been reduced 50 per cent. 
There are three main mines in Australia—Mount 
Lyell, Mount Morgan, and Mount Elliot. A fourth, 
Great Cobar, has not been working for some months. 
Chili has drastically cut down production, as, with the 
exception of the mine at Braden, all others have 
stopped operations. The Chilian output last year was 
30,385 tons. The Peruvian output has been cut down 
50 per cent. Mexican output is reduced to a nominal 

uantity ; the t Greene-Cananea copper-mine is 

osed now, whilst the Smelting and Refining Company 
is doing next to no work. e Canadian output is 
also cut down. 
e It is important to note that, although the output of 
ore was stopped as soon after the outbreak of war as 
possible, the output of the smelting and refining works 
cannot show a similar decrease until the materials io 
the vats have been withdrawn ; ninety days must be 
allowed for that. After peace has been proclaimed, 
three months must elapse before normal refinery sup- 
plies can again be obtained. The total American 
exports for October have been estimated at about 
16,200 tons, equal to 36,288,000 lb. 

‘Towards the end of September, a noteworthy feature 
of the copper market was the action of the British 
Government in acquiring all the stocks of copper car- 
ried in Dutch warehouses, as this metal almost always 
is destined for Germany. Three of copper 
afloat for Holland were also taken by the British 
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Government. As a result of the attitude of the British 
Government the export of copper from the United 
States is restricted, as shipments can only he made 
with impunity to Great Britain, France, [ta!v, and 
Roumania, and not to the Scandinavian countries and 
Holland. Germany imports annually over 200,000 
tons of copper; a prolonged war might result in a 
copper famine. American hy exporters, who had 
copper aboard the steamship Rotterdam, which was 
seized by the British Government, although consigned 
to Holland, will be settled with~ on the basis of 
561. 10s. pertor. There were 1542 tons in the con- 
sigament. Owing to varying prices for exchange, 
the 3 per cent. war risk, and high freight rates, it 
becomes more difficult than usual to figure what 
the exporters will receive for their metal, but it 
may be estimated at about 6d. per pound. Under 
ordinary conditions, with normal exchange and no war 
risk, the equivalent of 56/. 10s. per ton would be 
close to 64d. a pound. With regard to copper stored 
in Holland belonging to Americans, the following 
statement is made on behalf of the United Metals 
Selling Company :—‘‘ The stocks of copper carried by 
this company in warehouses at Rotterdam »t the 
commencement of the war were stored in the public 
warehouses, and were covered by warrants in the 
name of a British Corporation. The British Govern- 
ment formally notified the Corporation not to deliver 
the warrants, and upon instruction of the United 
Metals Selling Company that eg | be delivered into 
neutral hands, the position of the British Government 
regarding them was disclosed. The warehouses in 
Rotterdam refused delivery of the copper except on 
presentation of the warrants, and the British Govern- 
ment took possession of the warrants, paid for the 
copper represented by them, and at its own cost and 
risk removed the copper from Rotterdam to London, 
thus putting it absolutely out of eee of the 
United Metals Selling Company to e any other 
disposition of the —— Mg 

he copper expo from America, practically all to 
Europe, during the nine months of the year and the 
co! nding months in the preceding four years has 
been as follows :— 








aa | 1914 1913. | 1912. | 1911. 1910. 
on 7 a | 
| | ! 

January... .| 35,566 | a 30,967 | 29,357 26,699 
February | 84,884 | 26,767 | 35,418 | 18,992 25,738 
March .. 46,504 | 42,428 | 27,074 | 200 | 19,963 
April .. . ..| 34,787 | 38,024 | 23,341 | 27,466 | 31,062 
May ... o --| 81,948 | 38,251 | 32,934 26,655 20,832 
June .. ee ..| 85,182 | 27,808 | 26,547 | 30,074 23,430 
July 34,145 | 29,096 | 25,445 | 34,955 22,575 
August 19,676 34,722 | 29,526 | 27, 27,876 
September | 25,746 31,733 


= 
oan 
§ 
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These figures distinctly indicate the effect of the 
war during August and September on the world’s 
copper neotets. The activities of the British Govern- 
ment to prevent shipments of copper to Holland 
increased those to the Scandinavian peninsula. 

The total value of the American copper exports 
may be taken at 30,000,000/., of which 26,250,000/. 
represents metal in pigs, ingots, and bars, whilst 
nearly all the remainder was exported in plates, 
sheets, rods, and wire. All these exports come to 
European countries, with the exception of about 
1,458,000/. worth, which were sent mainly to Canada. 
Trade in articles manufactured of rand brass is 
comparatively small. The value of Kuropean exports 
of articles manufactured from copper and brass are 
many times that of the exports of similar goods from 
the United States. American manufacturers are look- 
ing forward to the possibility of obtaining a consider- 
able share of the world’s trade in goods of manufac- 
tured copper, as a result of the war, especially to 
South America, Africa, China, and Australia. To 
what extent they will succeed remains to be seen ; it 
depends in part on the continuance of raw copper 


supplies to our manufacturers. 
ad occur as ore, 
cakes, and ingots, 


British exports and imports of 
unwrought bars, blocks, slabs, 

and copper goods manufactured. Our imports of 
Copper ore have been as follow :— 


Tons. £ 
1909 89,153 909,720 
1910 se 98,179 968,740 
1911 en” 86,596 865,740 
1912 98,226 950,860 
1913 7” = - 94,265 1,005,060 
Our exporte of ao ore mined in this country are 
on a very limited scale, and are practically ceasing, as 
shown in the next table. 
Tons. £ 
1909 2333 44,083 
1910 221 3,186 
1912 169 829 


Our imports come in small quantities from Germany, S 


Belgium, France, and via, 


im in 
quantities from South America, as follow :-— 





Tons. £ 
Venesucla ... 1913 12,949 90,744 
Peru ... 1913 RY. ain 
1909 99 : 
Chile ... { 1913 39,028 419.624 
Bolivie ... 1913 388 16.974 
1909 1, 294 
Treeerat {gig SBS 
1909 
Australia ...{ 1913 13,284 109,997 


These figures show decreased imports from Chile and 
iepoensell | imports from the Transvaal and Australia. 
Our imports of copper, regulus, and precipitate are :— 


Tons. £ 
1909 65,292 2,192,157 
1910 68,974 2,265, 
1911 64,873 2,007,432 
1912 51,565 2,007,886 
1913 39,110 1,449, 406 


Our exports are very limited ; last year only 1870 tons, 
value 37,2227. The imports are mainly from Belgium, 
Portugal, Mexico, Spain, South America, Cape of 
Good Hope, and Australia as follows :— 


Tons. £ 
1910 14,381 437,690 
Mexico re { 1912 15,387 520,766 
1913 9,637 357,765 


[The decrease last year is probably due to internal 
political difficulties. Increased imports may be ex- 
pected now that the country is again settling down. } 


quel 998.182 
1911 7, 1 
Peru coe - 1913 an am 
1911 ‘ 371,856 
“ee nies 1912 16,502 522,922 
” 1913 9,656 321,520 
: 1909 16,367 799,517 
Spain ... wl 1913 4,322 
We import unwrought copper in bars, blocks, &c., 
from Germany, France, lgium, Spain, Japan, 


United States, and Chile, as shown below :— 


12S 50.807 
. 19 , J 

f 1 69,728 4,188,812 

United States | 1910 40,922 2,412,595 
. 1909 ’ 

Australia... { 1913 31,880 —s 
. 1909 4, 

Chile... -.{ ie 6 477,409 


manufactures have steadil 


Our imports of copper 
Tbe) during 1909 to 1,095,406/. 


increared from 540, 
last year. 
Our exports of unwrought copper in ingots, cakes, 


or slabs produced in this country are given below :— 
Tons. £ 
1910 11,710 752,240 
1913 - ” 14,900 1,136,430 
and of the same imported and re-exported :— 
Tons. £ 
1910 30,620 1,767,510 
1913 19,270 1,337,010 


Our exports uf copper manvfactures, the produce of 
this country, are as follow :— 


Tons. £ 
1910 ote ons — 15,710 892,640 
1913 a we 14,470 989, 450 
and of the same imported and re-exported :— 
£ 
1911 17,790 
1913 21,160 


Our total copper expurts of all varieties are on a 
large and increasing scale, ‘as shown by the following 
figures over a term of years :— 


Tone. £ 
1909 40,440 2,745,300 
1910 50,210 3,340,000 
1911 50,300 3,374,300 
1912 43,040 2,901,200 
1913 és ron 53,200 4,180,400 
Our total imports have been as below :— 
Tons. £ 
1909 ... 288,430 11,569, 200 
1910 ... 237,950 9,295,800 
1911 ... 268,740 9,355,300 
1912 ... 251,650 11,029,200 
1913 ane ia ... 267,620 11,312,000 
These figures show a decreased quantity of imports, 


The world’s consumption of copper over a term of 
years has been as follows, in tons :— 








— 1913. | 1912 1911. 1910. 
| 

140,300 | 148,877 159,786 148,187 
France . 108,600 | 106,753 | 106,408 92,888 
Russia . 40,200 88,818 | 31,830 28,237 
German | 259,300 253,429 234,985 208,826 
ustria . | $7,200 51,574 41,101 | 87,160 
Italy . | $1,200 34,378 40,949 32,487 

United States 851,000 | 865,922 


816,791 | 


834,565 








The smailer coantries of Europe and the Far East 
take the remainder. 

It is reported that the German Government has 
followed the lead of the British Government in the 
compulsory acquirement, and paying at prices fixed by 
the British Government, of all stocks of copper stored 
in Rotterdam warehouses, and captured afloat in 
neutral vessels, belonging to American companies. 
Considerable stocks of copper are stored in Germany 
ae to American owners ; the German Govern- 
ment has confiscated them, and is paying for them on 
eae J the same terms as those fixed by the British 

vernment. Both these purchases involve a loss to 
American companies, who are, by no means pleased 
with this dauble interference with their trading. No 
information is at hand as to whether there are similar 
stocks in France. 





GERMAN INVENTION. 
To THe Eprror oF ENGINEERING. 
Srr,— Your article in Enorngerine of October 16 on 
i an Science” ts another on German inven- 
tion. Is it not a fact that not one of the great revolu- 
tionary inventions of the modern world has been made 
by aGerman? The Germans do splendid work in deve- 
loping discoveries and inventions after the foundation 
has been laid ; but, as you say, in regard to their scientific 
achievements, they do not bring forth t basic 
ideas. The great creative imagination which leads its 
r into new material fields so far has been shown 
but few of the nations anyway, and not once by the 
rmans. Since the disputed discovery of the art of 
printing have come the telescope, the steam-engine, the 
steam-boat, the railroad, the telegraph, tography, 
the sewing-machine, the Bessemer process, the telephone, 
the incandescent lamp, and the typewriter. Italy, 
England, France, and the United States have contri- 
buted to great achievements, but not Germany. 
The nearest approach to a German invention worthy to 
be classed with these is perhaps the Siemens regenerative 
furnace, which, though great, hardly rises to the plane 
of a revolutionary invention. 


Yours truly, 
Henry D. Hisparp. 
Plainfield, N.J., U.S.A., October 29, 1914. 





SHEFFIELD UNIVERSITY SCIENTIFIC 
ADVISORY COMMITTEE. 
To THe Eprror or ENGINEERING. 
Srr,—On behalf of the Shetfield University Scientific 
Advisory Committee, I shall be glad to receive from 
manufacturers information concerning any new ap 
t, or material which may be put on the market 


ratus, 
with view of ting or substituting that which 
has hitherto been supplied from German sources. 

The Committee is constantly roceiving inquiries con- 
cerning 8) ‘ , and material, and for this 
reason welcome information of the character above 
mentioned. 

Yours truly, 
W. E. S. Tonner, 


Department of Applied Science, bs George’ —. 
b. 6 Square, 
8 ‘A d, November 11, 1914. 





TELEPHONIC Procress.—The number of telephones 
under the control of the Post Office has made an extra- 
ordinary advance during the last ten years. This is 
shown by the annexed table :— 


Year. Telephones. Year. Telephones. 
1908-4 -. 22,479 1908-9 86,744 
1904-5 32,995 1909-10 98,206 
1905-6 44,849 1910-11 121,780 
1906-7 54,476 1911-12 701,125 
1907-8 79,0990 1912-13 730,768 


The results indicated are largely due to the Post Office 
taking over systems developed by private enterprise. 





PATENTS AND THE WAk.—The general principles u 
which the Board of Trade will act in dealing with appli 
cations for the avoidance or suspension of enemy- 

tents under the Patents, Designs, and Trade ‘ks 
{Temporary Rules) Acts, 1914, are now known. The 
principles mentioned hereunder 7 be taken as generally 
applicable, but special cases will of necessity receive 
exceptional treatment. ‘The applicant for avoidance or 
suspension must prove that the patentee or licensee is the 
subject of a State at war with His Majesty; he must 
aleo prove that he intends to manufacture, or cause to 
be man » the patented article, or to carry on, 
or cause to be carried on, the patented : 


further, he is uired to prove that it is in the 
general interests of the country, or of a section of the 


community or of a trade, that such article should be 
manuf or such carried on. When the 
applicant is able to fulfil these conditions, it may be 
assumed that licences will, as a general rule, be granted 
(1) where there is no manufacture in this country under 
the patent, and (2) where what manufacture there is is 
carried on by & company or firm on behalf of alien 
enemies t abroad, and there is any reason to 
doubt that the manufacture will continue to be carried 
on, or where it is in the interests of the country that 
some 0 manufacture should be etarted in the British 
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PETROL FIRE-BOAT FOR THE PORT OF GEORGETOWN, 
CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, LIMITED, ENGINEERS, 





Fig. 2. 


Tux Municipality of Georgetown, Demerara, has 
recently acquired a powerful petrol-driven fire-boat, 
illustrations of which we give above. This little 
vessel has been constructed by Messrs. Merryweather 
and Sons, Limited, Greenwich. It is of steel through- 
out, with double plating on the water-line, in order to 
withstand the rapid corrosion that occurs in the 
waters of the port. The boat is 50 ft. batween perpen- 
diculars, having a breadth of 12ft. 6 in. and draught 
aft of 2 ft. 6 in. There are four water-tight bulkheads. 
A general view of the little vessel is shown in Fig. 1. 

he centre of the boat is ocoupied by the engine 
space. A raised deck extending right across the boat 
provides a very commodious engine-room, a view of 
which is to be seen in Fig. 2. This deck plan provides 
ample area for the manipulation of the salvage-gear. 
Forward of the engine-room is cabin accommodation 
for two duty men, and there are compartments aft for 
two hose-reels and other accessory apparatus. 

The propelling and pumping machinery consists of 
two four-cylinder marine-type petrol-engines, each of 
53 horse-power, with cylinders 59 in. in diameter and 
6} in. stroke. These engines drive from one end twin- 
screw propellers, and from the other two recipro- 
cating pumps. The thrust-blocks and clutch-gear to 
the propellers are arranged in the same units as the 
reverse-gears. The pumps are driven by metal-to- 
metal cone clutches. The pumps are of the well-known 
Hatfield pattern, having three single-acting cylinders, 
with 7-in. plungers driven off a single 5-in. crank. 
The crank is totally enclosed. The pumps are placed 
on the centre line of the vessel, onl ¢ are driven from 
the engine transmission-shafte by silent chains. 

The suction inlets are arranged so that each pump 














can draw from either side of the boat through the 
large strainer-boxes. Suction branches are also taken 
up to the deck, where a fitting is provided for the 
pe a pi of —_ suction- hose for over-side 
salvage 0} tions. The delivery-pipes are taken up 
to the ak ant coupled to *¥ Ger tab eor outlet 
fitting, screwed for hose-couplings, and to a universal 
swivelling monitor. The total capacity of the pumps 
is 1000 gallons per minute at a pressure of 140 Ib. per 
sq. in., the single working nozzle being of 1f in. dia- 
meter. The boat is shown with this nozzle in action 
in Fig. 3, which illustrates the solid and compact 
character of the jet produced. The vessel has as 
of 8.84 knots, the average of several runs over the 
measured mile at Long Reach. The engines run at 
about 600 revolutions per minute. 

Tt will be realised that the petrol-driven fire-boat 

s similar advantages to the motor-driven fire- 

engine. While not in actual use the cost of upkeep 
is practically nil, while it is instantly ready for action. 
Boats of this class often have long periods of inaction, 
and during these the running costs are little more than 
the wages of the two duty men. 





DRAG-LINE BUCKET EXCAVATOR WITH 
MARTINSON TRACTOR. 

Tue drag-line type of excavator, though not used 
in this country, is a very popular machine in the 
United States, where it is extensively employed in all 
classes of drainage, irrigation, canal, railway, and 
other excavation work. In distinction from the steam- 
pote & the. drag-line excavator moves backwards 
ah of its work in excavating, and for this reason 





DEMERARA. 
GREENWICH. 


Fig, 3. 


has advantages over the steam-shovel. The steam- 
navvy usually swings to dispose of its spoil in wagons 
alongside or in its rear. If the cut be narrow, these 
operations are only performed at some inconvenience, 
while, if deep, the spoil cannot easily be dumped 
from the shovel into cars on the normal surface-level, 
owing to the limitations of the jib. For rapid work, 
therefore, a shovel-cut has to be wide enough to allow 
the spoil-train to be brought alongside the excavator 
at its own level. 

The drag-line excavator, on the other hand, standin; 
on the normal ground surface, can dispose of its spoi 
much more conveniently in many cases, as it is free to 
dump it either well back on the berms on each side of 
the cut, or into wagons brought up to it on the ground- 
level. In many circumstances the latter can easily be 
arranged for with, frequently, much greater freedom 
in choice as to approach-lines and the location of 
dump-heaps than is ible when the trains have to 
work into and out of a long cut. At the same time 
there is a considerable reduction in the risk of conges- 
tion, delay in clearing, and interruption in excavation 
while waiting for wagons. The drag-line excavator 
consists of a crane-like machine, with a scraper-bucket 
attached to the a The bucket is drawn 
towards the machine by the drag-line, scraping up 
soil as it ; it is then hoisted, the machine is 
swung, and the bucket-load dumped where required. 

An interesting and rather unusual example of this 
class of machine is shown in Figs. 1 to 6, pages 589 and 
592, in this issue. Commonly, drag-line excavators 
are mounted on wheels or rollers, for which a track, or 
at least planking, has to be laid down. The machine 
we illustrate is specially designed with a view 
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mobility and rapid work, and is for use on drainage 
and irrigation ditch construction, levee work, &c. A 
general view of the machine is shown in Fig. 1, the 
machinery being shown to a larger scale in Fig. 2. 
Fig. 3, page 592, is reproduced from a photograph of 
the machine at work, while Figs. 4, 5, and 6 show the 
machinery more clearly. The advantage of this type 
of machine is that it can move comparatively rapidly. 
It dispenses with the planking under platform, and 
therefore with the men required for p ing this 
track. Instead of needing a gang of four or more men, 
it only requires an engineman and a fireman. The 
temporary planking usually laid is rendered unneces- 
sary by the machine carrying itsown platform. Ite 
manner of moving will be clear from the following 
description in conjunction with our illustrations. 

The machine proper has attached to it underneath a 
circular platform A, Fig. 2, which serves the purpose 
of a large turntable for the main frame B. This plat- 
form is covered on its under side with steel plates, 
thus providing a large area for the distribution of 
the load. e area thus provided is so ample 
that the machine is able to travel over very soft 
ground. The machinery is mounted on the frame B, 
and includes three main units—viz., a steam-boiler, 
a main engine C, and a swinging or slewing-engine D. 
The latter, by means of bevel-gears and a pinion mesh- 
ing with a large gear on the platform A, swings 
the main frame round to any position. The main 
engine performs four duties, its operation being con- 
trolled by clutches worked by levers at the jib 
end of the main frame. When one friction-clutch is 
operated, this engine drives the winding-drum E, on 
which is coiled the hoisting-rope of the bucket. By 
engaging a jaw-clutch the drum G is overated, this 
being the winding-drum for luffing the jib. A third 
drum F can also be engaged by a friction-clutch for 
the purpose of winding in the drag-line attached to 
the bucket. The fourth operation is, perhaps, the 
most interesting. Extending across the frame is s 
heavy shaft I, on which is mounted a large gear- 
wheel H driven, when engaged, by clutch through the 
train of gears which also operates the drum F when 
clutched in. At each end of the shaft I is keyed a 
large sector K, which carries pivoted on its central 
arm alever L. To each end of L are attached two 
chains, of which the lower ends are attached to large 
shoes or auxiliary platforms M. 

When the machine has to be moved the auxiliary 
platforms M rest on the ground, and the sectors K, 
the circular periphery of which is eccentric to the 
shaft 1, are revolved by the main engine. The sectors, 
by reason of their eccentricity, slide on the upper 
surfaces of the platforms until they come into contact 
with the stops N. On the movement being con- 
tinued, the whole machine is lifted off the ground 
and at the same time moved forward (to the left in 
Figs. 1 and 2), and deposited in a new position 8 ft. 
distant. If the sector rotates further, the beams L 
are gradually raised until the auxiliary platforms M 
are lifted off the ground. The completion of the re- 
volution of the sector results in the platforms being 
swung forward 8 ft. and deposited again in a new 
position underneath the descending sector, ready for 
the machine to be lifted afresh. The disposition of the 
weight causes the machine to tilt slightly, so that the 
odin edge of A is always off the ground when moving. 
The movement forward of 16 ft. for each setting can 
be accomplished in half a minute. Fig. 6 shows 
plainly the two auxiliary platforms or shoes M and 
the sectors, chains, &c., raised. Figs. 3 and 4 show 
them in the act of being raised ; Fig. 5 shows one 
of the platforms M rather more clearly. As soon 
as the machine has been placed in position, or brought 
to a new one, the sectors are raised into the posi- 
tion shown in Fig. 3, and are there locked by a 
brake. The clutch is then disengaged, and the 
machine is ready to commence excavating. It will 
be evident that this machine may be moved in any 
direction. All that has ro be done is to swing it on 
the turntable A while the shoes are off the ground, so 
that it points the proper — before moving it. Its 
direction is chan with the greatest ease. It is 
therefore suitable for excavating wide ditches as well 
as narrow, since it can dig out half the width, deposit- 
ing on the berm on one side, and can then move over 
and excavate the other half, depositing the spoil on 
the other berm. This method of handling also enables 
rapid work to be accomplished, as a stiffer jib and a 
larger bucket can be employed with short reaches than 
is the case with the less mobile long-jib machines of 
the ordinary pattern. This Martinson tractor does not 
add to the total weight of the machine, as the special 
gear is about equal in weight to the rollers, skids, 
planking, &c., eliminated. In addition, the whole 
machine is set somewhat lower—an advantage in the 
—e type of excavator. 

The Page scraper bucket, with which the machines 
illustrated are equipped, has a cutting edge, armed 
with teeth if necessary, at O. After being allowed to 
fall on the ground by running out the hoisting-rope P, 
the bucket is dragged 


which gives it sufficient tilt to bite well in. 
the bucket is loaded, the hoisting-rope 
This puts a tension on the line 
the bucket is thus raised. When the jib is swung 
round to the dumping position, the drag-line is 
relaxed, and the bucket tips over and empties its 
load. We should explain that the ho:sting and drag- 
line drums E and F are provided with friction-clutches 
worked by auxiliary steam-thrust cylinders placed on 
the ends of the shafts, while outside asbestos-lined 
band-brakes are also fitted to them for the proper 
manipulation of the bucket. These machines are made 
by the Monighan Machine Company, 2016, Carroll- 
avenue, Chicago, Ill., U.S.A., in three sizes. One 
is furnished with a 40-ft. jib and l-cubic-yard bucket ; 
the intermediate size has a 50-ft. jib and a 2-cubic- 
yard bucket ; the third has a 65-ft. jib and a 3-cubic- 
yard bucket. 
about 85 short tons, the turntable platform having a 
rail circle 24 ft. in diameter. 
cylinders 10} in. by 12in., and the swinging engines 
cylinders 7 in. by 10 in. 
15 ft. long and has a barrel 60 in. in diameter. 

















































connection with our description of the Balcke wet air- 
filter, in our issue of October 23 last, page 502, we should 
have stated that the filter fitted to the ozonising plant 
for the Baker street and Waterloo tube railway was 
supplied b 
to Messrs. 
plied the ozonising plant. 


Limited, Huddersfield, state that they have recently 
been favoured with an order for twenty-three British- 
made Gledbill-Brook time-recorders from Sir W. G. Arm- 
strong, Whitworth and Co. for their Ordnance Works, 


rene segmenting 

forty-five ers to other British engineering firms.— 
The New South Wales Government ha 
tender of the Brush Electrical Engineering Company for 
generator 
foe oF ihe Brush El 1 E 

er of the Brus ectrical Engineering 

been accepted for the supply of hydro-electric plant and 
transformers for the township of Tauranga, New Zealand. 
—The six months’ contract for the supply of Osram lamps | |; 
to the General Post-Office has 


Watson Company, Limi 


ceived orders for condensing plants from six corporations 
and munici 


works, and from four other manufacturers. 










heavier construction than is real 


in towards the machine by the} the 
line Q. This is attaehed to the bucket at a point 


When 
is drawn in. 
, and the mouth of 


The shipping weight of the latter is 
The main engines have 


The locomotive boiler is 





Arr- Fitter ror Tuse Rattway: ApprenpuM.—In 


Messrs. Balcke and Co., as sub-contractors 
iemens Brothers and Co., Limited, who sup- 





Contracts.—The Gledhill - Brook Time - Recorders, 


They have also recently supplied 


ve accepted the 
lant. condensers, and auxiliaries for equip- 
e Albury electricity-supply station.—The 
i Company has 


again been secured by the 
Electric Company, Limited. —The Mirrlees 
, Glasgow, have recently re- 


bodies, from ten collieries, from four iron 





TexTILeE MACHINERY IN Russ1a.—In the textile ma- 


chinery markets of the world the United Kingdom holds 
a stron 


ition, having an annual export valued at some 
000, ., against about 2.000,000/. for Germany. In 


some markets, however, German competition is im- 
portant. 
which Germany exports annually some 300,000. worth 
of textile machinery. In a recent brochure dealing with 
this subject, issued by the Commercial Intelligence 


Russia is one of these, being a country to 


Branch of the Board of Trade, some interesting informa- 


tion in reference to the Russian market is quoted. It is 
stated that textile machinery, as well as other machi- 
nery and electrical apparatus, coming into Russia has to 
pay duty by weight. This fact has been more clearly 
realised, or more definitely acted on, by Ge’ 
facturers than by British. Thus, in some of the compara- 
tively rough machines of the textile trade, although they 
may be cheaper delivered ah the makers’ works in 
England than corresponding German machines in Ger- 
many, they are dearer delivered free in Moscow, simply 
owi 


rman manu- 


to their heavier framework. [t is suggested that 
the cheapness of cast iron in England leads sometimes to 
ly necessary, and that 


during t efforts to extend export trade the matter 


should be given attention. 





THe Frencu Lorraine Inon-Mings.—We read in the 
Madrid journal Revista Minera Metaliirgica y de In- 


genierta an article which refers to Stahl wnd Eisen, and 


states the following amongst other points: — ‘‘ The 
French iron works located in the regions where hostilities 
are raging have not suffered any considerable damage. 
As an instance, Longwy and its vicinity may be stated, 
where the works y suffered any deterioration, 
although the bombardment lasted over eight days. The 
Germans occupied the rich mineral district of Briey from 
the first week of their advance upon French terri x 
The German Government, and this, if exact, is a really 
interesting news item, has established a Technical Bureau, 
the duty of which is to inspect all the mines of the dis- 
trict, and to see to the safe keeping of the works and 
installations there, preventing subsidences, flooding, &c. 
By this means, although the mines will be idle for a few 
months, once matters return to their normal state, ex- 
ploitation can be resumed without the necessity of 
previousl comrying out important and costly work, such 
as the duasieg of galleries, strengthening operations, 
draining, and reconstruction.” From this we gather that 
either man pier y is not good, or that German 
artillerymen can avoid ction by gun-fire when thev 
are so minded ; also that the war is to last ‘‘a few months;” 
and, further, that someone ‘“‘sits up aloft” watching for 

of the Freneh iron industry in the Briey 

















































continued, 
quoted 49s. 3d. cash, 493. 6d. one month, and 49s. 104d. 
three months. In the afternoon Cleveland warrants 
were steady, and one lot changed hands at 49s. 54d. one 
month, an 
cash and 493. 61. one month. When the market o 
to-day (Wednesday) Cleveland warrants were held 
— of 2d., but no business was done. At the close 
sellers 
afternoon session was firm, and 1000 tons of Cleveland 
warrants were done at 49s. 54d. twelve days, and at the 
close sellers quoted 49s. 6d. cash and 49s. 9d. one month. 


is sti 
nature. The current aon for prompt lots is 10/. 17s. 6d. 
Rowand delivery. 








able-iron trade the conditions have varied ver 
during the 
cations. 
prices continue on the basis of 7/. 12s. 6d. per ton, less 
5 per cent., for “crown” bars, and 7/. per ton net for 
shipment lots. 


NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with an easier tone, but no 
ealing took place. Ab the close sellers named 49s. 3d. 


cash and 493. 6d. one month for Cleveiand warrants. In 
the afternoon another idle session was recorded, and 
sellers’ quotations were unchanged. Oa Friday morni 

the market was again lifeless, and the prices of Cleveland 
warrants were s 


teady at 49s. 3d. cish and 49s. 6d. one 


month. In the afternoon there was little change in the 
conditions, but 2000 tons of Cleveland warrants were put 
through at 49s. 14d. seven days. and the closing quotations 
were down to 493. 1d. cash and 493. 44d. one month. On 
Monday morning business was ata standstill, and although 
sellers of Cleveland warrants quoted firmer at 49s. 2d. 
cash and 493. 44d. one month, buyers’ prices were easier at 
48s. 104d. and 49s. 14d. respectively. 
in the afternoon, when 2000 tons of Cleveland warrants 
were done at 49s. 44d. one month, with sellers over at 
= more. For the cash i 


firm tone prevailed 


ition sellers named 493. 2d. 
n Tuesday morning the firmness of Cleveland warrants 
but no transactions took place, and sellers 


the session closed with sellers at 49s. = 
n 
ran 


49s. 5d. cash and 49s. 8d. one month. The 


Sul, of Ammonia. —The sulphate of ammonia market 


rather dull, and dealings are of a very limited 
ton, Glacgow or Leith, and 53. per ton more for 


Scotch Steel Trade.—The situation in the Scotch steel 


industry has not changed to any extent, either the one 
way or the other, and while there is still a scarcity of new 
business, a fairly hopeful feeling pervades the trade. With 
shipbuildin 
little imm: 


rather quiet, the demand for plates shows 
iate signs of expansion, and boider-plates are 


also somewhat dull. The black and galvanised sheet trade 
is also a bit easier, and the same may be said with regard 
to structural sections. In normal times the output of the 
various kinds of steel material from Scotch wor 


is on a 
arge scale, with the result that when plant is not running 


very full we are apt to think that there is littledoing. In 
the meantime, considering the great upheaval caused by 


t war, and the very wide area of the world 


the 

which is affected, it is little short of wonderful to find 

so much business going through. Of course, the shipping 

side of the trade has i i 

gectly to the uncertainty of cargoes 
es 


lately been rather quiet, owing 
ting safely to their 


t 
tinations, but now that two of the enemy’s warships, 


which have recently caused much trouble and loss, 
have been put out of action, a fillip will be given to 
the export trade. Some of the foreign markets have 
not been sending forward many orders of late, but India 
and Australia have done tolerably well in a limited way, 
and the general inquiry all round ‘is moderately good 
the present time. Prices are without change where 
under official control, but the offer of a decent line for 
prompt delivery is a strong inducement for a very keen 
quotation to secure the order. 


at 


Malleable-Iron Trade.—In the West of Scotland malle- 


little 
it few weeks, owing to the scarcity of specifi- 
he report is again “‘ no change,” and home 


Scotch Pig-Iron Trade.—The demand for Scotch pig- 


iron has not increased, despite the fairly low prices at 
present ruling, and stocks show a slight increase. The 
output is smaller than at this time last year, when there 


were eighty furnaces in blast as against sixty-six now. 
Prices are easier, and the following are the market quo- 
tations for makers’ (No. 1) iron: Clyde, 67s. 6d.; Calder 
and Langloan, 68s.; Gartsherrie and Summerlee, 68s. 6d.; 
(all shipped at Glasgow); Eglinton, 62s., and Glengar- 
nock, 6d. (both at Ardrossan); Shotts (at Leith), 68s. ; 
and Carron (at Grangemouth), 68s. 6d. 





Tae Junior Institution oF EncingEers. — In the 
rooms of the Junior Institution of Engineers, Mr. Robert 
Rankin, B Sc., lectured recently on ‘The Working of 
Storage Batteries.” One fruitful source of trouble with 
batteries being excessive discharging, Mr. Rankin de- 
scribed an instrament which he has invented to enable 
battery-operators to keep within proper limits, the in- 
strument, 4 curves a the ype Ne poem 
capacity, with rate of discharge, amongst other things, 
ie does on lantern-slides. - 





PRINTING MACHINERY IN THE BaLkans.—According 
to the British Chamber of Commerce of Turkey and the 
Balkan States, the trade in printing machinery, which 
was at one time almost entirely in the hands of British 
firms, has gradually passed over to the the chief 
reason being that facilities are given for payment. British 
makers insist, as in the past, on payment part in cash 
with order and balance inst documents. To-day in 
the different printing ectalidunante (Government and 
sy the machines most highly spoken of are of 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—The official returns relating to coal 
traffic by way of Hull during October last show that 
though ae is a substantial slump in shipments, South 
Yorkshire collieries manage to maintain a overseas 
business, and that the undertone of the market is not so 
weak as is represented in some quarters. The total 
traffic registered for the ten months een pl egret 
was a little short of 5 million tons, about 1 million tons 
below thatof the ee period last year. Ex 
which totalled 24 million tons, declined by an 
equal amount as compared with last year’s turnover. 
For the month, foreign trade reached 167,572 tons, being 
almost equal to that of September. There was a marked 
decrease in comparison with the October, 1913, level, but 
this was more accounted for by the collapse of busi- 
ness with Germany and Russia. France, the best cus- 
tomer, took 48,559 tons—an increase of no less than 30,000 
tons. Belgium also took about 10,000 tons more than a 

ear ago. An average trade was done with Sweden. 
Exports to Holland and Norway declined. The total 
tonnage sent to the port during month—382,635 tons 
—was little more than half that of October, 1913. The 
biggest declines were in the cases of the Denaby and 
Cadeby Main Collieries, which sent about 21,000 tons less 
than October, 1913, and the Grimethorpe and Frickley, 
which sent about 13,000 tons less. 


South Yorkshire Coal Trade.—Very little business is 
ing in house Orders for local and country 

consumption are chiefly for the best sorts. London is 
only taking small quantities. The steam-coal market is 
a little easier. Home industrial consumption is heavy, 
particularly in the case of the local armament houses and 
other similar concerns, which are working at the highest 
pressure night and day, weekday and Sunday alike. On 
the other hand, shipments at the Humber ports are on 
the decline, and there is small hope of an early improve- 
ment. Collieries which have built up their i 
solely on export requirements are only working two days 
a week. They are, of course, exceptions. ost pits 
have on their books contracts with home railway com- 
panies and other home consumers, they are making 
about four days a week. Values remain steady, despite a 
small amount of forced selling. Stocks are not unduly 
heavy. Gas fuel is a firm, but quieter, market. Little 
business is passing in slacks, and though hopes are enter- 
tained of a better demand from the cotton areas, no 
improving tendency has yet been noted. Stocks are on 
the increase, and there isa good deal of selling pressure 
The market for coke is s' t. Prices are stati ° 
Quotations :—Best branch hand-picked, 16s. to 16s. 6d.; 
Barnsley best Silkstone, 12s. 6d. to 13s. 6d.; Derbyshire 
best brights, 12s. 6d. to 13s. 6d.; Derbyshire house, 11s. 
to 12s.; best large nuts, 1ls.; small nuts, 9s. 3d. ; 
Yorkshire hards, 10s. to 1ls.; Derbyshire 
9s. 6d. to 10s. 6d.; best slacks, 7s. to 8s.; seconds, 4s. 9d, 
to 5s. 9d.; smalls, 1s. 9d. to 2s. 9d. 


Tron and Steel.—The continued inaction of raw material 
consumers has resulted in a sharp deflation of values. 
Fortunately, coke is cheap, and makers are able to 
duce at a low cost, thus leaving a profit on reduced selling 
prices. West Coast hematites are now quoted at 80s., Kast 
Coast hematites at 70s., Lincolnshire foundry at 56s. 8d., 
Lincolnshire forge at 55s. 8d., Derbyshire foundry at 
55s. 6d., and Derbyshire forge at 53s. 6d. On the month, 
West Coast hematites have declined 1s., East Coast hema- 
tites, 3s. 6d.; Lincolnshire foundry, 3s.; Lincolnshire forge, 
3s.; Derbyshire foundry, 1s. 3d.; and Derbyshire forge, 
ls. 6d. At the moment prices are steady, but new busi- 
ness is still scarce, and a further lowering of values is 
not improbable. Swedish material is dearer on account 
of the extra cost of shipment, but supplies are adequate. 
The South Yorkshire -Iron Makers’ Association has 
decided, in view of the better outlook in finished iron, to 
continue its basis quotation of 8/. 5s. Sheets are quoted 
at 97. 10s. The high price of steel billets, consequent 
upon the unusually heavy demand made by special-steel 
makers, is causing inconvenience to those manufacturers 
who are competing for orders for low-priced finished 
goods of the kind that Germany has been supplying. 
The scarcity of skilled workers is more pronounced than 
ever in the engineering trades. Export business shows 
an improvement in several important directions. South 
Africa, Nerway, and Australia are 7" ey 
larger — of steel bars, angles, rods, &c. Tools are 
on order for Yokohama and Rangoon, and special steel 


is being made for New York, Montreal, and Cape Town. | Co 


Armaments of an unusually large ty 
py i is Vickers, Limited, and 
simited. 


are being made 
essrs. Hadfields, 





Tne Tyne.—Coal was shipped from the Tyne in 
October to the extent of 1,296 988 tons ; 31,258 tons of 
coke were also shipped. These totals showed a decrease 
of 596,904 tons in coal +hypments, and an increase of 990 
tons in coke shipments, as compared with October, 1913. 





Our Locomotive Exports.—In spite of the war there 
can now be no doubt that 1914 will be a good year for our 
‘ocomotive exports. This is explained by a larger 
demand for engines for South Africa, British India, and 
Australia, which has more than off-set a reduction 
observable in shipments to tina. The value of the 
locomotives exported in October was 368,540/., as com- 
pared with 244,247/. in October, 1913, and 263,383/. in 
October, 1912, while in the ten months ended October 31 
this year shi ments were made to the value of 3,298,011/., 
— with 2,311,563/. in the first ten months of 

913 and 1,694, 3602. in first ten months of 1912. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.essroucH, Wednesday. 
The Cleveland Iron Trade.—War news has assisted 
materially in strengthening the market so far as Cleveland 
pig-iron is concerned. Information to hand has induced 
shi to take a less despondent view of the situation, 
consumers are running rather short of supplies. 
The result is that pig-iron is being taken up to an extent 
that makes demands upon makers’ stores, current output 
being inadequate. No. 3g.m.b. Cleveland pig ie now 
49s. 9d. f.o.b.; No. Lis up to 52s.; No. 4 ge A 
49s, 3d.; No. 4 torge 483. 9d.; and mottled and white 
iron each 48s. 3d.—all for early delivery. There is a 
little inquiry on forward account, and buyers are pre- 
= to pay quite 6d. above the foregoing quotations 
‘or delivery over periods next year. uotations for 
East Coast hematite pig tend downward, but values 
are still high as compared with prices for Cleveland 
iron. Both makers and merchants offer Nos. 1, 2, 
and 3 rather freely at 61s. 6d. for either early or 
forward delivery, and doubtless some second hands 
would accept a trifle below that figure. Foreign ore 
is decidedly firmer. Freights are moving , and 
vessels are difficult to fix. Market quotations are based 
on 17s. 6d. ex-ship Tees for Rubio of 50 per cent. 
quality, for early delivery ; whilst nothing under a basis 
of 19s. isnamed for 2 over periods next year. Coke 
is decidedly weaker, tho’ leading sellers are very un- 
willing to admit actual reductions in quotations. Durham 
beehive blast-furnace kinds of average quality are put at 
17s. 3d. delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland 1, in 
the public warrant stores now stand at 103, tons. 
Since the beginning of the month the stock bas been 
reduced by 779 tons. Shipments of pig-iron from the 
Tees to date this month average 2436 tons per working 
day, the total despatches being returned at 21,927 tons, 
19,762 tons of which have gone from Middlesbrough, and 
2165 tons from Skinningrove. To the same date last 
month the loadings were given at 13,532 tons, or a daily 
average of 1503 tons, for the i o 
November a year ago the clearances 32, tons, 
or an average of 3588 tons per working day. 


Manufactured Iron and Steel.—There is little new to 
wut concerning the manufactured iron and steel trades. 

orks are kept y, but new orders are scarce. Prin- 
cipal market quotations stand :--Common iron bars, 8/.; 
best bars, 8/. 7s. 6d.; best best bars, 8/. 15s.; packing 
iron, 6. 5s. ; iron ship-plates, 7/. 5s. ; iron ship-angles, 8J.; 
iron ship-rivets, 8J. 7s. 6d.; iron girder-plates, 7/. 5s.; 
steel bars (basic), 7/. 10s. ; steel bars (Siemens), 7/. 15s. ; 
steel es 71. 5s. ; steel ship-angles, 7/.; steel boiler- 

lates, 5s.; steel strip, 7/. 58.; steel hi 81.; steel 
joists, 7/. 2s. 6d.; cast-iron columns, 7/. 7s. 6d.; cast-iron 
railway chairs, 4/. 5s.; light iron rails, 7/. 15s.; heavy 
steel rails, 6/. 7s. 6d.; coal railway sleepers, 7/.—railway 
material net.at works, and all other descriptions less 
24 per cent. discount ; vanised corrugated sheets, 
24 gauge, in bundles, 14/. f.o.b.—less 4 per cent. 





Bgieian Enoingxers.—The offices of the Society of 
oo at 17, Victoria-street, Westminster, are open 
daily from 10a.m. to4 p.m. (Saturdays, 10 a.m. tol p.m.), 
and Belgian engineers who are now in England on account 
of the war are cordially invited to apply to the Secretary 
when they are in need of any information. 


Tue ‘‘MecuanicaL Wortp” Pocket Diary AND 
Yxrar-Boox.—We have received a copy of this annual 
for 1915. It is published at the price of 6d., by Messrs. 
Emmott and Co., Limited, 65, King-street, Manchester, 
and 20, Bedford - street, London, W.C., the present 
volume being the twenty-eighth annual edition. The 
work is a well-known one ; it is a most handy epitome of 
facts and formule on steam reciprocating engines, steam- 
turbines, boilers, oil and gas-engines, the component 

of machinery, structures, &c. Several chapters of 
this latest edition have been re-written, the section on 
gearing contains useful notes on gear-cutting, and all 
the matter has been revised, where necessary, to conform 
with the progress made in engineering. The book carries 
with it its own commendation ; almost all that need be 
said concerning it is that the new edition is now available. 





Tue Rovumanian Macuinery Market.—We read in 
the Bulletin for September of the British Chamber of 
mmerce of Turkey and the Balkan States that the 
value of the machinery imports in Roumania in 1911 was 
2,342,5741., of which 1,212,477/., or more than half, came 
from Germany, 474,690/. from Austria-Hungary, 324,250/. 
from the United States, and 211,914/. from the United 
a The United Kingdom has thus fallen from the 
third to the fourth position among the countries export- 
ing machinery to Roumania. The extremely rapid 
advance of the United States under this head has been 
7 Se Lae gad ge | eas 7s — years 
fs) cultural machinery, in ticu reaping- 
=adient, which are almost entiecty, derived from that 
oueey- Hydraulic machinery came mostly from the 
Uni Kingdom and Germany ; steam-engines almost 
entirely from Germany and Austria - Hungary; oil- 
engines from Germany, the United Kingdom, | Swit- 
zerland ; portable engines and thrashing hi from 
the United poy a e-R- — sae | 
printing, paper-making, textile inery practi- 
cally all from Germany; machine-tools hom Uckessay 
and Austria-Hungary ; electrical machinery and appara- 
tus from Germany, Austria-H . and France ; type- 
writers and sewing-machines mostly from the United 
Kingdom, but probably in the form of re-exports. 





neering 
¢| of 10 per cent. for the 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been generally dull. 
a, have maintained quotations at previous levels, 
al hh those with heavy. stocks and threats of pit 
stoppages have been willing to make concessions to 
buyers who would take deliveries within the next few days. 
Some colliery owners holding large Admiralty contracts 
still find it difficult to keep their pits fully occupied. 
The best Admiralty steam-coal has made 2ls. to 
ton ; best secon qualities have brought 19s. 


EP 
q 
4 
i 
e 
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. to 14s.; and 

have made 7s. to 7s, 6d. per ton. Patent 

fuel has been quoted at 16s. 6d. to 17s. 6d. per ton. 
Special coke has realised pe RIF 
foundry coke, to 24s.; and furnace coke, 17s. 6d. to 
or ore 8 regards iron ore, Rubio has realised 


ve to 
grope very much in the dark. It is stated, however, that 
e Government has i railway companies that 
they shall not suffer Government military traffic 
preced ) business, and that the 
companies shall be in as good a position as that which 
they occupied before the outbreak of hostilities. Upon 
the faith of me rey mm Western Railway ordinary 
stock has rallied to 1074. 
Barry.—The directors of the Barry Graving Dock and 
i Company, Limited, a oe | a —— 
0} year upon the ordinary sbares 
of thecompany. Full provision is, of course, made for 
the dividend accruing upon the preference shares. 


Newport.—The steam-coal trade has not shown activity. 


Current are not regarded as particularly en- 
couraging, stocks of all qualities being heavy. ‘The hest 
Ne vein le 16s. 9d. to 17s. ; 


has 
Western Valleys, 16s. to 16s. 6d.; and Eastern Valleys, 
15s. 6d. to 16s. per ton. 


Bristol Relief Works.—Should relief works have to be 
started in Bristol during the coming winter, one of the 
first matters which will be taken in hand will be the 
widening of Filton-road, from Horfield Barracks to 
the city boundary. Terms have been arranged for the 
purchase of the land required to provide a road, 50 ft. 
wide, in the place of an existing one which, at certain 
points, has barely a width of 20 fb. 

The Swansea Valley.—There have been substantial out- 
puts at the anthracite and bituminous pits. The output 
of pig iron has also increased. There is still depression 
in the tin-plate trade, and several mills are stopped, only 
three mills being in operation at Ystalyfera, three at 
Gilwern, and three at Ystrad is. The Mannesmann 
Tube Works are well supplied with orders, and have even 
had to resort to overtime. 


Newport Bridge.—Further consideration was given on 
Monday to schemes for re-building Newport Bridge. Mr. 
De Vesian submitted plans for a tem bridge while 
the main structure was being built. te was decided that 
the Borough Engineer (Mr. H. Tremelling) should report 
upon one of the schemes, which contemplates the building 
of a bridge, 25 ft. wide, to form part of the main structure. 





Hone Kone Untversity.— The University session 
1914 15 commenced on September 14 with a good entry 
of students—eight en from the vince of Chihli, 
and several from the Straits, Shanghai, &c. Since the 
last session the staff has also been increased, the latest 
addition being Mr. Walter Brown, M.A., B.Sc., a leo- 
turer in mechanical i ing. There are now seventy- 
six students in the Universit egg ed engineering, and 
the British staff consists of the Taikoo professor, five 
lecturers, and an electrician. 





Unitep Statss Steet Corporation.—This important 
company has reduced the dividend upon its ordinary, or 
common, shares from 5 per cent. per annum to 2 per cent. 
perannum. The unfilled orders which the company had 
on hand at the close of September were only 3,787,667 
tons, showing a decrease of 245,190 tons as compared with 
the wen apr A total at the close of August, and 
the business of the company is at present barely 50 
per cent. of the capacity of its mills. The dividend 
upon the ordinary, or common, shares had been at the 
rate of 5 per cent. per annum since June, 1910; but the 
reduction just announced to 2 per cent. per annum had 
been fully anticipated. It should be observed that the 
surplus funds were drawn upon to the extent of 
5,159,237 dols. in order to maintain the 5 per cent. 
dividend for the June quarter, while with a distribution 
at the reduced rate of 2 per cent. the dividend account 
surplus at the close of September was 89,479 dols. -The 
balance available for dividend for the quarter endi 
September 30 was 8,935,911 dols., as compared wi 
7,499,463 dols. available for the quarter ending June 30. 
The dividend upon the — stock absorbed 
6,304,919 dols. for the tem quarter, and 2,541,513 
dols. has been distributed upon the common stoek, 
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Tas Juxtor Instirution oF Enorneers.—Friday, November 13, 
at 8 p.m., at 39, Victoria-street, Mr. F. D. Evans will read a paper 





delaide, | On “The Engineer and Malaria.” On November 20, at 8 p.m. 


Mr. J. H. Pearson will read a paper on “‘ Building Contracts 
Sub-Contractors.” 

Tar CLEVELAND InstrruTION oF Exo ineers.—Monday, Novem- 
ber 16, at 7.30 p.m., in the Hall of the Cleveland Literary and 
Philosophical Society, Corporation-road Middlesbrough; 
by the ent, Sir Thomas Wrightson, Bart. 

Tue Instirvrion or OCrvin ry more beng = | 17, 
at Sp.m. Paper to be read, ‘‘ Economics of tric Railway 
Distribution,” by Mr. Horace Field Parshall, D.Se., M. Inst. ©. E. 

Tue Instrrvtion or E.ecrricaL Eneineers : BirmincHam Locan 
Sxrcrion.—Wedn » November 18, at 7.30 p.m., in the Latin 
Theatre, at the University, Edmund-street, Chairman, Dr. 
A. H. Railing, will deliver his inaugural address. 

Tue Liveerpoo. Enemessree Socirery.—Wedneeday, Novem- 
ber 18 A paper by Mr. J. Nenholm Young, on “‘ The 
of Merchandise by Sea and by Land: Some Figures and - 

ns.” 

Royal METEOROLMGICAL Soctety.— Wednesday, November 18, at 
7.80 p.m., in the Surveyors’ Institution, 12, Great 
Westminster Papers to be read: 1. “ Isomeric Rainfall Maps of 
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Salter. 2. ‘“‘A See-Naw of Temperature between England and 
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InstrruTION OF MINING AND MetTaLLurey. — Thursday, 
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will be discussed :—‘* Persistence of Ore in Depth,” by Mr. T. A. 
Rickard, Member. 

Tax Concrete InstituTe.—Thursday, November 19, at 7.30 p.m., 
in the Lecture Hall at Denison House, 296, Vauxhall Bridge-road, 
Westminster, 8.W. Presidential address yy Professor Henry 
Adams, M. Inst. C.E., M.I. Mech. E., F.S.1., M.8.A., &. 

Tar LInxstirution oF MecnanicaL Enomesrs—Friday, Novem- 
ber 20, at 8 p.m., a paper on ‘The Effect of Vacuum on Steam- 
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NOTICE. 


In consequence of the regrettable state of affairs 
on the Continent it is impossible to ensure that 
copies of ENGINEERING addressed to some Conti- 
nental subscribers will reach them. It is therefore 
proposed (unless instructions are given to the 
contrary) to retain such copies until they can be 
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ELECTRICITY IN LONDON. 
Art the meeting of the London County Council 
on Tuesday last it was decided that a Parliamentary 
Bill should be promoted, in the 1915 Session, for 
the establishment of a new electricity authority 
for Greater London. This represents another step, 
vain or not we cannot yet say, in the sisyphean 
labour of reducing the chaos of London’s electri- 
city supply to some sort of order. The Bill will 
follow the lines of the recommendations of the 
Special Committee which reported during last 
summer. The Committee’s proposals should have 
come before the Council in July, but, owing to the 
press of other business, had to stand over until 
after the recess. They have been brought to the 
notice of the Council once or twice since July, owing 
to the requirements of various Standing Orders, 
but it was only on Tuesday last that they were the 
subject of discussion. We gave a summary of the 
— last July, and dealt in leading articles 
with various aspects of the problem concerned 
when commenting on Messrs. Merz and McLellan’s 
report to the Special Committee last April. The 
stage reached on Tuesday justifies a return to the 
subject. 

It will be convenient if we begin by restating 
briefly what the Committee’s proposals are. The 
intention is that an entirely new authority shall be 
constituted to have control over the electricity 
supply of an area containing the whole of Middle- 
sex and the county of London, the county 
boroughs of Croydon, East Ham, and West Ham, 
and parts of Essex, Kent, Hertford, and Surrey. 
The precise limits of the new area we do not know, 
but it would cover 964 square miles. Its great 
extent will be indicated by the fact that the present 
Metropolitan Police area covers only 691 square 
miles, and the Water Board area 559 square miles. 
The new authority would be made up of members 
representing the various counties and boroughs 
power to take over any 
existing authorised distribution, but it is not pro- 

that either company or municipal rights 
shall be compulsorily acquired. The rights now 
by the London County Council and the 


eos | Xtra-London local authorities for the purchase of 


existing undertakings would pass to the new 
authority, which would have power to acquire by 
agreement or take on lease the undertakings of any 


company or companies, or any local authority or 


_jable time is a 





authorities, in the new area. The London Electric 
Supply Acts of 1908 and 1910 would, when neces- 
» be modified to enable existing company 
undertakings to be taken over b ment before 
1931. The new authority weal a power to 
build generating-stations, lay mains, &c. 
It is of the first importance to realise that the 
suggested scheme is in no way comparable with 
that which resulted in the formation of the 
Metropolitan Water Board. Nothing is to be taken 
over by compulsion, and, as a result, it is hoped 
that the authority will be enabled to start work 


-| with no, burden of dead capital to hamper its 


freedom. The essential idea is of a body having 
some powers and control over the electric supply 
of the whole of the new Greater London area, 
which shall: be enabled to work towards a 
unification of supply methods, and an ultimate 
ideal which will cover the generation of all elec- 
tricity in riverside stations outside London proper. 
It is clear that an authority of this class may have 
difficulty in obtaining the co-operation of existing 
undertakers, either company or municipal, and to 
partly meet this difficulty it is proposed that the 
authority shall have certain general powers of 
approval in regard to extensions of existing under- 
takings. It is also proposed that authorised distribu- 
tors in the area of supply shall be required to take 
from the new undertaking any additional power they 
may require, subject to it being shown to the satis- 
faction of the Board of Trade that it would be more 
profitable for them to do this than to extend their 
own plants. Further, any extensions of generating- 
stations or. distributing networks allowed by the 
Board of Trade should, as far as that Board con- 
siders' practicable, be carried out in accordance 
with the standard and unifying scheme of the new 
authority. 

These various proposals are of a novel nature, 
and the likelihood of an authority of such limited 
powers being able to carry out any important modi- 
fications in the general technical methods of 
London’s electricity supply in anything like a reason- 
uestion that will stand much dis- 
cussion. The Special Committee’s recommenda- 
tions, however, cover matters of an even more 
novel character than anything we have yet dealt 
with. It is proposed that the new authority shall 
delegate its powers to a public company which 
shall construct the necessary works and operate 
the undertaking for a term of fifty years. The 
capital would be provided in part by the authority 
and in part by the company, and the authority's 
position would be safeguarded by it being given 
power to take over the undertaking at the end of 
the term of contract on payment to the company 
of a sum equal to the capital provided by it. The 
authority would also have power to take over 
the undertaking in the event of the company failing 
to fulfil its statutory or contract obligations. The 
rights of the authority would further be safe 
guarded by a permanent technical committee ap- 
pointed, and, as far as we understand it, paid by 
the authority. This committee, it is proposed, might 
consist of the chairman of the authority, the engi- 
neer of the authority, the financial adviser to the 
authority, and an outside member appointed by 
the Board of Trade. The committee would con- 
sider and report on all matters connected with the 
establishment and working of the undertaking on 
which the decision of the authority was required, 
and in particular would approve designs, technical 
arrangements, and contracts made by the company, 
approve arrangements made for repairs and main- 
tenance, and would exercise, on behalf of the 
authority, such powers vested in the authority 
under the scheme as would a desirable. 

The general lines of this ambjtious scheme 
appear to us fairly sound, but its success in prac- 
tice would depend on many things. As we have 
already hinted, it is doubtful if the powers pro- 
posed to be given to the new authority would be 
complete enough to enable it to carry on its work 
on a scale sufficiently large to justify ite creation. 
The greatest trouble is likely to arise with the 
local authorities, and it is beyond question that 
many of them would do all in their power to 
avoid the absorption of their electricity depart- 
ments in the new authority. Many of their under- 
takings are carried on with great technical merit, 
and it will frequently be no easy problem to 
demonstrate that they could buy bulk supply 
at a lower cost than they could increase their 
own output. Sir John Snell, in his presidential 
address to the Institution of Electrical Engineers 
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on the 29th ult., had some very pertinent remarks 
to make in this connection. e was not referring 
to the London County Council scheme, but dealing 
with the matter generally. He stated that ‘‘ once 
a small station is built, and the expenditure has 
been incurred, then, and so long as the system is 
kept within definite limits of extension, the extra 
operating cost of an addition to the local power- 
station is often cheaper than any commercially 
feasible bulk supply.” At the present time, how- 
ever, it is impossible to pursue this aspect of the 
discussion. oy is too much in the dark. The 
London County Council scheme has been a 
forward without any detail figures of any kind. Sir 
John Snell says that often bulk supplies will not 

y. but, audi alteram partem, Messrs. Merz and 

cLellan say that, were they in the hands of one 
authority, it would pay to shut down all the 
existing generating stations in the central area, 
sell most of the plant, and generate all energy 
on sites down the river. If this were done, the 
saving in working costs would be not less than 
18 per cent., or about 170,000/. a year, after allow- 
ing for all capital charges on the new plant and 
mains, and, in conjunction with the present sinking 
funds, would enable the existing generating plant 
to be written off by 1931. 

This technical question apart, however, it will 
be matter for amazement if many of the local 
authorities do not do all in their power to keep 
outside the scheme. An amendment to allow any 
Metropolitan borough which wished to stand aside 
was proposed at the meeting of the Council on 
Tuesday, but was defeated. So far so good, but 
it is in a Parliamentary Committee-room that this 
matter has to be finally decided. The question of 
the existing companies should, on the whole, prove 
a simpler one. It would appear reasonable that 
the new operating company should represent 
these companies. The matter is one for private 
arrangement, of course; but clearly, the com- 
panies at present in possession and with a local 
standing and experience in London electricity 
supply should, if possible, be allowed to carry on 
their work under the new arrangement. The finan- 
cial and technical reputation of these companies is 
such that, if willing, they should have no difficulty 
in putting forward a satisfactory claim to undertake 
the work. We have no doubt that pourparlers 
have already taken place between the Special Com- 
mittee and some of these companies, and trust that 
some satisfactory proposals will come to light when 
the matter reaches a Parliamentary stage. It must 
be remembered that while the new authority will 
have power to take over existing companies, it will 
have no right to do so, and clearly a mutual 
arrangement, by which some of the stronger 
companies would form the new operating a oe 
would probably result in the authority being 
enabled to take over some of the existing organisa- 
tions from the first, and so get a fair start in its 
great unifying task. 

On the general question of ownership by a public 
body and operation by a company the Council’s 

roposals have all our support. It is pretty clear 
by this time of day that no pure company arrange- 
ment is going to be allowed in London, and the new 
proposals are a wise compromise. Up to the pre- 
sent they have been received very quietly by the 
municipal interests, and, although we fear that 
important opposition is likely to appear later, there 
seems at least a chance that the matter may go 
through. The arrangement will allow the municipal 
traders to remember all the time that the electrical 
scheme is really a publicly-owned one, while at the 
same time their oppoacnts will realise that they 
are getting the advantages of the greater freedom 
and initiative which company management allows. 
The standing of the scheme is enhanced by the fact 
that somewhat similar arrangements are in opera- 
tion in connection with the electricity supply of 
some of the large towns of the Continent, while an 
even closer parallel is furnished by some of the 
Indian railways which are bui:t and managed by 
companies for the Government. An interesting 
question of detail, into which we are hardly able to 
enter now, is the relation which will exist between 
the Technical Committee and the company. Unless 
the Committee's rights and duties are very carefully 
specified, a pedantic or officious member might so 
hamper the company’s operations as to seriously 
reduce the possibilities of progress, which form 
the — argument for introducing the company 
at all. 

This is a matter which the company’s represen‘ 





tatives may be ex to keep well in mind when 
the clauses of the Bill are reaching their final form. 
It cannot well be commented on in detail until 
more information is available. 





EXPLOSIONS IN MINES. 

Tue Sixth Report, presented by the Explosions 
in Mines Committee to the Home Secretary last 
week, deals with various new researches conducted 
in the experimental galleries at Eskmeals. The fifth 
report* had seemed to demonstrate that a mixture 
of equal parts by weight of coal and of incom- 
bustible stone-dust could not be ignited by a 
charge of 24 oz. of blasting-powder fired from a 
stemmed cannon, provided the mine atmosphere 
did not contain any combustible gas. It remained 
to be seen what proportion of combustible gas 
present in the air would render the mixture 
ignitible. For this purpose experiments have been 
conducted with fire-damp from the Cymmer Col- 
liery, and also with coal-gas, which has often to be 
used in laboratory tests. It soon became evident, as 
expected, that the kinds of gas behaved differently, 
though similarly. The composition of the two 
gases—A the coal-gas, B the Cymmer fire-damp— 
were the following :— 


A. B. 
Per Cent., by Volume. 


Carbon dioxide shi sits 0.10 0.90 
Ethylene hydrocarbons ... 3.75 0.20 
Carbon monoxide ... 5.95 0.20 
Hydrogen 52.75 Nil 
Methane 30.65 96.40 
Ethane = Le ahi 3.40 Nil 
Nitrogen (by difference) ... 3.40 2.30 


Thus the fire-damp was nearly pure methane, free 
from hydrogen and ethane, and almost so from 
ethylene ; and it was, indeed, found much ‘‘ milder ” 
in its explosive effects than the coal-gas, which was 
rich in hydrogen. Mixtures of either of the two 

with air in different proportions were drawn 
through the fan into the big gallery. Immediately 
before firing the cannon a valve leading to the 
return was closed, so that the firing took place in 
the still atmosphere of a gallery closed at one end. 
The gun was placed 50 ft. from the closed end, and 
pointed into a tube, 3 ft. in diameter, 10 ft. long, 
open at both ends, in which 30 |b. of the mixture 
of coal-dust and stone-dust (1 : 1) were strewn. 
The dust-mixture also covered shelves and the 
gallery floor for a distance of 150 ft. beyond the 
tube, and an opening was made in the gallery-tube 
(74 ft. in diameter) at the end of this length by 
taking outa plate. Experiments were also made in 
the 3-ft. gallery. 

With coal-gas it was found that the presence of 
2.5 per cent. of this gas allowed the flame to travel 
throughout the gallery ; with 2.3 per cent. of gas 
the flame-length did not exceed 40 ft. When fire- 
damp was used, the respective percentages were 4.6 
and 4.5; less than 4.5 per cent. of fire-damp in the 
air did not lengthen the cannon flame appreciably. 
The lower limit of inflammability of methane in 
dust-free air had previously been found to be 5.6 
per cent. ; a little combustible dust in the air 
suffices, however, to render a 4.6 per cent. methane- 
air mixture explosive. The general conclusion 
is that the presence of methane does not diminish 
the protective effect of incombustible dust to any 
notable extent, although it facilitates the inflamma- 
tion of pure coal-dust. 

The second question investigated was the water- 
ing of coal-dust. Watering of coal-dust is probably 
the oldest remedy tried, and the United States 
Geological Survey has, in recent experiments,t 
found that dust from a bituminous coal containing 
35 per cent. of coal and 5 per cent. of ash would 
not propagate a flame if the moisture content 
reached 30 per cent. The Eskmeals experiments 
are in accord with this conclusion. The general 
arrangements were as just described, but in the 
experiments in which both stone and moisture 
were applied to render the coal-dust incombustible 
fullers’ earth (as before) and also shale-dust from 
Altofts were used. In mixtures containing not 
more than 10 or 15 per cent. of stone-dust, the 
nature of the stone-dust was immaterial with respect 
to the amount of water required to secure incom- 
bustibility ; in richer mixtures shale-dust proved 
preferable to fullers’ earth, because the shale binds 
the water better. Roughly, it may be said thata 
mixture containing 15 per cent. of stone-dust (which 





a ENGINEERING, vol. xcvi., page 861. 
+ Ibid., vol. xcvi., page 861. 





would still be ignitible, as 50 per cent. of stone- 
dust is needed to render the mixture incombus- 
tible) should further contain 25 or 30 per cent. of 
water to attain the desired result. 

Much depends, of course, upon the way in which 
the coal is wetted, and the Eskmeals experiments 
are instructive in this respect. When the dust 
and water were worked into a paste outside 
and then spread in the gallery, 30 per cent. of 
water (without stone-dust) was sufficient. That 
process would be too laborious, however. The 
ordinary spraying by jets and roses required an 
excess of water, because the water collects in pools 
in some places, and leaves heaps of splashed-up, 
relatively dry coal-dust in others. The ‘‘ atomiser”’ 
sprays, producing a fine mist of water, answer 
better, and coal-dust damped in this way with an 
equal amount of water proved no longer capable of 

ropagating a flame beyond a limited distance. 

hen the coal-dust in the cannon tube was itself 
watered, less water was needed to make the dust 
beyond incombustible. In some of these experi- 
ments the explosion was started in the small 3-{t. 
gallery, and the flame was allowed to travel into 
the large gallery. Here again a coal-gas charge 
in the atmosphere gave a more violent explosion 
than a charge of fire-damp, evidently because the 
hydrogen explosion stirred up more dust than the 
methane explosion. It is for this reason, because 
a gy He water prevents the stirring up of 
coal-dust better than stone-dust, that water sprays 
are, on the whole, more effective than stone-dust 
protection. The Committee points out, however, 
that limited zones of stone-dust, or of watering, 
should not be relied upon ; in the general interest 
of safety all coal-dust should be treated, lest the 
untreated dust in interzonal spaces should become 
ignited. An average of 30 per cent. of moisture, 
maintained in a gallery by alternate zones or 
patches of wet and half-wet dust, should not be 
trusted. 

The comparative values of various incombustible 
dusts have also been investigated. The materials 
were :— Fullers’ earth, substitutes for fullers’ 
earth, pulverised shale, dolomite dust (superfine), 
oolitic dust (containing 97 per cent. of calcium 
carbonate), Chance mud-lime, and sand. Between 
80 and 90 per cent. of all the materials (except 
the sand) would pass through a 200 by 200 sieve. 
It was found that the nature of the material 
made little difference. Three of the materials 
mentioned are practically carbonates, and it has 
been claimed by some investigators that the libe- 
ration of carbon dioxide would help to stifle the 
flame. This is improbable, since the carbonates 
in question require fairly high temperatures for 
their decomposition. The case is different with 
sodium bicarbonate, which readily gives off its 
carbon dioxide and also its water; but that material 
is out of question, of course. The degree of fine- 
ness of the material is of importance, however, and 
the finer the dust the more effective it will prove. 
The Committee reports that the dust used for 
covering the roadways should contain not less than 
50 per cent. by weight of fine material capable of 
passing a 200 by 200 sieve. 

Finally, the Committee studied the effect of a 
diminished oxygen percentage in the air on the ex- 
plosions of fire-damp and coal-dust. It will be 
remembered that Harger* and others proposed that 
the oxygen percentage of the air in mines might, 
by the addition of waste gases from boiler flues, be 
reduced and the percentage of carbon dioxide 
be increased to such an extent that the fire-damp 
and coal-dust could no longer be inflamed. The 
experiments conducted at Eskmeals do not favour 
this suggestion, which in any case, we think, would 
be too risky to adopt. When the oxygen contents 
of the air were, at Eskmeals, gradually reduced from 
20.9 to 13.5 per cent., the lower limit of the inflam- 
mability rose from 5.6 to 6.5 per cent. of methane, 
and the corresponding upper limit fell from 14.8 to 
6.8 per cent.; the two limits thus approached one 
another. When the oxygen percentage fell to 13.2, 
no methane mixture was capable of propagating a 
flame. But no man or animal could live in such 
an impoverished atmosphere, and when the oxygen 
percen was 17—the figure which has been pro- 
posed as still admitting of practical work in mines— 
mixtures containing from 5.8 to 10.5 per cent. of 
methane remained explosive. Very little, if any- 
thing, would thus be gained by impoverishing the 
air to that extent. As regards coal-dust, explo- 





* See ENGINEERING, vol, xciii., page 812; 
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sion tests were made in bombs. The dust ex- 
losions failed when the oxygen percentage fell 

low 17.1 per cent.; but when 2 per cent. of 
methane was further present, a little more than 
16 per cent. of oxygen would still render inflamma- 
bility possible. 

In their final conclusions the Committee re- 
commend :—(1) The maintenance throughout the 
roads of such a proportion of incombustible dust 
in a state of fine division as would make a mixture 
vielding on incineration at least 50 per cent. of ash 
[that the 1 : 1 mixture is to be understood in this 
sense had been explained by the Committee and 
by us on former occasions] ; or (2) the maintenance 
of at least 30 per cent. of water in a state of inti- 
mate mixture with the dust throughout the roads ; 
or (3) a combination of the two previous methods 
—i.e., the treatment of the roads first with in- 
combustible dusts and then with water. 

The next problem again t» be attacked is the 
question of possible danger to the health of the 
workers by the sprinkling of dust. The first 
report dealt with that question, and it had been 
stated that the dust of argillaceous shale is inno- 
cuous, whilst gritty dust should not be used. Dr. 
Haldane will further study the problem. 





ALUMINIUM APPLICATIONS. 

Ir seems but a few years ago, although we fear 
it is twenty or more, since aluminium in the 
metallic state was little more than a laboratory 
curiosity. Twenty yearsin a man’s lifeis a longish 
period, but in the history of mechanical — 
it is no more than a little while. In that 
twenty years aluminium has advanced from the 
position of a metal practically unknown to the 
general public and the engineering world, cost- 
ing, say, a shilling an ounce, to one of the common 
metals of commerce, employed in practically all 
engineering and allied trades, and costing some- 
thing less than a twelfth of the earlier price. These 
things, as most people know, have been made - 
sible by the development of electrolytic reduction, 
and by production on a very large scale. This 
latter condition has naturally had to come gradu- 
ally, but its advent has been hastened by an able 
educative campaign undertaken for the most part 
by the aluminium interests. 

Although, as we have said, aluminium is now 
employed to a greater or less extent in almost all 
engineering and allied trades, it is doubtful if the 
full extent and variety of its applications is gene- 
rally realised. The average engineer, giving the 
matter brief consideration, would probably first 
think of aluminium in connection with the various 
developments of the petrol-engine, following this 
up possibly by recollecting that it is also employed 
for the construction of cooking utensils. These 
are important applications, particularly the former, 
but they make a poor list of the manufactures 
in which aluminium is very directly concerned. 
The petrol-engine in its various manifestations 
accounts for much aluminium; but, even when 
reinforced by the domestic kettle, it is hardly able 
to account for the 60,000 or so tons of the 
material which are produced every year. We do 
not know that anyone is in a position to 
give a complete list of aluminium applications— 
certainly we are not—but to our petrol-engines and 
kettles must certainly be added motor-car fittings, 
panels, and tread-plates; brewers’ tuns, tanks, 
and wagons; evaporators, condensers, stills, &., 
for eugar-refining, soap and candle manufacture, 
dyeing, &c.; nitrating pans for explosive manufac- 
ture ; vessels of various kinds for varnish-making ; 
electric transmission lines, insulated cables, bus- 
bars, &c.; gas-fittings, pulleys, railway-coach panels, 
door-handles, finger-plates, &c.; collecting cups and 
coagulating trays for the rubber industry ; rt ga 
coils for motors; vulcanising moulds; foil for 
wrapping tobacco, &c.; and granules for deoxidis- 
ing iron and steel. 

n spite, however, of the extensive field which 
aluminium can and is helping to cover, we think 
it has hardly yet made its way into the ordinary 
engineering workshop. It is still largely in special- 
ised hands. There are many exceptions, of course, 
but in a general way the average engineer who may 
know all about the manipulation of mild steel, 
brass and copper, is not practised in aluminium, 
and, as a consequence, is apt to neglect to employ 
it when he might with advantage do so. This 
state of affairs is natural enough with a new 
material, and will probably disappear. There is 





no reason why, for instance, the foundry of a 
general engineering shop should not uce alu- 
minium castings in the same way that it now 
produces those of the copper alloys. For quite 
a number of purposes the aluminium would be just 
as good and cheaper. If this sort of thing is to 
become general, the foundry-men will want a little 
training in the new material, but there is nothing 
in the matter to prevent general success. The 
metal may well be cast in any ordinary foundry if | 
a few simple precautions are o 
cast in green sand lightly rammed. Vertical risers 
and ample-sized gates are required, and the moulds | 
should be faced with plentage or French chalk. 
Melting is one of the most important pointe. The 
metal is easily overheated, and care is required. 
The melting temperature is 1160 deg. Fahr., and 
should never be much exceeded. Pouring should 
be carried out at as low a temperature as possible. 

We are not sure that the employment of alumi- 
— in A mem 4 and se — ~~ not been 

mper y the very large number o rietary 
malaienes which have been eveleed: Tile has 
tended to give an air of mystery to the business. 
Mr. William Smith, after a little experience with 
aluminium, Jaunches a new mixture under a fancy 
name. He calls it possibly ‘‘Smithalium,” and 
does not fail to add something to the price to cover 
the brainwork involved in the thinking of the 
name. The mixture may be a perfectly satisfactory 
one, but when all is said and done it is open to 
anyone to buy a bit and analyse it if he wants to 
know what is in it, and it is always possible to| 
make dozens of other satisfactory mixtures in the | 
same way. The manager of the ordinary and | 
everyday shop, however, usually has neither the | 
facilities nor the time to analyse other people’s 
aluminium mixtures, and the galaxy of fancy names 
he encounters in connection with the matter sug- 
gests that the subject is rather a complicated one, 
and that on the whole it had, perhaps. better be 
left alone, the truth of the matter all the time 
being that there is no reason why aluminium should 
not be employed in an ordinary way just as yellow- 
brass and gun-metal are. 

All this is not to say that none of the proprietary 
alloys are of special value. This is far from being 
the oase. Our point is that the thing has been 
ridiculously overdone. The whole subject of the 
aluminium alloys is such a vast one, as is clearly 
shown by the work of the Alloys Research Com- 
mittee of the Institution of Mechanical Engineers, 
that the discovery of specially valuable alloys, 
either by accident or by private research, is always 

ible. Many important proprietary alloys have 

mn produced. e question is, moreover, not 
always merely one of mixture, and many alloys 
cannot be reproduced simply after analysis of a 
sample. The properties frequently depend on the 
working the metal receives during manufacture 
and the method of mixing, as well as on the 
content. We believe, for instance, that this applies 
to Duralumin. 

In some of the applications we have mentioned, 
aluminium does not appear to be making the rapid 
progress which its advantages would apparently 
render natural. Thus for low-tension electric 
cables, particularly those of large section, a quite 
definite case can be made out for its employment. 
There are a number of important installations in 
existence, among which we may mention that of 
the Paris General Omnibus Company, which covers 
cables containing over 650 tons of the metal, 
and yet on the whole the material certainly does 
not occupy the position which might be expected. 
This, congeey + is a condition which will gradu- 
ally alter, but there is little doubt that in many 
cases copper cables are now being installed where 
important saving might be made by employing the 
rival metal. The matter can only be explained 
partly by ignorance, or rather insufficient apprecia- 
tion, of the relative advantages of copper and 
aluminium by many engineers, and partly by a 
natural opposition from the copper-refiners and 
wire-drawers. There is probably also a certain 
opposition from seme of the cable manufacturers, 
since, although it might be sup to be a 
matter of indifference to them whether the cables 
they produce have cores of copper or aluminium, 
it is clear that the supply of a cheaper aluminium 
cable say a down thew are tge ves Agee 
——_ i necessary in their stan an 
possibly in their shop methods. Bare overhead 
transmissivn lines are also an example of an appli- 
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eation in which, at least in this country, the metal 


— _ oceupy the position which it deservedly 
mig 

An interesting and important field for the em- 
> tye of aluminium has arisen in connection 
with panelling for motor-cars and side-cars. A 
large and increasing business is, we understand, 
being dene by the aluminium companies in this 
way. The panelsare easily shaped on a block with 
a wooden mallet, and emoothed with a planishing 
hammer, and take paint well. Such panelsare also 
to a considerable extent for railway stock. 
In cases where weight-saving is of much importance, 
as, for instance, on electric railways where a high 
accelei ation is used, very im nt economies may 
result from their use. It will be remembered that 
a good case for this application was made by Mr. 
H. E. O’Brien in a paper read before the Institu- 
tion of Electrical gineers in March last, in 
which he described the methods of saving weight 
which had been employed for the electric stock of 
the Lancashire and Yorkshire Railway Company. 

Another recent application of aluminium sheet 
is in connection wiih the construction of vats, 
tanks, tuns, &c., for various chemical processes. 
Vessels of this material seem to have special ad- 
—— for some of the operations of brewing, 
varnish-making, &c. Such tanks are oma 
made from sheet, joined by autogenous welding 
and without the use of rivets. They can be made 
of quite dimensions. For smaller vessels, 
such as cooking utensils, latex-cups, &c., press 
tool methods are used. Kettle-spouts and similar 
irregular items it is usual to form in two parts by 
dies, and afterwards to join them by autogenous 
welding. The spoute are secured to the kettles in 
the same way. This class of domestic ware does 
not seem to be made to any great extent in this 
country, our supplies :nostly coming from the Con- 
tinent. In a recent White Paper issued by the 

-¥ of the Board of 

Trade a figure of 25,8001. is given as the 
annual value of aluminium articles exported from 
Germany to this country. The nature of ‘the 
articles is not specified, but the figure does not 
include crude aluminiuin, sheets, bars, wire, cast- 
ings, &c., and it is probable that it largely repre- 
sents material of the class we are dealing with. 
As has been said so often in other connections, the 
om should be a favourable time for our manu- 
a to get some of this trade into their own 

nds. 





NOTES. 
German Inpustrties. 

German industries are feeling the effects of the 
war more a as time goes on, owing to the 
cessation of all exports, the diminished home 
demand and, for those special branches which, 
through war requirements, otherwise might be kept 
well employed, the shortage of skilled labour and the 
rise in prices and scarcity of certain raw materials. 
Reduced output and a material reduction in the 
number of employees are the order of the day ; 
thus, the production of coal has gone down 50 per 
cent. compared with the corresponding period last 
year. Unemployment is on the increase, and much 
disappointment is being experienced because no 
public funds have been voted under this head, 
although the Diet the other day, amongst other 
big grants, voted 400,000,000 marks for the aid of 
sufferers from the war in East Prussia. Appre- 
hensions as to the future have already shown their 
very pronounced effect in the direction of divi- 
dends recently declared by large industrial con- 
cerns for the last financial year. Several have 
found it advisable to reduce their dividends as 
much as 10 per cent. below last year’s, amon 
them some large firms in the iron and mining 
industry ; the greatest disappointment has per- 
haps been caused by the Allgemeine Elektricitiite 
Gesellschaft yh eng from 14 to 8 per 
cent., 10 per cent. having been reckoned upon 
in any case. Germany and Austria, naturally, 
are exerting themselves to substitute home-made 

lant for such as has formerly been imported from 

ritain. Thus, the Government some time ago 
made a request to German manufacturers of spin- 
ning and weaving machinery to in for the 
manufacture of such specialities, which, before the 
war, were imported from Britain. This advice, 
it would seem, has already borne fruit ; thus some 
large engineering firms in Alsace and elsewhere 
are said to be already making machines for fine 
yarn, which compensate for the British machinery 
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now used. Some of the Chemnitz manufacturers 
are understood to be turning out satisfactory 

lant for flax, hemp, and jute spinning, &c. The 

énigs and Laurahiitte is another example of 
how seriously the war affects industrial concerns 
in, Germany. The dividend for the year 1913-14 
has been fixed at only 4 per cent., co 8 per 
cent. for the previous year. The profits certainly 
were somewhat smaller (3,553,828 marks, against 
4,854,058 marks) ; but it transpires from the report 
that it is chiefly concern for the fature which has 
influenced the dividend. About 33 cent. of 
the hands and staff are engaged in the war, the 
railway service is out of gear, bad debts may be 
expected, and the Polish iron works of the company 
had to be stopped almost directly the war broke out, 
without any prospects of re-opening. 


Naval ENGIngeeRS AND THE WAR. 


It was particularly gratifying to find in the 
official despatches regarding the engagement of 
the British and German ships off Heligoland on 
Friday, August 28, commendation, implied and 
expressed, regarding the splendid work done by 
the naval engineers of the Fleet. One of the out- 
standing features of the engagement, as well as of 
that led later by the Undaunted, was the great 
speed maintained bythe ships. Reading between 
the lines, too, one could realise the quick changes 
involved in the manip@lation of the machinery for 
tactical reasons. Without in any way disparaging 
the splendid work of the military officers, and in 
particular those behind the guns, it is obvious from 
the despatches that the engine-room staffs did 
magnificent service. We find, indeed, that the 
names of several engineering officers have been 
specially mentioned in the various despatches, along 
with others of military rank, obviously so that 
their services would be recognised by promotion or 
otherwise. Amongst these is Engineer-Lieut.- 
Commander Charles de F, Messervy, of. the Fearless, 
who, with the nter, ‘** displayed great resource 
and energy in effecting repairs to Fearless after 
returning to harbour ;” Engineer - Lieut. - Com- 
mander Alex. Hill, of the Laertes, ‘‘ for repairing 
steering-gear and engines under fire ;” Engineer- 
Lieut.-Commander Edward H. T. Meeson, ‘‘ who 
behaved with great coolness during the action, and 
steamed the ship out of action, although she had 
been very severely damaged by explosion of her 
lyddite, by which the after funnel was nearly 
demolished,” and who ‘‘subsequently assisted to 
carry out the repairs to the vessel ;” Engineer- 
Lieut.-Commander Frank A. Butler, ‘‘ who showed 
much resource in effecting repairs during the 
action.” Several engine-room artificers, chief 
stokers, stokers, and petty officers are also men- 
tioned in the despatches. We have delayed refer- 
ring to the honourable records of these officers in 
the official despatches in the hope that we should 
be able to refer at the same time to some recognition 
of their services by the award of decorations or by 
promotions. It is with some surprise and consider- 
able regret that we now find that although twelve of 
the fifteen surviving military officers, includin 
warrant and chief warrant officers, have receiv 
such recognition, no mention has so far been made 
of any honour or promotion for engineer ofticers. 
On the other hand, eleven members of the ordi- 
nary ratings of the engine-room complement have 


received the distinguished e+ rvice medal. We hope | 94d 


that this is only a case of delay rather than of 
neglect, because there is no need to enforce, even 
to the lsyman, the fact that service in the machi- 
nery department of a ship during action calls for 
the same resource and precision, and equal, if not 
greater, heroism than that so brilliantly exemplified 
by the navigating and gunnery officers on the deck. 


German CHemicaL INpusTRIES AND THE WaR. 

The Italian journal L’Industria gives publicity 
to an article by Professor Ctto N. Witt in the 
Chemiker Zeitung, on the situation of the German 
chemical industries created by the war. From this 
article we take the following notes :—The first effects 
of the war were to remove the technical and manag- 
ing staffs from the various factories and to prevent 
exports. Passing in review the various branches 
of the chemical industries, Profeesor Witt states 
that the makers of sulphuric acid will not be able 
to procure Bytites from Spain and Portugal when 
existing stocks are exhausted ; he calls attention 
to Norwegian pyrites, and adds that it may be 
possible to revert to the utilisation of Italian 


sulphur. Grave preoccupations rule in regard 





to the preparation of nitric acid, which plays an 
important part in the manufacture of modern 
explosives, and for which Peruvian nitrates are 
required ; this latter mineral cannot now be im- 

through German ports. For this reason the 
existing stocks of nitrates in Germany, which were 
destined to be used for manure, are to be kept for 
use by the chemical factories, and to be replaced 
for agricultural pur by ammonium sulphate, 
the production of which is abundant. There is in 
Germany a lack of mercury, copper, chromium, and 
nickel. With regard to this latter metal, since it 
is not possible to obtain it at the present time from 
New Caledonia, nor from Canada and the United 
States, it is proposed to take in hand afresh 
the treatment of the r deposits of Hungary 
and Upper Italy. he aluminium industry, 
which is based on the utilisation of the French 
bauxites, will now be compelled to work another 
clay found in Dalmatia; this, however, is of a 
somewhat different composition, and will require 
a different treatment. There is a superabundance 
of alcohol ; the decrease in ee for ‘indus- 
trial purposes renders available for ooneeee 
the grain and potatoes which otherwise would be 
taken up by the distilleries. The residues of 
sugar beets form an abundant source for the pro- 
duction of alcohol, and this can be increased by the 
utilisation of sawdust. The distillation of lignites, 
which for many years suffered a heavy competition, 
will now increase in activity, owing to the pre- 
vention of imports of benzsne, petroleum, lubri- 
cants, and paraffin into Germany. In regard to 
benzol, toluol, phenol, naphthalene, and anthracene, 
the situation is different now from what it was in 
1870, when Germany imported these products from 
Great Britain. The German industry of artificial 
dyes is now so strongly established that it need fear 
no competition ; the output may be reduced by half, 
owing to the cancelling of exports to the belligerent 
nations, but the chief sufferers will be the dyeing 
works of those nations who have no other source of 
supply apart from Germany. On the other hand, 
Germany will suffer through lack of textile goods, 
cotton, wool, and jute. The soap works will have 
a lack of coco-nut and palm oil and tallow, and the 
chief anxiety under this head will be the decrease 
in the output of glycerine required for dynamite 
manufacture. Great stress is laid by Professor 
Witt on the prevention of exports from Germany 
to the South African gold-mines of the cyanides 
required for gold-extraction. 








THE LATE MR. EDWARD BAYZAND 
ELLINGTON. 

We record with very great regret the sudden 
death, on the 10th inst., at his residence, 73, 
Addison-road, Kensington, of Mr. Edward Bayzand 
Ellington, M. Inst. C.E., M.1. Mech. E., at the 
age of sixty-nine. Mr. Ellington was a Past- 
President of the Institution of Mechanical Engi- 
neers. We propose to publish a memoir of the 
deceased in our next issue. 





Evectriciry ON Steamsuips.—The Scottish local sec- 
tion of the Institution of Electrical Engineers held their 
opening a for the current session on Tuesday 
evening, the 10th inst., when Mr. James Lowson, of 
Mesers. W. C. Martin and Co., delivered the inaugural 
ress as chairman, taking for his subject ‘‘ Electrical 
Equipment of Steamships.” Mr. Lowson gave an in- 
teresting résumé of the application of electricity to ship- 
work during the past thirty-four years, and thereafter 
gave a detailed description of the desteleed equipment of 
the Aquitania. 





TetecRaPH Workinc. — The dividend upon the 
ordinary shares of the Western Telegraph Company, 
Limited, for 1913-14 has been fixed at 7 per cent. per 
annum, 160.0002 being transferred to the general reserve 
fund, 30,000/. to the land and buildings’ depreciation 
fund, and 130,000/. to the provision for investment 
fluctuations’ fund, a balance of 33,157/. being carried 
forward. The cost of the cables, land lines, stations, 
ships, and investments in other companies stood in the 
fy books at the close of June, 1914, at 3,109, 2027., 
300,000/. being written off reserve-fund investments to 
provide for continued depreciation of securities. The 
reserves stood at the close of June, 1914, at 2,017,232/.— 
viz., general reserve, 1,697,063/.; maintenance ships 
—_, —— marine +e boy ~~ land and 

1 ’ depreciation > 0002. ; guarantee 
fand, 10091. Spare cable held by the ey Le the 
close of June, 1914, was valued at 85,842. In course 
of po six months ending June, 1914, 3621/. was charged 


“e 


to reserve fund for loss sustained the 
sale redemption of investments, and 52, was 
also charged to the same fund for the ial renewal of 


the Pernambuco, Bahia, and Rio de Janeiro No, 2 cable, 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. XI. 


By Frepericx Witiiam Lancuester, M. Inst. C.E. 
Arrorart In Nava WARFARE. 


Tue position of aircraft in connection with naval 
warfare requires to be studied almost as an inde- 
pendent problem, since many of the circumstances 
and conditions are different from those which obtain 
on land. Altogether apart from the constructional 
features of the machine itself, which, in the case 
particularly of the aeroplane, are considerable, the 
on xamag that arise in the matter of attack and 

fence are so entirely modified, at least so far as 
affected by the primary function of the arm, as to 
affect fundamentally the question of armament. 
Thus gun-fire, except as ge hostile aircraft, 
ceases to have any appreciable value ; no gun that 
can, or could, be mounted in any aeroplane or diri- 
gible at present built, or contemplated, would be 
of the least service directed against the smallest 
unit of the enemy’s navy. Again, when we consider 
the duties of reconnaissance, we are faced with totally 
altered conditions. In the case of the aeroplane, so 
long as we are confined to bases situated on or near 
the coast, the area that can be reconnoitred is limited 
to a distance of some 300 or 400 miles (possibly 
500 miles) from the coast-line, this being at present 
an altogether outside estimate. Since we com- 
monly have to regard our frontier as being the 
limit of the enemy’s territorial waters, it is clear 
that any such restriction is to be considered in- 
admissible. In the case of the large airship, 
especially the rigid type, the range or radius of 
action is usually taken to be considerably greater, 
possibly some 1000 miles as an extreme. If we 
admit this (crediting the machine with consider- 
ably more reliability than it has at present shown), 
we are still faced with the fact that such a machine 
cannot operate with safety in the presence of, or 
within the zone patrolled by, the enemy’s aero- 
planes. 

So far as the scouting aeroplane is concerned, 
the obvious solution to the difficulty is the pro- 
vision of a floating aeroplane base, capable of 
accompanying, or acting in co-operation with, the 
fleet on the hi h seas, or of acting independently 
if required. Vedios schemes in this direction 
have been proposed ; the possibilities seem to lie 
between a ‘‘mother-ship” adapted to take on 
board the necessary complement of aeroplanes (or 
‘*seaplanes,” as they are frequently termed when 
fitted with floats), and to fulfil the functions of 
storage, transport, and supply ; and a more thorough- 
going scheme in which the floating base takes the 
form of a specialised vessel with a clear deck of 
sufficient area to permit of machines being launched 
or alighting without entering the water atall. In 
the former scheme the normal condition would 
be that the machines are lowered into the water 
from which they require to rise, and on which, in 
due course, they alight. In the latter the machines 
are not presumed to enter the water at all, any 
immersion is by way of being an accident, for which 
eventuality, however, the machines would be 
adapted by being furnished with floats in addition 
to the ordinary landing gear. To be effective a 
quite special design of vessel would be necessary, 
with a completely clear and flush upper deck. In 
order to obtain the requisite area it would probably 
be necessary to design something comparable in 
tonnage to one of the largest of our existing battle- 
cruisers, and in particular the maximum beam 
possible should be provided. A closer study of this 
problem will be given in a later article. 


THe ARMAMENT OF THE Naval AEROPLANE. 


Dealing for the time being entirely with the 
primary function of the Aeronautical Arm in the 
service of the Navy, we have already pointed out 
that the gun, whether the machine-gun or the one- 
pounder, is of no value whatever. Hence, if the 
aeroplane or the airship is to possess any power of 
offence at all against the ships of the enemy, it must 
be sought elsewhere. A great deal has m said 
on the subject of bomb-dropping as a means of 
attack on armoured ships, but it is not as well recog- 
nised as it should be how comparatively impotent a 
bomb, even charged with a high explosive, may be 
when used without ‘‘tamping” against armour-plate. 
It is quite true that a certain amount of mischi«f 
would be wrought by a bomb of e size if suc- 
cessfully dropped on to the deck of a battleship or 
cruiser, and the effect would certainly be more 
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disagreeable still if the recipient were a destroyer| being net v much in excess of the largest | is at a considerable disadvantage, inasmuch as when 
or some still smaller craft. The effect, however, | machines y in service. the latter is submerged the only visible sign of its 


would in no degree be comparable to that of a 
torpedo, where the inertia of the surrounding 
water plays an important réle. It would, in any 
case, take a vast number of hits to put a first-class 
battleship or cruiser out of action. Further, the 
difficulties of aim, as pointed out in the preceding 
article, are considerable, and with the counter- 
aircraft armament with which warships are now 
being fitted, it will not, generally speaking, be 
posssible for an aeroplane to descend to close 
quarters with impunity. The dropping of bombs 
from an airship is a matter of somewhat less 
difficulty ; moreover, the bombs employed may 
themselves be of really formidable dimensions ; 
but here the writer is of opinion that an airship will 
not in the future be able to approach a warship 
of any kind by daylight without certain destruc- 
tion, and it will be little or no better off by night. 

Some experiments reported recently as having 
been made in Germany ap to indicate a direc- 
tion in which aircraft may , rend an actual source 
of danger to even the most formidable battleship 





It might be thought, considering the matter 
superficially, that the dropping of one-quarter of 
the gross weight of a machine whilst in flight would 
be a dangerous and risky business. But closer 
investigation shows that this is not the case ; the 
disturbance that will result is one that can be 

uite easily rectified by the pilot. In the case of 
the modern machine, whose flight path is stable 
(the dynamically-stable machine), and which is said 


tv be—and undoubtedly is—capable of flying itself, 
the yer nary that will take on the release of 
the o is well within the permissible limit. 


The only condition that requires to be observed is 
that the centre of gravity of the machine shall not be 
thrown forward or backward by the discharge ; in 
other words, the centre of gravity of the torpedo, 
as carried, must be approximately in the same ver- 
tical line as that of the machine. If this condition 
is complied with, the resulting disturbance, assum- 
ing the torpedo as constituting one-quarter of the 
gross weight, is shown by the diagram, Fig. 15. The 
torpedo being dropped at point p,, the path of 
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been fitted with means of discharging a Whitehead 
torpedo with complete success. We may presume 
that the airshipis broughtdown close to the sea-level, 
and then fires the torpedo, just as is done from the 
deck-tube of a torpedo-boat. In view of the great 
range of the modern to o—at the present day 
over 2 miles—this form of attack cannot be ignored. 
It is evident that what is possible to the airship in 
this direction is also ible to the aeroplane, pro- 
vided that the latter be built of sufficient carrying 
= ; and whereas the airship would find it 
difficult to approach a battleship or cruiser within 
2 miles without detection and destruction, the 
aeroplane would rarely find this either difficult or 
dangerous ; the matter is mainly one of choosing 
the proper time and direction of attack. In the haze 
of the early morning, or in the dusk after sunset, 


an aeroplane at the distance in question is quite | disc 


invisible ; or, again, it is frequently ible for an 
aeroplane to approach in broad daylight against a 
landscape background without being observed, 
especially if assisted by suitable protective colour- 
ing; much depends also upon the direction of the 
sun’s rays. ight attack would also in many 
instances be possible, although the absence of light 
may be a greater hindrance than help to the 
aeronaut ; added to this there is the not inconsider- 
able risk of being located by searchlight. The 
aeroplane for the duty in question will need to be 
somewhat larger and of greater carrying capacity 
than the present standard ; for example, the modern 
2l-in. torpedo weighs appreximately 1 ton, and 
would require a machine of about 4 tons gross 
lifting power. The older model, the 18-in. weapon, 
weighs about 12 cwt., and would require a machine 


with a gross lifting-power of 24 tons, the latter 
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dying out, as indicated in the figure, at a rate 
depending A one the degree of dynamic stability 
provided. The extent of the initial undulation is 
correctly represented to scale in the figure, and is 
the same as would be produced in a 70-mile-an-hour 
machine by an adverse wind gust of 10 miles per 
hour, a thing of everyday occurrence. The path of 
the torpedo is indicated by the dotted line p, p,. 
It is even possible to diminish the disturbance 
still further by arranging the torpedo somewhat 
behind the position Sieve assumed, so that on 
ischarge the centre of gravity moves forward. This 
would in some degree compensate for the loss of 
weight as giving a less net change in the natural 
velocity. In the opinion of the writer, however, it 
is not to be recommended, since it would result in 
the machine (prior to the discharge of the torpedo) 
being catastrophically unstable, or would at least 
tend in that direction. 


AEROPLANE AND SUBMARINE. 


It is well known that the submarine, although 
when submerged invisible to an observer or ‘‘ look- 
out” on the deck of a warship or other vessel, 
is clearly visible, and may be readily located by an 
aeronaut from a sufficient altitude. The conditions 
are similar to those frequently noticed when fish in 
a river are seen clearly from a bridge, but are 
invisible from the river-bank. The torpedo-boat 
or destroyer when operating against the submarine 





ce is its periscope—a pole of a few inches in 
iameter, projecting some 8 ft. or 10 ft. out of the 
water, Ordinarily it is the point where the 
iscope ‘‘rips” the surface that forms the most 
conspicuous visible indication. Thus we may 
anticipate that in the future operations directed 
inst the submarines of an enemy will involve 

e employment of aircraft, at least as a means 
of reconnaissance. It is an important fact’ that 
in this icular service the enemy (the sub- 
marine) no power of offence; hence it is 
possible that the dirigible may prove itself as 
well suited to the work as the aeroplane. It is 
true that the modern submarine is being fitted 
with guns of light calibre, but these arg only 
available after the vessel has come to the surface. 
We may presume that in any operations of the 
description ee one or more destroyers 
or light cruisers will accompany the aircraft scout, 
and the conning-tower of the submarine will be 
blown away within a few seconds of its making its 
appearance. It is not in any sense certain or likely 
t the operations of aircraft in relation to the 
submarine will be confined to observation. In the 
opinion of the writer, aircraft, whether aeroplane 
or dirigible, will prove to be the submarine’s most 
deadly enemy, the submarine being attacked by 
bombs charged with nap cuptecive while sub- 
merged. Owing to the ‘absence of any danger of 
counter-attack the aeroplane may fly as low as 
deemed desirable to obtain the necessary accuracy 
of aim, and much of the difficulty commonly asso- 
ciated with bomb-dropping will accordingly vanish. 
Such an attack is depicted (somewhat diagrammatic- 
ally) in Fig. 16, in which, for the purpose of illustra- 
tion, the machine is shown as flying at a quite low 
altitude of about 60 ft., and when at the point A 
to drop a bomb, which, having the velocity of the 
machine in flight, describes the trajectory A B 
whilst the machine is travelling to the point CO ; the 
motion of the submarine in the intervening time 
is indicated by the dotted outline. It is not to be 
anticipated that in practice it will be found neces- 
sary to come down to as low an altitude as that 
shown in order to ensure the degree of accuracy 


uired, 

The type of bomb appropriate to the duty in 
question, although not greatly different from that 
required in connection with land service, will 
need a certain amount of consideration. In 
view of the fact that the size of the hole blown 
in the skin of the submarine is not important, 
the charge of explosive may be quite moderate ; 

robably 10 lb. or 15 Ib. of wet gun-cotton wili 
be ample. A bomb of torpedo-like form, ab ut 
6 in. in diameter, and fitted with a sheet-metal 
cruciform tail, as shown diagrammatically in Fig. 17, 
would probably he found suitable; it would be 
furnished with a positive impact or contact fuse at 
its nose. The correct way of dropping a bomb of 
this type is broadside on, pointing in the direction 
of flight; the axis then remains tangent to the 
trajectory throughout the fall, the tail acting in the 
manner of the feathering of an arrow. 

A bomb of the described in the preceding 

ph will travel through water under the 
influence of gravity at a no inconsiderable velocity. 
Taking ite weight to be (immersed) about half a 
hundredweight, its limiting velocity in water will 
be about 50 ft. second, which is ample to 
ensure the certain action of the contact fuse. 
Thus it will be impossible for a submarine to esca 
by deep immersion, presuming it to remain suffi- 
ciently visible to permit of attack. 

In brief, the aeroplane, and to some degree other 
aircraft, suitably armed, may be expected to prove 
an effective check on the unbridl ed activity of the 
submarine. With a peers naval aero- 
plane service, supported by a few fast, light cruisers, 
such as the type known as the ‘‘ destroyer leader,”’ 
the enemy’s submarines will be unable to roam at 
large or to make unexpected attacks on our cruiser 
patrols. They will need to operate under the pro- 
tection of a su force, and will only leave 
that protection at the risk of almost certain destruc- 
tion. Or they will require to confine their activities 
to raiding by night—a form of activity in which 
their radius of action is essentially limited, and, 
save under exceptional circumstances, of doubtful 
promise. It must not be assumed, however, that 
the service necessary for the effective patrolling of 
the seas by en will prove at all a simple or 
easy matter. provision of the needed > 
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coastal and floating, alone will be a formidable 
matter, and as the radius of action of the sub- 
marine is increased, and the field of operations is 
thereby widened, the work will become more and 
more arduous. Again, the enemy’s aircraft will 
always have to be reckoned with. Thus, although 
the air service may be looked to to provide an 
effective limit to the power of the submarine, we 
can never expect or anticipate that the value or 
utility of the latter will be by any means nullified. 





THE LAW OF POWER-HOUSE 
ECONOMY. 


By R. H. Parsons, M. Can. Soc., C.E., 
Assoc. M. Inst. C.E. 


THERE are figures in abundance as to the per- 
formances of the component parts of a power- 
station, such as boilers, turbines, generators, &c., 
under test conditions, but nothing appears to have 
been published with respect to the efficiency with 
which the whole aggregation of machinery performs 
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its functions. It is the p of this article to 
examine the performance of a power-plant, con- 
sidered as an organic whole and to suggest a basis 
of comparison between different plants which has 
hitherto been lacking. The development of the 
method, moreover, will furnish an answer to many 
important blems of the central station engi- 
neer, as will be shown later. 

The subject may be conveniently approached by 
an analogy. The efficiency of a steam-engine, under 
any conditions of working, depends upon a vast 
number of factors, mutually independent for the 
most part, such as cylinder condensation, radiation, 
friction of the various parts, leakage, &. How- 
ever carefully each of these items might have 
been investigated independently, their aggre- 

te effect upon the economy of an engine would 

an extremely difficult thing to forecast, and still 
more difficult would it be to deduce a law for the 
efficiency of the engine throughout its range of 
load, from the various rates of change of its multi- 
farious sources of loss. By analogy we could 
hardly hope to determine the efficiency of a power- 
station at various loads from a consideration of the 
efficiencies of the different machines and apparatus 
which constitute its component parts. 

The problem of the efliciency of the steam-engine 
was solved empirically by the late Mr. Peter 
Willans, who discovered that the total steam con- 








sumption per hour could be plotted asa straight 
line against the load on the engine. Thus, if the 
steam consumption at two different loads only were 
known, the consumption at any other load could 
be at once determined. This discovery placed in 
the hands of engineers an extraordinarily useful 
method of analysing and tabulating the results of 
steam -engine trials. Experience proved the 
Willans law to have a remarkably wide range of 
application to prime movers, and for many years 
it been utilised by manufacturers so far as it 
concerns their products. 

By considering the analogy between the nume- 
rous sources of loss in a power-station and the 
almost equally great number of losses inherent in 
a steam-engine, it appears reasonable to suppose 
that there may be some rule corresponding to the 
Willans law which will correlate the efficiency of 
a power-station with the load upon it. Experiment 
proves this to be so, at any rate in the case of the 
particular power-station for the management of 
which the author is responsible, and no doubt a 
similar rule would apply generally. 
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In Fig. 1, above, the total steam consumption 
of the station per eight-hour shift is plotted against 
the gross electrical output of the station in the 
same period. The figures refer to the station 
performance during the month of September, 1914, 
and ninety records are plotted, covering a range 
of output varying from 4500 to 24,300 kilowatt 
hours per shift. It might have been better to 
have taken the readings hourly instead of at eight- 
hour intervals, as this would have eliminated the 
effect of varying load-factors ; but, on the other 
hand, the error , Be to varying water-level in the 
boilers would be accentuated by the shorter in- 
tervals. The steam consumption during the shift 
is taken as being equal to the water pumped into 
the boilers, and the gross electrical output is the 
sum of the main-generator meter-readings. 

By referring to Fig. 1, it will be seen that the 
mean of the observations is approximately a straight 
line, having the equation :— 

8 = 22 K + 80,000, 
where S is the total steam consumption per shift 
expressed in pounds, and K is the gross output per 
shift expressed in kilowatt-hours. It thus appears 
that there is a constant loss of steam, amounting to 
80,000 Ib. per shift, and that there is in addition a 
"aes of about 22 lb. of steam per kilowatt- 
our. 

Fig. 2 represents the steam-consumption curve 
of the station, expressed in pounds of steam 
per kilowatt - hour, the curve being deduced 
from the line shown in Fig. 1. The assumption 
has been made that the load-factor per shift was 








unity. From the equation it can be deduced that 
at an output of 80,000 kw.-hours per shift, which is 
the rated capacity of the station, the steam con- 
sumption would be 23 lb. per kilowatt-hour. The 
cousumption evidently tends to a limiting value of 
22 lb. per kilowatt-hour with an infinite load on the 
station. 

The principle illustrated in Figs. 1 and 2 may 
be applied with equal instructiveness to the 
investigation of the quantity of coal consumed in 
the power-station. Fig. 3 shows the total coal 
consumption per eight-hour shift, plotted against 
the gross station output per corresponding shift, 
during the month of September, 1914; we see 
again that the total coal consumption follows a 
straight-line law, and may be expressed by the 
equation :— 

C = 20,000 + 2.917 K, 
where C is the total coal consumption per shift 
expressed in pounds, and K is the gross electrical 
output per shift as registered by the generator 
meters. The diagram shows that 20,000 Ib. of 
coal are burned per shift to provide for the constant 
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station losses, such as steam leakage, radiation, and 
general stand-by requirements. An additional 
2.917 lb. of coal per hour are needed for every 
kilowatt actually generated. With the station carry- 
ing its rated load of 80,000 kw. it may be deduced 
from the above equation that the coal consumption 
would amount to 253,360 lb. per shift, or 3.16 lb. 
per kilowatt-hour. In Fig. 4 is shown the coal 
consumption per kilowatt-hour, corresponding to 
the line drawn in Fig. 3. The limiting value of 
the coal consumption is 2.917 lb. per kilowatt- 
hour, which, of course, could only be obtained 
with an infinitely great load on the station. 

From the two equations given above, namely— 


S = 22 K + 80,000, 


20 80 40 SO 60 70 =680 


and 
C = 2.917 K + 20,000, 
we may deduce a third equation, representing the 
variation of the amount of water evaporated per 
pound of coal, as the load on the boilers is increased. 
This equation is :— 
S = 7.54 C — 70,820. 

= | equating it to zero, which represents the 
condition when no steam is being taken from the 
boilers, we get C = 9388, showing that 9388 lb. of 
coal are required per shift to maintain the head 
of steam in face of radiation and other losses. 
This quantity may be com with the amount 
of 20,000 lb. per shift, which has already been 
found to be necessary to operate the station at no 
load. Thus about half the constant loss is attri- 
butable to the engines and half to the boilers. 
The equation further shows that the boiler- 
room losses are equal to the condensation of 
70,820 lb. of steam per shift, and thatif they were 
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absent we could evaporate 7.54 lb. of water per 
pound of coal. 

The last equation, correlating the total evapora- 
tion per shift with the total coal consumption 
shift, could, of course, have been obtained graphically 
by plotting down the readings of the water-meters 
against those of the coal scales. In Fig. 5 this has 
been done, the line representing the mean of the 
observations being, however, drawn to agree with 
the calculation above. Nevertheless it falls very 
fairly among the points. Fig. 6 shows the evapo- 
ration per pound of coal in accordance with this 
line. 

In Figs. 1, 3, and 5, it may be objected that 
the variations among the observations do not allow 
a straight line to be drawn with any certainty, and 
hence a rather large amount of theory has been 
built up on a somewhat uncertain basis. This 
may be so, but the records are not put forward 
as being absolutely accurate. They are subject to 
corrections for water-level in boilers, coal on grates 
and in stokers, meter approximations, blow-off 
losses, &c., and they, of course, have a great —- 
dence upon the economical operation of the plant, 
during the shift to which they refer. Nevertheless 
they do undoubtedly appear to give evidence of 
certain laws of economy to which it is the object 
of this article to eall attention. 

The first question which will be asked by the 
practically-minded central-station engineer will be, 
‘* What use can be made of the results obtained 
from such an analysis of the operation of a plant?” 
One very important use can be made. The curves 
show at once the coal consumption or the steam 
consumption of the plant for any load which the 
station may have to carry. Hence the fuel cost 
for any additional load is readily obtained. For 
example, in the plant under consideration two 
problems were presented. One involved the ques- 
tion as to whether it would pay better to do the 
main water-works pumping electrically or by steam- 
driven pumps. Steam had always to be main- 
tained in the water-works boilers, because the 
low-lift pumps were exclusively steam-driven ; but 
the writer had the option of running either the 
motor-driven or the steam-driven pumps, as he 
thought fit. The combined labour costs of the two 
plants were unaffected by the decision. The water- 
works load, when pumping was done electrically, 
was of a reasonably uniform nature, the load-factor 
or twenty-four hours being about 75 per cent. 

his load, as the equation corresponding to Fig. 3 
shows us, can be carried on the steam plant at the 
cost for fuel of 2.917 lb. of coal per kilowatt-hour. 
In an average month this would amount to 440 tons 
of coal, which figure can be directly compared with 
the extra coal burnt in the water works when the 
steam-driven pumps are operated. A definite 
solution of the problem can thus be obtained. 

The other question related to the advisability of 
operating a large producer-gas engine, which nor- 
mally runs in mena with the main steam-power 
station. The gas-engine uses a low-grade lignite, 
costing about 0.16d. per kilowatt-hour. We see, as 
above, that the load could be transferred to the 
steam plant at an extra cost of coal of 2.917 lb. per 
kilowatt-hour. But as the steam plant uses a more 
expensive fuel, the cost of 2.917 lb. of steam coal 
amounts to about 0.26d. The fuel bill alone would 
therefore be increased by 0.1d. per kilowatt-hour 
by making the change, but against this difference 
must be set the saving in labour, &c., which would 
result from shutting down the gas plant. The 
problem, like the former one, is therefore capable 
of an almost exact solution, which is only rendered 
possible by the foregoing analysis of the coal con- 
sumption of the main station. 

The figures concerning the water and coal con- 
sumption of the power-station per shift, which 
have been taken as an illustration of the method, 
are actual working results obtained during the 
normal operation of the station. The month of 
‘eptember, for which they are given, was the first 
tnonth for which it was possible to obtain them. 
ney are put forward merely to illustrate a prin- 
ciple, and the writer is not concerned to defend 
‘som. Criticism should be directed not at the 
‘sures themselves, but at the use made of them. 
However, a brief explanation of certain points with 
regard to the station may not be out of place. 

Che power-station serves a non facturing 
town of about 70,000 inhabitants, and furnishes 
#lternating current for lighting and power, and 
Cirect current for street railway purposes. The 
plant comprises water-tube boilers with chain-grate 








stokers and superheaters, but without economisers. 
The generating machinery operated during themonth 
of September consists of turbine-driven alternators 


per | for the lighting load and vertical high-speed engines 


and motor generators for the traction load. The 
condensing-plant is partly steam-driven and partly 
motor-driven, and exciting current was furnished 
by a steam-driven exciter. In the diagrams above 
referred to the gross output of the main generators 
is given, this including the electrical energy used 
for auxiliary machinery and induced-draught fans 
in the station. The fuel used was a class of coal 
intermediate between lignite and bituminous coal, 
its average analysis being about as follows :— 


B.Th.U. per pound of dry coal... .. 10,100 
Moisture per cent. a S ne 7.3 
Volatile matter percent. (dry coal) ... 26.5 
Fixed car per cent. (dry coal) ... 52.0 
Ash per cent. (dry coal) ... ca aa 21.5 


Although the writer trusts he has disarmed 
criticism of the operating results by the statements 
given above, it must not be assumed that the results 
are considered worthy of publication, except for 
the purpose of illustrating what appears to be the 
law of power-plant economy. The power-station 
is still rapidly approaching a higher degree of 
efficiency, as the following table of total generation 
costs will show :— 


. Total Cost (Including 
Period. Capital Charges). 
1st six months, 1912... ... 156d. per kw.-hour 
2nd a 1912... oe ee, 60 ~ 
lst ~ ee - Dn « oe 
2nd ma 1913... — eo “fy 
lst o° 1914 0.94d. ,, os 


The costs per kilowatt-hour include the whole of 
the operation and maintenance charges of the plant 
in question, as well as the interest and sinking fund 
on the capitalisation, which is particularly heavy. 

In conclusion, it is suggested that a method of 
analysis has been indicated which will enable engi- 
neers to compare the working results of different 
power-stations by studying the respective equations 
of cost. It is es hoped that a means has been 
provided for forecasting with reasonable accuracy 
the cost of generating any extra load which may 
be offered to the station. The method might have 
been made more general, though less oo by 
giving the results on a thermodynamic basis. 





Tue Institution or Gas Enoingers.— Arrangements 
are being made for the annual meeting of the Institution 
of Gas Engineers next year to take place at Southport, 
from June 1 to 4, under the ——- Mr. John Bonn, 
engineer and manager of the Gas Department of the 
Corporation of Southport. 





Wrreress TgLecRaPHy In Norway.—While the work 
on the large Stavanger wireless station for the American 
and other services is being quptuty pushed ahead, 
a comprehensive plan for wireless stations all along 
the Norwegian coast has completed by the State 
Telegraphs. These stations are not intended for foreign 
service, but only for the benefit of shipping and con- 
nection along the coast. Ib will take some 10 to 15 

ears to —_ out the entire plan, which comprises the 

wilding of five or six stations of a capacity similar 
to that of the Rundemanden station at Bergen; between 
these larger stations will be erected a number of what 
may be called second - class stations, and finally the 
system will be completed by means of a series of minor 
stations. When the scheme is completed « ship at sea 
with wireless installations will practically be able to 
obtain connection with any psrt of the coast. 





Tuer German [non Inpustry.—The Phenix Company 
has issued its report for the last financial year, showing net 
profits of 31,700,000 marks, against 32,200,000 marks for 
the previous year, but the Board has deemed it advisable 
to reduce the dividend from 18 to 10 per cent., 9,000,000 
marks, in addition to other funds, having been added to a 
kind of war fand. The report deals at some | with 
the results of the war. The mobilisation at once deprived 
the company of 30 per cent. of its hands, and it was con- 

uently necessary to close down six blastfurnaces, nine 

ill being in operation. Both the production of pig-iron 
and the output from the steel works and rolling-mills 
have gone down to 60 per cent. of the normal. The pro- 
duction of coke has been reduced on a similar scale, and 
to what extent working can be carried on for the future 
will entirely depend upon developments and the possi- 
bility of obtaining the necessary raw materials. The 
company, however, considers it of great importance to 
keep the works going on as large a scale as possible, both 
for the sake of the people interested and because coal 
may be wanted both for the railways and the navy, in 
addition to which the Fever from the coke pro- 
duction, such as tar oil and zol, are especially valuable 
when the import of heavy oils and benzine has been 
stopped. In the absence of imported artificial manure, 
the farmers will also want Thomas slag, &o. The ex- 
port practically stopped at the breaking out of the war, 
excepting the unimportant trade done with some small 
neutral States. 


NOTES FROM THE UNITED STATES: 
PHILADELPHIA, October 28. 

Tue steel industry throughout the United States is 
improving in streaks, but generally is weakening in 
volume of business done and in prices. y concerns 
are operating between ove-fourth and one-third of 
capacity. Car and locomotive builders are getting 
very little busines. Railroads refuse to expend an 
unnecessary dollar. Considerable general office and 
house building is going on, calling for structural 
material. Pig-iron is i lar and inactive. Steel 
billets for domestic use are dull, but numerous inquiries 
from abroad continue to keep interest alive. A 
number of cotton-storage warehouses are to be erected 
at various points in the south, and this will help out 
a little. A fair amount of bridge building is in pro- 
gress, running in single orders, sometimes > Bo to 1000 
tons. All the heretofore-mentioned obstructing causes 
still remain to minimise business. About the only 
motive to do business at many steel plants is to get 
mone eo | fixed charges. Margins are very narrow. 
Textile and machine - tool menufacturers ordered 
about 10,000 tons of special grades of pig this week. 
The financial situation has not improved. Banks are 
still restricting accommodations. Considerable im- 
provement is noted in the export trade for supplies 
other than steel. Notwithstanding the serious con- 
ditions, a spirit of optimism prevails, but idleness 
among labourers, especially in the steel industry, is on 
the increase. Every sort of enterprise is held up that 
can be held up. The liberation of some 400 million 
dollars after the new Federal Banking Law goes into 
effect, November 16, is expected to afford a strong 
impulse to general business. For the present, trade is 
hanging uncertain, and all manner of supplies in users’ 
and consumers’ hands are at a very low ebb. 





THE LATE MR. AUGUSTUS STROH. 

We record with deep regret the death of Mr. 
Augustus Stroh, the last of the pioneers of the Electric 
a which took piace at his house on Jdaver- 
stock Hill, on Monday of last week, November 2, in 
the eighty-seventh year of his 

John Matthias Augustus 8 was born at Frank- 
fort-on-Main on May 7, 1828, and began his career by 
serving an apprenticeship in the oraft of clock and 
watch-maki At that time, in Germany, the teste 
for qualification for apprenticeship to that industry 
were the most severe in Europe. The candidates were 
supplied with metals and a set of comparatively rough 
tools, and, until they entered the room, they were not 
informed what they were required to make. The task 
given to young Stroh was to construct a special form 
of vertical escapement, and so remarkable was the 
skill which he displayed in his work that he passed 
the examination first on the list, and in proof of the 
appreciation of the examiners, they made the unpre- 

ented concession to him of allowing him to keep 
the instrument he had constructed, and that remains 
with his family to the present time. 

In the year 1851 he came on a holiday excursion to 
London, to visit the Great Exhibition in Hyde Park, 
and, so impressed was he by the advancement of this 
country and its free institutions, that he then and there 
— England as his home, and became a natura- 
lised British subject in 1869. 

Soon after coming to London, Mr. Stroh was intro- 
duced to Professor (afterwards Sir Charles) Wheat- 
stone, and then began an association which terminated 
only by the death of the latter in 1875. Throughout 
this period Mr. Stroh’s inventive and unrivalled 
mechanical genius enabled Wheatstone to introduce 
improvement after improvement in telegraphy. First 
the ‘‘ A.B.C. Telegraph,” which was for several years 
largely used in banks and commercial offices, culminat- 
ing in 1867 in the “‘ automatic system,” the most 
rapid method of selegraphy in existence, which is so 
largely used in the British post-office telegraphs at 
the present time. For this Mr. Stroh was, in 1878, 
awarded, by the International Jury of the Paris Exhi- 
bition, a gold medal (Medaille de Collaboration). 

In addition to his many inventions in connection 
with electric telegraphy, Mr. Stroh devised an im- 
mense number of instruments connected with almost 
every branch of physical and mechanical science, elec- 
tricity and magnetirm, acoustics, optics and horo ql 
In the year 1860 Mr. Stroh established in Tolmer’s- 
square & factory for the manufacture of the Wheat- 
stone and Stroh instruments and for developing his 
other inventions, These works were taken over 
by the General Post-Office in 1880, when he retired ; 
but this retirement was only the starting-point of 
# new life of activity and scientific research, for, 
unhampered by commercial interests, he was enabled 
to devote his whole ene to the pursuite he 
so much loved. He established at his house on 
Haverstock Hill a workshop in which he spent 
almost every hour of the day, his consummate skill 
as a mechanician enabling him to construct, with 
his own hand, the most delicate instruments to aid 





him in his researches. As a remarkable horologist, he 
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devised and constructed many forms of clocks and 
watches and various kinds of escapements, and he also 
constructed a very perfect regulator for controlling the 
speed of clockwork, so that the speed could be in- 
creased or diminished, or kept at a uniform rate, at 
the will of the operator. hen the phonograph was 
introduced, Mr. Stroh took up its study with great 
enthusiasm, with the result that he produced an instru- 
ment which is acknowledged to be the most perfect 
that has ever been constructed, the motor and moving 
parts being absolutely silent, and the speed perfectly 
uniform. Being constructed entirely in aluminium, 
the weight was reduced to a minimum. 

In the year 1881 the late Professor C. A. Bjerknes, 
Professor of Ma hematics in the University of Chris- 
tiania, exhibited at the Exposition de |’Electricité at 
Paris his beautiful series of experiments on attraction 
and repulsion produced by vibration, which he after- 
wards demonstrated before the Physical Society of 
London. This research, and the series of experiments 
used therein, were fully described in a series of articles 
in this journal.* In consequence of these articles, Mr. 





Tue tate Mr. Avcustus Strrou. 


Stroh became deeply interested in the subject, and 
entered into an exhaustive research, which involved 
the design and construction of a series of extremely 
beautifuland delicate instruments. Professor Bjerknes’s 
experiments were conducted in viscous liquids, such 
as syrup or glycerine, but Mr. Stroh was able to con- 
duct the research in air at ordinary preesure. These 
experiments were fully described in this journal at the 
time.t Mr. Stroh brought these experiments before 
the Royal Society in 1882, and read a paper on them 
with the title ‘On Attraction and Repulsion Due to 
Vibrations, and a Comparison of the Phenomena with 
those of Magnetism.” 

Among the many pursuits in which he excelled there 
was none in which he was more successful than photo- 
graphy, and his beautiful work, whether in portraiture, 
andscape, stereoscopic, or colour photography, is 
well known to all his friends. (The portrait which 
we here reproduce is from a negative taken by himself. ) 
In following this pursuit he constructed his own 
cameras, each embracing special refinements devised 
by himself. He, moreover, designed and constructed a 
most ingenious stereoscope which could project stereo- 
scopic pictures on a screen, in which he made use of 
the phenomenon of the persistence of the image on 
the retina, for enabling the observer to combine two 


eg images into one impression. 

r. Stroh was of too retiring @ nature to publish 
much of his work, but he contributed papers to the 
Royal Society, to the Physical Society, to the In- 
stitution of Electrical Engineers, rm the Camera 
Club ; and on February 17, 1879, he gave a Friday 
evening discourse at the Royal Institution on 
** Studies in Acoustics ; a Synthetic Examination of 
Vowel Sounds.” 

He was a member of the Institution of Electrical 
Engineers (of which he was a member of Council 
for several years), of the Royal Institution, the Physical 
Society, and of the Société Internationale des Elec- 

* Sae ENGINEERING, vol. xxxiii., pages 23, 147, and 191. 

+ Ibid., vol, xxxiii., pages 455, 480, 506, and 558. 





triciens, of Paris, and he was a member of the j 
forawards at several of the International Exhibitions. 

So has passed away a man who, although his name 
was practically unkoown to the general public, was 
truly a great man ; for his inventions, several of which 
are of the highest importance, may be counted by 
hundreds. His house remains a» monument to the 
fertility of his inventive genius, for it contains 
hundreds of the most delicate instruments devised by 
himself, and made with his own hands, all exhibiting 
a er of workmanship. 

t was the extraordinary modesty of Mr. Stroh 
—amounting almost to self-effacement—that prevented 
him from having the highest honours conferred upon 
him. He was always not only ready, but eager, to 
place his unrivalled skill as a mechanician at the dis- 
posal of all his friends, and he will be missed for a 
very long time by a coterie of admirers, for he won 
the esteem and affection of all who had the privilege 
to know him. 

Mr. Stroh was married to a Miss King, who pre- 
deceased him, and leaves a son and two daughters. 
He was buried on Friday last at Hampstead Cemetery. 





THE LATE MR. ARMAND CONSIDERE. 

Ow1nG to the fact that his death coincided with the 
outbreak of the war in France, the decease of the late 
Mr. Armand Considére escaped general nvtice. His 
work, however, was of such importance that no 
apology is needed for giving a sketch of his career, 
even at this late date. He was born on June 8, 1841, 
and entered the Paris Polytechnic School in 1860, and 
the Ponts et Chauseées School in 1862. From 1865 to 
1904 he was successively Engineer, Chief Engineer and 
General Inspector of the Ponts et Chaussées, the 
French Government Corps of Civil Engineers. 

During the whole of his period of active service with 
the Ponts et Chaussées, a period which, as will be seen, 
covered forty years, Mr. Considere carried out a large 
amount of work on road, railway, harbour and light- 
house construction. Notwithstanding his duties under 
Government, be found time to undertake numerous 
études and to issue a large number of standard publi- 
cations, among which we may mention a treatise 
on the part played in the economics of the nation by 
local railway systems, and on the usefulness of such 
lines ; a report on earth pressures ; other papers on 
the properties and the use of steel in civil engineer- 
ing work ; on the shocks on permanent-way ; on 
riveted work, &c. Ina paper which he read as early 
as November 6, 1892, before the Commission for the 
Testing of Materials, he pointed out that a steel 
having a high tensile strength, able to bear a high per- 
centage of elongation without fracture, and to with- 
stand with complete success all the required tensile 
tests, might nevertheless be a very fragile steel, and 
a steel the use of which might be surrounded with real 
danger. On the same occasion he defined the fragility 
test ; the preponderating importance of such a test 
for steel has since been admitted the world over. In 
the same year the French Académie des Sciences 
acknowledged the services rendered by Mr. Considére 
to civil engineering by appointing him a Corresponding 
Member. 

Mr. Considére first gave his attention to reinforced 
concrete in the year 1899, and immediately published 
his standard work on the influence of metallic arma- 
tures on the properties of mortars and concrete, in 
which were given for the first time rational formule 
for the calculation of reinforced concrete, these formule 
establishing the bases on which the new science has 
since been reared. In the year 1901 he invented 
the spiral system of reinforcement, and = in 
the following year an important treatise dealing with 
the resistance to compression of ordinary reinforced 
concrete compared with that of spiral reinforced con- 
crete. A further treatise of his was published in 1907, 
dealing with spiral reinforced concrete and its appli- 
cations, which latter treatise contains the result of a 
large number of practical experiments and points to 
the most remarkable qualities of his type of reinforce- 
ment. 

He designed and patented several other processes for 
civil engineering construction, among which we may 
mention his conical foundations which were patented 
in this country in 1910,* and in a period of two years 
have been resorted to for constructions carrying a total 
load of 125,000 tons. Tohim are also due temporary 
joints of spiral reinforced concrete for arched bridges, 
which remove the ill effects which otherwise would 

from contraction of the concrete and the 
settling of the piles, abutments and centres. He also 
star the use of friction-slabs to withstand abut- 
ment and earth pressures. Mr. Considére was ap- 
pointed chairman of the Reinforced Concrete Com- 
mittee, which drew » the regulations issued in 
1906 by the French Ministry of Public Works; 
he took a very large share in the experiments 
and operations carried out by this committee. In 
—_—— in ENGINEERING, May 6 and September 2, 
1910. 





recognition of his work, the International Association 
for the Testing of Materials appointed Mr. Considére 
President of the Reinforced Concrete Section in 1907. 
His age and his numerous other duties did not allow 
him to continue long in this position of honour. Ia 
former issues (see ENGINEERING, vol. lxxxix., page 578, 
and vol. xc., page 327) we gave particulars of Mr. 
Considére’s system of piles and temporary joints. A 
brief illustrated description of his hollow-cone founda- 
tioas of reixiforced concrete was also published in one 
of our later issues (see ENGINEERING, vol. xciii., 
page 573). 

The spiral reinforcement, with which Mr. Con- 
sidére’s name will always be chiefly associated, has 
been very largely used in Great Britain since its intro- 
duction by the Considére Construction Company, in 
1908. It is particularly applicable to arched bridges 
and to pile foundations. The largest bridge in this 
country in which the spiral reinforcement is being 
used is the one, now practically completed, over the 
River Mersey at Warrington, with which the late Mr. 
J. J. Webster was associated as consulting engineer (see 
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ge 570 ante). Considére piles have been used very 

rgely in this country also, notably for H.M. Ordnance 
dépot at Rosyth, for the foundations of the six ware- 
houses at the Hull Joint Dock, and for the foundations 
of the new Cuntinental Station, Dover Harbour. 

On e 523 ante we commenced a description of 
the Meadowside Granary for the Clyde Navigation 
Trustees, which we continue in our present issue. This, 
as our readers will have noticed, is an important struc- 
ture of reinforced concrete, the details of which were 
designed according to methods developed by Mr. 
Considére. 





Tue Liverroot ENcingerine Socirety.—Owing to the 
absence of Major J. R. Davidson and Captain T. R. 
Wilton, who have joined their respective regiments, the 
duties of hon. treasurer and hon. secre will be under- 
a by Professor E. W. Marchant and Mr. Thomas L. 

er. 





Raproactivity.—On the 5th inst. Sir William Crookes 
read a paper on “‘ Acquired Radioactivity” before the 
Royal Society. In it he said that a diamond exposed 
directly to radium takes a full sage-green tint, and becomes 
persistently radioactive, continuously giving off a, 8 and 
yrays. The acquired colour and activity continue for 
years with apparently undiminished activity. 





Ovr Rams Aszoap.—Our rails are still in good 
demand in British India and Australia, but orders have 
presented themselves less freely in New Zealand, and 
shipments to Argentina have also fallen off sharply, rail- 
way construction in the Argentine Republic being almost 
limited at present to the completion of sections which 
had previously been nearly y for traffic. The exports 
of British rails for October were 37,005 tons, as com 
with 40,625 tons in October, 1913, and 40,930 tons 1 
October, 1912. The aggregate exports for the ten month 
ended October 31, this year, were 402,944 tons, as com- 
pope with 419,730 tons and 346,882 tons. Argentina took 

.404 tons of our rails to October 31, this year, as com- 
pared with 46,165 tons and 45,040 tons. 
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respectively forwards and back. Fig. 17 is a section 
at the third pair of drivers looki orwards ; Fig. 18 
a section through the eab at a point beyond the end 
of the frames; Fig. 19 shows the back of the cab. 
Fig. 20 is taken through the rear articulation. 

Figs. 21 to 32 relate to the tender ion. Figs. 21, 
22 and 23 are sections at the cylinders and motion. 
Fig. 24 is at a point near the main drivers and Fig. 25 
near the trailing pair of coupled wheels. Fig. 26 
shows the trailing end of the tender section. The tank 
is shown in longitudinal section, plan, and end eleva- 
tions in Figs. 27 to 30, page 601, while Fig. 31 shows 
a cross-section just ahead of the trailing truck, and 
Fig. 32 a section at the trailing end of the tank. 

We shall deal with details of the design on a sub- 
sequent occasion, and will now draw attention to such 
general features as are rendered clear by the illustra- 
tions we give herewith. The locomotive is a compound 
with two high-pressure and four low-pressure cylin- 
ders, all the same size, and cast to the same pattern. 
The middle cylinders are the high-pressure pair. 
Steam is — to these cylinders from the dome 
nearly vertically over them, by way of the dry pipe 
leading to the smoke-box, then quengh the super- 
heater, and from the header down through pipes 
shown in Fig. 7 along the outside of the barrel to the 
centre saddle, as seen in Fig. 2. The exhaust is divided 
between the front and rear units ; that from the right- 
hand high-pressure cylinder is carried forward through 
a large pipe, fitted with ball-and-socket and e ion 
joints, to the saddle of the front pair of cylinders ; 
that from the left-hand high-pressure cylinder is 
carried in a similar manner to the rear for the pair of 
cylinders on the trailing section. The exhaust from 
the front low-pressure cylinders is carried up through 
a swivelled pipe into the smoke-box, where it is 
employed to produce the blast. The exhaust from the 
trailing section is turned into a large feed-water 
heater running under the tender-tank, an uptake 
being arran ot at the trailing end, as seen in Figs. 4 
and 26. e feed-heater is shown in section in 
Figs. 24, 25, 31, and 32, &c. The valve-gears are of 
the Baker type ; they are interchangeable ; the piston- 
valves have inside admission. The cut-off is adjusted by 
power, the reversing mechanism being of the Ragonnet 
type adopted by the Baldwin works. One reversing- 

ear controls all sets of motion (see Figs. 2, 3, 4, and 
1). A starting-valve admitting steam to the four 
low-pressure cylinders is provided. 

At the front and back ends of the machine there are 
two-wheel trucks. The front truck is of the centre- 
bearing type, with three-point hangers for the cradle. 
It is equalised with the first group of drivers. The 
cross equalising beam at the back of the front saddle 
is shown in Fig. 7. The middle group of driving- 
wheels is equalised in one system. The third group 
is equalised with the trailing-truck, which is of the 
side-bearing type, with outside boxes. The cross- 
beam for connecting the driving-spring rigging with 
that of the truck r: be seen in Fig. 25. 

A locomotive of this size, would, of course, be out 
of the question with coal fuel unless fitted with 
a mechanical stoker. We do not p 
the particular stoker fitted to this Erie locomotive at 
this time, but, while the drawings are at hand, will 
just point out that the distributing gear is shown on 
the fire-box back plate in Figs. 13, 19, and 20. In the 
drawings showing the front end of the tender it will 
be noticed that me he coal is — a 
hoppertype of floor, sloping down toa trough. The latter 
poe at conveyor, by which the coal 1s transferred 
from the tender to the stoking-machine. It is shown 
in cross-section in Fig. 22. e will reserve further 
particulars until we deal with the details of the loco- 
motive. In the meantime, we give below the prin- 
ci iculars of the machine, which, as previously 
recorded in ENGINEERING, holds the record for train- 
loads, having handled a load behind the tender of 
17,912 short tons on a grade of 0.09 per cent. This 
train had a length of 1.6 miles, and was made up of 
250 fifty-ton gondola steel cars, dynamometer car and 
locomotive. It was moved at a s of 14 miles per 
hour. Communication between the members of the 
train crew was maintained by telephone. 

Cylinders, two high-pressure 36 in. by 32 in. 

a four low-pressure ... 36,, ,, ws 
Valves, piston . wee. eee 16 in. diameter 
Maximum tractive power calcu- 

160,000 Ib. 


Draw-bar pull by dynamometer ... 130,000 ,, 
Driving-wheels, diameter .. ion 63 in. 
- +» journals .. . LLin. by 13;y in. 
Truck-wheels, leading, diameter in. 
ad », trailing, diameter... 
Boiler, ee — 
» length of barrel... 
je tn nage pea 
number of 2}-in. ... 


42 in. 
98 fh, 9 
t. 234 in. 
ate 
326 
a risce—tut 6418 04. f 
Heating surface— = a . fr. 
ame arch-tubes ... 98 
pis combustion- 
chamber ese eee 108 ,, 
Heating surface— at - xeo OE on 
Superheating surface od we "Te we 


to describe | the 





“ rigid... ... 

Length over bumper-beams 

a ree af 
om total ... 


(To be continued.) 
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Ir would be quite impossible within the limits of an 
address such as this to describe, or even to enumerate, all 
the water supplies which have been constructed by 
counties and burghs in Scotland. 

The Local Government Board exercises a zealous con- 
trol and takes care that adequate supplies of water are 
provided where they are required. I think, however, 
that much money might be saved, and the water supply 
of the country conserved, if more combination took place 
between adjoining burghs and between burghs and 
counties before any them were allowed to introduce 
& new water supply. It would be far better if a number 
of places in adjoining districts combined and introduced 
one comprehensive supply rather than that each 
— place should have an independent supply for 
itself. 

Take, for instance, my own county of East Lothian. 
There e town and village has its own independent 
supply, with separate reservoirs, separate compensation 
water and separate lines of main pipes bringing the water 
from the hills to the various points of supply. It would 
have been infinitely better, and much more economical, 
if all these places had combined and had one compre- 
hensive scheme dealing with the whole county. Is it too 
much to hope that in future—and much remains still to 
be done—the legislature will take care that this question 
of combination is duly considered before any supply for a 
comparatively restricted district is sanctioned ? 

One other point in connection with water supplies, and 
that is the quantity of compensation water that should be 
given off. It seems absurd that this should be left to be 
fought out under every little Bill, and it should be fixed 
definitely by the legislature. It often happens that the 
promoters of a scheme—where no landed proprietor has 
a sufficient interest to oppose it—get off with the provi- 
sion of far too small an amount of com tion water. 
This matter is really a national one and should be settled, 
not in the interest of any individual proprietor, but of 
the public at large. When the available sources of supply 
are yearly becoming more and more scarce, it is essential 
that adequate provision should be made to secure that our 
rivers and streams have at all times a sufficient supply of 
water sent down them. 

In addition to the supply of water for ordinary domestic 
perpenes, several works have been constructed in Scotland 

or utilising water-power for commercial purposes. The 
first of these appropriated the water as over the 
Falls of Foyers on the south side of Loch Ness. This 
was done by the British Aluminium Company, and 
although from a commercial point of view it has been 
successful, there is not the least doubt that the construc- 
tion of the works there has greatly spoiled the beauty of 
scenery, much to the regret of the number of 
tourists who frequent Loch Ness, and of those who 
— the preservation of the beauties of Scotland at 
eart. 


That supply became quite insufficient for the Be eer 
ig 


of the British Aluminium Company, and the 
Water-Power Company = a scheme in 1899 to 
take the water of h Ericht and some smaller lochs, 
situated in Perthshire, right across Argyllshire, and 
make use of it at a manufacturing station to be placed at 
the head of Loch Leven. In the scheme submitted 
to Parliament the proposed works were too light and the 
compensation water repent to be given much too small, 
while the waters of- Ericht were diverted from their 
natural water-shed into an adjoining county. It was 
opposed, among others, by the County Council of Perth 
and the Tay Salmon Fisheries Commissioners, and was 
rejected by Parliament. In the Session of 1901 the Loch 
Leven Water-Power Act was It was really = 
of the former scheme, but without encroaching on h 
Ericht, and provided for the construction of a large 
concrete dam at the west end of the Blackwater Lochs, 
and the laying of pipes from it to turbines at the head of 

Leven. The estimated cost of that scheme was 
575,000. ‘The works have been constructed, and are now 
in full o tion for the production of aluminium. 

In addition to the use of water for power, several large 
com : are now —s in Scotland Lae yey, seve 
tricity for power and lighting an ity of 
Siene aaa extensive system = distributing water 
at high pressure, I believe at something like 700 Ib. 

- in. 
P The great municipalities in Scotland are also keepi 
with the times, and have been for many years 

loing much to improve the cities over which they have 
control. Tramways are to be found in all the principal 
cities, and in many country districts as well ; and these, 
with the single exception of Edinburgh, are worked on 
the overhead electric system. The tramways of the City 
of Edinburgh, which were originally horse tramways, 
about twenty years ago, were converted into cable tram- 
ways, and they continue to be worked by cable. 

‘Aishongh this system is costly to instal in the first 
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instance, ouce it is installed, it is worked far more cheaply 
than — other syste The Edinburgh tramway system 
costs 1d. per car-mile less to work than any other system 
in the a. In addition, in a beautiful city like 
Edinburgh, the public would never have allowed the 
overhead system, with its network of wires ; and that is 
obviated by the cable system. 

The only disadvantage which the cable system has is 
that it does not readily lend itself to extension into 
8 y populated districts. The initial cost is so great 

at there would be no possibility of any such extensions 
being commercially successful. 

In Glasgow much has been done for the improvement 
of the amenity of the city. One of the principal works 
undertaken by the corporation, assisted by the adjoinin 
counties, is the purification of the River Clyde. Provi- 
sion was begun for that purpose when the railway pro- 
moted by the Caledonian Railway Company, running 
8 le-street, was in Parliament, and clauses were 
introdu into the Act providing for the construction, 
by the Caledonian Railway Company, of a system of 
sewers on the north side of the railway and passing 
underneath it, which were designed to suit the scheme 
which was then being matured for the purification of the 
River Clyde. 

The whole scheme has been so fully described in papers 
read before this Institution in 1911-12 by Messrs. 
—— id and Taylor, Mr. ry: ~~ 4 += Morton, that 
it is not necessary to repeat the details here. It d 
and deals satisfactorily, with the sewerage of An 
including the Burghs of Govan and Partick, now included 
in G@ w, the Burgh of Rutherglen, the Burgh of 
Clydebank, and portions of the counties of Lanark, 

jw, and Dumbarton. The total cost has been 
about 2,400,0002. 

The effluent from Dalmarnock Works discharges into 
the Clyde just about the head of the tidal waters, and it 
has been decided to install filters at these works. Power 
was obtained in the last session of Parliament to do this, 
at an estimated cost of 120,000/. 

The old Glasgow Bridge, designed by Telford, and built 
by Gibb in 1833, some years ago showed signs of failure. 
> was ——_ on — aes, and, owing to the 

eepening of the river, these me exposed, and began 
to a. The bridge was cracked from end to end, and 
would very soon have become unsafe for traffic. This 
bridge has been rebuilt by the Corporation of Glasgow 
with properly-secured foundations, and was opened for 
traffic in 1899. In rebuilding it the width was increased 
from 56 ft. to 80 ft. between pets. 

Since that date the congestion in the streets of Glasgow, 
especially in that neighbourhood, has greatly increased, 
and only in the past session of Parliament the Corpora- 
tion got power to build an additional bridge across the 
River Clyde, in close proximity to Glasgow Bridge, in 
order to deal with this congestion. Although the bridge 
just sanctioned will relieve the congestion at that par- 
ticular place, a larger and more important question must 
soon be dealt with by the Corporation. Owing to the 
great extension of the city on both sides of the river to 
the west, a bridge across the Clyde, considerably lower 
down than the present bridge, must be provided, either 
& low-level swing-bridge, or an opening Teidge of some 
sort, or a high-level bridge. The Clyde Trustees have 
established ferries on the river, and a private company 
has built a tunnel under the river, but neither of these 
meets the situation. The kind of bridge to be adopted 
will necessarily ee to a extent on the site 
selected, and this last point will require, and will no 
doubt receive, very careful consideration. 

There are also on the north of the Clyde large cattle 
wharves and sheds for dealing principally with cattle im- 
ported from foreign countries, and there has just been 
erected a very large grain store, fitted up with the most 
modern machinery for conveying grain from ships to the 
store. 








In Edinburgh the principal improvement in recent 
years was carried out in connection with the reconstruc- 
tion of the Waverley station by the building of the new 
North Bridge over the valley of the Nor’ Loch, and b 
the widening and flattening of the gradient in Nort 
Bridge-street. The old North Bridge consisted of a series 
of masonry arches with very large and heavy piers, and 
had been widened by means of iron girders many years 
ago, but the width of that widened bridge was only 
56 ft., the width of the original stone bridge being 42 ft. 
When the Waverley Station was being reconstructed, 
the piers of the bridge would have interfered ver 
much with the laying out of the station, and the Nort 
British Railway Company were satisfied that if they 
were to design the station to the best advantage, from 
a railway point of view, it would be necessary to have 
the piers of the old bridge altered. They therefore 
offered the Corporation, who had had for some time 
under consideration the question of reconstructing the 
North Bridge, to contribute 30,0002. towards the cost of 
rebuilding it. 

This offer was accepted by the Corporation, and the 
bri was rebuilt in three steel arched spans, each of 
175 ft., and at the same time an opportunity was taken 
of making a ne from the south end of the 

st-office at the north end of the street right up to the 

igh-street, giving a gradient of 1 in 27, in alee of a 
level roadway over the old bridge, and a gradient of 
1 in 18 from the south end of the old bridge up to the 
High-street. The bridge and the new street were con- 
structed hout with a width of 78 ft. Further, in 
connection with the remodelling of the Waverley Station, 
ay was taken to make an entirely.new system 

sewers in the valley of the Nor’ Loch, whith will be 
sufficient for many years to come. ; : 

Electric light has been installed in Sa, wo 
other towns, and, like Glasgow, Edinburgh con- 








Nov. 13, 1914.] ENGINEERING. 603 


structed one of the finest gas installations in the country. 
And only recently the cattle-markets and slaughter- 
houses, which formerly occupied a place in a very con- 


































































































it. Now it is used in great quantities not only for 
foundations, but as a Boyne for _ v4 | brick in 
juay-walls, retaining- sea-walls, and even for arches. 
Then there is the oe of steel =a 
enables larger spans to ilt, yet preserving the same 
margin of safety. The Greathead shield, for driving 
tunnels, and steam-navvies have also greatly simplified | construction of a new road uae Gre due weight to the 
the construction of works. requirements of each of these ki of traffic, and a road 
Cast iron in under-line railway bridges, in consequence | must not be made so that it is fit for motor-car traffic and 
of two or three accidents, and especially of one which | useless for horse traffic, or fit for horse traffic and useless 
took place near Fyvie, on the Great North of Scotland | for motor-car traffic. What is wanted is a road with a 
i i i ibi — bottom, but with a certain amount of yield in it, 
and this must be covered with some ial bituminous 
or non-absorbent material very carefully put on, bound 
t with tar or some other adhesive substance, so 

as to give an absolutely smooth surface and minimise 
the quantity of dust created by the travelling of motor 


use of motor-vehicles. Many specifications have been 
proposed up to the present time, but so far I have not 
seen one that fully meets the requirements of all parties 


district in the centre of the town, have been 
removed to the suburbs, and built in accordance with the 
most modern ideas. 

In Aberdeen, in 1880, a new bridge was built over the 
River Dee, 40 ft. wide. The foundations were carried 
por nd to the ow ond =. by means of cast-iron 
cylinders inside. is ge opened up an 
entirely new district on the south of the Dee. 

Perth, in 1901, constructed a new iage-bridge across 
the River Tay, with a width between parapets of 
42 ft., at a cost of 20,000/. 

In dealing with municipalities one cannot help saying 
a word about the Town Planning Act, which was passed 
in 1909. It seems to me that corporations, both in Scot- 


Unless we are to have absolutely separate roads in the 
country for motor and horse traffic, a specification for the 


to specify and supervire the construction of all temporary 
huts for workmen. Now that is all undertaken by 


early days of the period I am dealing with, engineers had 
the 
Local Government Board, and the contractor has to 


land and England, have quite lost their heads with regard | comply with their requirements. vebi I have no doubt that after a few more experi- 
to the administration of that Act. No doubt broad} In some of my old specifications, after stating the sizes | ments engi will be able to construct roads that will 
streets and roads and o- spaces in towns of all| of the houses and the number of cubic feet, &c., to be | give sati ion to everyone using them. 

sizes are of t benefit to the people; but surely the| provided in workmen’s houses, the following clause 


Gentlemen, I feel that this address is, perhaps, too 
occurs :—‘* Each bed to contain not more than two men, | full of dates and statistics. But this was unavoidable ; 


and to be at least 6 ft. long and 4 ft. wide inside.” That|and if it is of any use or of any interest, even to a 
specification was in use for many years, and, as far as I Fe of my audience, I shall be more than 


can make out, up to 1874. I am afraid the navvies in § 
hace dage ques have bean of a smaller size than many| I wish to thank the engineers of the five Scotch railway 
we see about us now. companies, of the Clyde Trustees, and Leith Harbour 
fone from the mere question of construction, the | Commissioners, and many others, as well as the members 
whole routine office work is much simpler than in the|of my own staff, for their valuable assistance in the 
early days. preparation of this address. 
Fifty years ago everybody wrote their own letters, 
there was little shorthand, and typewriting machines 
were not known. The telephone had not been introduced, 
ol the electric —— ph was very pay —_ 
was no such thing as sun-prints, and for outside the Imperial Coll : 
re oe iad ida ean Binge chose | ld ou October Shay the Imperial Calle af Scene, 
viet bee Sather sented to simplify all engineering 4 = om. wet epee em Seen we Gelivered by 
works is the standardisation which bas fons undertaken ereor Tho » the eubject being “ Ionieation. 
by the British Engineering Standards Committee, Now, ABSTRACT. 
instead of having a long specification with regard to, say,| onisation is the process by which ions—particles 
cementor steel, a specification simply provides that these | charged with electricity—are produced in a solid, liquid 
must comply with the requirements of the Engineering | or gas. This address is confined to the consideration of 
Standards Committee. , oe ions in gases, and deals with two questions: (1) the 
Ordnance sheets were only just neing introduced fifty | nature of the ions, (2) the process by which they are 
years ago, and I remember quite well hearing my father —— The evidence as to the nature of ions is 
say that he thought the introduction of ordnance sheets | derived from experiments on their mobility, which have 
would be the ruin of civil engineers, a great part of their | shown :— 
work in those days —— in surveying and preparing | a. The mobility of » positive ion depends only on the 
nad of the estates of ed proprietors. ot | gas through which the ions are moving, and not on the 
ng the ruin of civil engineers, I su e there is| nature of the gas out of which the ions are formed. 
nothing that has tended more to simplify their work and} 8. The mobility of the ions in a gas at constant density 
enable them to lay cut railways other works more | js inde ent of the temperature. 
efficiently and rapidly than the introduction and use of} +, There area considerable number of gases in which 
ordnance sheets. All these appliances mean, just the| the mobility is very ximately inversely proportional 
same as in any other trade or profession, the introduction | to the equare root of the density of the gas. 
of more machinery and the consequent employment of} 4, In the case of negative ions there is an abnormal 
less personal labour. — : : .. | increase of mobility when the pressure is reduced below 
There is one other important point which I should like | g certain value, and there is some evidence that this is 
to allude to for a moment, and is the introduction in | also the case for positive ions at very low pressures. 
recent years of reinforced concrete. While for certain| Two theories of the mobilities of ions were considered, 
structures this material may have its advantages, it i8| one founded on the view that the action between ions 
in Tek cases used for ordinary construction wherestone | and molecules is analogous to impacts between hard 
or brickwork or steel would be much better, and, as far | elastic spheres, the other on Maxwell’s theory of forces 
as I can make out, in most cases would be cheaper. This| between ions and molecules varying inversely as the 
leads me to observe that, both as regards particular | fifth power of the distance between them. 
methods of construction in reinforced concrete adopted| [ is shown that a follows from the second theory, 
by individual firms, as well as other constructional and | provided the ion is a cluster whose mass is couidensti 
inspecting work undertaken by. joint-stock companies, greater than that of a molecule of the gas through which 
great efforts are continually made to secure the execu-| ji} is moving. On this supposition it follows from 
tion of work irrespective of designs which would in the | the first theory if we suppose in addition that all ions in 
ordinary course be prepared by independent professional | 9 given gas are of the same size. 
engineers, - (8) follows at once from the second theory ; to explain 
Unfortunately, men who are members or associate | it on the first theory we must suppose that the size of the 
members of the Institution are often also members of, or | jon varies with the temperature in a definite way. The 
agents or advisers of those companies, and thus take part | necessary relation can be deduced from thermodynamical 
in extending the operations of persons who, properly | principles if we suppose that the force between an ion 
enough engaged in © supplying of materials or erection | and a molecule is anal to that between a cnapet 
of structures, seek to include at the same time all the | point and a sphere which is either a conductor of eleo- 
professional functions of advising, designing, and super- | tricity or has a high specific inductive capacity. 
vising. 
‘ Farther as you are es the pasttiation ba hue} its 
‘ace rigidly against any advertising for profesci or 
advisory work on the of its members ; but while this 
regulation is adh to by individual members, com- 
jes which contain, or are served by, members of the 
fastitution advertise broadcast for work, frequently 
using the names of members in the advertisements ; and 
the Council feel that members of the Institution who are 
acting for such companies are breaking the regulations 
that have been made. This matter is at the present time 
receiving the most anxious consideration of the Council, 
and it is their intention to take some steps to put a stop 
to the practice I am alluding to. 


provisions of this Act can be, and are in some cases 
carried much too far. 

Take the case of the burgh of Dunfermline, a burgh 
which has a population of about 28,000, covering an area 
of 2032 acres, more than half of which is at the present 
time unbuilt on. It acquired, under the authority of 
Parliament, between five and six thousand acres of what 
is purely agricultural land, and it has completed a Town 
ee scheme —— Mp of ~* area. a —. 
thing very extrao ry pens, this area of grou 
cannot be filled with houses for more than a century, and 
yet the Corporation are going to spend immediately a 
very large sum of money in laying out roads and sewers 
for the town-planning of this district. 

Again, take the case of the City of Edinburgh. The 
Corporation own a large area of eae extending to 
something like 90 acres, in the neighbourhood of the new 
cattle markets, available for feuing purposes, and at a 
recent meeting of the Corporation it was decided by a 
majority that no building to be put up on that ground is 
to exceed three storeys in height. The streets are to be 
wide, and several open spaces are pa provided, and in 
Edinburgh, which has some old buildings from twelve 
to fourteen storeys high, it seems absurd to restrict new 
buildings on this area to three storeys. If the height 
had been increased to four storeys, it would have meant 
a saving to the citizens of upwards of 3000/. a year. These 
are only two instances, but all over Scotland this Act is 
being strained to its utmost extent by corporations in 
order to make provision far in excess of anything needed 
in the near future. 

There has been no addition to the canals of Scotland 
during the last fifty years; in fact, one or two, notably 
the Glasgow and Paisley Canal, have been done away 
with and replaced by railways. 

The Royal Commission on Canals and Waterways, 
which sat recently, recommended that the Crinan Canal 
should be considerably improved so as to take + = 
vessels from the West Coast to Oban, but ——- that 
report was issued in 1906-8, nothing has been done in 
connection with the matter. 

There has been a proposal before the public in Scot- 
land for the last few years with rd to the construc- 
tion of a ship canal between the Forth and the Clyde, 
wide enough and deep enough to take the t vessels 
afloat, whether merchantmen or men-of-war. e saving 
in distance to be effected by such a canal is so trifling 
wheres large vessels with high speeds are concerned that 
I do not think it is at all necessary, and I am satisfied 
that if such a canal were constructed it could never prove 
a commercial success, nor do I think it can be con- 
structed for anything like any of the figures I have seen 
mentioned as its probable cost. 

During this period also much progress has been made 
with the development of the coal industry in Scotland. 
Prior to 1864 the t bulk of the supply in Scotland 
came from Lanarkshire and Ayrshire ; and it was to deal 
to a large extent with these supplies that the Caledonian 
Railway Company incurred very large expenditure in 
building the new Grangemouth Docks in 1876 and 1889. 
More recently, however, the coal-fields in Fife and the 
Lothians have been developed, and large quantities of 
coal are now being put out from them. 

The total output of coal in Scotland in 1864 was 
12,400,000 tons; 1874 was 16,788,661 tons; 1884 was 
21,186,688 tons; 1894 was 21,481,554 tons; 1904 was 
35,453,009 tons ; 1912 was 39.518,629 tons. But while in 
1864 only 600,479 tons, or 4.84 per cent. of the total out- 
put, was exported to foreign countries, this has gradually 
increased during each decade until in 1912, 9,702,432 tons, 
or 24.55 per cent., were exported to foreign countries. 
This may be all very well for coal-owners, but it is a 
serious question whether our coal supplies should be so 
seriously depleted for the benefit of foreign nations. 

This brief summary of engineering works in Scotland 
will show that she is in no way behind the other parts of 
the United Kingdom in keeping pace with the times, and 
carrying on the necessary works for the improvement of 
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(y) uires on theory 1 that the ions in these gases 
PAF of the same size, on theory 2 that the mole- 
cules of these gases —— exert the same force on a 
charged point at a given distance. 

(3) fellows on either theory if the ion dissociates at 
low pressures, so that free corpuscles are present in the 


o With regard to the process of ionisation, the first ~— 
of this in the vast majority of cases consists in 
detachment of an electron or corpuscle, Evidence as to 
the method by which this takes place is afforded by 
determinations of the velocity with which the electrons 
ri toe case of iontestioa by light or Ri th 

. . - : n case of ionisation by light or Réntgen rays, this 
It is exceedingly difficult to say anything with regard | velocity depends primarily on the wave-length of the 
to the future prospects of engineering, especially in| radiation, nob upon its intensity, nor, at any rate, to an 
Scotland. One thi ‘ great extent, on the nature of the molecule from whic 
that everything is done that can be done, and that little| the corpuscle is ejected. This velocity is far greater, 
work is left for the engineer to carry out, but if the next 


even when ev owance is made for resonance, than 

Scotland itself, and for the benefit of the trade of the | fifty years are tosee as many and as great changes as have | can be accounted for if we su that the energy of the 

country. taken place in the last fifty years, then the engineer has light is uniformly distributed, and that the le 
I should like to point out to the engineers of the|® new world before him. 


acquires its velocity by the action on it of the electric 
force in the wave. Another explanation not open to 
these objections was put forward. 

When ionisation is due to the action of moving elec- 
trified particles, whether itive or negative, the re- 
sults are quite different. e velocity of the ejected 
particles (6 rays, as they are sometimes called) dovs not 
seem to vary much, if at all, with the velocity of the 
particles which eject them, and is of the same order 
whether these particles are positive rays or the much 
swifter cathode rays. The method of ejection by the 
impact of such particles was considered, and suggestions 


present day how much more easy it is now, from every 
point of view, to carry out big works than it was at the 
veginuing of the period with which I am dealing. In 
pee of bernie we have now the benefit of 
neumatic an raulic pressures and of electric energy. 
We use to an enormous extent Portland cement, which 
was first used, in Scotland at any rate, in 1870, but then 
only as a lime in which brickwork was set. The first 
notice I have of it being used for cement concrete 
was in 1877, when so little was known about Portland 
cement itself that no tests were specified with regard to 


At the t time, when competition is so keen in 
every walk of life, any new developments in connection 
wi ing matters which may tend to improve 
the comfort of or to increase the speed of 
trains, or to reduce either the charges made for handling 
goods and merchandise, or the cost of production, must 
be of immense benefit to the community, and should 
claim the ardent attention cf engineers. 

But is one matter which is urgently calling 
for the attention of all engineers. I mean the question 
of road-making, with special regard to the ever-increasing 
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as to a possible theory and some of its consequences 


thrown out. 

Dr. R. T. Glazebrook, in moving a vote of thanks to 
the President, said that one expected, when listening to 
Sir J. J. Thomson, to be carried to the bounds of 
knowledge by one who had taken no small part in the 
extension of these bounds, and he was confident that 
none of those present had been disappointed in that 
expectation. He asked the President, on behalf of the 
Society, to allow his address to be published in full in 
the Proceedings. 

Dr. C. Chree seconded the vote of thanks, which was 
carried with enthusiasm. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data A. y tony Bey nn 
foreign engineering projects, en from the Board o 
Journal. Further information concerning these 
rojects can be obtained from the Commercial Intelligence 
= Board of Trade, 73, Basinghall-street, London, 
South Africa : The Commercial Intelligence Branch of 
the Board of Trade is notified that tenders are invited 
by the Port Elizabeth City Council for the supply of the 
following plant required in connection with the muni- 
cipal electric supply undertaking :—Section A, engine- 
room plant, comprising turbo-generators, high-tension 


switch-gear, and converting plant. Section B, boiler- 
house plant, comprising ilers and _ coal-conveyer. 
Section C, high-tension and telephone cables. 


Copies of 
the specifications and forms of tender, &c., may be 
obtained from the London agents of the Port Elizabeth 
City Council, Messrs. Davis and Soper, 54, St. Mary Axe, 
EC, on deposit of 5/., which will be returned upon re- 
ceipt of a bond fid: tender. Sealed tenders will be received 
by Messrs. Davis and Soper up to noon on November 26. 

France: A contractor and engineer, who has hitherto 
purchased from German firms, wishes to get into touch 
with United Kingdom manufacturers of contractors’ 
locomotives.- A Lyons firm, which has hitherto obtained 
its supplies from Germany, wishes to hear from United 
Kingdom exporters of the raw chemicals used in the 
manufacture of boot-leather dressing. A firm in Lyons 
wishes to obtain the names of United Kingdom manu- 
facturers of imitation rubber. United Kingdom mant- 
facturers and exporters of the above-mentioned goods 
may obtain the names and addresses of the inquirers on 
application to the Commercial Intelligence Branch ; but 
ye should address any further communications regard- 
ing the —- to the British Consulate, Lyons. 

Spain : The Gaceta Madrid notifies that tenders for 
the installation of three electric cranes will be received by 
the Junta de Obras del Puerto de Alicante, Alicante, u 
to noon on December 28. Tenders must be accompani 
by drawings and full particulars in Spanish ; prices must 
be quoted in pesetas, and weights and measures are to be 
in the metric s — 2 deposit ¢ 1500 pone (about 
55.) is requi to qualify any tender. represen- 
tation is necessary. The Gaceta also contains a decree 
authorising the Port Authorities at Santander to carry 
out wharf improvements at that port at an estimated cost 
of 140,151 pesetas (about 5190/.). The Gaceta further con- 
tains a decree authorising the Ministerio de Fomento to 
arrange for the execution of drainage works in the district 
of Corcovado on the Rio Mula, in the Province of Murcia, 
at an estimated cost of 1,119,520 pesetas (about 41,460/.). 

Italy : His Majesty’s Consul at Milan reports that a 
firm in that city desires to get into touch with United 
Kingdom manufacturers of motor road-rollers (petrol or 
benzine). United Kingdom manufacturers of motor road- 
rollers may obtain the name and address of the inquirer 
on application to the Commercial Intelligence Branch, 
but they should address any further communications 
r ing the inquiry to the British Consulate, Milan. 

inican Republic: H.M. Chargé d’ Affaires at Santo 
Domingo reports that a few years ago there were appa- 
rently no roads in the Dominican Republic which were 
practicable for wheeled traffic all the year round. 
roads, however, are now under construction by the Public 
Works Department, although p is very slow. A 
road from the capital to the north, now a difficult and 
often dangerous trail, will probably be begun during the 
current year; when completed, the journey to Monte 
Cristy will be possible by motor-car in 15 hours, whereas 
now it requires six or more days of hard riding. Rail- 
ways are also urgently required. There are at present 
two small narrow-gauge lines in the north, one from 
Puerto Plata to Santiago and Moca, and the other from 
Sanchez to Salcedo and La Vega. Ibis to con- 
nect these two systems by a line from Salcedo to Moca. 
The construction of a line from Manzanillo Bay to 
Santiago is vontemplated by an American company. 

Argentina: The Boletin Oficial, Buenos Aires, pub- 
lishes the text of a law granting to the Compafiia Fran- 
cesa de los Ferrocarriles en la Provincia de Santa Fé 
@ concession for the construction and working of a rail- 
way, of l-metre gauge, starting from the station of 
Charadai and running in a westerly direction for a dis- 


tance of 95 km. (about 59 miles), and a branch line in a| *he passen 


north-westerly direction about 100 km. (62 miles) long. 
Plans and estimates relative to the construction of the 
lines must submitted to the executive authorities 
within a year of the signing of the contract ; work must 
be begun within six months from their approval and 
completed within a further two years. 





PERSONAL.— Messrs. ey and Ball, Limited, La 
Plata Works, Malin Bridge, Sheffield, inform us that they 
have appointed Mr. Edward Pennington, 2, Fen-court, 
Fenchurch-street, E.C., their London representative, 


Good | word. 





CATALOGUES. 


Insulators.—A catalogue section of and 
stoneware insulators has reached us from Doulton 
and Co., Limited, of Lambeth,S.E. The catalogue deals 
with cable-insulators, cable-racks, bus-bar sup- 

, fuse-handles, leading-in tubes, cleats, battery-jars, 

idge-insulators, resistance-bobbins, and conductor-rail 

insulators for electric railways. Prices are stated for 
most of these articles. 


Duplex _Pumps.—The National Transit Company, of 
Oil City, Penn., U.S.A., have sent us two bulletins giving 
full iculars of duplex pumps; manufactured by them. 
The bulletins are placed in a binding-case, to which later 

blications from the firm can be added as they come to 

d. Tables of dimensions and capacities are given, 
together with illustrated lists of repair parts. Full 
instructions for setting up and operating the pumps are 
also included. 

Tin - Dredgers.—Mesers. Werf Conrad, Limited, of 
Haarlem, Holland, have issued a loose-leaf catalogue 
of bucket dredgers and other plant for recovering tin from 
river beds, alluvial flats and benches. Several examples 
of dredgers recently constructed by the firm are illus- 
trated, and each of the main component parts of the 
dredgers, including hulls, gantries, buckets, screens, 
—_ eae, &e., is ee > with. Some 
examples of centri mping-plant for recovering tin 
are also included. eg address of the firm is 
Friar’s House, 39-41, New Broad-street, E.C. 


Wire Ropes.—A useful catalogue of wire ropes and 
accessories been issued by Messrs. W. D. Houghton 
and Co., Limited, of Sankey Bridges, Warrington. This 
catalogue is divided into five sections, devoted, respec- 
tively, to ropes for mining, engineering, marine, trawl- 
ing, and Sas work. Each section gives 
sizes, weights, ing stresses, working-loads and 
other data in tabular form for ropes suitable for different 
classes of work. The catalogue also contains instruc- 
tions for splicing ropes and other useful information. 


Electric-Lighting Sets.—Messrs. Pooley and Austin, of 
25, Victoria-street, Westminster, S.W., have sent us a 
circular giving particulars of small electric-lighting sets 
they have placed upon the market for use on yachts and 
in small country houses and bungalows. These sets 
comprise a Mawdsley zone-type dynamo, driven by a 
single-cylinder vertical engine of the two-cycle type. 
capable of running with either petrol or paraffin as fuel. 
They are listed in three sizes, with outputs of 300, 400, 
uoted for the 
accumulators 


and 500 watts respectively. Prices are 
engines and dynamos, and also for sets o 
and switch 8. 


Lock-Nuts.—A pamphlet relating to Larrad’s patent 
Conegrip lock-nuts has come to hand from Cayenne 
Motors, Limited, of St. Leonards, Sussex. These nuts 
are made in two parts, of which the lower one is formed 
with a tapered recess. The upper part is split longi- 
tudinally and has a projection which fits into the recess 
in the lower - To will be — = when the 
up part of the nut is screw own, the project- 
i pen will be forced radially inwards by the taper- 
ing walls of the and thus the bolt will be 
gripped very tightly. Several ty and patterns are 
made for different purposes, but are constructed on 
the principle outlined above. They can be supplied in 
steel, iron, brass, and other metals, to fit shafts or bolts 
from in. to 3 in. in diameter. 


Steam-Cranes.—The Bedford Engineering Company, 
of Bedford, have sent us a copy of their latest illustrated 
price-list of steam-cranes. A general specification for 
the construction of the cranes is given, and this is 
followed by particulars of locomotive cranes for loads 
ranging from 1 to 10 tons. Fixed cranes, shunting 
cranes, and cranes with special jibs are also dealt with. 
The catalogue is fully ed, and, by the use of single 
syllables representing various features, it is possible, in 
cases, completely to specify a crane in a single 

This point, combined with the fact that complete 
shipping specifications are given as far as possible, will 
doubtless appeal strongly to foreign buyers. Another 
useful feature of the catalogue is the inclusion of an illus- 
trated price-list of spare parts. We understand that the 
firm have Spanish and Portuguese editions of this cata- 
logue in preparation. 

Decorations for Ships and Railway Carriages.—We have 
received from the Tynecastle Company, Albert Works, 
a. Edinburgh, a hand-book illustrating examples 
of ceiling and wall decoration work carried out by them 
in the of passenger steamers, and also in railway 
carriages. These include ceiling and freize decorations 
in ‘* Tynecastle” canvas, wall decorations in composition 
and hardened plaster, and ceiling and freize decorations 
in embossed fine linen. Some examples of ornamental 
bands for the enrichment of wood mouldings, trusses and 
capitals for columns and pilasters, cornices and beam- 
oe other decorative work in hardened plaster 
are also included. Stephen’s fire f bulkheading for 
senger and other accommodation of ships is also 
dealt with, and an example of a state-room carried out on 
this system is illustrated. 


Alternating-Current Motors.—Copies of their latest 
catalogue and price-list of alternating-current motors 
have come to hand from the Langdon-Davies Motor 
Company, of 110, Cannon-street, E.C. The catalogue 
contains a general 
illustrates several examples of them ; it also illustrates 
different types of starting appease. The price-list 
gives all necessary particulars of single-phase motors of 


the squirrel-cage and slip- types, for use on 40-cycle 
to 12-cycle circuits; dhay ane listed ip chee sunging Som 








specification for the machines, and | Duf: 





#s to 100 horse-power. Polyphase motors are also dealt 
with. These are also made with squirrel-cage and sli 
ring rotors for — and 50-cycle circuits. e 
26-cycle motors are listed up to 80 horse-power, and 
50-cycle motors up to 120 horse-power. 


Oil-Engines.—The latest bulletin from the Chicago 
Pneumatic Tool Company, of Fisher Building, Chicago, 
Ill., U.S.A., is devoted to their ‘‘Giant” oil-engines, 
which are designed to run on low-grade fuel oils. These 
engines are of the enclosed, horizontal, two-cycle, low- 
compecencn ts, and they are vided with cross- 
heads. Their construction, which includes many special 
features, is illustrated and described in detail in the 
bulletin. The charge is first compressed in the front end 
of the cylinder, instead of in the crank-case, and ignition 
is effected Toe of a thin circular plate attached to 
the piston. Fuel is sprayed into the cylinder by means 
of a variable-stroke pump, and coming into contact with 
the heated = it is instantly gasified and ignited ; for 
starting, a hot tube isemployed. The engines are made 
in four standard sizes, having capacities of 12, 18, 25, 
and 45 horse-power. The London address of the firm 
is the Consolidated Pneumatic Tool Company, Limited, 
9, Bridge-street, Westminster, S.W. 


Motor-Car.—Messrs. D. Napier and Son, Limited, 14, 
New Burlington-street, W., have sent us particulars of a 
trial carried out on one of their 20-horse-power Colonial- 
type motor-cars, under the auspices of the Royal Auto- 
mobile Club. The tutal distance covered was 506.5 miles, 
spread over five days, the route each day being over a 
course from London to Byfleet, Ripley, Guildford and 
the Hog’s Back, over Hankley and Frensham Commons, 
and then back to London. The course included twice 
fording the River Wey, and a considerable part of each 
run was over trackless country covered with heather and 
furze, and including sandy patches, boggy land, and 
military trenches, as well as many severe ascents. No 
serious trouble was experienced, and such difficulties as 
occurred, though sufficient to have completely smashed an 
ordinary car, were easily surmounted. he average 
speed of the car (running time only) was 15.1 miles per 
hour, and the distance covered per gallon of petrol was 
14.34 miles, which works out to 26.84 ton-miles per gallon. 
On the fifth day the car was driven to Brooklands, where 
it attained a speed of 50.52 miles per hour over the 
flying half-mile, thus showing that it is capable of 
running at high speeds as well as of withstanding very 
rough usage. 

Packings.—Messrs. Ronald Trist and_Co., Limited, 
of Coronation House, 4, Lloyd’s-avenue, E.C., have sent 
us particulars of some tests of their well-known ‘‘S. E. A.” 
pac ing-rings carried out at the Conservatoire National 

es Arts et Métiers, Paris, shortly before the outbreak 
of the war. The tests were made with a special appa- 
ratus, which consisted, essentially, of a cylinder having a 
stuffing-box at each end, through which passed a steel rod 
traversing the cylinder from end to end. The first tests 
were made with steam ata pressure of 8 kg. per sq. cm. 
in the cylinder. With the stuffing-boxes packed with 
plaited asbestos, the friction was 3.28 kg. per cm. of 
the circumference of the rod, while with “ Sea.” rings 
the fricton was -_ 1.23 kg. per cm. The average linear 
velocity of the was 40 cm. per second in both tests. 
Other tests were made with water at the above-men- 
tioned pressure in the cylinder, and in these the friction 
was 9.01 kg. per cm. with plaited cotton packing, and 
1.8 kg. per cm. with “‘S.E.A.” rings. The linear velocities 
of the rod in these tests were 30 cm. and 34 cm. per 
second respectively. Slight | occurred with the 

laited packings in both steam and water tests, but the 
‘S.E.A.” rings were absolutely tight in all cases. 


Surface Combustion. — A little booklet, giving some 
useful facts and figures — to surface combustion 
and its applications, has recently been issued by Bone- 
court Surface Combustion, Limited, of Parliament Man- 
sions, Westminster, S.W. The science of combustion 
is first dealt with generally, and some useful data on 

us fuels of all kinds are then given. Following these 
is the reprint of a lecture on the scientific aspects of 
surface combustion, delivered by Professor W. A. Bone, 
before the Royal Institution, and reproduced in ENcI- 
NEERING of March 13 last, on page 357. The booklet then 
fully explains the Bonecourt system, and illustrates and 
describes the firm’s well-known diaphragm heaters. The 
— of these heaters to sugar-boiling, and other 
industrial processes, is also dealt with. ples of 
enamelling, forging, annealing, glass-melting, and metal- 
melting turnaces, heated by the surface combustion of 
various gases, are also included. The remainder of the 
booklet (nearly a half of it) is devoted to the subject of 
steam generation by surface combustion. Illustrations 
of various types of Bonecourt boilers are given, together 
with particu of several tests, in which an efficiency of 
92.7 per cent. has been obtained. The surf bustion 
nciple has now been applied to boilers fired with oil 
uel. This very interesting and important application is 
fully dealt with. The booklet is altogether a highly 
creditable publication. Great care has been taken to 
ensure the accuracy of the information given, and as the 
subject of fuel economy is of such vast importance in 
almost every pany dy considerable demand for copies 
of the booklet may be confidently expected. 








Coat In IcELAND.—The fear of a coal famine in Denmark 
on account of the war has caused the coal deposits at 
ansdale, in the Arnar firth, to be examined, and the 
results act > er np ang I 2 understood to be encourag- 
ing. e its are likely to prove very extensive, 
and the quality is satisfactory and improves the deeper 
one gets. They are right upon a firth with excellent 
anchorage for vessels. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
eee eae none is mentioned the Specification is not 
ustrated. 


Where inventions are communicated from abroad, the Names, &c., 
C of meh ~e ti are — in ep Patent Office, Sales 
ies of Specifications may tar at ‘at 5 
Branch. 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform _— of 8d. 

The date of the advertisement of the fey tape of a Complete 
Specification is, in each case, given after abstract, unless the 
Fatent has been sealed, when the date of sealing is given. 

Any person may, at any time within two monte from the date of 


to t of a iP pec) ’ 
ss ‘atent O; of opposition to the grant of a 
mentioned in the Act. 


‘atent on any of the grow 
ELECTRICAL APPARATUS. 


27,409/13. H. L. Doulton and C. E. Morris, 
Earthenware Cable-Tro (2 Figs.) November 28, 
1913.—This invention relates to improvements in the manufacture 
of earthenware cable troughs having grooves in their top edges. 
It is customary to make ordinary earthenware troughs in the 
form ofa tube, consisting of two troughs joined edge to edge, and 
having the walls partially cut through ac the juncture in order 
to allow the two troughs to be readily separated after the firing 
process, such tubes being formed by passing clay through dies of 
@ suitable cross-section. According to this invention, the dies 
are shaped to form a tube having thickened portions diametric- 
ally opposite to each other, so as to form troughs having side 
walls thicker at the top. In order to form grooves in the to 
edges of the troughs a supplementary core is provided at eac 
side of the central core, to form a hole in the thickened portion at 





London. 





(27.409. 


each side of the tube extending from end toend. Outtersare fixed 
to the dies to form slots in a plane bisecting the holes formed by 
the supplementary cores. One end of a trough is provided with a 
socket, and the other end is adapted to enter the socket of 
another trough. 4a, a@ are two troughs joined face to face, and b 
is the hole made by the central core, whilst c,c are the holes 
formed by the supplementary cores. Slots d,d are formed on 
the outer sides of the tube by cutters fixed to the die, and ¢, ¢ are 
slots formed at each side of the central hole by cutters on the 
cen' core, whilst slots /, f are formed by cutters on the 
supplementary cores. After the tube has been fired it is broken 
into halves and forms a trough, as shown in Fig. 2, The trough a 
has the top of each side thickened at g, and a groove h is formed 
in the top of this thickened portion. The cover ¢ is provided 
with lugs j,j on its under side, which enter the grooves h, h. 
(Sealed O r 22, 1914.) 


24,594/13. F. B. Holt, Northwich, and H. Smith, 
Stretford. ElectricSwitches. (3 Figs.) October 29,1913. 
—This invention relates more particularly to switches provided in 
addition to the main contacts with auxil contacts adapted to 
break contact later than the main contacts, and to which any 
arcs which may be formed on opening the switch may be con- 
fined. Such auxiliary contacts are usually resiliently or movably 
connected with the movable member of the switch, and are pro- 
vided with flexible copper shunts. According to this invention, 
the shunt consists of a strap or plate of good conducting resilient 
metal, such as phosphor-bronze or well-tempered copper, one end 
of which is firmly secured to the auxiliary contact, the other or 
free end making sliding contact with one of the members of the 
switch. The fixed contacts of the switch are shown at a, the 


Fig.1. 
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movable bridging member b of the switch being carried by an 
operating rod c. The main movable contacts are shown at d, and 
the auxiliary or king contacts at ¢. The construction of the 
latter and of the improved shunt will be more clearly seen from 


Figs. 2and3. The auxi contacts ¢ are, as usual, resiliently 
connected with the movable member 6 of the switch. In the 
present the auxiliary contacts slide in slote f in the 


extremities of the movable member b, being forced upwards by 
& spring g f. their upward travel being limited by om h. The 
improved shunt is shown at j, and consists of ~~ phosphor- 
bronze or well-tempered copper, one end of ich is firmly 
secured to the auxiliary contact, the other end being doubled on 
itself and adapted to make sliding connection with the end face 
of the movable member 0 of the circuit-breaker. In order to 


improve the electrical contact between the movable member } 
the shunt j, the latter may be provided with one or more 
saw-cute at itefreeend. During the early part of the movement 
of the movable member } of the switch only the fixed contacts a 
and d are ~ oy the auxiliary contacts ¢ moving upwards 
under the influence of their springs g in a well-known manner. 
this movement of the aux! contacts the free end of 

the metal strap j constituting the shunt makes sliding contact 
ey end face of the movable member b. (Accepted August 19, 
10,794/14. F. Ryan and the Eastern Telegraph 
pany, ted, London. Duplex Telegraphy. 

{1 Fig.) May 1, 1914.—Artificial lines used for duplexing sub- 
marine cables are made in at least three different patterns as 
regards the way in which they are affected by change of tempe- 
rature. For example :—(1) They may vary both in resistance and 
oney ; (2) they may vary in capacity only ; (3) they may be 
invariable both as regards resistance and capacity. This inven- 
tion relates to the second class, where the artificial line, though 


605 
the iathe bears when turning the work. The outside flange 
round the disc is made of sui width to cover the driving-pin, 
and 8o form a hole need not be made exactly con- 


The 
centric with rim, but the outside of the disc is always made 
without outside projections of any kind. The drawings show 
the lathe-carrier made in accordance with 


in 
which Fig. 1 shows a portion of the lathe-headstock with driving- 
chuck and centre, with the carrier in position ready for use, the 


carrier being shown in section to show it more clearly. 
shows a front view of the carrier with the hole made concentric 
with the rim. A represents the driving-chuck, B 
being turned or a mandrel for carrying it, O the driving- 
the chuck, D the projection inside the carrier against w the 
driving-pin bears when at work. (Sealed October 22, 1914.) 
12,565/14. L. Renault, Billancourt, France. Bevel- 
Gear Wheels. (2 Figs.) January 7, 1914 —The invention 
relates to bevel-gear wheels and has for its object to ensure silent 
— and facilitate the machining operations. For the 





practically constant as regards the resistance, may vary in capa- 
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city when changes of ture occur. The invention consists 
in providing in one arm of a duplex bridge a condenser having a 
zero temperature coefficient as regards its capacity, and in the 
other arm a condenser having a negative temperature coefficient 
and a condenser having a zero perat coefficient. The dia- 
matic — illustrates one way of carrying the invention 
to effect. A plain condenser bridge is used. a and b represent 
the capacities of the condensers in the two arms referred to 
above, a being the capacity of zero temperature coefficient 
leading to the cable 0, and b the composite capacity leading to 
the artificial line ». (Accepted August 12, 1914.) 


GUNS AND EXPLOSIVES. 

14,460/14. Harle et Cie., P; France, Submarine 
Mines. (3 Figs.) June 17, 1913.—This invention relates jo a 
brake for such submarine mines as are provided with an anchor 
having a lead-line for regulating the depth of immersion of the 
mine. In such mines while launching—that is to say, during the 
descent of the anchor—it is desirable that the rope connecting 
the anchor to the mine should be at a tension sufficient to keep it 
taut, but not great enough to drag the mine below the surface 
while the rope is being unwound. ith this object it has already 
been proposed to provide the drum with automatic regulating 
brakes, so as to correct, as far as possible, accidental variations in 
the strength of the brake, and to avoid oscillations in level of the 
mine when thrown intothe water. Most of such brakes, however, 
require regulation or adjustment just before use. According 
































(14460) 


to this invention, the brake is applied by the movement of 
a weight due to centrifugal force. ¢ is the drum upon which 
the mooring-rope is wound; it is mounted upon a shaft b, 
and provided with a cheek a. d, d are spindles (two for example) 
poe by the cheek a, about which weighted arms ¢ turn. In 


o ing the noise created by wees bevel gears, it 
has already been proposed t© form their teeth helically ; but if it 
is desired to preserve the nature of conical or bevel gears in 
which the point and the roof of the tooth form conical su the 
common apex of which is that of the pitch-cone, great difficulties 
are encountered when cutting these The cost of manufac- 
ture, moveover, is —_ high. According to this invention, the 
rooteand the points of the st of form two cones 
having their apices coinciding with that of the pitch-cone, con- 
stitute two cones parallel to the pitch-cone for the pu 

of affording the teeth a constant height throughout their 
length. The cone a and the cone b corresponding to the 

















<< and the root of the tooth respectively, instead of 
ving their apices at the same point in the axis 2, 2, are two 
parallel cones. Both cones are lel to the pitch conec. In 
other words, the tooth d has the same height at the point ¢ as at 
the point f. If the plan view of the gear is considered, the teeth 
have the helical shape shown in Fig. 2. The constant height of 
the teeth permite of forming the gear with a milling-cutter or 
any other shaping tool. The profile of the tooth is constitu 

by two lines—the flank, that is to say, the part underneath the 
pitch cone, is constituted by a straight line, and the face, that is 
to say, the part located above the pitch cone, is constituted by a 
curve determined in such a manner as to ensure the best meshing 
with the flank of the corres ing gear-wheel. In practice the 
faces of two which have to mesh are determined in such a 
manner that the meshing should be vq for the inner edges of 
— is to say, at the point f. (Accepted August 12, 


18,320/14. A. J. Hollick and W. Kneen, London. 
Thrust-Bea: {1 Fv. August 14, 1913.—This inven- 
tion has relation to the anti-frictional mounting of shafts, and 
has for its object to provide improvements in anti-frictional 
mountings of such character and nature that the thrust of the 
shaft is taken up or is resisted in a more advanteg 
than is now the case. The invention, further, has for object to 
render it possible to employ ball or roller-bearings and to 
enable such ball or roller-bearings to take up or resist a greater 
thrust than is now possible in view of the limitations as to thrust 
governing or pertaining to bearings of the kind mentioned. In 
a ball or roller thrust-bearing in with this invention, 
| 8 plurality of coaxial rows of balls or rollers arranged in 
one plane or a plurality of parallel planes, one set of the races is 

ined in a structure, or the several races on the one 
side of the balls or rollers are integral or in rigid connection the one 
with the other or others, and the other set of races, or the several 
races on the other or o ite side of the balls or rollers, is or are 











Fig. 1 the weights are shown in full lines resting against the 
shaft b. When the drum c rotates, cen force tends to 
separate thy weights ¢, and cause them to @ & position such 
as is shown in dotted lines. Shoes g carried by the weighted arms 


rub against the internal face of the fixed brake drum In place 
of connecting the shoes directly to the weights ¢, a pring tand 
abutment f may be interposed as indicated in the drawing, in 


which a spring 7 thrusts outward a plunger carrying the shoe g. 
The abutment / — the extension of the spring forces the 
shoe g to separate from the drum h when the weight ¢ approaches 
the t. e centrifugal movement of the weight may, with a 
spring, such as i, be advantageously limited by a stop & to pre- 
vent the weights coming into contact with the drum A. (Ac- 
cepted August 12, 1914.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


711/13. A. Ransome and Co., Limited, and W. 
V. Jones, Newark-on-Trent. La’ . (8 Figs.) 
December 12, 1913.—The invention relates to the type of lathe- 
carrier formed as a circular flanged disc, which has no projections 
to catch the workman’s clothes or person, and thus draw him into 


Fig. 
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the machine. The invention consists in the particular construc- 
tion of carrier hereinafter described, in which the circular flanged 
disc has a boss which may have the usual heart-shaped hole and 
set-screw for fixing to the mandrel on to which the work is 





mounted for turning. A rib or projection is formed inside the 
flange of the disc, against which the pin on the driving-chuck of 





pendent the one of the other or others, and each race of the 
secondly-mentioned set of races is carried, mounted, or supported 
separately and independently by spring, pneumatic, hydraulic, 





or other bearing-supporting arrangements of the type which are 
limited as to motion in one direction and are subjected to a 
stress or load of such magnitude that, under normal conditions, 
the bearing-supporting ye are always in their limiting 
position, the arrang t being such that each race of the 
secondly -mentioned set of races is free to give or move separately 
and independently of the other race or races in the said set and 
in one direction only when the shaft is subjected to abnormal 
influences. 1 isa shaft subject to end-thrust, which is taken u 
by a plurality of ball-bearings. The u races for the balls 
are formed in a common member 24 to th 
, 26, each independent the one of the other, 
and each is supported by spring, pneumatic, hydraulic, or other 
eye ry arrangements of the t; which are limi 

n one 


to motion tion and nee 

of such magnitude that, under conditions, the bearing- 
supporting emente are always in their limiting 
the cevaneoment belng ouch thas cash once of the secon 
tioned set of races is free to give or move ly \. 
pendently of the other race or races in the said set and in one 
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direction only when the shaft is subjected to abnormal influ- 
ences. Each of the ball-races 26, 26,27 is provided with down- 
wardly-extendin Soe 28, and to each of these flanges is 
attached a an ity of bolts 29. These bolts 29 extend through 
holes in a 30 carried by shafts 31 arranged longitudinally of 
and parallel with the shaft 1. The lower face of the plate 30 
around each hole is formed with a boss or projection, and this 
Se ee eine ee iaeed sepring 11, Eee pring 11 ene. 
der 33 within w! a8) ° spring con- 
fined between the lower inner end of the cylinder 33 and a 
shoulder attached to the bolt 29. In use, the of the shaft 
is taken up or resisted by the ball- i Before the shaft 1 
is subjected to end-thrust, the cylinders 33 are so adjusted that 
each spring 11 is subjected to an initial stress of a magnitude 
greater to a small extent than the load it will have to take up or 
resist under normal conditions. The will therefore exert 
a greater force than the force due to the rust of the shaft, and 
the difference between the two forces will, under normal con- 
ditions, cause = —- to be eo — os —_ a! 
bosses or projections, which bosses or projections, therefore, ac 
as limiting , When the shaft is subjected to an abnormal 
end thrust, the a or the members thereof are caused 
to move in 0; ition to springs 11. The springs 11 tend to 
return the t to its normal ition as the abnormal end 
thrust is lessened or reduced. (Sealed October 29, 1914.) 


5962/14. P. B. Bosworth, Ohio, U.S.A. Vehicle 
Wheels. [1 Fig.) March 9, 1914.—This invention relates to 
improvements in vehicle wheels, more especially to the rim por- 
tion thereof. A vehicle wheel, according to this invention, is 
provided on the a ae portion thereof with a circumferen- 
tially-extending broken annulus approximately triangular in 
cross-section, a pair of annularly-formed nage ey | members 
seated on the inclined faces of the said annulus, the inner faces 
of the said tyre-holding members being fashioned to engage and 
co-operate with the inclined faces of the said broken annulus and 
with outwardly-extending portions adapted to engage the base 
portion of a tyre whereby when the said tyre-holding members are 
forced towards each other the said broken annulus is clamped on 
the said wheel, the said tyre-holding bers are clamped on the 
said annulus against movement and the base tion of the tyre 
is compressed or distorted. 1 indicates the felloe of an ordinary 
vehicle wheel on which is mounted a peripheral felloe-band 2. 
Extending circumferentially and seated on the outer face of the 
felloe-band 2 is a broken annulus 3 roximately conical in cross- 
section, with a wide base ximating in width substantially to 
the width of the felloe-band 2 and with a relatively narrow median 
portion from which the outer face of the band inclines in both 
directions to the side edges thereof, and with the angles between 
the base and the faces 4 thereof forming an abrupt and an acute 
angle. A to be mounted on the faces 4 of the broken 
annulus 3 is a pair of tyre-holding members 5, each provided 
with an outer face 6, constituting, when positioned, a seat for a 
tyre 7, and each also provided with an inclined inner face 8 
adapted to en; one of the faces 4 of the broken annulus 3. 
The lateral portions of the members 5 are provided with out- 
wardly-extending tyre-en, ng flanges 9 of a preferred type— 
that is to say, if the tyre to engaged is provided with what is 
known as a straight side, the flanges are accordingly, and 
if the lateral faces of the tyre 7 are provided with lateral beads, the 
flanges 9 will be fashioned in the form of the conventional clincher 








flanges to accommodate themselves to the curved surfaces of the 
tyre. The members 5 are 80 ed that when seated and with 

ir inner inclined faces 8 engaging the outer faces 4 of the broken 
annulus 3, the inner or opposing edges of the members will be 
slightly separated to provide a space 10. The wheel is provided 
at intervals with suitable transverse apertures in which are 
mounted bolts 11, provided with nutes 12. In order to force the 
members 5 towards each other, there is provided on each of the 
lateral faces of the wheel a circumferentially-extending clamping- 
band 18, the outer portion of each ring any Ee to engage 
the side face of its respective rim-forming id 5, and with its 
inner portion provided with a circumferential lug 14 designed to 
engage one side of the wheel. The circumferential rings 13 are 
provided with a series of apertures arranged to be tioned in 
registering relation with respect to the apertures in the wheel 
which receive the bolts 11, so that the te 11 may be 
through these three registering apertures, and as the nuts 12 are 
drawn up the bands 18 are drawn towards each other and as their 
inner portions 14 engage the wheel, their outer portions engaging 
the members 5 will force the latter towards each other, and as the 
mémbers 6 are annularand their inner faces 8 engage the faces 
of the broken annulus 8, the latter is first of all contracted on 
its seat on the felloe-band, and the wedging action set up by the 
lateral movements of the rim-forming members 5 towards each 
other tends to tighten them in position and prevent circumferen- 
tial movement thereof. At the same time the lateral movements 
of the members 5 towards each other causes the flanges 9 thereof 
to compress or distort the base portion of the tyre which is seated 
on the outer face of these members, so that a duplex result is 
effected ; that is to say, the rim-forming members 5, by —s 
forced towards each other, are clamped on to the member 3, whic 
in turn is compressed or contracted on to the felloe-band, thereby 
effectually locking the rim-forming members 5 from movement, 
and the much-d com) ion or :listortion of the base of the 
tyre is effected. (Sealed v 19, 1914.) 


RAILWAYS AND TRAMWAYS. 


27,689/13. R. J , Swansea. Locomotive Axle- 
Bearings. [4 Fo, py Bm 1913.—This invention has 
reference to an improved con of locomotive axle-box 


or bearing-brass in which the lubricant is contained in a chamber 
isolated 


so constructed that it can be from any sub- 
stance and also relieved of atmospheric re, the lubricant 
being delivered from the oil-chamber to the bearimg surfaces by 


means of one or more steel needles, the lower ends of which are 
provided with a brass or other anti-friction metal carrier in 
direct communication with the axle. ne: 1 is a plan of an axle- 
box in accordance with this invention, and shows 


the method of securing the cover F of the oil-chamber and the 
D is a set-screw to 


position of the filling- tube with cap C. 





remove sediment from the bottom of the oil-chamber. Fig. 2 
is a section of the axle-box, and shows the filling-tube E, which 
may be of any length. F the cover of oil-well, G leather joint, 
H the oil-chamber, I the needle with carrier in centre of oil- 
chamber, K the needle-carrier chamber, and L the needle sleeve in 
which the needle I fits loosely. Fig. 3 is a half-vertical section 
of the filling-tube cap C, in which N is an air-passage cut through 
the inte: thread of the cap to admit air to the oil-well when 
the cap is ly unscrewed. M is a leather washer which 
forms an air-tight joint with the end of the filling-tube when the 
cap is screwed down. The action of this lubricating device is as 
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follows :—The oil-chamber is filled tt h the tube E, and the 
cap is screwed down tightly until the engine is ready for work, it 
is then slightly unscrewed to admit air through the passage N. 
When the axle revolves, motion is communicated to the needle 
and oil is worked down it from the oil-chamber H and spread 
upon the axle by the needle carrier J, the quantity of oil used 
being determined by the vibration of the needle and varying as 
the speed of the engine. After the engine has ceased work, the 
filling-tube cap OC is screwed down and the remaining oil bein 
relieved of a pressure is retained in the axle-box oil- 
chamber. (Sealed October 1, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATOBS, &c. 


16,557/13. The Warwick Com 908 
bg rae eaeetany See ane Oaee 
U.S.A). ‘bines. (4 Figs.) July 18, 1913.—The common prac- 


tice, of to-day with turbine-builders is to provide each turbine 
with a gpeed_governor driven by its rotor, and to utilise this 
governor to control the opening and closing of an admission- 
valve means as the load changes. Such an arrangement gives a 
range of, say, 3to 4 per cent. from no load to full load. 
is invention has for ite object to provide an improved govern’ 
mechan which is capable of effectively controlling the turbine 
over a wide range of speed as the work required thereof varies. 


The governing mechanism, according to this invention, com 

a mitting elastic fluid to the turbine, subject to the 
control of a -governor, for what may conveniently be termed 
the “ ” operating conditions. In addition to this, a 
secondary, or variable, speed-governor is provided that is also 
responsive to changes of the turbine, and which is put into 
service when the speed is to be maintained below normal. 


acts on the regulator, either directly or indirectly, through some 
intermediary, such as the pilot-valve of the motor, which adjusts 
the regulator with respect to ite seat or seate. 10 a 















Fig.i. 





























turbine of any suitable construction penis a suitable speed 
jive device 11 comprising the usual weights and an op Z 

ng. This primary governor ls the opening and closing 

a valve means or regulator 12 through a system of levers. 
Driven by the turbine is a com or equivalent apparatus 13, 
whose load is liable to change over a wide range, requiring 
different is of rotation. The governor is adapted for a 
speed tion of about 2 per cent. over or under a predeter- 
mined speed, and may, for convenience, be di as a con- 
stant speed-governor. Attached to a movabie member of the 
governor is a lever 14 (Fig. 1), to the free end of which is attached 
alink 15. To the lower end of the link is pivotally attached a 
floating lever 16, which is connected by a link 17 with the lever 18, 
the latter being connected to the pilot-valve 19, and to the rod 20 
of the motor 21, which actuates the valve means or 13, 
a cylinder and a piston 22, the rod 20 of 
to the valve or valves admitting fluid to the 
turbine 10. As the load on the turbine changes, a slight but corre- 
spondi change in speed of the turbine takes place. This 
causes the governor-lever 14 to change the position of the pilot- 
valve 19, the latter to admit fluid under pressure to one side or 
the other of the piston 22, and thus admit more or less steam to 











ing | relief-valve 44 back to the supply-tank. 


is | door end of the 





the turbine. By connecting the lever 18 to the piston-rod 20, 
the movement of the latter will restore the pilot-valve to its initial 
position. The secondary or variable-s governor comprises a 
movable abutment or member, such, for example, as diaphragm 
or the like 23. This diaphragm is connected to the rod 24, and its 
outward movement is by a coiled extension spring 25, 
tension can be adjusted by the hand-wheel 26, the latter 
being attached to a nut 27 that is threaded to the rod 24. The 
upper end of the spring is attached to a boss on the frame 
28. To the lower end of the rod is attached a lever 29, the 
right-hand end of which is connected by the rod 30 with the 
floating lever 16. When the primary governor 11 is controlling 
the operation of the turbine, the pin 31 connecting the rod 30 
and the lever 16 acts as the fulcrum and is stationary ; but when 
the secondary governor is in control the fulcrum 31 is adjusted 
up and down, and the pin 32 becomes the fulcrum. The lever 29 
may be pivotally supported by any suitable means. As shown, it 
is mounted on the frame 28, which carries the diaphragm. 35 
indicates a tank or casing at one end of the turbine, and located 
therein is a gear-pump 36 of ordinary construction for supplying 
fluid to the governor and lubricant to the bearings. On the 
— end of the shaft,37 of the pump is a gear 38 that meshes 
th a worm 39 mounted on the end of the turbine-shaft or other- 
wise driven thereby, so that as the speed of the turbine changes the 
aoe of the _— will discharged’ torent’ and in like manner. 
uid from the pump is d rough the pipe or conduit 
40 a diaphragm 23 and through the pipe or conduit 
41 to the ings of the apparatus. The conduits 40 and 41 are 
arranged in multiple as ‘ds the discharge of fluid from the 
pump. At some suitable point in the conduit 41 is arranged a 
needle-valve 42 which controls the amount of fluid passing 
through the pipe 41, and hence the pressure in the pipe or con- 
duit 40 leading to the diaphragm for a given speed of the turbine. 
Connected to the conduit 41 is a conduit 43 that leads back to the 
supply-tank 35 in which the -pump is located. In this con- 
duit 43 is located an adjustable relief-valve 44 which may be set 
for any predetermined pressure, and when that pressure is ex- 
ceeded fluid is by- from the conduit 41 to the tank. As it 
is generally desirable to maintain a higher pressure in the conduit 
41 than in the conduit 45 leading to the bearings, a perforated 
disc is interposed between them and at a point Sen the con- 
duit 43. When the turbine is to be operated at constant specd 
within the limits of the speed-governor 11 it acts through the 
lever 14 on the pilot-valve of the motor in the ordinary manner, 
increasing and decreasing the amount of steam admitted to the 
turbine by the regulator 12. During the time that this primary 
governor is in service the secondary governor is inactive, the 
fluid pressure from the pump 36 distending the diaphragm 23 and 
causing its outer end to rest on the frame 28. This has the effect 
of fixing the position of the fulcrum 31. The lubricant delivered 
by the pump now passes from the conduit 41 partly to the bearings 
by the conduit 45, and the remainder through the conduit 43 and 
} The lubricant, after 
ing through the bearings, is also returned to the tank for 
urther use. (Accepted July 22, 1914.) 


23,025/13. H. McPhail, Wakefield. Furnaces. 
(3 Figs.] October 11, 1913.—This invention relates to boiler and 
other furnaces in which a portion of the flue gases is taken from 
behind the bridge or from a convenient tof the flue or flues, 
and is led through a collecting pipe or other channel back to the 
J furnace, and is there discharged upon the fuel. 
According to this invention, the pipe or channel through which 
the fuel gases are led is ex to the full heat of the furnace (or 
of another furnace), and the gases are thus heated to the highest 
available temperature before being discharged at the door end of 
the furnace immediately over the burning fuel so as to meet the 
combustible gases just as they are distilled from the fuel. It has 
been found that when flue gases in a highly heated condition are 
80 supplied to the furnace better combustion is obtained, and the 
production of smoke is prevented, resulting in a ‘substantial 
economy of fuel and an increase of the heat generated. A is 


the boiler. B is the furnace-tube with grate and brid C is 
the err for the hot gases. D is the door- late with 
door and perforated plate forming an inner casing or c’ ber in 


which the pipe C terminates. The collecting pipe C is supported 
towards its inner end upon the pedestal or standard mounted 
on the bridge. The pipe is bent down so that it opens at the 
































back of the bridge, and the hot gases at this point are driven 
into the pipe by the aid of the steam-pipe E, through which 
steam at a suitable ted pressure is supplied. The steam 
may be derived from the boiler A or from any other convenient 
source, and it is su) eated by causing the pipe E to pass 
through the furnace below the firebars, or by beating in a 
other convenient manner either before or while passing throug 
the pipe E, which may enter at the front of the furnace, as 
shown, or at any other suitable point. The collecting pipe 
passes, in the arrangement shown, along the top of the furnace 
80 that the gases are highly heated on their way to the front 
of the furnace. The 4 terminates in the chamber formed 
behind the _—— iy the perforated plate (shown in front 
view at the left- side of Fig. 2), through the perforations 
of which the = oe y gases are driven so as to impinge 
upon the upper su: of the fuel, where they meet the com- 
bustible gases as they are distilled from the fuel. In ape 
the plate anyother convenient means may be used 
to the hot gases upon thefuel Fig. 2 shows, at the 
right-hand side, a modification in which the gases are drawn 
from an outside flue B! through an extension ©! of the coilecting 
> in which extension is a fan or blower E) that serves 
of the steam-pipe E in the a arrange- 
ment. The gases, as , are 1 
discharged upon the fuel. (Accepted August 19, 1914.) 
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THE BRITISH ASSOCIATION IN 
AUSTRALIA. 
(Continued from page 581.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE—continued. 


Tue Structure or AToms aNnD MOLECULES. 


Tue joint discussion with Section B on ‘‘ The 
Structure of Atoms and Molecules” again crowded 
the lecture theatre. This important discus- 
sion will be published in extenso in the Report. It 
was remarkable, Sir Oliver e said in his intro- 
ducbtory remarks, that such a discussion should be 
possible. In the past century the atom had been 
a point or something devoid of constitution ; now 
an astronomy of the atom was being developed. 
Whether the law of inverse squares really held 
for the particles of the atom revolving round a 
central nucleus was not clear. There were theories 
of the atom ; but the nature of the positive electron, 
if it existed, was a great difficulty, and it had 
hardly been discussed how the particles of the 
atom were held ther. 

Sir Ernest Rutherford, F.R.S., in opening the 
discussion, remarked that Lodge had — a digest 
of his (Rutherford’s) views ; but he did not agree 
with everything Lodge had said. There was con- 
vincing evidence of the independent existence of 
the atoms, which could be counted, and the atomic 
theory had now to be regarded as a proved fact 
The mass of the atom been determined within 
a few per cent. by several methods. The idea of 
the atom being an electric structure had arisen 
early. The electron must be one of the component 
parts of the atom for various reasons, and one point 
was of fundamental importance : the unit nature 
of negative electricity. There was a definite unit, 
and every quantity of electricity was an in 
multiple of that unit; that consideration limited 
the possible number of structures of the atom. He 
believed also in a unit of positive electricity. 
According to J. J. Thomson, the negative electrons 
were uniformly distributed through the mass of 
positive electricity. The inner structure of the 
atom could be studied in two ways : by the scatter- 
ing of high-speed a particles by matter, and by 
the vibrations and radiations. High-speed a a 
passing through matter were scattered, and turned 
off at angles of more than 90 deg. (C. T. R. Wilson), 
with sudden bends. That bend had to be accounted 
for, and the energy — was the difliculty of 
the Thomson atom ; the forces inside the structure 
were not strong enough. Hence his own theory 
of the atom was that the positive electricity was 
not diffused, but concentrated in a central nucleus, 
which was surrounded by rings of electrons ; 50 of 
these rings meant 50 charges, e.g. That nucleus, 
experiments showed, must be exceedingly small, 
10-2 cm. in diameter, the orbit diameter of the 
rings being 10-*cm.; the electrons were at rela- 
tively enormous distances from the nucleus, and 
the scale of the customary diagrams exemplifying 
the structure was quite wrong. A high-speed a 
— entering the matter passed through it, 

eing repelled by the nucleus, and was deflected 
on a hyperbolic path ; these paths had been studied 
by Geiger, Marsden and himself, and they were 
compatible with the law of inverse squares, to 
which he would adhere as long as he could. The 
hydrogen atom carried one charge, and was prob- 
ably the positive electron. The c e in other 
atoms seemed to be represented by half the atomic 
weight ; he agreed with Barkla as to this. But it 
was also possible that the charges of the elements 
were represented by the consecutive numbers 1, 
2,3... ., theatomic numbers of Moseley. 

The second method of studying the inner struc- 
ture was by examining the rate of vibrations with 
the aid of X rays, as shown by Laue and Bragg, 
Darwin, Moseley, and others. Each element then 
showed two strong lines of exceedingly short wave- 
length, and as the atomic weight of the elements 
increased, the my og d of those lines decreased, 
not gradually, but by jumps. Those researches sug- 
gested that there was something more fundamental 
than the atomic weight—i.e., that the frequency of 
the vibration was determined chiefly by the charge 
and alittle only by the mass, so that the charge on 
the atom would control its physical and chemical 
— If that charge were so important, the 
nucleus should itself be complex, and the charge 
would depend upon that complexity. The most 
recent researches indicated that atoms might have 
identical chemical properties and yet be different. 


— 





Thus, RaD was inseparable from lead, which was 
not radioactive, and the atomic weights were 214 
and 207. Soddy suggested that such bodies, isotopes, 
should have the same light spectrum and the same 
X-ray spectrum ; the masses available were too small 
for determining the light spectrum, however. As 
regards the nature of the forces in the inner struc- 
ture, nothing definite could be said ; they might be 
electrical or merely residual. Bohr’s lesaibedis 
made the hydrogen atom very simple, as consisting 
of one particle of positive and one of negative elec- 
tricity only. That view also involved a new idea 
connected with Planck’s quantum, which physicists 
would have to take seriously ; there was something 
in the atom which could not be explained by old 
mechanical analogues, and there was something 
real in Planck’sh. But Bohr had great difficulties 
with complex atoms. 

Professor H. E. Armstrong said that chemists 
had good reason to believe in their structural 
formule, but they were sceptical as to insepara- 
bility of the different elements of Soddy and 
Rutherford. Chemists also believed in carbon 
having a valency 4, if hydrogen had the valency 
1. On that view the body H, of J. J. Thomson 
was impossible, in spite of all paper tricks. 
Chemists, of course, did not any longer build up 
their compounds in planes, but in space; the 
benzene ring did not represent benzene ; the ring 
had to be understood as suggesting the building up 
of the substance in planes and layers. Some 
elements had variable valency, and the properties 
of bodies containing nitrogen as triad differed extra- 
ordinarily from those the nitrogen of which was 
a pentad; chemists could not explain that, but 
could physicists? Barlow and Pope had followed 
the external form into the internal structure, with 
the aid of the novel idea that carbon, having a 
valency 4, had also four times the sphere of influence 
of hydrogen. They arrived thus at extraordinary 
results ; the several chlorine (or bromine) substi- 


tutes of benzene, for instance, were isomers, but 


not isomorphous ; yet they fitted apparently into 
the same boxes, even when chlorine was — by 
bromine, although the atomic volumes of chlorine 
and bromine differed considerably. 
remarkable that the two hy mn atoms in H,SO,, 
sulphuric acid, were not of equivalent value. 
Again, he (Armstrong) had observed that certain 
strictly isomorphous salt crystals, the benzene 
sulphonates, of iron, cobalt, nickel, manganese, 
zinc, magnesium, behaved quite differently in mag- 
netic res ; the iron crystal placed itself in a 
certain direction between magnetic poles, the 
cobalt at right angles to that direction, whilst the 
nickel salt took an intermediate position. All 
these facts were difficult to explain for the chemists, 
and the physicists did not help them. 

Professor W. M. Hicks, F.R.S., of Sheffield, 
said that he proposed to draw attention to certain 
aspects of the problem when approached from 
the spectroscopic side—i.e., from a consideration 
of the atom as a configuration capable of emitting 
definite sets of vibrations. Before doing so, how- 
ever, he would offer some criticisms with reference 
to a point raised by Professor Rutherford concern- 
ing the effective nuclear charge. Moseley’s work 
indicated that the charges were consecutive 
multiples for the consecutive elements in the 
periodic table, and that the number of the charges 
if known for one element 


It was 


would be known, 
—e.q., for helium. But whilst Rutherford, Bohr, 
and Moseley assigned to helium an atomic 
number 2, Professor Hicks thought that the 
available evidence pointed to the value 4. It 
must at least be 2; for there was a double charge 
in the a particle ; but it did not follow that, after 
two of the movable electrons had been removed, 
none were left behind with the nucleus. If the 
atomic numbers of hydrogen and helium were to 
be 1 and 2, then there could be no intermediate 
elements between them. But that seemed im- 
probable, for three reasons. Nicholson had given 
weighty arguments for assuming that the lines 
observed in the corona and in nebulz were due to 
two elements (coronium and nebulium), having 
atomic weights intermediate between H and He, 
and as their nuclear charges were 4 and 5, that 
of helium should be 6. In the second place, Ryd- 
berg’s theory for the constitution of the periodic 
table had been justified in one remarkable respect 
by Moseley’s work as to the number of elements 
missing between krypton and xenon. Discussing 
Moseley’s measurements of the frequencies of the 
Barkla K and L series (Philosophical gazine 
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July), Rydberg had further pointed out that the 
atomic number could only be on the value of 


helium, and not on any other value but 4. 

Passing to his main question, Professor Hicks 
stated that three definite facts were recognised as 
to the constitution of the atom: (1) All atoms 
contained electrons as part of their constitution ; 
of these electrons the atoms might lose a certain 
number without altering their chemical identity, 
whilst the loss of other sets changed them into 
different elements ; that was certainly so for 
radioactive elements, and the law probably ex- 
tended to all the elements. (2) There existed 
also positively - charged nuclei associated with 
the atomic mass, containing multiples of the 
fundamental electric charge, and the chemical 
nature of the element seemed to be determined by 
this multiple. (3) In the case of certain substances 
there were found associated magnetic doublets, 
whose moments were multiples of a definite quan- 
tity, the mageton of Weiss ; that might apply to 
other elements, though it was an open question 
whether the magneton had an independent exist- 
ence or was a consequence of electronic motion. 
Any atomic theory had to explain how the atom 
was built up of those fundamental quantities. So 
far there were two types of theory :—({1) J. J. 
Thomson's theory of an extended positive nucleus, 
within which the electrons revolved in Saturnian 
fashion ; (2) Rutherford’s theory of an extremely 
small nucleus, with electrons in planetary or 
Saturnian orbits. Neither theory had shown the 
slightest aptitude in explaining the series laws of 
— and the actual structure of the atoms, 

rofessor Hicks suggested, must be much more 
complicated than was assumed. 

Unfortunately the complete mathematical treat- 
ment of the simplest case was one of extreme diffi- 
culty. They might, however, take one important 
first step as to the direction in which to look for 
the source of energy emitted as spectral radiations. 
The energy might arise either from small vibrations 
about a stable state, or from changes from one 
stable state to another. In both cases the stable 
state must be such as not to lose any energy, and 
must hence represent static equilibrium, and the 
relative motions must not produce any change in an 
external field relative to itself ; for instance, when 
a charged sphere was moving with uniform velocity. 
In the first case the energy would be made up of 
extremely small emuatte ten all the atoms, and 
an increase in intensity would be due to increased 
amplitude ; in the second case the energy would 
be made up by relatively large amounts from a pro- 

rtion only of the systems, and an increase would 

due to a larger proportion of atoms changing 
from one state to another. In the first case the 
7 of period would follow as a matter of 
course; but it was difficult to see how the condi- 
tion of Planck’s quanta could be met, and there 
could be no doubt that the ideas lying at the base of 
Planck’s theory were well founded. In the second 
case, the energy for each line was transferred in the 
same amount, and the constancy of the frequency 
followed at once from Planck’s theory. The general 
conclusion was that one of the main causes of 
spectral emission was changed from one confi - 
tion to another of less internal energy, and anet- 
mental evidence pointed in the same direction. 
Stark had shown that the series lines of spectra 
were due to molecules which had lost electrons, 
doublets being due to the loss of one electron, 
triplets to the loss of two, and so on [Professor 
Hicks did not refer to the rare case of single-series 
lines}, and it should therefore be expected that the 
energy emitted was given out by the recombina- 
tions to the neutral state. 

The general conclusion was supported by the 
fact that the formule to which series lines con- 
formed gave the frequency itself, and not the 
square of the’ frequency, which latter condition 
applied when the forces of displacement were pro- 
portional to the displacements. The former case 
required forces portional to the velocities 
( a h), and hence suggested motion in magnetic 
fields. Those fieldsexisted, and the only theory which 
reproduced Rydberg’s formuls (the th 
depended only on 


eory of Ritz) 

etic fields. Unfortunately, 
electrostatic fields existed likewise. If they could 
conceive shells of constant magnetic force, produced 
by electric charges, moving in such a way that the 


electric forces between the moving c them- 
selves were annulled, the first step towards a basis 
of a satisfactory theory would have been made. 


Whilst in all probability, then, the greater por- 
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tion of a spectrum was due to changes of configura- | 
tion, it did not necessarily follow that the lines | 
related to the series were the only ones emitted. | 
In fact, the high-frequency vibrations discovered | 
by Barkla, and quite recently measured by Moseley, 
were clearly cases in point. Nicholson had recently 
determined the frequencies of small oscillations of 
electrons revolving round positively-charged nuclei; 
these were the coronium and nebulium lines above 
alluded to, which seemed to be of a very rare ty 


pe, 


Fig. 1. 








Comptete Batrery Erectrep 1x Makers’ Sop. 








apply Planck’s theory of radiation to the ex-| 


planation of the laws of spectra. The most in- 
genious of these suggestions was that of Bohr, 
which was based on the Rutherford atom ; but it 
threw no further light on the structure of the atom, 
and left the mechanism of radiation entirely un- 
explained. Bohr had, indeed, succeeded in deriving 
the value of Rydberg’s constant from known elec- 
tric constants and Planck’s constant ; that re- 
markable confirmation of the N of Rydberg’s for- 


however. Several attempts had also been made to} mula (109,675) had certainly caught the scientific 
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imagination ; but Lindemann had shown that a 
large number of theories would give values into 
which the various constants entered in the same 
way. In Bohr’s case the exactness of the numerical 
relation depended upon an apparently arbitrary 
assumption as to the frequency of the energy 
emitted when an electron was combined, and Bohr 
assumed the frequency of an electron to be propor- 
tional to its angular velocity, which could hold only 
for one electron—i.e., for a planetary, but not for a 
Saturnian system like his own. Bohr had been 
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criticised by Nicholson on other grounds as well, 
and Bohr’s consideration, moreover, led merely to 
Balmer’s type of formula, which was restricted to 
hydrogen. Bohr’s theory, as a matter of fact, did 
not represent any of the six series of helium, though 
he postulated that certain lines, hitherto ascribed 
to hydrogen, belonged to helium, to which he gave 
two electrons, whilst Professor Hicks (as stated) 
considered four more correct. Professor Hicks 
concluded by saying that, though he had criticised 


Bohr’s theory, no one could more admire its 
ingenuity and su iveness. 
fessor W. J. Pope, President of the Chemical 


Section, contented himself with a few remarks. 
The recent radioactive researches had satisfied the 
physicist as to the reality of the atomic hypothesis, 
which chemists had adopted almost a hundred years 
ago. So a amere came back to chemistry. Chemists 
studied the way of building up molecules from atoms ; 
physicists attempted to take the atom to pieces and 
to build it up again. Referring to the many 
isomeric sugars and other compounds, he remarked 
that chemical theory had predicted the existence of 
isomers, and chemists had found and thetised 
them. Had physicists done anything similar? The 
should explain the simple laws according to whic 
atoms or radicles were linked together ; the work 
of Laue and of Bragg promised to be of enormous 
importance. 

r. H. G. J. Moseley, of Oxford, explained his 
recent work. When the spectra of X rays were 
analysed, spectra of two types, K and L, were 
found, both being far removed in the ultra- 
violet from any known lines, and from one another. 
The wave-length of K rays was of the order of 
10-*cm., and approximately the law held that 
the square root of the frequency was equal 
to A (N-B), where N, the ‘‘atomic number,” 
was different for each element, and A and B 
were constants. If aluminium were supposed to 
have the atomic number 13 (being the thirteenth 
element in the periodic table and having the atomic 
weight 27), then the next element—silicon (Si = 28) 
—had the number 14. The formule calculated 
gave, on the whole, the atomic numbers N in the 
order of the elements of the Mendeleieff tube. 
But there were a few peculiar deviations ; ¢.g., the 
X-ray order was: iron, cobalt, nickel ; whilst the 
atomic weight order was: Fe, Ni, Co, and there 
were more atomic numbers missing than chemists 
counted missing elements. Generally, however, 
the atomic numbers seemed to be more charac- 
teristic for the periodic functions of Mendeleieft’s 
tables than the atomic weights. Rydberg had 
introduced a similar order of the elements, and had 
suggested definite mathematical relations between 
the constants, as Professor Hicks had mentioned. 
As regards the missing elements, it would perhaps 
be best to avoid the term ‘‘elements.” With 
respect to Bohr, he would point out that Bohr 
regarded each electron by itself, having an angular 
momentum. But the Moseley formula contained the 
square root of the frequency, not the frequency 
itself or its square, and it seemed that there was 
something in the atom having the dimension of 
angular momentum ; that would be in favour of 
Planck’s constant h. 

Professor Bateson, the President of the Associa- 
tion, called upon by the Chairman, remarked that 
he had just come from a discussion by zoologists 
and botanists on the origin of species ; physicists 
and chemists seemed to be discussing something 
very near that problem. He wished that biologists 
had the analytical power of his present audience. 
He had heard that any new substances discovered 
should not be called elements. What were those 
bodies? That was their trouble in biology. 

Professor J. W. Nicholson, of King’s College, 
London, said he had not desired to take = in 
the discussion. But he would refer to Hicks and 
Bohr. The present position of Bohr’s theory was 
that the spectroscopic constant 109,675 did not fit 
the helium spectrum quite, which might be due 
to the fact that the electron could take up different 
— with regard to the two charges of the 

elium atom. The lines in nebulz corresponding 
to the atomic weights 1.36 and 2.95, intermediate 
between hydrogen and helium, might not belong 
to elements in the me pes Se pe sense. 

Professor H. Basset, of ing, suggested that 
the elements of Mendeleieff's table might be 
divided into short and long groups, comprising 
8, 18, ae i. 2(2n+2)+2 ae oe ol it 
was table for this purpose to consider hy: en 
as head of a special ek period and to start with 








helium ; then the two new elements would find 
their places. 

Professor Kerr Grant, of Adelaide, said that, 
speaking as an outsider, he thought that speakers 
had neglected several points: the instability of 
certain systems (radioactivity), the tetrahedral 
structure of carbon compounds as explicable by 
spiral revolutions of electrons, the non-magnetism 
of hydrogen, &c.; magnetism, however, probably 
depended more upon the molecular than upon the 
atomic structure. 

Professor Rutherford, in replying, said that the 
inseparability of certain elements was indeed 
derived from experiments with very small quanti- 
ties, but their methods were very delicate. There 
was a prize of 10,0001. for the discoverer of a 
method for separating RaD and lead ; there were 
probably several kinds of lead metal. He did not 
worry as to the position of magnetons in the atoms 
at present. Bohr’s theory, started in his labora- 
tory, need not be correct in details ; it was highly 
speculative, but was the only attempt so far made 
If the theory of radiation and that of atoms were 
not in harmony, there was something wrong about 
the radiation theory. he would say. The whole 
matter was, as Sir Oliver Lodge had remarked, in 
its infancy ; they need not go too fast, but might 
leave something to further generations. The nucleus 
of hydrogen might again have a nucleus. In any case 
the atom was very complex—a universe in itself. 


Hicu-Frequency Spectra. 


In a subsequent paper on ‘‘ High-Frequency 
Spectra,” Mr. Moseley gave some further particu- 
lars of his work and of its experimental side in a 
systematic research on elements and a search for 
missing elements. Using the method of Kay, he 
took a highly evacuated glass globe of 2 litres 
capacity and placed the substance to be examined 
in a trough, the position of which could be shifted 
from outside, so that the stream of cathode rays 
just hit the desired spot. Behind the trough was 
a diaphragm with a slit 1 mm. wide, and the 
characteristic rays observed, analysed by Ruther- 
ford’s method, appeared as images of the slit. The 
spectra so obtained were all very similar, and 
consisted mostly of two lines, one of very high 
frequency, the other of much lower frequency and 
much softer ; sometimes only one line was found, 
but the investigation was, of course, incomplete. 
The appearance of more than two lines suggested 
composition or impurity ; brass, for instance, gave 
the two lines of copper and the two lines of zinc. 
Mr. Moseley showed diagrams plotting the elements 
in their order on the ordinates, and the square roots 
of the frequency as abscissze ; the lines of different 
elements then appeared to follow a very simple 
law, and missing elements betrayed themselves by 
blanks. Mr. Moseley dwelt particularly on the 
examination of the rare earths, which, on his 
numbering, bear atomic numbers 57 to 73. Some 
of these rare-earth metals may, as chemists have 
long suspected, be mixtures of several elements ; 
their separation, generally by fractionation (lately 
studied by Urbain in Paris particularly) is exceec- 
ingly difficult. 


Satts CoLourEep By CatHope Rays. 


Professor E. Goldstein, of Berlin, the discoverer 
of the ‘‘canal” or positive rays, gave an account of 
his resumed researches on ‘Salts Coloured by 
Cathode Rays.” It had long been known, he said, 
that salts bombarded by cathode rays became dis- 
coloured, and the colours had by Giesel been 
ascribed to a partiai decomposition of the salt— 
e.q., sodium chloride—resulting in the reduction of 
some metal (the er yy component), and 
the formation of asub-chloride. Giesel had, in fact, 
imitated some of the colours by preparing salts 
containing reduced metal ; but these preparations 
did not behave like the cathodically bombarded 
salts, and the after-colouring, as Professor Gold- 
stein called it, was also noticed in the absence of 
all metals and in inorganic compounds containing 
chlorine, bromine, &c. It was improbable that 
the effect should sometimes be due to the electro- 
positive and sometimes to the electro-negative 
element. It appeared more probable that both the 
components had their share in the effect, and 
Professor Goldstein suggested that there was no real 
reduction, but that the compounds were “distended” 
—i.e., that the bonds between them were loosened. 
This ‘‘distension” was di by Professor 
Goldstein as a new condition of matter. In this 


'eondition, which seemed te be a general property 





common to all the elements, matter had a high 
absorptive power for light. The colours were 
produced by a very short e to cathode 
rays or to 8 rays, or to ultra-violet light, and Pro- 
fessor Goldstein believed that the real effect was 
due to ultra-violet rays. Sometimes the colours 
were very brilliant (pink, green, deep blue—not 
bright red so far); they might last for years, or 
be destroyed in a few days or even minutes; the 
different elements differed much in these respects, 
and the tests might be used for delicate analysis, 
as small quantities of the salt, in solid solution in 
another salt, were sufficient. In the cold the colours 
were long preserved, but heat destroyed some of 
them rapidly , and for that reason Professor Gold- 
stein had not been able to bring some of his best 
specimens (KCl, which turns deep blue; KBr, 
violet) over to Australia. Daylight was also de- 
structive, and while the exposure to daylight 
lasted, and for some time afterwards, the respective 
substance phosphoresced. Professor Goldstein’s 
chief new point was that a connection appeared 
to exist between these phenomena and the thera- 
peutic effect of radium and mesothorium in the 
treatment of skin and other diseases. 


Tue Scatrertne or Lieut. 


The paper by Professor A. W. Porter and Mr. E. 
Talbot Paris, B.Sc, of London, on ‘‘ The Scatter- 
ing of Light by Small and Large Particles of Con- 
ducting and Non-Conducting Substances,” was a 
continuation of an investigation by Porter and Keen 
on the diffraction of light by _——— (sulphur 
suspension) comparable with the wave-length of 
light. In that case the observations had been con- 
fined to transmitted light. In the recent experi- 
ments, Professor Porter explained, the polarisation 
in different directions of silver and copper suspen- 
sions had been studied by means of a double-image 
prism and a nicol ; the suspensions were prepared 
after the method of Pieroni. In working with 
silver the size of particles could be determined 
(which was not possible with sulphur) by chemical 
analysis combined with counting the number of 
icles per unit volume ; the determination could 
also be made, after Perrin, by counting the number 
of particles in two layers of a vertical column ; the 
two methods had practically given the same results. 
The following table gives a summary of the ob- 
servations made on silver suspensions for light of 
wave-length 550 py :— 





| 
Diameter of | Direction of Maximum |_ Relative Electric 
Particle. Polarisation. ~ | Conductivity. 

My deg. 

80 90 - 

98 90 2.96. l0-4 
108 98.36 3.70. 10-4 
131 109.54 4.12. 10-4 
164 113.36 _ 
310 130.30 - 








According to J. J. Thomson, the direction of 
maximum polarisation for perfectly conducting 
particles should make an angle of 120 deg. with 
the incident light. From the above table it would 
appear that the angle was 90 deg. for very small 
particles, as it would be for dielectric icles 
(as Threlfall observed in 1894), but that the angle 
increased as the diameter of the particle increased 
to a value above the theoretical limit. Measure- 
ments of the electric conductivity were likewise 
made with solutions containing the same amount 
of silver per unit volume; the two conductances 
should be the same, unless there were a difference 
in the specific conductivity of the silver par- 
ticles. Now the conductivity of the suspensions 
increased as the size of the particles increased. 
Thus there would appear to be a real change 
with size in the resistance of the silver particles, 
a change which was not simply a consequence of 
the fact that Thomson’s theory was limited to 
the cases for which the ific resistance was 
sufficiently small. Thomson’s equations would, 
however, apply for large particles when 7, defined 
by 2 7 calle, was comparable to unity. For 
large particles calculations had not, so far, been 
made ; by transforming Rayleigh’s equations, how- 
ever, they had made calculations for perfectly con- 
ducting particles for which 7 was = 1,, and their 
maximum polarisation corresponded to an angle of 
108 deg., whilst their experiments gave values 
between 110 deg. and 120 deg. It was not difficult 
to suggest a reason for this diminution of the 
conductivity with size. Separated particles of 
silver were non-conducting, like vapours, because 
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no free electrons escaped into the medium. In 
aggregates of such molecules, owing to the mutual 
forces between them, free electrons were forced 
out in greater proportionate quantity, as the siz of 
the aggregates increased. But a colloid particle 
was surrounded in its medium by a double layer of 
polarised molecules of the medium, and it was quite 
possible that this double layer of a dielectric 
medium modified the optical properties of the silver. 

Professor Porter also communicated some notes 
on **The Change in Thermal Conductivity During 
the Liquefaction of a Metal,” being a preliminary 
account of experiments recently entered upon by 
Mr. F. Simeon, B.Sc., and himself. 


PxuoTocRaPHic ACTION oF EupPHoRBIA JUICE. 


Dr. H. G. Chapman, of Sydney, stated in a 

per by Professor J. M. Petrie and himself, on 
‘‘The Action of the Juice of Euphorbia Peplus 
on a Photographic Plate,” that in studying the 
properties of indigenous plants they had discovered 
that when letters were written with the milky 
juice of this euphorbia, which resembles the 
common European species, on glass, and the glass 
fixed close to a sensitive film, sharp impressions 
of the letters were produced, faint impressions in 
one day, deeper impressions in three days, and 
darker prints still, and yet quite sharp, after expo- 
sure of one month. When the separation of the 
plates exceeded 12 mm., no impression was 
observed ; the edges of the letters were slightly 
diffused. The interposition of black peper, paraffin 
paper, thin aluminium or gold foil, thin glass, 
made little or no difference, nor did a strong air- 
current between the plates. The action did not 
appear to be radioactive ; for there was no scintilla- 
tion of the juice when examined with a sulphide 
screen, nor any discharge of an electroscope. On 
the other hand, the juice might be heated to 
200 deg. Cent., charred and even incinerated 
without losing its activity completely. The activity 
was observed with all plants of euphorbia peplus 
from distant localities, but not with any other 
kinds of euphorbia. 


Puoto-E.ectric Errect rn SELENIUM. 


Professor O. U. Vonwiller, of Sydney, gave a 
preliminary account of some experiments on ‘‘ The 
Photo-Electric Effect of Selenium,” undertaken for 
the purpose of deciding whether the photo-electric 
effect shown by the conducting, not the vitreous, insu- 
lating selenium depended on the mode of prepara- 
tion. He had prepared his selenium by distillation 
in vacuo. Temperature certainly had an influence ; 
for selenium heated to 260 deg. had ten times the 
conductivity of the substance heated to 109 deg. 
only. The most effective rays in the photo-electric 
action were the red, moreover ; the action of red 
rays seemed to penetrate to a depth of 0.1 mm., 
whilst ultra-violet rays merely affected the surface. 
Scraping made a difference only when there was 
also exposure to light. The photo-electric currents 
were sometimes as great as those from bright zinc. 
The fatigue of selenium disappeared again in the 
dark ; mere exposure to the atmosphere, unless 
accompanied by heating, did not cure the effect. 


(To be continued.) 





PROGRESSIVE SPEED TRIALS OF 
MOTOR-BOATS. 


By A. H. Buenanp, A.I.N.A. 


Procressive trials hitherto recorded have been 
confined almost exclusively to steam-propelled 
craft, and very few of these have related to vessels 
under 50 ft. in length, or of a total horse-power 
below 70 to 100. This is readily explained by the 
fact that in steam-engines, the measurement of 
power by the use of the indicator becomes increas- 
ingly difficult, and the accuracy more doubtful, as 
the engine becomes smaller and the rotational speed 
higher. In addition to this, the staff of observers 
necessary for conducting a trial is virtually the 
same for a small as for a large vessel, if the opera- 
tions are to be carried out, and the records made, 
simultaneously. For ordinary measured-mile trials, 
each lasting from, say, four to seven minutes, 
according to the re attained, the skill and accu- 
racy required is of the highest order if the results 
are to of any real scientific value. In many 
steam vessels of the size mentioned above the space 
available for observers, and the conditions of work- 
ing, are such as to make simultaneous records im- 
possible, and when this is the case, estimated values 





have often to take the place of actual recorded 


gures. 

The use of the internal-combustion engine of the 
small, high-speed type, with from two to eight 
cylinders, puts the ordinary indicator out of the 
question for power measurement during trial 
runs ; while to use other methods for measuring 
the power between engine and propeller is far from 
easy, and certainly cannot be done without exten- 
sive preparations, while in most cases of small craft 
the passengers are limited to the helmsman and 
one observer. 

Although at first sight the difficulties in the way 
of making progressive trials of motor-boats may 
seem unusually serious, yet the importance of 
obtaining reliable data at the present day is so 
great that a reasonably accurate and, at the same 
time, simple method of carrying out such trials 
single-handed is urgently needed. In the design 
of new”boats, in the present struggle for greater 
speeds, and in the continually-recurring problem 
of propeller efficiency, as well as the determina- 


tion a the most economical speeds for various 
types of hulls, may be found the arguments for 
special exertions in this direction. In what follows 
the author proposes to describe a method of making 


Fig.1. CURVES OF POWER OBTAINED FROM ENGINE 
ON TEST BENCH. 


THE POINTS A.B.C.D. REPRESENT THE REVOLUTIONS 
OF THE PROPELLER WHEN 4,3,2,& (CYLINDERS 
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Fig.2 THE VALUES OF RPM ARE OBTAINED FROM 
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speed and power tests of motor-boats which has 
been in use for the past three years, and has proved 
uniformly successful, not the least of its good 
points being that all the work and observations can 
easily be done by one man. It cannot be used 
with single-cylinder engines, and its value is limited 
with two or t cylinders, but beyond this 
number excellent results can always be obtained 

The first stage commences at the test-bench, on 
which the engine must be thoroughly ‘‘run in.” 
A power curve is then obtained over the whole 
working range, from the lowest possible speed to 
something beyond that at which the engine will be 
run in the boat. When this has been done, similar 
curves are obtained, also over the whole range of 
revolutions, by cutting out cylinder by cylinder 
until only one is left. it all the cylinders are not of 
uniform power, the weaker ones must be ‘‘ brought 
up” before carrying out these tests. If any 
doubt of their equality exists, careful note should 
be made of those cut out on each power curve, 
so that the same conditions may be subsequently 
reproduced in the boat. The method of carrying 
out these tests on the bench presents many im- 
portant and interesting features, and requires 
great care to execute if considerable accuracy is 
desired. A series of curves from a four-cylinder 
engine are shown in Fig. 1. 

When the engine is installed in the boat a reli- 
able speed-indicator is a necessary adjunct on the 
engine, and unless the friction clutch is combined 
with a positive drive, some means of counting the 





revolutions of the propeller-shaft also is absolutely 
essential. The author’s experience of revolution- 
indicators has always been such as to make the use 
of the ordinary counter desirable as a check. 

After the preliminary runs afloat have been 
made, and the highest speed of boat, engine, and 
propeller ascertained, the next step is to cut out 
successively the cylinders corresponding with those 
cut out during the power measurements on the 
test-bench. This cutting out must extend for a 
sufficiently long interval of time to ensure the boat 
settling down to its speed due to the power then 
being developed, the corresponding revolutions being 
carefully noted. It is essential that the adjust- 
ments of both throttle and ignition should be such 
as to obtain the highest revolutions the engine will 

ive under these reduced powers, so that the test- 
mch conditions may be correctly reproduced. 

Having obtained the necessary data of the revo- 
lutions, the power co-ordinated can be picked off 
from the chart obtained on the test-bench, and the 
engine can then be run normally with all cylinders 
firing. It is unnecessary to carry out trials over 
the measured distance with any cylinders cut out. 
Further trials are next carried out at reduced 
powers, the engine being run as nearly as possible 
at the revolution s obtained by cutting out 
the various cylinders. If intermediate 8 are 

uired, the power developed may be estimated as 
follows. On a base of revolutions per minute, 
horse-powers as obtained by cutting out cylinders 
in the manner just described should be plotted. A 
fair curve drawn through these points will enable 
powers due to other propeller speeds to be 
closely estimated. This is shown in the curve 
ABCD, Fig. 1. 

By a combination of the data thus obtained a 
curve of horse-powers at various 8 of boat may 
be plotted. A curve of revolutions plotted on a 
base of speed in knots supplies some of the neces- 
sary data for the analysis of the propeller. These 
curves are shown in Fig. 2. In boats having speeds 
of 20 knots and over, it is desirable, if possible, 
when running as low as 5 knots, to reduce propor- 
tionately the measured distance run. Thus, whilea 
nautical mile is none too t for accurately timing 
at 20 knots, its length is liable to vitiate results at 
5 knots unless the weather is absolutely calm and 
the currents uniform. 

The errors which may occur by this method of 
estimating powers relative to are not of a 
nature to be a serious bar to future calculations or 
deductions for other boats. In the first place, the 
engine, if well ‘‘ run in” on the test-bench, is not 
likely to develop more brake power when in the 
boat than while on the bench, while actually the 
power delivered to the screw will be less by reason 
of losses in the reverse gear, tail-shaft beari 
and stuffing-boxes. These, however, will naturally 
be greater when the boat is first launched than 
when, after a few hours’ running, all these parts 
have become ‘ worked in.” In the next aan 
such losses will occur in all installations, so that 
the question of total brake horse-power of the 
engine is, for future calculation, more important 
than net power to the screw. Errors due to a 
slipping clutch are more serious, but the provision 
of a counter on the propeller shaft, as well as on 
the engine, is a check to this. 

The author, while quite aware that the method 
= described cannot be considered as one of abso- 
ute scientific accuracy, has thoroughly satisfied 
himself of the utility of the method and ite value 
in designing new boats and installations. 

The curves in Figs. 1 and 2 relate to an early 
type of speed boat of 26 ft. in length, with a set 
of four-cylinder engines installed, but they are 
given to show the process rather than for any 
special information which they contain. The 
author has made a series of trials of boats, which 
he hopes shortly to publish, with some deductions 
therefrom as to the relationship of ed and 

wer. One thing may be added to the above. 

e most valuable information which can possibly 
be obtained in progressive trials is what is, fortu- 
nately, the most easy to observe—namely, the 
relationship between revolutions per minute of the 
screw and speed of the vessel. Many years of study 
of the screw-propeller have shown the author that 
a definite laws are associated with this relation- 
ship. 





Tue New Army.—106 members of the Institution of 
Automobile Engineers are serving in His Majesty’s 
Army, or considerably over 10 per‘cent. of the total 
mem Ip. 








612 


ENGINEERING. 





[ Nov. 20, 1914. 








DROP-HAMMERS FOR GREENOCK 
TORPEDO FACTORY. 


On pages 608 and 609 we illustrate a battery of 
friction drop-hammers which has recently been sup- 
plied to the Greenock torpedo factory by Messrs. 
Brett’s Patent Lifter Company, Limited, of Foleshill 
Works, Coventry. The complete battery erected in 
the makers’ shops is shown in Fig. 1. It consists of 
three hammers of 40 cwt., 15 cwt, and 5 ecwt. 
respectively, operated from an overhead shaft driven 
by an electric motor. The lay-out of the plant is 
duaty shown in Figs. 4 to6. General views of the 
5 cwt. and 40 ewt. lifters are given in Figs. 2 and 3, 
while outline drawings of the 15-cwt. lifter are given 
in Figs. 7 and8. In all essentials the lifter mechanism 
is the same for all three sizes, and the operation may 
best be described by reference to these two latter figures. 

The main shaft, which runs continuously while the 
battery is in use, carries a grooved pulley F, which is 
keyed to it. This pulley is furnished with a set of 
phosphor-bronze brake-blocks, E’, E*, and E*, which 
are secured to a forged-steel shoe, pinned to a shackle B. 
The shackle is pivoted at one end in the fork at the 
end of arm A, while towards the other end it is free 
to slide in the forked end of arm A’. Arms A and A! 
are fitted with phosphor-bronze bushes in the bosses 
and are quite free to move round the shaft. The 
driving-lever, to which is connected the cord C by 
which the hammer is operated, is pivoted on the 
arm A!, and is connected to the shackle B by a link D 
and an adjustable spring G. The opcies normally 
pushes the brake-blocks E!, E?, and E* clear of the 
pulley F, but when the cord C is pulled, the blocks are 
drawn down on to the pulleyand the whole —a 
is propelled round. The main lifting-ro or the 
hammer, which are guided by a loose pulley on the 
shaft, are fastened to the shackle B, so that the rota- 
tion of the arms and shackle lifts the hammer. It 
can be instantly released at any time by releasing 
the cord C, which is carried round a small pulley 
secured to the shaft. This gives a sort of capstan 
arrangement, so that % light pull on the end of the 
cord is sufficient to raise the hammer. The release when 
the cord is loosed is immediate. The cord, as shown 
in Fig. 4, is fitted with a handle at the lower end. 

As will be clear, the control of the hammer is 
entirely by slip, and the arrangement allows of lubri- 
cant being applied to the frictional parts in contact. 
In practice it is found even after a hard day’s work 
the brakes do not get unduly hot. The constant 
rotation in the air of the pulley grooves tends to keep 
them cool. It will be clear that the whole arrange- 
ment is of a simple type with an absence of complicated 
parts. Tools in a smithy do not asa rule get a great 
amount of consideration, and the simple and massive 
construction is of much value in enabling the tool to 
stand up to the severe duties it has to perform. The 
blow necessary to stop the heavy levers on the down 
stroke is taken by buffers carried on the main frame, 
as is shown in Figs. 2end 3. As an illustration of 
the class of work heavy ™hammers of this type can 
turn out, it may be mentioned that the levers A and A’, 
shown in Fig. 7, are mild-steel stampings made in one 
piece under a 3-ton drop-hammer. 

As has been said, the battery is driven by an electric 
motor. As the speed of the main shaft is only 42 
revolutions per minute, it has been necessary to intro- 
duce gearing. This is of the enclosed type, running 
in an oil-bath. The motor is coupled up direct to the 
pe shaft of the box by means of an expanding 
centrifugal clutch, which allows the motor to start up 
without load, and gradually transfers the power to the 
lifter shaft as the speed increases. The centrifugal 
clutch will also slip, when necessary, if an undue load 
is put on, thus safeguarding the motor. In some 
cases ordinary open spur-gearing is fitted, in which 
case the motor is simply fixed on to the stan- 
dard, and drives up toa fly-wheel fixed on the back 
shaft. This system is satisfactory, but is, of course, 
noisier and less efficient than the enclosed gear. With 
a drop-hammer battery there is always a certain 
amount of spring of the main horizontal girders when 
the hammers are working, and whereas a gear-box 
ensures proper meshing under such circumstances, 
there is no such certainty with open gears. 

Our final illustration, Fig. 9, is a copy of a chart 
from a recording wattmeter giving the power taken to 
drive the hammers lifting wd also running light. 
For the ee hammer—.e., 40 cwt.—the maximum 
torque is 76 horse-power, for the 15-cwt. 28 horse- 
power, and for the 5-owt. 8 horse-power. The power 
consumed in running the lifters light, i.e., for driving 
the gear, and all overhead mechanism when the 
hammers are not being actually lifted, is 5 horse-power. 





MECHANICAL GEAR FOR OPERATING 
BOAT-DAVITS. 

THE outstanding feature of the ordinary bent boat- 
davit is its simplicity. There is nothing in it which 
can go wrong, and as long as there are plenty of men to 
operate it its action is perfectly satisfactory. It came 
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into existence in the days of the sailing-ship, when 
crews had to be large to deal with the canvas, and 
when ngers were few, and consequently there was 
plenty of strength available to turn it, even if it had 
rusted in the bearing or the footstep, or if it had 
been slightly bent by the impact of the sea. The 
day of large crews has now passed, however, while 
— have increased in numbers enormously. 

e result is that while there may be a thou- 
sand people on board a ship, there probably are not 
among them thirty really trained seamen capable of 
skilfully dealing with a boat that has to be moved by 
main force. It is this condition of affairs which has 
favoured the introduction of newer forms of davits 
which can be manipulated by stewards and stokers, 
and even by passengers. But as yet such davits are 


only found upon higher - class vessels, while the 
ordinary bent davit can be counted in tens of thou- 
sands. Its existence is, however, threatened in 


all vessels carrying passengers, for in the Report 
of the Departmental Committee on Boats and 
Davits (Cd. 6846, 1913] the following recommendation 
appears :—‘‘In passenger and emigrant ships there 
should be an efficient mechanical gear which can be 
made readily available for completely controlling the 
slewing and turning out of the boats inst a con- 
siderable list.” Although there are bent davits which 
comply with this requirement, there are hundreds, if 
not thousands, which do not, and therefore this recom- 








mendation promises to bear hardly on large numbers 
of steamship-owners whose vessels ca ngers 
and yet are not furnished with the latest type of 
fittings. 

It is, of course, not a difficult matter to design mecha- 
nical gear for application to existing round davits, 
but, unfortunately, these are not standardised, nor are 
the vessels which carry them, and therefore, unless 
the device were in a manner independent of the posi- 
tion of the davits in relation to the bulwarks, it 
would be necessary to alter the design for each ship, 
involving considerable delay and increased expense. 
In some cases it would be uae to scrap the exist- 
ing davits and instal others of a more complex character. 

hat is wanted is a gear which can be bolted to the 
deck and connected to the davits by flexible means 
capable of being adapted to all likely conditions on the 
spot. One method of attaining this result, due to the 

elin Davit and Engineering Company, Limited, of 
5, Lloyd’s - avenue, ndon, is illustrated on this 
and the opposite page. 

The figures show two modifications. In the first 
(Fig. 1) the davits are fixed at a distance apart greater 
than the length of the boat to be handled, a condition 
which lends itself to a very simple arrangement, 45 
the boat will swing outboard, keeping parallel to the 
bulwark all the time. All that is necessary, therefore, 
is to rotate the two davits simultaneously. In this 
case the davits should be high enough to prevent 
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undue obliquity of the falls, or else the lower blocks 
should be fitted to travellers in the boat. 

The tackle is very simple. A cast-iron standard is 
bolted to the deck, and in it there is a vertical spindle, 
carrying 8 worm-wheel at the upper end. This wheel 
is rotated by a worm and handle, and can be turned in 
either direction. At the lower end of the spindle is a 
pinion gearing with a spur-wheel which forms part of 
a drum rotating on a stud. The motion of this drum 
is conveyed to the two davits by a pair of wire ropes, 
these ropes acting sabstantially as connecting-rods, 
compelling the davits to turn in unison with the 
drum, except that they turn in opposite directions. 
Upon the shank of each davit, as shown in Fig. 1, 
there is a rope drum made in halves, so that it can 
be applied without unshipping the davit and does not 
D to be bored. The ropes are fixed at one point 
to the drums, so that there is no fear of them slipping. 
When the handle of the is turned, the wire ropes 
are drawn in atone side and paid out at the other, 
with the result that the davits both turn at the same 
angular velocity. Of course, one rope is crossed, 80 
that the davits both turn inwards at first and then both 
outwards. The whole arrangement is very clearly 
shown in Fig. 1. 

The second design provides for the commoner 
case, in which the distance between the davite is less 
than the length of the boat which they carry. Simul- 
taneous motion will not then put the boat out- 
board, as it will foul the shanks of the davits. The 
— motion can be followed in Fig. 2. When the 

t is lifted off the chocks. the left-hand davit is 
first rotated clockwise, and at the same time the right- 
hand davit is also rotated in the same direction. The 





left-hand end of the boat is thus moved until it is 
over the bulwarks, while the right-hand end is swung 
inwards, past the right-hand davit. But when this 
motion is complete, the motion of the right-hand 
davit is reversed, and it then carries its end of the 
boat over the bulwarks. Further motion of the 
davits transfers the boat completely outboard, ranging 
it parallel with the bulwarks. The various posi- 
tions can be followed in Fig. 2, in which the 
inboard position of the boat is shown in full lines. 
The dotted outline of the boat crossing the full lines 
shows one end of the boat over the rail and the other 
further inboard, while the final outboard position is 
also shown in dotted lines. It is clear from this that 
the angular velocity of the two davits is not uniform, 
and, indeed, the right-haud davit has its motion 
reversed during the operation, while the left hand 
becomes practically stationary before the other com- 
pletes its stroke. The means by which these results 
are attained are shown in Figs. 3 to 11. 

Figs. 3 to 5 show the turning-gear, which is very 
similar to that in Fig. 1, except at the base. There 
are two drums (Fig. 5) which do not necessarily rotate 
at the same speed. One of these is driven direct by a 
pinion at the bottom of the vertical shaft (Fig. 3) of 
the hand-driving gear. The second is driven partly 
by gearing and ay by a link, the arrangement 
being shown in Figs. 6 to 11, and it is this combina- 
tion of partial and a link which effects the 
required movements of the right-hand davit. 

tn Fig. 6, the top left-hand view in the nen be 
photographs, will be seen four wheels, corresponding 
to the four in Fig. 5. The two large wheels are 
connected to the rope-drums (Fig. 5) ; one of the small 
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wheels is on the vertical shaft (Fig. 3), and the re- 
maining small wheel is an intermediate pinion. Both 
the small wheels rotate constantly at a uniform 
angular velocity, while the large wheels have an 
irregular motion corresponding to the required motion 
of the davits. 

Let us aseume that Fig. 6 corresponds to the 
position of the boat shown in full lines in Fig. 2, and 
that the two pinions are set in motion by the hand- 
gear. The left-hand wheel commences to rotate anti- 
clockwise, and at the same time it pushes the right- 
hand wheel in an anticlockwise direction by means 
of the link. Evidently one davit is moving outboard 
and one inboard, until the wheels attain the position 
shown in Fig. 7. As the motion continues, the link 
ceases to push, and begins to pull, and now the wheels 
rotate, one in an anticlockwise and the other in a 
clockwise direction, and both davits move outboard, 
until the position of Fig. 9 is reached. Here the right- 
hand wheel is in gear, and the left-hand is just out 
of , and is being rotated by the link, which now 
pushes from the right-hand end. The motion is 
continued through Fig. 10, but at that P ge the link 
again comes into tension, drawing back the right-hand 
wheel until its teeth again come into gear with the 
pinion. The davits are now in the ition corre- 
sponding to the outboard position of the boat in 
Fig. 2. 

It will be realised that the manipulation of davits 
from a single rotating spindle is a matter of very con- 
siderable difficulty, and that the problem has been 
solved by the gear just described in a —_ ingenious 
manner. This gear only needs to be bolted to a ship’s 
deck, and a couple of ms clamped on the davits, 
to make the boat-lowering comply with the 
latest requirements. Should it be at any time con- 
sidered preferable to use a fore-and-aft t instead 
of the wire drive above described, this can easily be 
arranged without alteration to the mechanism ; 
in fact, we are advised that considerable orders for 
the P. and 0. Company are at present in hand 
arranged in this way. 





Our Coat Aproap.—Mai 5 cansegeens of war 


tons. Our ex have fallen off heavily to Russia 
and Sweden, but they show a moderate increase in the 
case of Denmark. The decline in our coal shi ta to 
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INDUSTRIAL NOTES. 


Tue Director of the Department of Labour Statistics, 
in an article on the state of the labour market in 
October, published in the Board of Trade Labour 
Gazette, gives the following information :—Employ- 
ment continued to improve in October both as regards 
the numbers of work le employed and the amount 
of short time reported. The improvement was largely 
accounted for by war contracts, and was especiall 
noticeable in the engineering, miscellaneous metal, 
woollen, worsted, hosiery and dyeing trades. The 
boot, leather and clothing trades continued to be very 
active, and employment in shipbuilding yards was 

ood generally. Carpenters and woodworkers were 
Soar in connection with the erection of huts for the 
new army. The pig-iron, iron and steel, printing, 
ttery and glass trades also showed an improvement, 
he cotton trade improved slightly, but a large 
amount of short time still prevailed. The curtain 
branch of the lace trade improved, but the other 
branches continued to be depressed. The silk and 
carpet trades showed some recovery. Coal-mining 
remained about the same as in September, and there 
was a seasonal decline in the brick-making industry. 

Compared with a year ago there was a decline 
except in the trades most affected by war contracts. 
It should, however, be noted that the boom in em- 
ployment reached its zenith about the middle of 1913, 
and that for some time before the outbreak of war 
several trades had declined considerably from the 
high level then attained. 

he changes in rates of wages taking effect in 
October affeoted 67,000 workpeople, and resulted 
in @ net increase of 2100/. per week. The number 
of work le who received increases was 58,000, and 
includ 16,200 coal-miners, &c., in Cumberland, 
Bristol, and Somerset, who received a seasonal ad- 
vance ; 6690 building trade operatives at Birming- 
ham ; 11,500 ironstone-miners and limestone quarry- 
men in Cleveland and Durham ; 5850 workpeople in 
steel works in West Scotland ; and 5000 workpeople 
in engineering works in Sheffield and district. The 
principal decrease affected 6250 blast-furnacemen and 
iron and steel workers in South Wales and Mon- 
mouthshire. 

The number of disputes beginning in October was 
27, and the total number of workpeople involved in 
all disputes in progress during the month was 20,677, 
ae compared with 13,025 in September, 1914, and 
79,859 in October, 1913. The estimated total aggre- 
gate duration of all disputes during the month was 
192,500 working days, as compared with 229,800 in 
September, 1914, and 1,007,400 in October, 1913. 

dealt with during the month include painters, 
Chesterfield; carpenters, Ballykinlar Camp, co. Down; 
shipwrights and joiners, Southampton ; packing-case 
makers, Aberdeen; block-printers, Dartford. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the five weeks ending Octo- 
ber 16, 1914, was 31,981, as compared with 29,339 in 
the four previous weeks, and with 23,045 in the five 
weeks ontee October 17, 1913. The average weekl 
number of vacancies filled during the same periods 
were 24,729, 23,107, and 17,158 respectively. 


The October number of the Reichs-Arbeitsblatt (the 
journal of the German Labour Department) states that 
**the revival in the labour market which began in 
August, after the initial sharp decline in the level of 
employment consequent upon the outbreak of hostili- 
ties, not only continued in September, but became 
apparent in nearly all branches of industry. It was 
possible to discontinue to a considerable extent the 
short time which had been introduced in many in- 
stances in August. The improvement was especially 
noticeable in mining, and particularly in coal-mining, 
as also in the engineering, electrical, and clothing 
trades. Certain trades worked more briskly than in 
times of peace.” 

Returns relating to unemployment in September 
were furnished to the German Labour Department by 
thirty-four trade unions, with an aggregate member- 
ship of 1,162,614. Omitting branches which failed to 
make returns, the membership covered was 1,010,283, 
of whom 161,164, or 16 per cent., were stated to be 
were at the end of September, as compared 
with 22.4 per cent. in the previous month and 2.7 per 
cent. in September, 1913. 








. 

The Board of Trade has issued the following in- 
formation :—The average change in retail food prices 
during October was an advance of less than 1 per cent. ; 
this advance was mainly due to an increase in the 
price of ogas, partly attributable to seasonal causes. 
Milk and butter also showed slight rises in price, as 
is usual during October. 
October 31 averaged about 5 cent. lower than at 
the beginning of the month. Margarine prices fell by 
about 5 per cent. on the average, and those of fish and 
bacon by 3 per cent. Potatoes also were lower in 
price. eat, bread, flour, cheese, tea, cocoa, and 
coffee showed little or no change. 


The price of sugar at 


Taking all these articles together, and allowing for 
their comparative importance in working-class house- 
hold expenditure, the average increases in price since 
July amounted to about 13 per cent. in the large 
towns, and 12 per cent. in the small towns and villages. 





Dr. E. 8. Reynolds, Professor of Clinical Medicine, 
a few days ago delivered a lecture at the Medical 
Session, Tenthester University, on ‘‘The Industrial 
Diseases of Greater Manchester.” He drew attention 
to the great improvement in, and the greater use of, 
dust-removing appliances in cotton factories, and the 
great diminution in the danger to health arising from 
the presence of dust in the mills, since 1908. Except 
in the case of strippers and grinders, the amount of 
mechanical bronchitis among cotton operatives was 
not now excessive. The amount of tubercular 
phthisis, though high as compared with that among 
agriculturists, was not much above the average exist- 
ing in other indoor occupations. Infectious diseases 
might be conveyed by raw cotton, as in the recent slight 
outbreak of smallpox, and it was interesting to notice 
that in 1606 and again in 1646, the plague was introduced 
into Manchester by raw cotton from Smyrna. Heat, 
humidity, dust, bad ventilation, and the monotonous 
work of a cotton-mill, were conditions which increased 
the mortality of cotton operatives as compared with 
that of the average population, and which caused 
respiratory troubles, rheumatism, and dyspepsia ; but 
as an indoor occupation it did not strike him as being 
among the really dangerous trades, nor yet among 
those which might be classified as specially unhealthy. 
Supposing a cotton-mill in a |“ atmosphere free 
from smoke, the operatives well housed, with plenty 
of air-space and sunlight, and of temperate habits, 
then there would not be among the workers any 
excess of tuberculosis. The detrimental effects of 
foul air, lack of sunlight, and low wages were 
obvious. A few words, he added, were needed 
concerning alcoholism. ‘‘ Drinking” in industrial 
communities might be due to the habits of a 
trade, or to the heat, dryness, dustiness, or monotony 
of certain occupations ; but it certainly caused diseases 
which the occupation itself was not responsible for. 
Though industrial diseases made a long list, the health 
of the worker was now much better than formerly, and 
the chief causes of this important improvement were 
to be found in the long lists of Acts for the improve- 
ment of industrial conditions which stretched from 
Peel’s time down to the Workmen’s Compensation 
Act of 1906. He suggested that the next important 
step in legislation to improve the health of the people 
of Greater Manchester should be an Act for the total 
removal of the smoke nuisance. 





Statistics dealing with the working of the Work- 
men’s Compensation Actand the Employers’ Liability 
Act in 1913 have been issued as a Blue Book. In 
regard to seven industries—mines, quarries, railways, 
factories, harbours, docks, &c., constructional work, 
and shipping—compensation was paid in 1913 in 
respect of 3748 cases of death and 476,920 cases of 
disablement, the gross total of compensation amount- 
ing to 3,361,650/. If to this figure there be added 
the cost of management, commission, legal and 
medical expenses, &c., it is estimated that the total 
charge borne by the seven industries in question 
cannot have been less than 5,000,000/. In 1912 there 
were 3599 fatal cases and 424,406 non-fatal, the total 
—— amounting to 3,174,101/. The 
total of persons — in the seven industries was 
7,509,353. There been a steady increase since 
1908 in the actual number of cases in which compen- 
sation had been paid, and 1913 showed a further in- 
crease. 

In regard to industrial diseases, compensation was 
paid in 27 fatal cases to the amount of 4147/ , and in 
8233 disablement cases to the amount of 130,251/. 
The number of ‘continued cases” was 2485, or 
30 per cent. of the total number (in the case of acci- 
dents the proportion is only 7.7 per cent.), and they 
accounted for 67,148/., or more than half the total 
disablement compensation. 

In regard to cases under the Employers’ Liability 
Act, of the 39 cases in which judgment was given for 
the plaintiff, only two were fatal cases, the compen- 
sation awarded being 159/. 12s. in one case, and 400/. 
in the other; 29 were returned as cases of total 
incapacity, the total compensation awarded bein 
1314/., an ave of 45/. a case ; eight were return 
as cases of lal incapacity, the total compensation 
awarded being 568/., an average of 71/. a case. 


The Board of Trade has forwarded a letter to West 
Riding manufacturers of khaki materials inquiring the 
extent to which they can increase their output of these 
materials. They are asked to state the extent of their 





weekly output, whether all machines are working day 
and night, and, if not, what difference in the output 


\it would make if they were; also what additional 


labour would be required to work the machines day 
and night. They are also asked to say what increase 
in plant is possible. In the factories where shortage 





of labour has been reported, strong recommendations 
have been made that cotton operatives who are suffer- 
ing from slackness of trade in Lancashire should be 
imported, and ner ay te in khaki weaving. In some 
cases this suggestion has been already followed out. 


Speaking at Firth College a few days ago, the Vice- 
Chancellor of Sheffield University, Mr. H. A. L. 
Fisher, pointed out that unemployment still existed, 
though it showed no increase on the figures for 1860. 
Unemployment might be divided into three classes 
—seasonal, due to transformation of machinery, and 
cyclical. With regard to the first, the remedy might 
either be to educate those liable to seasonal unemploy- 
ment in subsidiary trades, or by regulating the demand 
so that it was not exclusive to oneseason. The trans- 
forming of machinery could never be eliminated as 
part of industrial progress, and the only efficient 
remedy he could find for this was in well-directed 
charity towards the deserving mechanic thrown out of 
work—the charity which aimed at providing a new 
job, or in the provision of industrial training. 

Cyclical unemployment was very —— to 
deep thinkers, because its cause was so difficult to 
find. It recurred every seven or ten years, and had 





been attributed to the spots on the sun, and, perhaps . 


more reasonably, to too great investments in fixed 
capital, leaving an insufficient supply in circulation. 
It had been proposed to remedy this by a very highly- 
developed system of progressive taxation, relieving 
the very wealthy of their surplus riches. 

His own impression was that this cyclical unemploy- 
ment arose as the result of economic competition. No 
progress could be secured without competition, though 
these recurring cycles showed that it was, as George 
Eliot said, the pain of progress. One efficient remedy 
was insurance against these bad times. Society ought 
to be strong enough to provide this through direct 
State action, or by the private insurance companies, 
so that the poor might be tided through the bad 
seasons. 

Unemployment, even for a very brief time, was 
deleterious to the life of the whole country, even for 
a day it was the waste of force, for industrial quality 
unquestionably deteriorated in idleness. Productive 
quality was best helped by optimism, courage, and 
taith, such as were very difficult in times of bad trade. 
There was one general remedy for unemployment, the 
improvement of the mechanism for the mobility of 
labour, and for that reason they should welcome the 
institution of Labour Exchanges throughout the 


country. 


We are informed that for the first time since hostili- 
ties broke out full time is being worked at a number of 
Oldham cotton-mills. The returns show that 30 per 
cent. of the — are working full time, while 5 per 
cent. are totally unemployed. At the remaining mills, 
with few exceptions, e machinery is run during day- 
light only. Employment amongst card-room workers 
also shows an increase. At many mills difficulties have 
arisen owing to strippers, grinders, and blowing-room 
operatives having enlisted. 








NICKEL AND THE WAR. 
Tue world’s production of nickel during recent years 
- been steadily increasing, as shown by the following 
res :— 
as Tons. Tons Increase. 
1500 


1918 ... , 
1912 ... 28,500 4000 
1911 ... 24,500 4400 
1910 ... - nn 20,100 _ 
During the recent six or seven years there has been 
a rtomen, te ok e jon in the industrial uses of 


metallic nickel. Two-thirds of the world’s supply is 
roduced in Canada ; the remaining third comes from 
New Caledonia and is controlled by France. As the 
main supply is obtained from Canada, the suggestion 
was made some years ago, and obtained considerable 
support there, that the export of Ontario nickel ores, 
mattes or metal should be prohibited, or limited, to 
all countries other than Great Britain. The question 
at the time was considered of great importance. A 
l quantity of nickel is used in the nickel-plating 
industries. The shutting off of the metal from this 
field would probably not cause such serious con- 
uences to ensue as would follow should the sources 
of nickel be shut off from nickel-steel industries, also 
from the nickel coinage of several countries. Besides 
its use in bridges, mickel-steel is much used in the 
manufacture of armour and other war products ; the 
prohibition of nickel exports from Canada to non- 
British countries is therefore an important point. 

The question has been again discussed as a conse- 
quence of the war, and a Government order was issued 
in Canada, at the end of October, prohibiting the 
export of nickel to enemy countries. The Order in 
Council is worded : ‘To all foreign parts in Europe 
and on the Mediterranean and Black Seas, save Great 
Britain, France, Russia (except the Baltic ports), 





Spain, and Portugal.” The Canadian nickel deposits 
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differ trom the German potash deposits in so far as 
the latter appear to have no competing sources of 
supply ; the former has no such monopoly. The 
C ian contraband of war prohibition will act as an 
incentive to the opening out of new deposits and 
re-opening of old ones, several of which are situated 
in the United States, Greece, and other countries, all 
well known. 

Norway possesses extensive deposits of nickel ore, 
much of it containing as high as 2 per cent. of the 
metal. In former years nickel-mining was of some 
importance there, but competition with the richer ores 
of Canada and of some mines now shut down in the 
United States, could not be maintained, and most 
of the mines ceased operation. Towards the end of 
the last century the annual production of nickel 
sank to 7 tons. It is now stated that the mines have 
been reopened. On a small scale the Norwegian nickel 
ore-mining industry was revived some years ago, 
with an annual output of 70 to 100 tons, nearly all 
of which is used within the kingdom ; one mine was 
worked at Eije with an ore output of 5770 tons, 
producing 58.27 tonsof nickel. In the smelting works 
2.77 tons of matte is obtained from 100 tons of ore, and 
this contains 40 per cent. of nickel and 25 per cent. 
of copper. It is refined in the electrolytic works at 
Christiansand, which are equipped for an annual pro- 
duction of over 400 tons of the metal. The production 
of electrolytic nickel is a much more complicated 
operation than are those oe aluminium or 
sodium. The electrolytic nickel has a high degree of 
purity, and is fairly compact. The total consump- 
tion of electricity is relatively large, and the process 
can be employed with advantage only where the cost 
of the current is exceptionally low, as is the case in 
Norway. 

The United States may be considered a non-pro- 
ducer of nickel, although a very limited recovery of 
this metal is made as a by-product in the electrolytic 
refining of copper. The States depend practically 
entirely on the nickel-ore mines of Sudbury, Ontario, 
for their supplies of the metal. The production of 
the Sudbury mines during 1913 reached 750,000 tons 
of ore, most of which was smelted to matte contain- 
ing about 24,000 tons of nickel. In 1912 the produc- 
tion of these mines amounted to 737,320 tons of ore, 
whilst the matte produced 22,421 tons of nickel. 
There are several important companies associated with 
this industry :—The International Nickel Company, 
the Mond Nickel Company; the British-American 
Nickel Company was engaged also early last year, 
The New Caledonian mines output of ore in 1913 was 
75,300 tons, and 6000 tons of matte. 

The Canadian output during the last three years 
has been as follows :— 


Lb. Tons. £ 
1913 ... 49,676,772 22,177 3,104,800 
1912 ... 44,841,542 20,018 2,802,600 
1911 ... 934,098,744 15,222 2,132,171 


The Ontario deposits occur in a saucer-like arrange- 
ment of rocks of voleanic character, 35 miles across 
one way and 15 miles the other. The mines are 
grouped along the outer edge of the saucer, most 
of them near Sudbury on the south-east side. The 
central portion of the saucer is filled in with non- 
metallic rocks, in this case sandstones and slates. It 
was stated about fifteen months ago that nickel pro- 
perties near Sudb were sold to French ca italiats 
for 1,875,000/., but thet @ very large outlay of capital 
would be n to obtain an output. Te is stated 
that the International Nickel Company has spent 
approximately 2,083,000/. in the development of its 
Sudbury mines. 

For the purpose of obtaining the nickel output given 
above, it was necessary to mine and treat 823,403 tons 
of nickel-copper ore during 1913 and 725,065 tons 
during 1912. The companies turning out these ores 
are the Mond Nickel Company, the Canadian Copper 
Poway also owning smelters, and the Dominion 
Nickel Company. The quantity of Bessemer nickel- 
copper matte shipped out of Canada in 1913 was 
47,150 tons, as compared with 41,925 tons during 
1912. This matte carries small gold and silver values, 
as well as metals of the platinum group. 

Considerable changes have been made in some of the 
details of smelting practice, although the general 
method remains the same—that is, the ore is roasted, 
smelted, and converted tc a Bessemer matte, contain- 
ing from 77 to 82 per cent. of the combined metals, 
copper and nickel, the matte being shipped to Great 
Britain and the United States for refining. The 
quantity coming to this country, however, is extremely 
imited. We import some nickel oxide from the 
United States in the following small quantities :— 


Cwt. £ 
1913 =! a = 17,965 90,120 
1912 bi ee <a 23,679 116,975 
1911 aa ia a 15,117 74,310 
1910 . a sais »294 ‘ 
1909 19,455 , 


A portion of the matte made by the Canadian Copper 
Company is used for the direct production of monel 


metal, an alloy of nickel and copper, without the inter- 
mediate refining of either metal. Of the metallic out- 
put of Canada, nickel is second in quantity and third 


in value, as shown below :— . 
Nickel ... 49,676,770 Ib. 3,104,800 
Copper ... ... 76,975,830 ,, 2,448,600 
Silver ... .. $1,750,618 oz. 3,955,000 
Gold... Hi ,025 ,. 3,378,300 
Lead ... oa 37,662,700 lb. y 


The province of Ontario has the largest mineral pro- 
duction, 40.75 per cent. ; British Columbia comin 
next with nearly 20 per cent., and Nova Scotia thi 
with 13.40 per cent. The output of the other six 
provinces is very limited, in no case reaching 10 per 
cent. 





THE LATE MR. FRANK PEARN. 

WE regret to announce the death of Mr. Frank 
Pearn, which took place at his residence at Heaton 
Moor, Stockport, on the llth inst. Mr. Pearn, who 
was in his 64th year, was a member of the firm of 
Messrs. Frank Pearn and Co., Limited, West Gorton, 
Manchester, well-known as makers of pumps and 
pumping machinery. He served his time with John 
Cameron, of Salford, a firm still in existence as John 
Cameron, Limited, and engaged in the production of 
& similar classof machinery. In 1870 Mr. Pearn con- 
ceived the idea of a double-action pump with an 
external packed ram. With a view to making this 
new machine, he started in business for himself, 
taking premises for the purpose in Hulme, a dis- 
trict of Manchester. Success followed his efforts, 
and in 1873 his brother, Mr. Sinclair Pearn, joined 
the firm and took over the commercial side of it, 
and has been associated with it ever since. The 
demand for their special class of pumps and pumping 
machinery continued to grow, and in 1878 new works 
were built in West Gorton, where they have since 
been located. In 1894 the firm was turned into a 
private limited company, with the title Frank Pearn 
and Co., Limited. Since first erected, in 1878, three 
additions have been made to the works, and at the 

resent time they occupy an area of 8000 square yards. 
The late Mr. Frank Pearn was actively connected with 
the works until about six months » when he 
had to absent himself on account of his ill-health. 
He was thoroughly practical, and was responsible 
for a number of improvements applied to the various 
machines made by the firm. Many large pumping 
installations were laid down under, his supervi- 
sion in various of this country and abroad, 
the size ranging from 1000 ft. to 2000 ft. head. Man 
of these later installations were electrically driven. 
In conjunction with his brother William he invented 
the surface and boring-machine now known as the 
Pearn-Richards surface and boring, milling, drilling, 
and tapping-machine. There is a constant demand 
for this machine, particularly at the present time. Some 
years ago an excellent book on ‘‘ Workshop Costs” was 
published by Messrs. Sinclair and Frank Pearn. Full 
of remarkable yet simple detail, it showed how costin, 
could with little trouble be made of immediate an 
permanent value, and although one class of machinery 
is taken as an example, the methods demonstrated can 
be readily employed in almost any class of industry. 
This book was written, among other objects, to 
demonstrate the fact that at least one costing method 
was in existence = if not better, than any im- 
portation from the United States, of which there were 
several at that time. 

Personally, the late Mr. Frank Pearn was univer- 
sally respected, and his genial temperament made him 
many friends both in and out of business. 





ECONOMICS OF ELECTRIC RAILWAY 
DISTRIBUTION.* 

By Horace Fieitp ParsHatt, D.Sc., M. Inst. C.E. 

PRACTICALLY all modern traction systems of the larger 
class are referable to the same class of power-house and 
transmission system, and these are not affected to an 
important extent by the sub-station arrangement, which 
is determined with reference to variations in the operating 
result occasioned by the spacing and the capacity of the 
individual sub-stations. 

In the book by Mr. Hobart and the author on “‘ Electric 
Railway Engineering” most of the problems entering 
into the design of electric-railway installations have been 
dealt with. The question of the economic arrangement 
of sub-stations and the distribution conductors was not 
dealt with at length, because at the time the book was 
written sufficient o ting data were not available to 
furnish a basis for different calculations. Such a wide differ- 
ence of opinion existed between different engineers as to the 
cost of operating and maintaining a system of sub-stations 
that it did not appear advisable to treat the subject 
except on lines. Since the publication of that 
book a deal of experience has been gained, as a 


result of which engi have come into more general 
agreement as seganis eub-ctetion practice. The present 


* Abstract of a paper read before the Institution of 
Civil Engineers on Tuesday, November 17. 








a he with a view to assist towards the stan- 
isation of electric em gy | sub-station practice. 
Many years ago Lord Kelvin formulated a law as to 
the economic use of conductors in transmission systems, 
The number of independent variables when a com- 
plete system with su tions has to be dealt with 
1s 80 great that the mathematical expression, from which 
might be deduced the minimum cost, would in practice 
be open to some suspicion. In this paper a complete 
balance-sheet embodying every item has been worked out 
for each case, and the tabulated result is included as a 
a of the paper ; hence, for different conditions it would 
possible for an engineer to make the necessary correc- 
tions, so that, without any great amount of labour, the 
methods and results of the paper may be applied to 
practically any class of electric-railway installation. The 
paper has not been extended to include the electric-trac- 
tion installation as a whole, since the process of stan- 
dardisation in respect of motor equipments is still 
proceeding, and conclusions that might be drawn under 
present conditions would in another short time be incor- 
rect. So far as the distribution is concerned, the conclu- 
sions are likely to be lasting, since the operating conditions 
on which the general results are founded are likely to 
obtain for a considerable time to come. 

With the given energy consumption per unit of length 
of line that follows from a given train movement, the 
capacity of the sub-stations increases directly with the 
distance between them. The energy loss in distribution- 
conductors of a given section varies with the cube of the 
distance between sub-stations. The cost of attendance is 
within wide limits independent of the size of the sub- 
station. The cost of the plant per kilowatt falls off with 
the size of the units, but the maintenance and renewals 
per kilowatt are more or less constant. The paper embodies 
a series of curves showing graphically the arrangements 
of sub-stations that will operate different train services on 
different electrical systems and at various voltages with a 
minimum total operating cost. With rotary-converter sub- 
stations and a working voltage of 600 volts, and for certain 
assumed average conditions of train-weight, speed, and 
energy - consumption, the most economical sub-station 

ngs are 84, 54, and 3} miles for train services of 

six, twelve, and twenty-four trains per hour respeotively. 
For a working voltage of 1200 volts, the sub-station 
spacings are 11, 7}, and 5 miles respectively, while when 
2400 volts is adopted, the most economical sub-station 
spacings are 16, 12, and 84 miles for the three train ser- 
vices respectively. Curves are also given illustrating the 
advantage gained by working at higher voltages, and 
these confirm the author's view that with the t) 
ment of rotary-convertor sub-stations, kee is 

little advan in a higher voltage than 2400 volts for 
the track-conductor. © economy of bigher voltages is 
shown to be approximately the same whatever the train 
service. As between 600 and 1200 there is a saving of 
14 per cent. in the total annual costs of the distribution 
system ; as between 1200 and 2400 volts there is a further 


y | saving of 7 per cent., or 21 per cent. as between 600 and 


2400 volts. If the working voltage is further increased 
to 3600 volts, there is a decrease in total annual expendi- 
ture on sub-station and overhead-conductor equipment of 
only 3 per cent., which will be less than the additional 
cost of the rolling-stock. 

For single-phase distribution at 5000 volts the most 
economical sub-station spacings are 31, 24, and 16 miles 
for — gy + a —_ and ~ — r hour 
respectively. At 10, volts single-phase, the most 
economical sub-station spacings are 45, 34, and 26 miles 
for the same three train-services respectively. With 
three-phase distribution at 5000 volts, the most econo- 
mical distances between sub-stations are 38, 31, and 18 
miles for the same respective train-services. In most of 
these last cases, however, the economical distance between 
sub-stations thus determined is ter than would be 
permissible ia gaan from iderations of both;jtraffic- 
operation voltage-drop. Further, in the case of 
le-phase operation, the lower pressure of 5000 volts 
‘ound to be the most economical for certain services, 
and the higher pressures of 10,000, 12,000, and 15,000 
volts in vogue on the Continent are explained by con- 
siderations of voltage-drop. 

An Appendix to the pa 


summarises the sub-station 
operating costs of the tral London Railway, which 
have been used to s, large extent as a basis for the calcu- 
lations embodied in the paper. 





Contracts.—The list of contracts just to hand from 
Messrs. Ed. Bennis and Co., Limited, Little Hulton, 
Bolton, seems to indicate that very little difference, if 
any, has taken place in the amount of business being 
done. Am the export orders is one for India, con- 
sisting of a nis elevator arranged to elevate the coal 
from a storage-bunker below the ground-level to the 
mechanical stoker-hoppers on two water-tube boilers. 
Their other orders are for thirty-five of their various 
stokers for all classes of manufacturers in this country, 
the great majority of which are repeat orders, and for 
three coal-elevating and oy installations complete, 
two for this country and one for ia, above referred to. 
- . Glenfield and Kennedy, Limited, of Kilmar- 
nock, have just received orders from the Colne Valley 


Water Ly aw for one pound nsing beam 

ine with t and plunger-pump, to pum 7 000 

of water per 24 hours against a to ead of 

300 ft., and from the Cowes Urban District Council for 

pan J set of ye ee 22-in. — three-throw 

-pumps driven by a compound steam-engine, 

and complete with boiler, &. They have also received 

orders for sluice and reflux-valves up to 72 in. in diameter, 

and for a large amount of work for the British Govern- 
ment. 
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EXPERIMENTAL MARINE-TYPE ENGINE AT THE SOUTH SHIELDS MARINE SCHOOL. 
CONSTRUCTED BY MESSRS. W. SISSON AND 0©0., LIMITED, ENGINEERS, GLOUCESTER. 
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A very interesting example of an experimental |and when working quadruple-expansion and running | made of such relative weights as to give the best 
: steam-engine and accessories has just been supplied | at about 150 revolutions per minute the output is | balancing effect ; and to secure this without making 
to the Marine School, South Shields, by Messrs. | 60 brake horse-power. As will be seen, the cylinders| very awkward high-pressure and first intermediate 
W. Sisson and Co., Limited, engineers, Gloucester. | are arranged in two pairs (Fig. 11, page 620), the high- | pistons it has been necessary to attach a weight to the 
As shown by the illustrations on the present and | pressure and first intermediate forming one portion, | crosshead of each of these two rods. 
Opposite page, and also on 620, this engine | and the second intermediate and low-pressure the other} The high-pressure cylinder is steam-jacketed, and 
is of the usual vertical inve: open-front marine (Fig. 4, page 616, and Fig. 9, e 617), there bein eee with Meyer expansion-gear, the main valve 
type, and has four cylinders on four cranks, Fig. 1, a stay between the two portions p at the top o ing cylindrical and annular to receive the cylindrical 
set at such angles as to give the best ing | the back standards (Fig. 1). The high-pressure and | cut-off valves, which are driven and the relative posi- 
results. The cylinders are respectively 6 in., 84 in., | the first and second intermediate pistons are of cast | tions determined by « arrangement of gear. 


12 in., and 164 in. in diameter, with a 12-in. stroke, | iron, the low-pressure of cast steel, all of dished form, 


arranged to work on the usual quadruple-expansion 
series. Suitable by-pass valves and pipe connections 
are provided for working triple-expansion with the 
high-pressure cylinder shut off, and boiler steam 
admitted to the first intermediate ; also, by simply 


removing the exhaust-pipe from the second inter- | back 


mediate cylinder to the low-pressure cylinder, and 
substituting one direct from the high-preesure exhaust 
to the low-pressure chest, the engine can be worked 
as “‘ high ratio” compound. The engine is designed 
to take steam from the boiler at 200 Ib. per sq. in., 


and each provided with three self-spring rings of the 
makers’ special iron alloy. The pistons and connect- 
ing-rods are all similar, the former having rolid forged 
crossheads (Fig. 1), with slipper attached at the 
inner side, and working on the face arranged on each 
standard, to which are attached the front plates 
for taking the go-astern pressure. The connecting- 
rods have double eyes at the top ends, with the 

dgeon-pin shrunk in, and T-feet, and bronze bear- 
ings with distance-pieces and mild-steel bolte at the 
bottom end, The four sets of reciprocating parte are 








There is the usual eccentric (Figs. 1 and 3) with stra 

and rod, but this is attached to a bar or spindle work- 
ing in guides outside the cylinder and having levers 
or projecting fingers t on, one of which has 
the solid spindle of the lower cut-off valve attached to 
it, and the other the hollow spindle of the upper cut- 
off valve. The relative position of these two cut-off 
valves or ‘‘ bobbins ” is varied by a right and left-hand 
screw carried by an arm rigidly attached to the vertical 
spindle or bar, and engaging with the two fingers 
referred to, and the rotation of this screw “a 
the fingers or brings them closer together ; this, of 
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course, having the same effect upon the cut-off valves 
or bobbins attached to the spindles: The main valve 
is driven by Stephenson link-motion of double-bar 
type, the eccentric-rod ends being placed between the 
bars, so that in the full gear ahead or astern they do 
not come in line with the valve-spindle. This latter 
has the usual solid forged cross-head with bronze link- 
block. The weigh-shaft arm is carried on & separate 
sector-piece (Fig. 3), by means of which its position 
in relation to the weigh-shaft arms of the other 
cylinders can be altered so as to vary its gear position 
in relation to them. A high-speed throttle-governor 
is provided for the high-pressure cylinder, and driven 
by @ pulley having two steps, so that, together with 
the speed-adjustment gear attached to the governor 
itself, the engine s may be varied from 100 to 200 
revolutions per minute. 

The first intermediate cylinder is also steam- 
jacketed, and has a piston-valve of the makers’ ial 
labyrinth” type, driven by link-motion, similar to 
that of the high-pressure cylinder, excepting that the 
weigh-shaft arm has @ slot at the outer end with a 
sliding-block (Fig. 5), to which the draw-bars are 
attached, and by means of which the gear position 
can be altered. The second intermediate and low- 
pressure cylinders both have single-ported, flat-faced 
slide-valves, driven by Stephenson link-motion of the 
double-bar type, arranged according to usual marine- 
engine practice (Figs. 4 and 6), the eccentric-rods 
having double-top ends with bolted bearings for 
attachment to the link-pins, so that in full gear the 
eccentric-rod top end comes into line with the valve- 
spindle. The weigh-shaft arms have the same draw- 
rod adjustment as that of the first intermediate. The 
reversing is effected by a screw engaging with a nut 
(Fig. 4) having trunnions working in the ends of two 
arms attached to the weigh-shaft, the other end of the 
sorew being carried in a swinging cross-bar spannin 
the two front pillars of the second intermediate an 
low-pressure cylinders. The reversing-screw has a 
hand-wheel and locking-wheel, as usual. 

Each cylinder has a complete set of relief-valves and 
drain and indicator-cocks and pipes, so that the top 
and bottom of each may be indicated (Fig. 7, page 617) 
Steam-pressure, compound, vacuum-gauges and 
a reciprocating counter are provided. The cylinders 
are lagged with asbestos and hair-felt, encased by 
blued-steel sheets. The main crank-shaft is in two 
parts, united by solid-forged coupling-flanges, with 
spigot and faucet and turned-steel bolts, as usual, and 
an extension-shaft is similarly connected at the after 
end, carrying a belt fly-wheel, which drives a dynamo 
when required. This extension-shaft is carried in a 
self-oiling bearing, and has a half-coupling secured 
beyond this for attachment to a Heenan and Froude 
dynamometer (Fig. 1). The eccentrics of the second 
intermediate the low-pressure cylinders are 
mounted on the coupling flanges of the shaft, as is 
so customary in marine engines. The bed-plate is of 
strong box-section with close bottom for collectin 
the oil drip; a shallow trough is cast at oat 
end to take the drip from the eccentrics, suitable 
arrangements being provided for drawing off. There 
are five main bearings, each having a bored seat 
with circular bearings of anti-friction bronze, held 
down by cast-iron caps with studs and lock-nuts. 
There are also capacious oil-boxes cast on for siphon 
lubrication and closed by polished hinged brass lids. 

The air-pump (Figs. 2 and 3) is of the ordinary 


so that the height admits of a suitable exhaust-pipe, 
while at the same time giving good drainage down to 
the air-pump suction. 

In conclusion, it ought to be mentioned that this 
engine and accessories were designed and arranged 
throughout in accordance with the specification and 
requirements of the Principal of the college, Mr. 
Harold R. Cullen, M.A., who will shortly be conduct- 
ing a series of tests, and we hope in a future issue to 
give particulars of the results obtained. 





Tue Roya InstrruTion.—The eighty-ninth Christmas 
course of Juvenile Lectures, founded at the Royal Insti- 
tution in 1826 by Michael Faraday, will be delivered this 
year by Professor ©. V. Boys, F.R.S., his title bei 
“Science in the Home.” e lectures will be experi- 
mentally illustrated, and the subjects are as follow :— 
**Mechanics in the Home,” Tuesday, December 29; 
‘Chemistry in the Home,” Thursday, December 31 ; 
“ Fluids in the Home,” Saturday, January 2; ‘‘ Heat in 
the Home,” Tuesday, January 5; ‘“‘ Electricity in the 
Home,” Thursday, January 7; “‘ Light in the Home,” 
Saturday, January 9. The lecture hour is 3 o’clock. 


Tae Royat Society or Arts.—The session of the 
Royal Society of Arts commenced on Wednesday, the 
18th inst., with an address from Sir Thomas Holdich, 
Chairman of the Council. All the usual arrangements 
have been made for meetings, &c., and the ordinary 
programme has been issued to the Fellows. Three of the 
pa to be read before Christmas deal with the chemi- 
cal industries as affected by the war. The first of these 
is by Sir William Tilden, on “‘The Supply of Chemicals 
to Britain and Her Dependencies ;” and the second by 
Dr. W. R. Ormandy, on “‘ Britain and Germany in Rela- 
tion to the Chemical Trade.” The third ‘9 is by 
Dr. Mollwo Perkin, on ‘‘The Indian Indigo Industry,” 
which has, of course, been very seriously affected by the 
production of synthetic een in Germany. The other 
two papers to be read before Christmas are by Sir William 
Abney. K.C.B., D.Sc., F.R.S., on ‘* Permanent Pig- 
ments,” and Mr. W. A. Young, on ‘‘ Metal-Work in the 
Eighteenth Century.” A certain proportion of the 
papers announced for reading after Christmas also refer 
to the effect of the war upon British trade, while others 
are concerned with the usual variety of topics proper to 
the Society’s ordinary work. 





Tue TRANSMISSION OF PowER BY CHAINS. — Last 
Saturday a paper with the above title was read before the 
Birmingham Association of Engineers by Mr. H. T 
Hildage, M. Inst.C.E. He said that about a year ago 
Messrs. Hans Renold, Limited, introduced the multiple- 
bush roller-chain, which is built up of the inner com- 
binations of the bush roller-chain, threaded upon a stud 
which is entirely independent of any of the links, and is 
consequently perfectly free to rotate. Its power-trans- 
mitting capabilities can be increased by increasing the 
width. For example, an ordinary }4-in. pitch cycle- 
chain can made to transmit about 7 horse-power 
at about 3000 revolutions per minute. A multiple- 
bush roller-chain, 5 in. wide and of 6 by 6 combinations, 
would readily transmit 20 horse-power at 2000 revolu- 
tions per minute, and be in every way satisfactory. 
This is better than could be done with a silent chain, 
because a 4-in. pitch silent chain to transmit 20 horse- 
power would have to be about 12 in. wide, and would 
consequently be made up of several strands. The general 
object of the paper was to give information which would 
enable every engineer to make his own chain-wheels, as 
he now makes his own spur-wheels. It also contained 
some discussion of the limiting numbersof teeth that should 


single-acting type with suction, bucket and delivery- | be used 


valves, the case being of cast iron, the barrel of gun- 
metal, the bucket, x wy and glands of brass, and 
the rod of delta metal. It has a capacious air vessel, 
and is attached to the back standard of the first inter- 
mediate cylinder and driven from its cross-head b 
levers and links with adjustable bearings, as usual. 
Arrangements are made for connecting an indicator 
so that diagrams may be taken from top and bottom of 
the pump. 

A double-connection, wet-tube, sight-feed lubricator 
is provided for the steam-pipe, and flushing lubrica- 
tors where necessary, also a complete system of lubri- 
cation by means of brass oil-boxes with sight-drop 
and shut-off connections piped to each of the im- 
portant working parte. e connecting-rod top-ends 
are milled out to form oil catch-boxes for lubricating 
the cross-head apes and the crank-pin by means 
of a hole bored down the body of the rod for this pur- 

se, and according to the makers’ standard practice. 

igh splash-plates edged with polished brass tube 
are attached at the front of the engine. 

The surface condenser is independent of the engine, 
and consists of a cylindrical steel-plate shell with 
angle iron rings securely riveted thereon, also a capa- 
cious exhaust-box riveted to the crown, and the whole 

vanised after completion. The exhaust-box has an 
inlet for the exhaust steam from the engine and from 
a steam-turbine which may be provided later on, the 
latter connection being blanked at present. The tube- 
plates are of rolled yellow metal, and the tubes of 
seamless brass, secured therein by screwed glands and 
cotton packing, the doors being of cast iron. The 
condenser is carried by wrought-iron supports arranged 





Tue Reparrk oF Motor VEHICLES IN THE WaR.— 
Already the Mechanical Transport Department of the 
Army has despatched several thousand motor vehicles to 
the front, where they are doing most excellent work in 
many ways. For example, in some places they are carry- 
ing ammunition right up to the guns, although it was 
originally intended that the final distribution should be 
by horses. The work is arduous in every way and natu- 
rally the wear and tear is heavy. To enable repairs to 
be executed on the spot a number of motor-repair shops 
have been sent out. These vehicles have been constructed 
by Messrs. Dennis Brothers, Limited, of Guildford, and 
the tools supplied by Messrs. Drummond Brothers, 
Limited, of the sarae town. The power equipment for 
driving the machine-tools is a 3-horse-power ‘‘ Aster” 
petrol-engine, to which a dynamo is directly coupled, while 
the line-shaftis driven by belt from the engine o- A 
very adequate number of — are provided, twelve of 
them being portable ones, and two, duplex reof lights. 
These are supplied from a direct-current ‘*‘ Crypto” 
dynamo having an output of 700 watts ; this also supplies 
current for a small electric grinder and a portable drilling- 
machine. The chief machine-tool is a 6-in. Drummond 
lathe, a feature of which is its ability to deal with milling, 
boring, and drilling work, in addition to ordinary turning 
and screw-cutting. It is provided with treadle gear for 
use should the engine fail. Another important tool is a 
sensitive radial drilJ, also of Drummond make. It is 
arran to do ordinary sensitive drilling and similar 
delicate work, while it is also capable of tackling quite 
heavy or awkward jobs. As this drill is capable of 
drilling to the centre of a 44-in. circle, it will be seen 
that ithas a very wide range of utility. Other equipment 
consists of a portable bench and vice, forge, anvil, and a 
full range of small tools. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a quiet tone, and nodeslings 
were recorded. At the close sellers of Cleveland warrants 
quoted 49s. 6d. cash and 49s. 94d. one month. The 
afternoon session was also idle, and prices showed no 
o——- On Friday morning Cleveland warrants were 
8 y, but the turnover was limited to 1000 tons at 
49s. 8d. nineteen days, and closing sellers again named 
49s. 6d. cash and 49s. 94d. one month. In the after- 
noon there was no change in the tone of the market, 
and business was at a standstill. Sellers of Cleve- 
land warrants quoted prices as in the morning. On 
Monday morning there was again no dealing in Cleve- 
land warrants, but sellers’ quotations were a turn 
firmer at 49s. 7d. cash and 49s. 10d. one month. The 
afternoon session was = idle and prices were un- 
changed. There was a little activity on Tuesday morn- 
ing, when 2000 tons of Cleveland warrants were done 
at 49s. 54d. and 49s. 6d. cash, and 50s. 04d. January 20. 
The closing quotations were 49s. 64d. aud 49s. 94d. 
one month. In the afternoon the tone was stronger, 
and one lot of Cleveland warrants changed hands at 
49s. 94d. one month, with —— naming 49s. 7d. 
cash and 49s. 104d. one month. en the market opened 
to-day (Wednesday) a firm tone was in evidence, and 
Cleveland warrants marked a little advance. The turn- 
over was 1000 tons, at 49s. 8d. and 493. 9d. cash, and the 
closing quotations were 49s. 94d. cash and 50s. 1d. one 
month. The afternoon session was quite idle, but Cleve- 
land warrants maintained their strength, being quoted 
by sellers at 49s. 11d. cash, and 50s. 2d. one month. 


Scotch Steel Trade.—Little change falls to be reported 
in the state of the Scotch steel trade, especially in the 
heavy departments, which are still short of specifica- 
tions for ship-plates and angles. The local demand 
generally is poor, but orders for odd lots are always 
coming in and assisting to keep the mills running. 
In the lighter kinds of material there isa fair amount 
of business passing, much of it being on Government 
account. Black-sheet makers have been securing a 


little more work, and so also have those turning out 
galvanised sheets. In both cases there would seem 
to be prospects of an improved demand, particularly in 
the latter at any rate, as Government requirements are 
likely to increase in the near future. The export trade is 

a , and some fair tonnage inquiries have 


slow but 
come to hand of late. Prices are without change, and, 
except when something good turns up, they remain firm. 
Taken all over, there is a we ter feeling in the 
trade, and the fixing up of more shipbuilding contracts 
on the Clyde has had a strengthening effect. 

Malleable-Iron Trade.—The difficulty of securing speci- 
fications is still the chief complaint of the malleable-iron 
makers in this area, and the result is that nine shifts per 
week is very general. New work is indeed scarce, both 
locally and for shipment. Prices are unchanged, and are 
still based on 7/. 12s. 6d. per ton, less 5 per cent., for 
“crown” bars, local delivery. 

Scotch Pig-Iron Trude.—Although business in the 
Scotch pig-iron trade has not greatly increased with the 
recent reduction in prices, there has been, nevertheless, 
a little more doing, and a better feeling all over. Buying 
is confined within rather narrow limits, and is mostly for 
more immediate requirements. Shipments are being 
very well maintained. The demand for hematite iron is 
not heavy, orang to the quieter state of things in the 
steel works. The following are the market quotations 
for makers’ (No. 1) iron:—Olyde, 67s. 6d.; Calder, Gart- 
sherrie, Summerlee, and Langloan, 68s. (all — at 
Glasgow); Eglinton, 62s.; and Glengarnock, 69s. 6d. 
(both at Ardrossan) ; Shotts (at Leith), 68s.; and Carron 
(at Grangemouth), 68s. 6d. 


Clyde a ee ese nothing had leaked out, 
the shipbuilders on the lower reaches of the Clyde have 
recently been very fortunate in securing new work to 
fill up the fast-decreasing order-books. Certainly they 
could each do with a great many more contracts, but 
these will come along all right in the near future, as 
foreign business begins to open out, and the war situa- 
tion mes clearer. The following nine contracts, 
which have just been reported, are very acceptable. 
Messrs. Ferguson Brothers, Port Glasgow, have re- 
ceived orders to build a dredger a duplicate of the Pon- 
rabbel, which was sunk by the German cruiser Emden, 
while outward bound for her destination at Tasmania. 
Messrs. Fe’ m have also received an order for a small 
steamer for Sierra Leone. Messrs. W.S. Miller and Co., 
Glasgow, have ordered four cargo steamers of about 6000 
tons each. Two of these are to be built by Messrs. 
Russell and Co., Port Glasgow, and two by Messrs. 
Robert Duncan and Oo., Limited, also of Port Glasgow. 
Messrs. William Hamilton and Co., Port Glasgow, have 
contracted to buila a meat-carrying steamer for Messrs. 
Furness, Houlder and Co., London. She will have 4 
keel measurement of 450 ft. They have also secured the 
order for a cai steamer of 400 ft. keel measurement 
for Messrs. J. Chambers and Co., Liverpool. Messrs. 
Gow, Harrison and Co., Glasgow, have placed a contract 
with the Greenock and Grangemouth Shipbuilding Com- 

y, Greenock, for a steamer—a repeat order of the 

itruvia. 





SrRucTURAL ENGINEERING AT THE Lonpon_CovUNTY 
Councit Scxoot or Buitpine, Baixton.—The Thursday 
evening class affords training in the practical design of 
reinfo concrete and steel work. e lecturer is Mr. 
R. Graham Keevill, A.M.I. Mech. E., M.C.I., of the 
Works Department, Admiralty, who is also the lecturer 





on ferro-concrete at the Northern Polytechnic. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Business in the house- 
coal section was slack for a month, following an all-round 
elevation of values, but a decided improvement bas taken 
place during the past week as a result of the advent of 
frosty weather. uying is larger on all sides, local 
and country inquiries being particularly brisk. In addi- 
tion, full deliveries are being made to gas companies. 
House- pits are consequently working at greater 
pressure to provide for a output. In the course of 
the next week or so full time is likely to become the 
general rule. No improvement can be reported in the 
sondition of the hard steam-coal trade. appear 
to be continually on the decline, and though the wants 
of allied nations are assisting South Yorkshire producers, 
the general position is most unsatisfactory. Fortunately 
home trade keeps good. Prices are weak, though no 

uotable change has been made. An improved trade in 
the market for smalls is attributed to a better demand 
from the Lancashire cotton area. Coke is quiet at un- 
altered rates. Quotations :—Best branch - : 
16s. to 16s. 6d.; Barnsley best Silkstone, 12s. 6d. to 
13s. 6d.; Derbyshire best brights, 12s. 6d. to 13s. 6d. 
Derbyshire house, 10s. to 11s. 6d.; best large nuts, 11s. 
small nuts, 9s. to 10s.; Yorkshire hards, 10s. to 11s. 
Derbyshire hards, 9s. 6d. to 10s. 6d.; best slacks, 7s. to 
8s.; seconds, 4s. 9d. to 5s. 9d.; smalls, 1s. 9d. to 2s. 9d. 


Tron and Steel.—There is an absence of activity in the 
raw - material —— which is me cones —_ 
having regard to the enormous output of fini is 
in the heavy sections of the finghed trades. On the 
week, however, the market is firmer. Heavy tonnages 
of hematite are going into consumption in the armament 
factories, but owing to the weakness of the demand in 
other districts, values are mostly unchanged. Common 
irons are quiet, with business Chiefly confined to small 
purchases for current delivery. West Coast hematites 
are quoted at 80s., East Coast at 70s., Lincolnshire No. 3 
foundry at 56s. 8d., Lincolnshire No. 3 forge at 55s. 8d., 
Derbyshire No. 3 foundry at 55s. 6d., and Derbyshire 
forge at 53s. 6d. Transactions in the cheaper brands have 
been effected at a reduction of 6d. to 2s. There is no change 
in the position of the finished-iron trades, except that more 
orders have been received on general account to supple- 
ment the s [ me ) 
In the steel and engineering trades, British and foreign 
War Offices are supplying the bulk of the orders, but a 
considerably larger volume of diverted German business 
is being booked, and a more confident fee! prevails 
among manufacturers of “‘ peace” products. Steel foun- 
dries are working full time, and work is more plentiful 
at the forges. The outlook in railway steel has improved 
owing to a slightly better demand from abroad. The 
requirements of tramway concerns are also on a larger 
scale, but there is room for a much bigger improvement. 
One of the least satisfactory features is the pronounced 
shortage of Siemens-Martin steel. Additional furnaces 
are being erected to supplement the already record out- 
put, but the quantity = by shell and gun-makers 
1s so large that little is left for general trade purposes, 
and that at prices which are considered excessive, having 
regard to the decline in raw-material values. The tool 
works are devoting most of their resources to the manu- 
facture of picks, shovels, axes, crowbars, and other 
entrenching tools for military engineering purposes. 
Billet prices favour producers, and no reduction appears 
likely at the present heavy rate of consumption. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Notwithstanding the un- 
precedented difficulties with which trade is confronted, 
& sound, steady business is passing, and the state of the 
pig-iron market must be described assatisfactory. There 
1s a good demand within the limits imposed by the war, 
and upward movements in values have been readily 
followed by buyers. More disposition to operate isshown, 
and buyers’ and sellers’ ideas of values now differ very 
little. The stringent Admiralty regulations are restrict- 
ing shipments; but traders, whilst regretting that the 
step > business, approve of the measure as absolutely 
essen Loadings are still ing for customers in 
Norway, Sweden, and Italy. Shipments to Scotland 
have fallen off considerably, and larger supplies are now 
a sent by rail to pig-iron buyers north of the Tweed, 
the difference between freights by sea and rail rates having 
been reduced to almost vanishing point. No. 3 g.m.b. 
Cleveland pig is once more 50s. for prompt f.o.b. delivery, 
and for delivery over periods early next year the price 
is now fully 503s. 6d. No. 1 has become 52s. 3d.; No. 4 
foundry, which is scarce, 49s. 74d.; No. 4 fo 49s. to 
49s. 1$d.; mottled, 48s. 6d.; and white, 48s. 3d.—all for 
early delivery. Hematite is rather unsteady, but makers 
declare that with cost of production much increased by 
ore becom: dearer, prices must advance. There is a 
good deal of vexatious delay in connection with obtaining 
license for shipments, rendered essential by the declara- 
tion of hematite as contraband of war, and for the pre- 
sent shipments are 
numbers of East Coast hematite are no longer offered 
freely at 61s. 6d. Possibly some second hands would 
still accept that figure, but up to 62s. is also asked. 
Foreign-ore values have risen rather rapidly. Buyers 
are in the market on the basis of 18s. 9d. ex-ship _ 
for best Rubio, and sellers quote up to 19s. 3d. Freights 
Bilbao-Middlesbrough have advanced to 6s. 3d. Coke is 
in good request for local consumption, and supply is none 
too plentiful. 


ial requirements of Goverment contractors. | propelling 


practically at a standstill. Mixed | Ord 





Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 144,055 tons. 
Since the inning of the month it has been reduced by 
913 tons. ipments of pig-iron from the Tees to date 
this month average 2330 tons per working day, the total 
despatches being returned at 34,950 tons, 32,785 tons of 
which have gone from Middlesbrou 


ven aren at 31,139 os, ora - sateen 
‘or the corresponding part of November a year 
the clearances reached 52,198 tons, or an average of 349 
tons per working day. 
Manufactured Iron and Steel.—There is little new to 
_— concerning the manufactured iron and steel trades. 
t 


reported. Principal market quotations stand : 
iron bars, 81. ; beet bars, ; best 
81. Mey; packing =. 61. oo iron ga 
iron p-angles, ; iron ship-rivets, 8. 
ay 71. 5s.; steel bars (basic), 77. 

( ag: 7l. 15s.; steel ship-plates, 72. e 
ce. 5 3; steel boiler-plates, 8. 5s.; steel strip, 
71. 5s.; steel hoops, 8/.; 5 joists, 77. 2s. 6d.—all 
the customary 24 per cent. discount ; cast-iron columus, 
7l. 7s. 6d.; cast-iron railway chairs, 4/. 5s.; light iron 
rails, 7/. 53.; heavy steel rails, 6/. 7s. 6d.; steel railway 
sleepers, 7/.—all net at works; galvanised corrugated 
sheets, 24 gauge, in bundles, 14/. f.0.b.—less 4 per cent. 





PersonaL.—Mr. P. Walter d’Alton, M. Inst. C.E., 
M. I. Mech. E., M.1.E. E. i 
mechanical engineer on the staff ick 
Co., has opened offices at Cross Keys House, 56-58, 
Moorgate-street, and begun practice as a consulting and 
inspecting engineer. 


: 





Exxcrric Sure Prorvutsion.—According to the daily 
the United States Navy Department has authorised 
the statement that the new battleship California is to be 
fitted with a system of electric drive, consisting of steam- 
turbines driving dynamos which in turn will drive main 
ing motors. is decision presumably follows on 
the success which has been obtained with the United 
States Navy collier Jupiter. We have dealt with this 
latter ship from time to time, but may mention that she 
arrived at the e Island Navy Yard on October 19 
last, after an entirely successful vo: from one coast of 
the United States to the other t the Straits of 
Magellan. Mr. W. P. Durtnall, who done so much 
to advocate this form of propulsion, informs us that on 
the trials of the Jupiter the coal consumption for all 
purposes was 1.662 lb. per shaft horse-power, and 
saturated-steam consumption 11.68 Ib. shaft horse- 
wer. Other figures in reference to the trials will be 
‘und in our recent description on page 506 ante. 





Tue InstiTvTe or Martine Encinggrs.—At the meet- 
ing of this Institute on Monday, the 9th inst., presided 
over by Sir James Mills, the Hon. Secretary, Mr. James 
Adamson, prefaced the business of the evening by making 
a@ presentation to Sir James Mills, on f of the 
engineers of New Zealand. The presentation took the 
shape of a gift of silver plate to Sir James and Lady 
Mil Mr. Adamson observed that during the many 

ears Of service which Sir James Mills had given to the 
minion, there had been am e opportunities of forming 
opinions of his influence in directing the affairs of the 
nion Steamship Company of New Zealand. It was 
never a simple and easy matter so to hold the balance 
amid many interests as to win the approbation of all. 
Yet this was what Sir James Mills achieved. One 
of the results of his wise administration of the Union 
Company’s affairs had been the desire of the marine 
engineers to place on record in a tangible form their 
esteem and high regard. 





ARMOUR-PLATES AND SHELL FOR THE UNITED States 
Navy.—We read in the Jron Age that contracts for the 
armour-plates for the three new battleships of the Cali- 
fornia class are to be divided as follows :— 

To the Midvale Steel Company. 
7374 tons, at 435 dols. = 3,207,690 dols. 
401 ” 86 ” = 194,886 
290 ” 466 ” = 135,140 
63 » 836 , = £2,688 


s128 ,, 3,561,404 ,, 
To the Bethlehem Steel Company. 
14,748 tons, at 435 dols. = 6,414,380 dols. 
802 339, 


” 4 ” , ” 


580 ” 466 ,, = 270,280 ” 
126 » 86 , = 47,876 ,, 
16,256 ” 7,121,808 ,, 


The E. W. Bliss Company was the lowest bidder for the 
4-in. shells, with an offer of 9.50 dols. a shell; whilst the 
Bethlehem Company’s bid was 9.80 dols.; the Tredegar 
Steel Company, 9.95 dols.; the Washington Steel and 
dnance Company, 10 dols.; and the American and 
British Company, 10dols. The E. W. Bliss Company 
and the American and British Company were the lowest 
bidders for the 5-in. shells, the price being 12 dols. a shell, 
com with 13.75 dols., the bid of the Washi 

8 and Ordnance Company. The Bethlehem Steel 
Company was the lowest bidder for the 14-in.; its bid was 
415 dols. a shell, compared with 425 dols. by the Crucible 
Steel Company and 426 dols. by the Washington Steel 
and O. dnance Company. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Tonnage arrivals over the week-end were 
delayed by stormy weather, and there were serious com- 
plaints of a lack of vessels ready to load. oman 
im pbege h failure to clear trucks, were also re > 
and some sellers showed willingness to make concessions 
in order to stimulate buyers. Values of all large descrip- 

smalls steadier, as nume- 


busy. The Goat Mill has been turning out tin-bar, 
conting steel, heavy steel rails, steel sleepers, &c. The 
Big Mill has been occupied with fish-plates, tram-rails, &c. 


Newport Bridge.—The question of the rebuilding of 
Newport Bridge has come before the Newport 
Town Council. Mr. Alderman Canning said that steps 
had been taken to monte heavy traffic on the brid 


Barry Graving Dock.—At the annual meeting of the 
ving Dock and Engineering Company, Limited, 
the directors’ report showed a net profit of 17,030/., and a 
disposable balance of 44,601/. Final dividends making 
5 per cent. for the year on the preference and 10 per cent. 
on the ordinary shares, were proposed, leaving 29,333/. to 
be carried forward. Through an engineering strike and 
the war, yd mem | for the year were reduced 4725/. The 
report was adopted. 


Sharpness New Docks.—For the t year the tonnage 
receipts of the Sharpness New Books and Gloucester 
and Birmingham yy Company declined to 
10,6922. Grain declined by 37,818 tons, and timber by 
81,809 tons, while there was some falling off in sundries. 
For the whole of last year grain imports were 83,989 
tons lower, ‘imber imports 110,225 tons lower, and 
sundries 2679 tons lower. The reduction is attributed 


the to the war. 


Labour at Avonmouth.—A shortage of labour which has 
prevailed at the Bristol Docks for some weeks is still 
causing inconvenience, particularly at Avonmouth, w 
numerous arrivals and exceptional conditions } wg 
at = S gee have made great demands upon the labour 
available. 


Newport.—The coal trade has shown an easy tendency 
at Newport, in consequence of heavy stocks and shortage 
of tonnage for pt loading. Under the circumstances, 
buyers have exhibited little eagerness to do business, as 
they are looking for concessions. The best Newport 
Black Vein la has made 16s. 6d. to 178.; Western 
Valleys, 16s. to 16s. 6d. ; and the Eastern Valleys, 15s. 6d. 
to 16s. per ton. Smalls have been quoted at 5s. to 7s. per 
ton, according to ——. Iron-ore imports declined in 
October from 39,171 tons to 31,997 tons; pit-wood from 
36,268 loads to 21,607 loads; and bars, angles, blooms, 
billets, &c., from 28,191 tons to nil. Foreign coal ex- 
ports fell from 318,238 tons to 307,801 tons, but coast- 
wise exports increased from 57,078 tons to 58,013 tons. 





Tue Jonion InstrTuTION OF ENGINEERS.—Abt a recent 
tia meeting of the Junior Institation of Engineers, 
Mr. F. D. Evans, A.M. Inst. C.E., Executive Engineer, 
Public Works Department, Federated Malay States, 
discoursed on the topic, ‘‘The Engineer and ia.” 
The definite association of the mosquito with malaria 
was discovered by Sir Ronald Rose (then of the Indian 
Medical Service) in 1897, and had been conclusively 
proved by many workers since that date. All attempts 
to transmit | in any other natural way had failed, 
and the radical measure to prevent malaria was obviously 
mosquito destruction. mosquito is a water-breeding 
insect, and Mr. Evans explai that anopheles mos- 
— generally bred in shallow pools and swamps, but 

at other species which have been shown to transmit 
other diseases, such as yellow fever and filaria, commonly 
bred in t water, y in the collections of 
water in tins, refuse water-holding receptacles, 
always to be found near habitations. The most certain 
way of getting rid of mosquitoes was to do away with all 
water containing refuse in vessels or to ly screen 
in or close in such vessels and thoroughly drain land. 
o an eee 2 Sane Guieeoe, —s mB ae 

covering with a thin film, and poisoning o! wit 
a lardacide, had been extensively tried, but this method 
traordinary care and frequent application 
to be successful. It was most necessary for engineers 
carefully to consider the probable effects of malaria on 
the labour force = be emplaged on any new work in a 
country, to employ what precautionary 

icable, otherwise they might he 





measures were practicable, as 
faced with an appalling death and wastage rate when the 
work was in progress. 
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EXPERIMENTAL MARINE-TYPE ENGINE AT THE SOUTH SHIELDS MARINE SCHOOL. 
CONSTRUCTED BY MESSRS. W. SISSON AND CO., LIMITED, ENGINEERS, GLOUCESTER. 
(For Description, see Page 617.) 
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NOTICES OF MEETINGS. 


RCHANICAL Enonvesrs—Friday, Novem- 

p.m., wh od on ey Effect of Vacuum on Steam- 
Turbines ” will be by Mr. G. Gerald Stoney, F.R.S., Member, 
of Newcastle-on-Tyne. 

THE ASsociAaTION OF MinrNe | EvectricaL Exe@inesrs (No?ts AND 
jm meg at BRancn). ) 21, at the University 
oe. © ngham, at 8.30 p.m. Discussion on paper, “* Power- 

Factor and its Improvement,” by Mr. L. G. F. Routledge, A.M. 
Inst. E.E., president of this branch. 

Tue SuRVRYoRS’ IxstrrcTion.— Monday, November 23, at 8 p.m., 

a r will be read by Mr. Edwin Savill, on “Our Wheat 


Fhenia Soctgty or Arts. ne, Beene as 
o> pins in the Hall, 117, burgh. Mr. 
nen Wilson, M. Inst. O. E., F.R.S.E., Vice-President, ‘will 
communication will be made :— 

of Hydraulic Power,” with 
lantern illustrations, by - J.T. Wight, A.M.L Mech. E., Assis- 
tant Professor of Engineering, Heriot-W att 

Tue Roya Society or Ete yet} November 23, at 8 p.m. 
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ing,” by Mr. eo A. Feene Seeet) Wed <a 
at Sp.m. en he ly of Chemicals to tain and her 
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Sir William Hamsay, K.0.B., LL.D. Se-D F.R.S., F.LO., *F.0.8 
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the rooms of the Chemical Piccadill 
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Lowry, F.R.S., and Mr. R. G. Parker, Hove ca iotaitio Filinges” 
Professor H. M. Howe and Mr. A. G. Levy will communicate a 
paper on “‘ The Hardening of Manganese Steel.” Mr. H. L. whey 
a will demonstrate instruments for as bed — 
subject will then be open for general The Cou 
invites contributions to the discussion from those unable to be 


PRCH ANICAL Enomrers : Local Mgetine,— 

Tuesday, November 24, at 8 p.m.,in the main room of the Portico 

Library, Mosley-street, Manchester, for the presentation and - 

cussion of tr. BGeraid on The Effect of Vacuum in Steam Tu 

a by Mr. Gerald Stoney, F.R.S.(Member). Mr. Michael 
ice-President, will 

+ aceon or ELECTRICAL ENGINEERS : BIRMINGHAM LocaL 
Section.— Wednesday, November | 25, at the University, Edmund- 
street, at 7.30 p.m., @ paper on “ Power-Plant Testing” will be 
read by Mr. W. M. Selvev. 

Tue InstiroTion ory EurcrricaL ENeinrers.—Thureday, Novem- 
her 26, at 8 p.m. by Mr. W. M. Selvey, 
Member. 

Tae Paysica, Socrrry or Lonpon.—Friday, November 27, 

5 oom, at the Imperial College of Science, " apertal Inetitate- 
South Kenalagton, 8.W. enda : a) ** Note on the Con- 
duction of ‘Elsctrichiy at Point Contacts,” by Mr. A. F. Halli- 
mond ; (2) ys ‘Conductivity of Badly-Conducting Solids,” 
by Mr. T. Barratt, B.Sc. 
Tue Junior InstrruTion or Enoineers.—Friday, November 27, 
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System,” by Mr. C. E. Ford. 

Tue MipLAND InstiTuTE OF yee O1vit, AND MRECHANICAL 
Eneineers.—Friday, November 27, at 3.80 p.m., at the wll be ead 
St. George’s-square, Sheffield. The followi papers wil 
“A ee by Mr. H. R. We' ; and “‘ The 
for the Electric Miner’s Lamp,” by Mr. Wm. Maurice. The toh fol- 
—_— 4 ~ will an ° 


EA A. Pluailweod. 


* Power-Plant Testing,” 


n for discussion :—“ Electric Miner’s 
ie Combustion-Tube Oil-Lamp,” by Mr. 


Tae Lnstrrutton or Municipal Exoinerrs.—Saturday, Novem- 
ber 28, the sixth annual general meeting at noon, at 4, Southamp- 
ton-row, _London, W.C., for routine business. Minutes of last 
meeting ; presentation of annual report of Council ; announce- 
ment of ‘result of ballot for election of Council, for the year 
1914- a any other business. 1 p.m., adjourn for lunch.” At 
2.45 presidential address will be delivered, and will 
be fo! lowed by a discussion on the following papers :- "4 Plea for 
the Better Remuneration of Municipal Surv eyors and Inspectors 
of Nuisances in Small Urban and Rural Districts,” by Mr. G. 


- pag Chilvere, M.R. San. I. (Member); “‘ Housing of the Work- 


ng Olasses,” by Mr. Edward Whitwrll (Member) ; “The Future 
Control and Maintenance of Rural Roads,” by Mr. J. 8. Woud- 
disse (Member). 
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WORKERS’ ENCOURAGEMENT OF 
COMMERCIAL EXPANSION. 


Tue possible expansion of industry in conse- 
quence and as a result of the operations of the 
war has been the theme of many discourses ; but 
it is questionable if the attitude “a the worker in 
626/ relation to this important question has been 
‘| adequately considered. Yet few will doubt that 
the worker has a special duty in this particular 
juncture in our industrial history. No one who 
considers the matter, even superficially, can fail to 
realise the value to the worker of such a reorgan- 
isation of our supplies and demands as will com- 


63z | pensate fully and satisfactorily for the dislocation 


of our commercial ente in order to make 


due to the war, as well as provide for a quickenin 
war losses, This, like the general prosperity of the 


,hation, an consequently its greatness amongst the 





countries of the world, is dependent upon the 
realisation of high ideals, whether regard be had to 
international integrity, commercial morality, or 
industrial efficiency. It is the third quality with 
which we are for the moment concerned, and as we 
have dealt in previous articles with the phase of the 
question affecting the enterprise of the employer, 
in respect of fertility in invention, efficiency in 
equipment, and adaptability in commercial pro- 

ism, we propose to devote attention for the 
moment to the responsibility and attitude of the 
workers in the achievement of the same end— 
namely, the furtherance of our industrial supremacy 
and commercial enterprise. 

The primary aim of the industrialists is to achieve 
(1) continuity of employment for the workers ; (2) 
ensurance of a satisfactory rate of remuneration ; 
(3) a reduction in the cost of cutput; and (4) the 
{prev —_ = 1 — market, It follows 

esiderata achieved, the prosperity 
of the working classes is moted, because not 


vs —_ is the income of — made more constant 
| and greater, but the purchasing power of the wage 
tions | is augmented by reason of the cheapening of produc- 


tion. At the name time, industrial efficiency, with 
cheapened manufacture and an extended market, 
increases the demand for labour, so that the burden 

on the community for the maintenance of 


ssor | the less fortunate is reduced. These are truisms, 


but few think deeply enough to realise the action 
and reaction of the efficiency of labour u 
national and individual prosperity. It is therefore 
desirable that the national aim to extend markets 
should be considered from the standpoint of the 
worker. 

There are many manufacturers who are depen- 
dent upon imported supplies, and while there may 
be natural onke conomical difficulties in meeting the 
requirements of some manufacturers, it is possible 
for this country to meet the wants in the great 
majority of cases. Capital is ever necessary, and un- 
fortunately the worker does not fully r ise the 
claims that capital There is, therefore, 
a natural reluctance on the part of those with avail- 
able financial resources to embark on new enter- 
prises without the assurance that. whatever success 
may be attained will. be permanent after the war, 
when other countries resume production at present 
checked because of hostilities. We refuse to believe 
that the British capitalist lacks enterprise. We have 
no convincing evidence that the inventive faculty 
of Britain is unable to devise processes or mecha- 
nical appliances to achieve an efficiency corre- 
sponding to that of any foreign nation. But we 
are not so certain that the organisations of labour 
will adapt gp ame to principles more in con- 
sonance with those obtaining in countries whose 
manufactures we desire to displace, and with which 
new industrial developments must ultimately 
compete. The war has undoubtedly affected our 
lines of thought in many directions, and the 
dislocation of supply and ‘tenn to which we 
referred recently, shown that we must create 
new lines of attack industrially. Much has got to 
be changed, not only in Government and municipal 
administration, but also in industrial organisation. 
It would be well, therefore, if those responsible for 
the organisation of labour would address them- 
selves to this problem, with the view of finding a 
policy which, while ensuring the desiderata already 
enumerated, gives a greater reward for commercial 
enterprise. 

It is idle to speak of the capturing of the 
trade of x country unless improved tactics are 
ado one of our competitors has secured 
trade which ought to have come to us without 
excellent reasons. They have met a demand by 
supplying the article exactly as required at a 
cheaper price ; or the article uced at a given 
figure has been more profitable for the sum de- 
manded ; or success been attained in the 
selling department by greater adaptability to: the 
conditions of a country ; or, finally, the convenience 
of buyers has been consulted in packing consign- 
ments, or by quoting at a price inclusive of trans- 
port, import charge-, and warehousing at the port 
of discharge. Some of these causes of success are 
attributable to the commercial management of a 
factory, but others, of great importance, are due to 
methods of manufacture. Many of our competitors 
in foreign countries have greatly improved their 
mechanical appliances, encouraged thereto by the 
greater output and economy consequent upon the 
willingness of the workers to make the most of 
new machine-tools. The time is.therefore oppor- 
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tune for trade unions to recognise their responsi- 
bility for the encouragement of the flow of capital 
for the benefit of industry generally, and of the 
increased effort of the selling departments. 

This subject of the relationship of labour to 
economy of output may be said to be hackneyed, 
but in the present industrial crisis it is impor- 
tant that it should be once more enforced, 
and that support should be given to a great body 
of opinion amongst the working classes that the 
true and underlying principles of industrial 
economics should have greater play than hereto- 
fore in the settlement of the relation between 
employer and employed. Perhaps the first diffi- 
culty of the estimator in a factory in connection with 
all prospective contracts is the absence of any fixity 
of the rate of wage. We admit that of late years 
agreements have been made between employers and 
unions, and even between federations of employers 
and great groups of unions, whose members con- 
tribute collectively to the creation of some of the 
mighty products of modern manufacture. These 
agreements, too, have in some cases been made to 
continue in force for as long a period as three years. 
We regret to note,” however, that there is an 
inclination towards shorter periods. Unfortunately, 
too, even in the presence of such agreements, 
there is scope for the crafty agitator. Agree- 
ments, as a rule, are based on broad questions 


of remuneration and hours of employment, and, in: 


some cases, on the relation of the proportion of 
overtime to the working week or day. ere are, 
however, many details in ordinary contracts of 
employment between worker and employer, and 
often some of these subsidiary and generally trivial 
details are made the cause of dispute. We may 
instance, for example, the: allowance for workin 
away from the factory. Surely the object aim 
at by the employer and worker in arriving at 
these agreements is continuity of work. Conse- 
quently the organisation of a strike on such sub- 
sidiary details may be worthy of the statesmen who 
regard international a as ‘‘mere scraps 
of paper,” but unworthy of those who are capable 
of excellent work as mechanics. The enforce- 
ment of such agreements has ever been a diffi- 
cult question, but for the future there must be 
some guarantee that there will be fixity of wage 
on any given contract during the existence 
of the agreement. For this reason there is much 
to be said in favour of the _— that such 
agreements should be legally registered, and 
that employers and trade unions alike should be 
called upon to deposit with the Courts financial 
guarantees against their violation in spirit as well 
as in letter. 

For success in international competition in the 
future, it is important, not only that new factories 
should be organised and equipped to meet demands 
hitherto covered by foreign factories, but that 
existing establishments should be improved by the 
introduction of new processes and new mechanical 
appliances, in order to reduce the cost of produc- 
tion. The difficulty here is that there is no surety 
that the possible increased output, or the lowest 
attainable cost in labour, will be realised from the 
new machines. We havealwayscontended that high 
wages are generally economical, but it is not easy to 
abe the worker realise that he is responsible for 
the economy of the high wage which the employers 
are always anxious and willing to pay. It is an 
axiom that there can be no equality in remunera- 
tion without equality ir the value of the product. 
The incapable or indolent worker, who receives the 
same wage as the intelligent and industrious em- 
ployee, is a drag on the latter, because he increases 
the cost of production, and handicaps the selling 
department, and ee tends to reduce the 
extent of employment available in any community. 
If new machine-tools are to be introduced and old 
appliances scrapped, the work produced must be 
augmented so as to cover the charges on the 
increased capital involved, while at the same time 
maintaining or increasing the wage earned. 

The rate of wage must depend not so much upon 
the man as upon the value of the output from the 
machine. It matters little how this result is 
obtained, whether by time-rate or premium-bonus 
system, or by the older piece-work rate of pay. The 
rate of production on most machines is easily 
ascertained, and the remuneration to the worker 
may vary with the output. At the same time the 
degree of om omega on his part must be taken 
into consideration. If we take a lathe engaged on 
repeat work, the rvsponsibility of the attendant 





is reduced to a minimum, and it will be accepted 
at the same time that the remuneration pos- 
sible is limited, because the competition for 
orders for such repeat work requires that the 
selling price should be low. In the case of a 
turning lathe we have the same condition in 
modified degree ; but where the turner is ongagg@!, 
for instance, on large turbine-rotors, it necessar 
follows that he requires to exercise greater ex- 
perience and skill, so that his remuneration de- 
serves to be higher. Moreover, it can be higher, 
because in such work, requiring greater skill, com- 
petition is not so keen, and the possibility of serious 
expense due to wastage or fault is great. In other 
words, it will be recognised that all turners in a 
large factory cannot be regarded as equal if sound 
economical conditions are to prevail. The same 
illustrations might be drawn for almost every class 
of work, not only in engineering, but in other 
departments of industrial activity. It is therefore 
illusory for the trade unionist to expect that indus- 
trial improvements and commercial enterprise can; 
be encouraged by the principle of equality. 

The national need at the moment is not only 
for greater effort on the part of the selling depart- 
ment in capturing foreign markets, and of the 
business department in securing improved mecha- 
nical accessories as well as more efficient adminis- 
tration ; the workers themselves should realise that 
in this peaceful contest for industrial supremacy 
they must play an important . The reward 
of success will be largely pas yy them, because 
the aim, as we have said, is to ensure continuity 
of employment, the utilisation of a greater number 
of workers, and the cheapening of the cost of 
production, all necesearily contributing to better 
income on the part of the working classes. 


|| The improvement in trade resulting from higher 


efficiency necessarily tends towards a ter de- 
mand for labour, and F waco higher rates of 
remuneration. A together from this, there 
can be no doubt that improvements in producing 
facilities tend to enhance the weekly income, even 
although the rate per unit of output may be de- 
creased. On the other side of the ledger we have 
cheapening of the cost of living, because reduction 
in the cost of output is immediately operative in 
this country in lessening the selling price; so 
that the development of industry, which is so 
much desiderated at the present time, will be a 
great advantage to the workers from every stand- 
point, and will, at the same time, enhance our posi- 
tion amongst the nations of the world, an ideal 
which is worthy of the collective effort of all who 
to seek maintain British traditions. 








LLOYD’S REGISTER AND THE 
MERCHANT FLEET. 

Luoyp’s Register occupies a unique position in 
relation to the world’s fleet. They are the guar- 
dians in the public interest of the safety of all who 
go down to the sea in ships, and the confidence 
with which the public view their survey of new 
ships, and their periodical resurvey of existing 
ships, is proved by the approach to unanimity with 
which shipowners classify their vessels with them 
with a view to such survey. The primary object is, 
no doubt, associated with the underwriting of the 
vessels against loss ; but, from the public point of 
view, the surety of euanthinenshidh is established 
as a consequence of the issue of Lloyd’s certificate 
carries great significance. The annual report, 
issued this week, is therefore of wide interest, as it 
shows not only the ramifications of Lloyd’s, but the 
developments which are taking place in connection 
with the merchant marine under their watchful 
care. It is to be noted that there are now regis- 
tered at Lloyd’s 10,621 ships, of 23,870,655 tons; of 
the latter, more than 22} million tons are steam- 
ships either of iron or steel. During the year 
ended with June 30, Lloyd’s assigned classes to 
713 new vessels, of a total of 2,020,185 tons, 
the highest total for any one year recorded 
in the history of the Society. Practically all 
the vessels were steamers, the sailing tonnage 
being only 5788 tons, and of the total 60 per cent. 
was built for the British Empire, the remaining 
40 per cent. being for other countries. During the 
year, too, plans for 749 new vessels, representing 
1,650,000 tons of shipping, were passed by Lloyd’s 
Committee. That the interests of all concerned 
are fully recognised is proved by the representative 
character of the Committee, including representa- 
tives of all the technical institutions concerned with 





marine construction. Thus, in addition to shipowner- 
and underwriters from the principal maritime dis, 
tricts, there are a large number of shipbui'derss 
engineers, steel manufacturers, forge-masters, and 
others embraced in the organisation, and, in addition 
to the Committee of Management in London, there 
are local committees at Liverpool and Glasgow. The 
surveyors on the staff, too, have won the confidence 
of all. This year regret is expressed in the report 
at the death of Dr. Thearle, who was for long 
chief ship surveyor, and at the retirement of Mr. 
Charles Buchanan, a member of the chief ship sur- 
veyor’s staff. Mr. W.S. Abell has already proved 
his ability to maintain the traditions of his new 
office as chief ship surveyor, and Mr. James T. 
Milton, chief engineer surveyor, continues his 
policy of safety associated with the encouragement 
of new developments in marine engineering. 

In regard to the developments in construction, 
it is pointed out that an unprecedented number of 
vessels of over 5000 tons have been classified during 
the year—namely, 163; 19 of these were over 
10,000 tons, ranging up to the Aquitania, of 45,647 
tons. Fifteen vessels exceeding 12,000 tons are 
in course of construction, in addition to a large 
number between 10,000 tons and 12,000 tons. 
Among special types of vessels built or building, 
mention is made of the largest lumber-carrying 
vessels under the American fiag, the Atlantic and 
the Pacific, two vessels for the Russian Government, 
and one for the Government of the Commonwealth 
of Australia, to carry oil in bulk and specially 
strengthened in view of having to supply warshi 
with fuel-oil at sea. An auxiliary schooner yacht 
is building for owners in Boston, in the construc- 
tion of which alloy steels of high tenacity have been 
employed in order to enable the scantlings to be 
substantially reduced and still fulfil Lloyd’s re- 
quirements concerning the structural strength of 
the vessel. During the year seventy-two vessels, 
of 429,384 tons, were built under the Isherwood 
system of longitudinal framing, and there are 
in course of construction now 226 vessels, 
totalling 1,182,200 tons. Seventy-two vessels, 
of 402,033 tons (five of which are over 10,000 
tons), were built for carrying oil in bulk. This 
is the largest output of such vessels in any one 
year. During the year 1,215,467 tons of ship 
and boiler steel were tested by the surveyors of 
the Society, as well as 406,131 fathoms of chain- 
cable and 9284 anchors. The inspection of re- 
frigerating machinery installations, both on board 
ship and in ports, is now an important depart- 
ment of the surveyors’ work. ere are 176 
vessels having Lloyd’s certificate in respect of re- 
frigerating machinery, and 32 vessels are at the 
present time being constructed which are to be 
fitted with such installations. This is not sur- 
prising in view of the fact that during the year 
there were imported into the United Kingdom in 
steamers fitted with refrigerating installations 34 
million quarters of chilled beef, 24 million quarters 
of frozen beef, 7} million carcases of frozen mutton, 
and nearly 6 million carcases of frozen lamb, in 
addition to dairy produce, fruit, &c. Insulated 
barges, too, are now being utilised on the Thames 
for the distribution of such cargoes. Another point 
brought out in the report is that there are now 
recorded in Lloyd’s Register Book 2750 vessels 
fitted with wireless telegraphic installations, as 
compared with 1932 at the corresponding date last 
year. There are also now afloat 930 vessels with 
submarine signalling apparatus, as compared with 
806 a year ago. 

As regards developments in connection with 
machinery, the chief feature has been the number 
of vessels fitted with geared turbines of the 
Parsons type. It is pointed out that there are 
twenty-three vessels being built to Lloyd’s class 
with such machinery. In addition, there are six 
vessels under construction in which direct-coupled 
turbines are to be used, and six in which triple- 
expansion engines are associated with turbines for 
the use of the exhaust steam from these engines. 
The economy of the geared turbine is clearly re- 
cognised in the report, and reference is made to the 
accuracy with which it is now possible to cut helical 

ring by a special machine introduced by the 

arsons Company. As regards the combination of 
reciprocating and turbine engines, it is pointed out 
that the machinery can by such an arrangement 
be worked at reduced power with practically the 
same efficiency as at full power. The of the 
reciprocating engines is reduced by linking up, so 
that the full steam pressure may be utilised ised in the 
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cylinders. ‘‘ With ordinary steam-turbines the speed 
can only be lated by varying the steam pres- 
sure, so that when less than full power is required, 
the steam pressure has to be reduced, and a corre- 
sponding loss of efficiency is incurred.” It is 
remarkable, however, that the geared turbine 
seems now, with very few exceptions, to be pre- 
ferred to the combination of reciprocating and 
turbine engines. As the superintending engineer 
of all companies regards economy on the round 
voyage as the dominant consideration, this prefer- 
ence is at least most significant. There is prob- 
ably too much tendency to think of the economy 
of the geared turbine at reduced speed, because 
in a merchant ship the speed is practically con- 
stant from the beginning to the end of the voyage, 
the number of times that reduced speed requires 
to be resorted to, and the duration of these periods, 
being almost negligible. 

The progress of the internal-combustion engine 
is naturally a matter of considerable interest to 
Lloyd’s Register, and it is interesting to point out 
that new rules are under consideration for the 
construction and survey of Diesel engines and 
their auxiliaries, as well as for the pumping 


arrangements of vessels fitted with internal-com- | 


bustion engines other than those of the Diesel 
type. There are in service 27 vessels pro- 
pelled with Diesel engines registered at Lloyd’s, 
the collective horse-power being approximately 
50,000 indicated horse-power, while 20 others are 
in course of construction. In addition there are 36 
vessels with oil-engines other than the Diesel type, 
and several others are in course of construction. 
The East Asiatic Company, which uses for the 
most part Burmeister and Wain’s engines (either 
built at Copenhagen or at Messrs. Harland and 
Wolff's, at Glasgow), are probably the most noted 
advocates of the Diesel engine. Lloyd’s quote 
as worthy of notice the fact that the earliest 
of this company’s vessels — the Selandia — has 
eight cylinders per shaft, each being 20% in. in 
diameter and 28? in. stroke, the total power being 
2500 horse-power, whereas the latest engines have 
six cylinders shaft, each 294 in. in diameter and 
43,5; in. stroke, the power being 4000. These are 
the largest cylinders which have so far been used 
for Diesel engines in merchant ships. Several 
Diesel-engined vessels, ranging from to 8000 
tons, are in course of construction on the Clyde, 
and of these, four are intended for British owners. 
The use of the oil-engine for small vessels is also 
extending, and to ensure economy in construction 
it has become usual to build such engines in 
batches of standard dimensions. As regards the 
flash-point of oil permitted by Lloyd’s, the rules 
revised some time ago provided for a flash-point 
not lower than 150 deg. Fahr., but under special 
conditions the Committee have approved plans 
making suitable provision for the safe use of oils of 
even lower flash-point. Fires have occurred in 
vessels the fittings of which were only suitable for 
high flash- point oil, and as these fires might 
perhaps have been caused by the employment of 
oil-fuel having a flash-point lower than 150 deg. 
Fahr., the Committee felt it to be their duty to 
call the special attention of the owners of vessels 
in which oil-fuel is used to the importance of 
seeing that the vessels are supplied with fuel of 
suitable quality. 





ELECTRIC-CABLE FAULTS. 
Apart from trouble due to bad jo‘nting or ex- 
ternal mechanical damage, the whole question of 
the faults which at times develop in insulated 


electric cables is somewhat obscure, and perhaps 
beyond the range of many engineers who have to 
do with the maintenance of networks. In prac- 


tice this is not important, since an intimate 
acquaintance with the physical and chemical effects 
which may build up to a fault in a cable is hardly 
necessary to a colliery electrician, a works engi- 
neer, or a mains superintendent. None the less 
the matter indirectly concerns all these workers, 
and the information bearing on it which was con- 
tained in the paper read before the Institution of 
Electrical Engineers on the 5th inst., by Mr. C. J. 
Beaver, should be of interest and value to them. 
We cannot undertake to review the whole of Mr. 
cavers paper, which bore the comprehensive 
title ‘* Cables,” but may deal with some of those 
parts of it which threw light on various troubles 
which at times arise in practice. In considering 
what he described as ‘‘ working vicissitudes of in- 


erroneous impressions” which, he stated, uired 


/hydrates—it could not be overdryed. The idea 


.manufacturing accident, and was consequently un- 
desirable, was probably a legacy from the early 
\days of impregnated cotton and jute cables. Even 
-with such cables, however, it was doubtful if the 
‘higher insulation obtained with long heating was 
due to heating qua heating. It was probably due 


heating. It depended on the specific insulation 


‘resistance of the dry paper and compound used, and 


‘nating the paper before applying it to the cable. 


sheaths, &c. 





sulated cables,” Mr. Beaver dealt independently 
with the three common classes of insulation—paper, 
rubber, and vulcanised bitumen. He also con-, 
sidered the troubles which might arise with each 
class, under those due to the physical and chemical 
properties of the component parts of the cable, and 
those due to conditions external to the cable. 
Dealing with the properties of paper insulation, 
Mr. Beaver began by referring to the well-known 
fact that the chemical stability of pure manilla 





paper, and the durability resulting therefrom, are 
offset to some extent by its hy; ic properties, 
necessitating careful sealing + om the ielectric is 


exposed. No degree of impregnation would render 
paper water-proof pacar: to comply with the 
requirements of cables. In connection with im- 
pregnation, Mr. Beaver referred to ‘“‘one or two 


correction. These had reference, in the main, to 
the so-called ‘‘ overdrying” of paper during 
cable manufacture. As paper contains no con- 
stitutional or chemically-combined water—i.e., as 


its structure consisted of celluloses, not cellulose 


that high insulation resistance was due to this 
overdrying, or, in other words, to some sort of 


to the supersaturation of the absorbent dielectric 
with the impregnating medium. High insulation 
in a paper cable did not necessarily indicate over- 


on their relative proportions. Uniformity was an 
important matter, and was secured by impreg- 


This system rendered overheating (which was not 
the same thing as overdrying) impossible. 

With careful construction there was little likeli- 
hood of troubles owing to internal causes in paper 
cables, and it was to external conditions that one 
must generally look for reasons of deterioration. 
Among such causes, expansion and contraction 
effects due to overloading sometimes ap’ , but 
were not common. This matter was altogether 
independent from the question of safe working 
temperature. Much could be done to guard against 
trouble by making suitable arrangements for ex- 
pansion at joints and adopting special procedure 
in laying bends. In the main runs little could be 
done. Mr. Beaver described an interesting experi- 
ment on expansion and contraction which he had 
carried out. Two 95-ft. lengths of 0.5-sq.-in. con- 
centric low-tension paper-insulated lead-covered 
cable were used. The two cables differed only in 
the spacing and gauge of the wires comprising the 
outer conductors. This resulted in a difference in 
the total rigidity of the cables and a difference of a 
few mils. in the over-all diameters. The differ- 
ence in longitudinal rigidity was insufficient to have 
the slightest effect on flexibility. The cables were 
mounted separately en rollers on each side of a 
central beam. Twelve experimental runs were 
carried out with the rollers fixed so that they could 
not revolve, the frictional resistance to movement 
thus being uniform throughout the cable lengths. 
One end of each cable was fixed, and the other ends 
were sweated into brass blocks free to move in 
guides, and geared to graduated dials. At interme- 
diate points, such as one-third and two-thirds from 
the fixed end, the rollers were left free and pointers 
were fixed tothem. A continuous current of 750 
amperes was fed into the cables at the fixed ends, 
cross-connections being made to put the four con- 
ductors in series without interfering with the move- 
ments at the free ends. The length of each run was 
determined by the time required to attain maximum 
expansion. It averaged 34 hours, and the tempera- 
ture rise averaged 112 deg. Fahr. The general 
behavicur of the two cables was entirely different. 
The more rigid tended to take up a permanent 
and increasingly expanded position, while the 
other did just the reverse. An interesting feature 
in both cases was that the net result of the cycles 
and expansion and contraction produced the maxi- 
mum effect at a part about two-thirds from the 
fixed end. In practice movements of this sort 
pulled conductors out of joints, fractured lead 


Apart from questions of expansion, temperature 


‘electrostatic discontinuity and weak 





rise in cables increased the natural rate of deteriora- 


tion of the insulating material. The effect of the 
type of insulation, form of cable, and method of 
laying, on such temperature rises in und und 
cables had not been sufficiently appreciated until 
recent years. Useful work was now being done b 
the Institution Research Sub-Committee whic 
was investigating the matter. An important point 
in connection with the present Institution figures 
for current density, which bore on this matter, was 
that single ———- lead-covered cables used 
at considerably higher densities than those given 
in the Wiring Rules did not attain such high tem- 
rage as would be found by extrapolation of 
ta obtained at lower current densities. Mr. 
Beaver quoted an experiment illustrating this. 
Joints could be taken as the next cause of 
trouble. They had always been the weak spots 
of networks, although in recent years the stan- 
dard of jointing work had greatly improved. 
The best results had been obtained by making the 
joint as much like a specially reinforced part of 
the cable as possible. One good reason for this 
was that there was a much better chance of makin 


.& lead-sleeve joint water-tight on a lead-cove 


cable than there was of making a water-tight joint 
with a cast-iron compound-filled box. e@ ques- 
tion of avoiding concentration of stress and weak 
paths became very important at working pressures 
of 20,000 to 30,000 volts. The conductor ferrules 
should be designed in bold curves, and should 
accurately fit the conductor before sweating. Any 


‘excrescence of solder at the ends of the ferrules 


after finishing off would be a source of danger. In 


_Mr. Beaver’s experience, wrappings of tape or 


paper for the insulation of the joint were inad- 
missible at high pressures owing to the risk of 
paths. He 
favoured a form of joint in which the conductors 
were supported on porcelain spiders, the whole 
thing being embedded in the compound. 

Further causes of trouble were the electrolytic 
and chemical corrosion of lead coverings. Electro- 
— corrosion had been fairly common, though, 
thanks largely to the Board of Trade rule for per- 
missible potential gradients between tramway rails 
and earth, and also owing to our insular ideas, it 
had not been experienced here to anything like the 
extent it had in other countries. Continuity bond- 
ing and cross bonding at suitable points had usuall 
been the means of checking or preventing suc 
corrosion. Chemical action was sometimes blamed 
for the corrosion of lead coverings, a notable in- 
stance being that of the wooden bridges which used 
to be universally used in the solid system of laying 
cables. Mr. Beaver had, however, examined many 
cases of this kind, and had invariably found them 
to have been due to electrolytic action, the wood 
having formed the path for the current. Apart 
from exceptional cases it could be taken for granted 
that sim fe chemical action, as distinct from action 
assisted by the current, was a negligible cause of 
trouble with lead-covered cables. A final ‘‘ work- 
ing vicissitude” of lead-covered cables was mecha- 
nical damage. The causes were usually obvious, 
but Mr. Beaver had recently come across a form of 
such damage which was novel, in that it arose from 
quite modern traffic conditions. It referred to 
@ piece of single-core lead-covered paper cable laid 
4 ft. below the road surface in iron troughs. The 
development of heavy motor vehicles during the 
last few years had depressed the cable at the joints 
of troughing and led to faults. 

In the next group—rubber-insulated cables— 
Mr. Beaver had not much to say about the physical 
and chemical properties of the components. He 
pointed out, however, that efforts to co-ordinate 
the physical and electrical properties of vulcanised 


rubber have not so far been successful. If rubbers 
specially designed for insulating p were 
modified by the introduction of ingredients com- 


monly used for mechanical rubber goods, an addi- 
tion of as small a part as 0.5 per cent. might 
reduce the insulating resistance by 50 per cent. 
This might be harmless sometimes, but at the 
same time the molecular structure was so modified 
that after immersion in water for a few hours the 
insulation fell very appreciably. With insulating 
rubbers there was no such effect. Another aspect 
of the matter was that in rubbers designed purely 
for insulating ce en it was possible to get 
critical stages in vulcanisation between which there 
were great differences in the dielectric strength. 
For instance, it was easy to vulcanise a thick high- 
oe rubber dielectric, such as is used for extra- 

igh-tension cables, to a stage at which, by com- 
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with standards, ite insulation resistance 
would give no evidence, and mechanical fests very 
little indication, of under or over-vulcanisation. Yet 
the breakdown point might be only one-fourth of 
the value obtainable when vulcanisation was carried 
a little further or not quite so far. In normal 
manufacture these critical were usually 
passed, but there was a wide field open for investi- 
gation, and a series of curves connecting coefficients 
of vulcanisation with dielectric strength and 
physical properties would be of great interest. 

With regard to rubber-cable troubles, the first 
cause was the natural deterioration common to all 
rubber goods. Mr. Beaver said it could be taken 
as an axiom that, other things being equal, the 
natural rate of deterioration was slowest in rubbers 
made from fine hard Para. Plantation rubbers 
of the same botanical origin (Hevea brasiliensis) 
would undoubtedly in time reach the same level. 
Professor Schwartz, who was present at the meet- 
ing, seemed to think plantation rubber had already 
reached it. Troubles due to external factors were 
mainly the result of chemical influences arisi 
from direct contact with alkaline solutions, aci 
vapours, oxidising agents, oils, solventa, &c., or 
indirect chemical attacks uent on osmotic 
and electrolytic actions where incipient weaknesses 
= the dielectric allowed -_ a - arise. 

nder this category came effects due to leakage 
current along damp fibrous coverings. These hap- 
pened largely near ends which had been badly 
trimmed when connections were made. Access of 
moisture to the strands of a vulcanised-rubber 
cable by way of exposed ends was a fruitful source 
of trouble. Acid products were formed when the 
moisture came in contact with the free sulphur, 
which was always present to some extent in the 
rubber next the strand, leading to corrosion of the 
conductor. Powerful oxidising effects occurred on 
extra-high-tension rubber cables where the pro- 
duction of ozone and oxides of nitrogen on the 
external surface of the dielectric was caused by 
brush discharge. Preventive measures against any 
of these external iufluences were best applied in 
the form of special coverings. The internal cause 
of trouble due to the well-known deleterious effect 
of copper, by its catalytic oxygen-carrying pro- 
perties, on rubber, was met by tinning the. copper 
wires which came in contact with the rubber. 

Turning to the last group—vulcanised bitumen 
cables—Mr. Beaver suggested that there was a 
general idea that vulcanised bitumen had a general 
similarity to rubber. This was partially true. The 
cohesion between the particles of the material, how- 
ever, was much less than in rubber, so that such pro- 
perties as resilience, elasticity, &c., had considerably 
lower values. The differences between the materials, 
might be regarded as differences of degree. The 
physical properties of vulcanised bitumen varied 
considerably with temperature. At about 32 deg. 
Fahr. it tended to yield to sudden shock. At 
temperatures up to about 100 deg. Fahr. it was 
toughly plastic, and had considerable resilience, 
and resistance to mechanical stress. At from 100 
deg. to 130 deg. Fahr. it began to lose its tough- 
ness, and at still higher temperatures its cohesion 
disappeared to a considerable extent, although its 
resilience appeared to increase. Its manner of yield- 
ing to mechanical forces at high temperatures bore a 
general resemblance to that of gelatinous materials 
and had no parallel in the behaviour of rubber. 
It did not yield by softening or by any process 
resembling the melting of bituminous, waxy or 
resinous substances. ‘I'he rate at which any given 
stress was applied had a great effect, while the 
manufacture might be varied to give various 
physical properties in relation to a given tempera- 
ture range. A material intermediate as regards 
softness or hardness, possessing maximum toughness 
at medium temperatures, wide limits of tempera- 
ture range and approximately equal resistance to 
all kinds of stress at low temperature, was the most 
desirable for cable work. In manufacture it was 
usual to apply shock, bending, and penetration 
tests to samples of the material. 

T:ouble with vulcanised bitumen cable was not 
usually likely to follow from direct chemical 
action. The substwce was chemically remarkably 
stable, and was not appreciably subject to natural 
deterioration under normal conditions of atmo- 
sphere and temperature. In this rea it was 
comparable with paper rather than with rubber. 
It was exceptionally inert to acids, but was sus- 
cuptible to the action of alkaline substances. The 
direct action of such substances was usually, how- 





ever, only superficial, and it was a fact that even 
such severe conditions as continual ure to 
coal-pit waters (which were usually ine) had 
no appreciable effect on vulcanised bitumen; waters 
of a kish character had no effect on it. Mr. 
—— also — ——— be sac “he 
recently perpetuated in a o' e rt— 
that culanieed bitumen was softened by contact 
with coal-gas was not correct. The statement was 
true for natural bitumens and pitches, but de- 
cidedly not so for vulcanised bitumen. The fact 
that the material was subject to alkaline attack 
had great influence under continuous - current 
fault conditions, which could produce electrolytic 
action. In most soils it was possible not onl 
to form alkaline substances at parts whi 
constitute the virtual negative electrode of the 
leakage circuit, but to foree such substances 
by osmotic pressure through the dielectric of the 
negative conductor. Under these circumstances 
both the direct action on the vulcanised bitumen of 
concentrated alkaline substances, and the aggravated 
conditions due to the of current (producing 
continuous supplies of deleterious matter and fore- 
ing them to the best position of attack) came into 

y- This ledtoa of softening of the dielectric 

own as saponification. Experience had, however, 
brought Mr. Beaver to the conclusion that there 
was a second physically similar, but chemically 
different, type of softening. This had been proved 
to depend on leakage currents, and to be greatly 
dependent on moisture, temperature, and time. It 
had been found that this second type of softening 
could, for practical purposes, be eliminated by 
adding some 5 to 10 per cent. of rubber to the 
vulcanised bitumen. 





THE THERMAL PROPERTIES OF 
STEAM. 
Up till ten or fifteen years ago steam-tables, 
on Regnault’s experiments, which were for 
the most part made before 1847, sufficed for all the 
needs of the practical engineer. The introduction 
of the throttling calorimeter for the estimation of 
the quality of steam had, however, led to doubts 
whether the accuracy of Regnault’s results was as 
great as had been assumed, and these doubts 
were confirmed when the increasing use of super- 
heated steam showed in many cases gains sub- 
stantially in excess of the theoretical. Further 
researches, both theoretical and experimental, 
on the properties of steam were accordingly 
undertaken in many countries, and led to the 
publication of new steam-tables, such as those of 
Marks and Davis, or the new edition of Professor 
Peabody’s tables, which fully satisfy the present 
requirements of engineering practice, urther 
experimental data have, however, been secured 
since the publication of these tables, and a very 
complete ) a ion of the thermal properties of 
steam, in which cognisance is taken of these newer 
results, has just been published by Professor G. A. 
Goodenough.*_— 

In this pamphlet the whole of the available data 
are brought into consideration and new formulz 
established, which, whilst fitting the experimental 
results with great accuracy, are also consistent with 
each other and with thermodynamic principles, a 
matter of which Professor H. L. Callendar seems to 
have been the first to recognise the importance. 

The relation found between the pressure and tem- 
perature of the steam is as follows :— 


og p = 10.5688080— = 0.0155 log T 
— 0,00406258 T + 0,00000400555 T? 


19 ( ¢-370 \? t-370 

—0.00002 { 10 10( mod ) + [ mH }}- 
where p is the pressure in pounds per square inch, 
and T the absolute temperature in Fahrenheit units, 
whilst ¢ is the temperature in Fahrenheit degrees. 
The absolute zero is taken as — 459.6 deg. Fahr. 
For the specific volume of the steam Professor 
Goodenough gives the expression :— 

v — 0.017 = 0.59465 7 ~ (1 + 0.05129 p}) u 
where v denotes the volume in cubic feet 
pound, and log C, = 10.82500. The ‘‘ heat content” 
of steam at different temperatures and pressures 
is :— 


* “Thermal Properties of Steam,” by G. A. Good- 


enough. University of Illinois Bulletin. London: Chap- 
man and Hall, Limited. | Price 35 cents.]} 





eat 23583 
é = 0.320 T + 0.000063 T? — 7 


Cy p (1 + 0.0342 p?) 
v4 Ts 


+ 0.00333 p + 948.7, 


where 
log C; = 10.79155. 


The entropy of superheated steam is given by 
the relation :— 
s = 0.73683 log T + 0.000126 T - uae 


— 0.25355 log p- +P (1 +008 P)_ 9.98085. 


where 
log C, = 10.69464. 
The thermal properties of steam at very high 
ee be as 
‘ollow :— 





Weight Heat Content ot | Latent 
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THE LATE MR EDWARD BAYZAND 
ELLINGTON. 

As, announced in our last issue, Mr. Edward 
Bayzand Ellington, whose portrait we give on the 
opposite page, died suddenly at his residence, 
73, Addison-road, Kensington, on the 10th inst., 
at the age of sixty-nine. Mr. Ellington had been 
severely crippled by an attack which he had 
last Easter, but he had so risingly recovered 
that he was able to be at business, and also to 
attend at the Institution of Mechanical Engineers 
on the afternoon of the day of his death. 

Mr. Ellington was born in London in the year 
1845. _He served a pupilage of five years, from 
1862.to 1867, at the works of Messrs. John Penn 
and Son, Greenwich, during which time he went 
through the various shops and the drawing-office. 
He remained in the latter one year longer, 
down to 1868, then for twelve months he 
designed and superintended the erection of the 
building known as the Glengall Wharf, Old Kent- 
road, and the special machinery in use there. Mr. 
Ellington served his apprenticeship with Messrs. 
John Penn and Son at a time when that firm 
were at the full zenith —— success in marine- 
engine construction, especially for naval purposes ; 
but he did not limit’ his energies in tthe early 
days of his engineering career to the designing and 
construction of steam-engines alone, but made a 
study of the other developments of the science, 
especially those relating to hydraulie machinery, 
which he ultimately made his own particular branch 
of work. 

As bearing upon this point, we may state that 
when delivering hie Presidential Address before 
the Institution of Mechanical Engineers, in March, 
1911, he referred to hydraulics as being the branch 


‘of engineering to which he had attached himself 


some forty years before, and to which he and a few 
of his compatriots had devoted themselves ever 
since. ‘*‘He did not know,” he added on the 
occasion to which we refer, ‘‘ what might be the 
fate of the distribution of hydraulic power in the 
future, but one fact remained clear, and that was 
that hydraulic power itself, apart from a particular 
method of application, was, after the sun, the most 
lasting source of energy, and the most easily adapted 
to the wants of mankind, of any of the great forces 
of Nature.” 

Reverting to the earlier period of Mr, Ellington’s 
activity, we may state that from 1869 to 1874 he 
was & er with Mr. Bryan Johnson, in the firm 
of Jo m and Ellington, having engineering 
works at Chester. Mr. Johnson had been a con- 
structor of machinery used in mills and mining 
work, but when Mr. Ellington entered into 
nership with him the firm increased its speciali- 
ties, and gradually devoted ite energies, almost 


per’| exclusively, to the designing and construction of 
t 


hydraulic machinery. was in the latter year, 
1874, that Messrs. Johnson and Ellington acquired 
the right to manufacture the Brotherhood three- 
cylinder hydraulic engine, subsequently so largely 
used for hydraulic-ca; work, and the firm 
became known as the Hydraulic Engineering 
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Company, Limited, Chester, of which company Mr. 
Ellington was managing director, with full _ 
fessional and technical c and responsibility. 
The firm actively develo the construction of 
hydraulic machinery in general, and in this con- 
nection we may jally mention their direct- 
acting lifts with ce ment, a device 
due to Mr. Elli , and which led to a marked 
improvement in the matter of smoothness of work- 
ing and speed, besides effecting a material saving in 
water consumption of both passenger and goods- 





lifts. This hydraulic balancing arrangement was de- 
scribed in a paper on 
“Hydraulic Lifts,” 
read by Mr. Elling- 
ton before the Insti- 
tution of Mechanical 
Engineers inthe year 
1882, when we pub- 
lished it in full* in 
ENGINEERING, to- 
gether with a report 
of the discussion to 
which it gave rise. 
During the early 
years of his connec- 
tion with the Chester 
firm, an Act of Par- 
liament was 
mainly owing to Mr 
Ellington’s _ efforte, 
for the establishment 
in large towns of a 
public supply of 
water under high 
ressure, for distri- 
ution to private con- 
cerns, thus furnish- 
ing them with the 
necessary power for 
working passenger 
and goods-lifte. In 
his capacity as man- 
aging director of his 
company, he was 
occupied in the early 
seventies of the last 
century with the 
design and construc- 
tion of the hydraulic 
machinery for the 
Hull Hydraulic 
Power Company and 
the Hull Docks, also 
with the hydraulic 
machinery for other 
towns in the United 
Kingdom, for the 
British Admiralty, 
and for Continental 
cities. Mr. Ellington 
was engineer to the 
Hull Hydraulic Com- 
pany from 1871 to 
1875, and in the latter 
year was appointed a 
director. e Hull 
scheme was carried 
out on a small scale 
compared with later 
work of the same 
nature, but it proved 
invaluable in re 
to the data which it 
supplied, and it led 
Mr. Ellington to de- 
vote his energies to 
the development of 
similar work in Lon- 
don. It wasa pioneer 
scheme which con- 
clusively proved the 
practicability and adaptability of the public supply 
of hydraulic power on the lines previously occupied 
exclusively by gas and water pd mer 
In 1882 Mr. Ellington negotiated the pur- 
chase of the Act of Parliament passed for the 
supply of hydraulic power in London, when a sum 
of 100,0001. was raised to carry out the scheme. 
In this connection, Mr. Ellington had the cordial 
support of his friends, among whom we may 
mention the late Mr. He: Chapman and Mr. 
(now Sir) Corbet Woodall. is action marked the 








* See Encivgenina, vol. xxxiii., pages 128, 153, and 420. | 


commencement of the General Hydraulic Power | 


Company, Limited, of Southwark, London, 8.E., 
a company which now has a capital of 1,000,000/. 
Sir Corbet Woodall’s professional association with 
Mr. Ellington commenced in 1882 and terminated 
about. the year 1900. During that period the 
public supply of hydraulic power underwent con- 
siderable leetieaenathe. The London Hydraulic 


menced in 1894, and that of the Glasgow Corpora- 
tion in the following year. The former was entrusted 
to Sir Corbet Woodall, as engineer, but Mr. 
Ellington’s experience and advice were largely 
drawn upon, and his share in the work was a 
considerable one. 

We have referred above to a paper on ‘ Hy- 
draulic Lifts.” read by Mr. Ellington before the 


Power Company was formed in 1884, and com- | Institution of Mechanical Engineers, and in 1890 
menced gene in 1885, a similar supply being | he contributed to the same Institution a paper in 


given in Liverpool in 1889. The two supplies were 
under the control of the General Hydraulic Power 
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Company, of which company Mr. Ellington was, 
from 1900 down to the time of his death, the chief 
engineer and general manager. The development 
of the London scheme is 7 cated by the following 
res:—The company now five pumping- 
ies. the plrmen ye Pree last year delivered on 
an average 22,600,000 gallons of water per week, 
under a pressure of 750 lb. per eq. in. This water 
—supplied through 177 miles of mains—served for 
operating 7200 machines scattered throughout 
London, and comprising lifte, cranes, presses, 
vacuum cleaners, & 
The Manchester Corporation supply was com- 


which he described at length the hydraulic installa- 
tions at Hull, London, Liverpool, Melbourne, Bir- 
mingham, Sydney, 
Antwerp, Manches- 
ter, and Glasgow, the 
general arrangement 
of the works, the 
leading particulars in 
the design of engines 
and accumulators, 
the amount of water 
delivered, thesources 
of supply, methods 
of registration, the 
construction of mains 
and joints, and the 
efficiency obtained.* 
These two papers 
give a very interest- 
ing review of Mr. 
Ellington’s life-work. 
Mr. Ellington was 
elected a member of 
the Institution of 
Mechanical _Engi- 
neers in 1875, and 
after serving for 
many years on the 
Council, first as ordi- 
nary member and 
subsequently as Vice- 
President, he was in 
1911 elected to the 
ottice of President, a 
oe which he 
eld for two years. 
In the summer of 
1911 the Institution 
held a meeting in 
Switzerland, where 
the members met 
with a most cordial 
reception from the 
leading Swiss engi- 
neers, The gather- 
ing proved—largely 
pH to Mr. Elling. 
ton’s great tact and 
powers of organisa- 
tion—most success- 
ful, and it will long 
evoke pleasant re- 
collections in all who 
took part in it. In 
1912 another very 
successful summer 
meeting was held at 
Belfast. During Mr. 
Ellington’s tenure of 
the office also a visit 
was paid to the new 
pumping-station of 
the London Hydrau- 
lic Power Company 
at Grosvenor-road. +t 
The most notable 
event, however, in 
connection with Mr. 
Ellington’s presi- 
dency of the Institu- 
tion of Mechanical 
Engineers was the 
introduction of the system of examinations for can- 
didates for admission as Graduates or Associate 
Members. In his presidential address, delivered on 
March 16, 1911, Mr. Ellington dealt at length with 
the question of the education of engineers, and 
urged forcibly the necessity which existed for ensur- 
ing that young engineers entering the Institution 
should be suitably trained. These remarks led 
to the subject being seriously taken up by the 
Council, and a | in the system of examina- 
* See ENGINEERING, vol. lx., pages 154, 362, and 402, 
+ Ibid., vol. xcii., page 77. 
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tions now in force, a system which promises 
excellent results. 

It was during Mr. Ellington's presidency, too, 
that the important extension of the Institution 
building was put in hand; and in connection with 
this work Mr. Ellington, who acted for a long period 
as chairman of the Building Committee, rendered 
most valuable services. 4 i m was, in 
fact, untiring in his devotion to the interests of 
the Institution, and his sound common-sense and 
excellent judgment, combined with his business 
ability and great tact, ensured him the high esteem 
of all his colleagues, by whom, and by a large circle 
of friends, he will be most sincerely missed. 

Mr. Ellington was elected a member of the 
Institution of Civil Engineers in 1882, and at the 
time of his death had been for some years a 
Member of Council of that body. For contribu- 
tions to that Institution he had been the recipient 
of a Watt Medal and a Trevithick Premium. e 
was also a Governor of the Imperial College of 
Science and Technology. His name will ever be 
associated with the introduction and development 
of public hydraulic-power supplies, and especially 
with the Sonn ydraulic Power Company, to 
whose prosperity he devoted his scrupulous and 
whole-hearted care from its foundation to the end 
of his life, and whose progress and success were 
very largely the result of his efforts. 

Mr. Ellington leaves a widow, two sons, and two 
daughters, to whom the most sincere sympathy will 
be widely offered. We may add that his eldest son, 
Major E. L. Ellington, is now on active service with 
the British Expeditionary Force. Major Ellington 
was mentioned in one of Sir John Freuch’s recent 
despatches, and has received the Cross of the Legion 
of Honour. His second son, Captain Noel Ellington, 
who has for some years been associated with his 
father professionally, is also on active service with 
the 5th Battalion, Cheshire Regiment. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. XII. 


By Freperick Witi1am Lancuester, M. Lost. C.E 


Tue Navat Arr-Scour. Tue Fryrne-Boat 
Tyre. 

Tue work of scouting, or reconnaissance, will 
undoubtedly be the first and most important duty 
of aircraft in the service of the Navy. Whether it 
be in connection with the work of coast defence, in 
giving timely warning of the approach of hostile 
vessels of war, or in searching out and reporting 
the whereabouts of an enemy’s battle fleet, in 
locating the enemy’s commerce-destroyers on the 
high seas, or in directing gun-fire during a bom- 
bardment, the employment of aircraft cannot fail 
to be of signal value. So far as the coastal 
work is concerned, there appears to be no present 
difficulty in the way of effectually patrolling 
the whole of the home waters to a distance of 
some 200 miles from our shores, other than the 
want of the necessary number of machines and 
the requisite organisation—that is to say, there 
is no difficulty of a technical or engineering 
character. To some extent, as touching points of 
especially strategic importance, aircraft are already 
occupied in this duty ; the extension of the system 
is mainly a matter of increase in material and 
personnel. Unfortunately the demand and pres- 
sure for increase are felt in all branches of the 
aeronautical services, and it cannot but take some 
considerable time to build additional machines, 
apart from the time that must be expended in the 
training of the personnel and in accumulating the 
experience necessary to determine what types and 
establishment are really necessary. 

In connection with the work of reconnaissance of 
home waters, where the ‘‘ base” is a station 
situated on or in the region of the coast-line, it is 
well understood that the length and extent of the 
coast-line is a matter of considerable importance. 
If, on the one hand, the base be situated on a 
small island or promontory in the vicinity of hostile 
or neutral country, a dirigible or other similar low- 
velocity machine would be unsuitable. In the event 
of a high wind it would frequently be impossible 
for it to return to its base ; it would, in fact, be 
blown away. If, on the other hand, the base be 
situated on a long stretch of coast line (such as the 
East Coast of Great Britain) with a number of 
well-placed stations, the risk is comparatively small; 
since, unless the wind is directly off shore, or nearly 


‘*port” than that of origin ; the chance of being 
blown away will be remote. 

* When the operations in contemplation are far 
removed from home, beyond the radius of action of 
aeroplanes operating from a coast station or from 
friendly territory, we find ourselves confronted 
with difficulties of a kind for which there is no 
parallel in land operations. As pointed out in the 
preceding article, two solutions are ible. Kither 
the machine must be capable of alighting in, and 
rising from, the water, and of riding in safety on the 
surface of the sea or ocean under ordinary weather 
conditions, and so be able to accompany and act 
as an auxiliary to a warship or squadron at sea, or 
some kind of sea-going pontoon vessel must be 
devised from which machines can be launched and 
on whose deck they may alight. Both these 
schemes are evidently practicable, and each has its 
advantages and difficulties. 

For the former scheme the most suitable type of 
machine would appear to be the ‘‘ flying boat ’”— 
that is to say, the type in which the flotation, 
when riding at anchor, is derived from a hull of 
boat shape and of seaworthy design, with the 
usual ‘‘ hydroplane ” stepped bottom to give the 
necessary lift to cause the craft to rise on the water 
and ‘‘ skim” whilst acquiring the speed neces- 
sary for flight. It is by no means certain 
that this single hull or boast will oust the double 
float at present more generally adopted, but 
for the larger naval aircraft, weighing probably 
upwards of 2 tons, the single boat may be reason- 
ably expected to prove the more seaworthy job, 
cuddly ia heavy weather. In discussing the 
question recently* the writer made the suggestion 
that, for the sea-going aeroplane (such as now under 
discussion), it may be found advantageous to make 
arrangements for the abandonment of the flight 
organs, and to provide a marine propeller, so that 
in case of emergency the hull may be navigated as 
an ordinary motor-boat. The flying boat will thus, 
it is anticipated, be found the most suitable type of 
machine to act as sea-going air-scout to the cruiser 
or battleship. It is a type that may be so designed 
as to be readily stripped and. carried in davits, the 
flight organs being fitted, and the boat otherwise 
made ready for air service, when required. For the 
commerce-raider, or the cruiser or cruiser squadron 
detailed for the destruction of the hostile commerce- 
raider, an air-scout capable of being carried in this 
manner would prove of the greatest value. In 
really bad Sealer it would not be possible to 
launch or fly a machine of this type ; but so far as 
present experience goes, it is impossible to fly any 
aeroplane which has to rise from the water under 
these conditions. However, if it should prove pos- 
sible to fly, as an average, on but half the total 
days in the year, the extended range of vision 
obtained (even by such limited use of the air scout) 
would frequently prove of decisive value. In the 
case, for example, of the recent pursuit of the 
Emden and Konigsberg, if our cruisers had been 
able to sweep a belt of some 200 or 300 miles in 
width (instead of about one-tenth of that), the 
result would have been achieved in far less time. 
A cruiser, well served by its air scouts, in pursuit 
of an enemy, if not fast enough or strong enough 
to give battle, would be able, having located the 
enemy, to warn merchantmen of their danger and 
at the same time to call for the 1:equisite reinforce- 
ments. It would be no longer possible for an 
enemy cruiser to secure concealment amongst the 
islands of an archipelago or in a river mouth or 
estuary. 


ADVANTAGE OF THE Dovusie-Fioat Tyre. 


For the duties of bomb and torpedo air-craft, 
discussed in detail in the preceding article, the 
boat-type of machine is ill-suited, the conditions 
being such as to indicate the two-float type as 
necessary. The latter admits of the bomb-magazine 
or torpedo-cradle being arranged centrally beneath 
the fuselage, from which position, by suitable release 
mechanism, the missile or torpedo can be readily 
let fall. It is doubtful, on the other hand, whether 
the two-float type will prove as convenient to 
handle aboard a vessel not especially fitted out for 
its reception, and it is further doubtful whether it 
will prove as seaworthy a job when compelled to 
depend on its own resources. However, there are 
authorities who are disposed even to give it prefer- 
ence on the latter count, and certainly for the 





* James Forrest Lecture, Institution of Civil Hogineers, 


smaller craft there is something to be said in favour 
of the fact that, so long as the floats are intact and 
uninjured, the machine is virtually unsinkable— 
it cannot be swamped, as is the case with the 
boat-type. 

A serious disadvantage under which the sea- 
going aeroplane at present labours, whether it be 
of the single boat or double-float type, is that its 
8 is essentially limited by the fact that it has 
to alight and take off from the water, and this in- 
volves designing to a comparatively low minimum 
flight velocity. Whilst this does not necessarily 
limit the mean or maximum in like degree it tends 
in that direction. 


Tue AEROPLANE Pontoon Base. 


Passing now to the alternative scheme—the 
aeroplane pontoon-ship, we have opened up pos- 
sibilities of quite a different kind. We are no 
longer concerned of necessity with the limitations im- 
posed by rising from or alighting on water, and the 
vessel will be expressly designed to suit the aero- 
plane service, instead of the aeroplane requiring to 
adapt itself to the vessel. Any land type of ma- 
chine could be used from the pontoon-ship, but 
by preference floats would be fitted, and so far as 
eg” machines would be rendered ‘‘ amphi- 

ious.”” Whilst it is evidently desirable that all 
machines in the service of the Navy should be able 
to rise from the sea, the conditions are evidently 
altered when an immersion is to be regarded 
as an accident rather than as part of the regular 
routine. 

For the primary function of the aeronautical arm 
in the Navy, whether it be scouting, or attack on 
the submarine, or torpedo work, there is no parti- 
cular advantage in employing machines in great 
numbers. For the latter duty (when the machine 
for this class of work has been developed), it may 
be found desirable to attack by squadrons or flights 
rather than by individual machines. But even this 
is doubtful, since the advantage gained by simul- 
taneous attack from different points of the compass, 
as preventing the enemy from concentrating his 
fire on any one machine, may be more than out- 
weighed by the greater risk of the impending 
attack being detected and reported by the enemy’s 
air service or to o craft. When, however, we 
have to consider the demands that will be made on 
the naval air-service for the performance of its 
secondary function, in addition to the occasions 
when it will be required to act in connection with 
land ——. it is evident that provision must 
be made for transporting and handling machines in 
large numbers, and this, as far as can be made 
practicable, irrespective of ordinarily bad weather 
conditions, and independently of any land station 
or base. It is here that the need for the floating 
base or pontoon-ship will be felt. 

We may anticipate that, apart from such mecha- 
nical detail as alighting gear, relative petrol capa- 
city, &c., the requirements of the naval and 
military machines for the destruction of hostile 
aircraft will not differ greatly. Each will rely 
mainly on the gun in some shape or form for its 
— of offence, and will depend upon its speed to 

orce the enemy into engagement. Both types 
will be sent into action in the greatest numerical 
strength that circumstances permit, or as limited 
by the number that can be handled or manceuvred 
without undue danger to themselves, in order 
to bring the heaviest fire concentration upon the 
enemy, and to take full advantage of the n-square 
law. To this end the whole subject of formation 
flying will need to be studied exhaustively and 
practised assiduously both in time of peace and in 
time of war. For the time being, however, we are 
concerned with the question of the floating base— 
whose object is to render it possible to mobilise an 
air fleet, as contemplated, complete with repair 
dépét and supplies of every kind, at any point 
required, in the shortest possible space of time. 


ConDITIONS TO BE FULFILLED ; SFECIFICATIONS. 


The conditions which it is desirable that the air- 
service pontoon-ship shall fill are, briefly, as 
follow :— 

(1) To act as storage and transport for a fleet of 
at least three squadrons, say fifty or sixty machines, 
complete with spares, fuel and oil supplies, and 
personnel, together with all guns, ammunition, 
bombs, torpedoes, «&c., necessary for complete 
equipment. 

(2) To carry a workshop fully equipped, 
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repairs, &c., such as are reasonably required to 
maintain an air fleet in fighting order. 

(3) To provide an upper deck of sufficient area to 
act as an “‘alighting ground” completely free from 
any obstruction—i.e., there may be no masts, 
funnels, ventilators, cranes, searchlight platform, 
or wireless apparatus such as would form a perma- 
nent projection above the flying-deck level. The 
conditions as to deck area, &c., must be such as to 
give ample room for alighting or getting off to a 
pilot of ordinary skill. 

(4) It must have a speed capacity of 20 knots in 
order that it may be able to accompany a battle 
fleet at sea, or to render it able to save itself by 
flight from an enemy battle squadron. 

(5) It must have a gun armament of sufficient 
power to protect it from attack by the light, fast 
cruisers of the enemy. 

(6) It must be of ee ring light draught, as 
light as is consistent with its sea-going qualities and 
other requirements, in order that it may be able to 
act in rivers, harbours, or estuary regions in sup- 
port of land operations, and incidentally to enable 
it to evade pursuit and destruction by war vessels 
of heavy draught and gun power (such as the 
battle-cruiser) by taking refuge in shoal water. 

The above list of requirements indicate at once 

that the pontoon vessel will need to be a ship of 
very large size, comparable to that of a first-class 
battleship, at least as to length and beam. Beyond 
this, taking the requirements in order, there ap) 
to be nothing really difficult or impossible of fulfil- 
ment. Thus, conditions (1) and (2) could be met 
without difficulty by a specially-designed vessel of 
a few thousand tons displacement. Condition (3) is 
more exacting, and requires that the vessel should 
be of the naximum beam admissible—say 90 ft.— 
with a water-line of not less than 500 ft.; also the 
need for doing away with funnels probably means 
that the internal-combustion engine will have to be 
considered as the means of propulsion. This, for 
the horse-power required—about 15,000 indicated— 
is rather beyond anything yet attempted ; however, 
it can be by no means deemed impossible. The 
conditions could be met by employing six propeller- 
shafts, each driven by a Diesel unit of 2500 indi- 
cated horse-power ; this is not considered to-day by 
any means beyond the limits of commercially sound 
engineering. The present-day uses of the masts of 
a warship are mainly for signalling (by wireless and 
otherwise), to serve to carry searchlight and look- 
out platforms, and as an anchorage for jib-cranes. 
All these various requirements will need to be met 
without hampering the flying-deck with any per- 
manent obstructions. Thus it is well understood 
that the ‘‘aerial” for a wireless installation may be 
arranged horizontally ; in the present case it could 
be carried on spar outriggers, some 10 ft. or 15 ft. 
away from the gunwale, being shipped and un- 
shipped as needed. Searchlights could, without 
difficulty, be mounted on telescopic pillars dropping 
flush into the deck, operated by hydraulic power or 
other means, and taking but a few seconds to raise 
or lower ; cranes also can be provided in such form 
as to be rigged only when ek Altogether there 
is nothing in these detail requirements likely to 
prove of insuperable difficulty. Condition (5) 
would be adequately met by a powerful broadside 
armament of 6-in. guns, in addition, perhaps, to 
guns of heavier calibre mounted in a single turret 
astern, all arranged below the level of the flying- 
deck. With a ship of the size contemplated there 
should be no difficulty in providing a sufficient 
weight of armament for the purpose specified. The 
gun-deck would be the main upper structural 
deck of the vessel, with only the comparatively light 
flying-deck above it. 

The pontoon-ship as an aeroplane base possesses 
certain and obvious disadvantages; an area for 
alighting such as is presented ‘ the deck of a 
ship, although it may be, say, 90 ft. beam by 
400 ft. or more in length, is none too large under 
really bad conditions of weather for even a skilled 
pilot, especially if the vessel be rolling in a heavy 
seaway. Without doubt, under extreme conditions 
operations will become frankly impossible ; but, 
under similar conditions, it will be also impossible 
to employ a machine designed to rise from the 
water. @ conditions in the case of the pontoon- 
ship, however, are not really so unfavourable as 
might be thought; the vessel can always be 
brought head to wind, when the relative velo- 
city of the machine on alighting will be reduced 
by the velocity of the wind ; it may also be still 
further reduced by maintaining the vessel under 





power ; these two effects in combination, assuming 
the wind to be 40 miles per hour and the vessel at 
full speed, will result in a machine, flying through 
the air at 60 miles per hour, taking the deck with- 
out any relative motion whatever—a most favour- 
able state of things, permitting it to be instantly 
secured and made fast. Beyond this, under the 
said condition—i.e., head to wind—it is only in 
the exceptional case of a heavy cross sea that the 
rolling could be serious, and with the modern 
methods of steadying sea-going vessels (gyroscopes 
and ballast-tanks) it would require a quite excep- 
tional state of weather to keep the air fleet 
imprisoned. There is one constructional point 
that is worthy of mention ; the flying-deck will 
require to ‘‘run out” at the bows of the ship 
in easy lines, to avoid setting up eddies or 
dead regions, such as might affect the stability or 
buoyancy of machines landing or leaving the deck ; 
to some extent it may be found necessary to ex- 
tend this precaution to where deck joins gunwale 
abeam. 

It is also worthy of note that the proposed 
pontoon-ship, being of comparatively light draught 
and great beam, will naturally the type of 
stability of a raft rather than that of an ordinary 
ocean-going vessel, and will thus tend in a seaway 
to follow the changing slope and motion of the long 
ocean waves. Now this slope and motion, as is well 
known, are so co-ordinated that the normal to the 
wave slope is always the apparent plumb, and so it 
may even turn out that the flying-machine, on taking 
the deck of a vessel studied as a raft rather than as 
a ship, will (even when the motion is severe) have 
no tendency either to side-slip overboard or turn 
turtle. 

The same conditions that are favourable to 
alighting, as from the point of view of relative 
motion, are also favourable to the machine when 
getting away. Thus, with a 40-mile-per-hour wind 
and the vessel at full-speed, head to wind (as alread 
assumed), a machine will be able to leave the deck 
with a relative motion of only some 10 or 20 miles 

r hour and a flight velocity of 70 or 80 miles per 
ol Taking all the ibilities of the situation 
into account, it is probable that the machines to 
operate from a pontoon will, on the whole, be con- 
structed as faster fliers than those designed for 
rising from the water, and to that extent at least 
will be better fitted for combatant duties. 





THE IRON AND STEEL INSTITUTE. 
As we announced on pages 300 and 558 ante, a 
meeting of a purely formal character of the Iron 
and Steel Institute was held in the offices of the 
Institute, 28, Victoria-street, Westminster, yester- 
day, the 19th inst., at t.. a.M., when Dr. Arthur 
Cooper occupied the chair. In the opening pro- 
pats vec Dr. Cooper said that the reason for’ his 
taking the chair was the enforced absence of their 
President, Dr. Adolphe Greiner. The last news 
they had received from the latter stated that 
he was practically a prisoner in his own 
house, which was occupied by the German mili- 
— He was, however, in good health, but 
very much aged. The Council, Dr. Cooper 
added, would take the very first opportunity after 
the meeting to assure Dr. Greiner of their heart- 
felt sympathy with him and his family for the 
distress they were going through. The minutes 
of the last spring meetings were taken as read. 
Scrutineers were appointed for the examination of 
voting-papers for the election of new members ; 
all the candidates who had sought election were 
duly elected. Dr. Cooper then stated that all the 
members present were conversant with the cir- 
cumstances which had led to the meeting. It had 
been arranged with the Comité des Forges that 
this year’s autumn meeting should be held in 
France. All was in readiness for their reception in 
Paris and in the French Lorraine iron-mining dis- 
tricts. Early in August, however, it became apparent 
that the meeting in France could not take place. 
The Council of the Institute communicated at the 
time with the Secretary of the Comité des Forges, 
who confirmed the impossibility, owing to the 
war, of their receiving the Institute, kindly add- 
ing that the pleasure they would have experienced 
on that occasion was only deferred, and also the 
hope that the meeting in France would take place 
at some future date. The time being short for 
making other pers. swe y omy Council decided 
that the rs whic m prepared for the 
meeting yo should be taken as read, 


circulated amongst the members, and discussed 
by correspondence. The papers and the written 
discussions will appear in the second volume 
of the Institute’s Proceedings for the current year, 
which will be issued in the early months of 1915. 
The war, Dr. Cooper further stated, owing to the 
international character of the Institute, was going 
to affect it more seriously than other institutions 
in this country. The Iron and Steel Institute 
counted 32 Belgian members, 61 French, 21 Rus- 
sian, 11 Japanese, 71 German, and 30 Austrian. 
Of the 101 German and Austrian members, 12 
had already sent in their resignation. He hoped, 
however, that they would be able, in the near 
future, to record increases in the number of Bel- 

ian, French, and Russian members. At the 

ouncil meeting, which had been held earlier in 
the morning, a very strong view was expressed to 
the effect that a list should be prepared giving the 
names of all the members of the Institute who were 
on active service with the British, the French, and 
the Belgian armies, and Dr. Cooper asked that the 
names of these members should be sent in to the 
Secretary. A list of such members would be pub- 
lished in the next volume of the Proceedings. The 
Council had also provisionally arranged that the 
next spring meeting should be held in London on 
May Idan 14 ; also that the next autumn meeting 
should be held in the week ending September 27, 
probably in London also. Further information 
concerning both meetings would be sent to the 
members later on. 





Aut-Stest Rarway Equrement.—The ) topes of all- 
steel equipment on the Pennsylvania Rail developed 
at the company’s car-shops in Altoona now include a 
steel caboose for the use of the crews of freight trains. 
Only one such car has been made at present; it will be 
—— on the different divisions of the system before work 
is started on others. e Pennsylvania Railroad Com- 
pany was the first to adopt all-steel passenger equip- 
ment in 1906; now it has all-steel passenger cars, mail 
ani cars, express cars, refrigerator cars, luggage 
cars, freight box cars, and coal cars. 





OrrictaL Fire-Trest with TreateD Woop.—The 
British Fire-Prevention Committee have just issued 
their report No. i ee a test carried out on 
July 1 with a match- ed deal partition, in which the 
deal was impregnated by a proprie process, with the 
object of making it fire-resisting. e ition com- 
prised studs with §-in. grooved, , and beaded 
match-boarding on both sides, and it measured 10 ft. 
wide by 9 ft. high. The test was conducted under the 
Committee’s usual conditions, and was a forty-five 
minutes’ testat temperatures that rose to 1630 deg. Fabr., 
whereu water was applied from a steam fire-engine. 
The main features in the official ‘‘Summary” of the test 
are that smoke appeared freely through several joints 
after thirty-eight minutes, and that after forty minutes 
scorching ap) at several joints ; further, that after 
forty-four minutes a glow was seen at four points. Upon 
the application of water, water came through several 
of the vertical joints. The fire-resistance was thus con- 
siderable for wood-work, although the minimum classifi- 
cation as to such a —— affording ‘Temporary Pro- 
tection” under the British Fire-Prevention Oommittee’s 
Standards. g resistance for forty-five minutes 
—was not obtained by a few minutes. It would have 


been interesting if Land my om had been tested side by 
side with a match- ed deal partition which had not 
been impregnated. 


o. ae 








Post Orrick TrLecrarHs.—The Post Office still con- 
tinues to work with a closed —- account, a policy 
which, while it helps to keep down the natio) out- 
goings, exhibits the postal a system as being 
worked at a loss, while it is probably realising a profit, 
properly so called. Further information is, however, 
requii before a definitive opinion can be pronounced 
upon the subject. As regards the construction of new 
lines and buildings, the cost should certainly be charged 
to capital, but the information supplied is confused with 
the question of maintenance and “other ex iture,” 
so that it is difficult to arrive ata final conclusion. As 
matters now stand, a deficit is admitted yoar after year 
in the working of the Government telegraphs. This is 
shown by the following statement of the annual receipts 
and expenditure since 1903-4 :— 


Year. sar aupeniiem. ; 
1903-4 .. we ou 3,736,115 4,972,382 
1904-5 .. we oe ov 8,920, 6,111,150 
1905-6 . 4,151, 6,163,890 
1906-7 . 4,369,227 5,283,616 
1907-8 4,484,120 5,608,234 
1908-9 .. os ve de 4,622,169 5,767,704 
1909-10 .. a ob - 4,917,183 6,047,189 
1910-11 .. - ‘ ° 6,121,341 6,352,281 
1911-12 .. 6,110.441 7,177,518 
1912-13 . 8,953,111 9,602,144 


When Parliament and the Government have more time 
to attend to y oye of telegraph administration, it 
might be well for matters to be set out in greater detail, 
so that the country might know what is the real financial 





position of the Government telegraph network. 
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1as. 52 ro 59. Gatnes’ Frresox. 


Fig . 62. 
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COMPOUND ARTICULATED 2-8-8-8-2 TYPE 
LOCOMOTIVE FOR THE ERIE RAILROAD. 


(Continued from page 602.) 


ConTINUING the description of the powerful 2-8-8-8-2 
type locomotive on the Erie Railroad, which we com- 
menced in our issue of last week, when we gave 
longitudinal drawings and sections of the machine 
and details of the tender tank, we now turn to details 
of the boiler, &c. These we illustrate in Figs. 33 to 
51, on Plate XLI., with this week’s issue, and on the 
present and o a page. Of these, Fig. 33 shows 
the comple iler in the works of the builders, 
the Baldwin Locomotive Works of Philadelphia. 
Fig. 34 shows the fire-box shell with, for contrast, 
the shell of a small locomotive fire-box alongside. 
Fig. 35 shows the fire-box foundation ring. A 
— drawing and details are shown in Figs. 36 to 

1, while Figs. 42 to 46 relate to the fire-box. The 
front tube-plate is illustrated in Fig. 47, and the 
smoke-box arrangements are shown in Figs. 48 to 51. 
Our illustrations, Figs. 52 to 59, annexed, give 






































details of the fire-box arch, while Figs. 60 to 62 show 
the machine stoker. It has been thought well to 
include at + 8 a description of the pales One 
system, an igs. to 80, page 629, relate to the 
food watt heater. 

From the reproductions of rye mg given in 
Figs. 33 to 35 some idea of the size of the boiler may 
be obtained. It is of the wide fire-box type, with a 
7 taper course in the barrel. The barrel is 
28 ft. 234 in. Hong. Its internal ae =s the front 
course is 94 in., the taper course bringi e largest 
internal diameter up to'1024 in. The thickness of the 
barrel-plates is }{ in., stiffened at the position of the 
bearers underneath with 3-in. liners. The longitu- 
dinal seams for the front two courses are butt-joints, 
with inside and outside cover-strips, the former being 
23§ in. wide by }{ in. thick, and latter 8} in. wide 
and }fin. thick. The itudinal seam for the front 
course is welded for a le of 36 in. at the front end, 
and 26 in. at the back. The -course seam is welded 





for 13 in., front and back. The seam for the third, 
or dome, course is welded for the full length, and a! 








Fias. 60 to 62. Tue Street Mecnanical STOKER. 


g-in. liner surrounds the dome openi on the under 
side. On the upper side the flanges of the steam and 
safety-valve domes cover the joint except for a small 
length provided with outside cover-plates. The steam- 
dome is pressed out of steel plate, # in. thick. The 
longitudinal seams of the first and second courses 
have 1j-in. rivets at 34-in. pitch, The two circum- 
ferential seams between the three courses of the 
barrel are lap-joints, with three rows of 13-in. rivets. 
The smoke-box tube-plate is circular, and flanged to 
go inside the barrel, as is always done in American 
pote. It is § in. thick, and is riveted to the barrel 
y a single row of 1-in. rivets. It is supported by 
fourteen stays, attached to the upper part of the first 
and second courses of the etn 
The fire-box has a width inside at the grate level of 
108 in., and a length of no less than 172 in., the grate 
area being 90 sq. ft. The foundation-ring is 4 in. 
deep, and at the sides and back of the box is 5 in. 
wide. At the front the ring is 6 in. wide, so that 
liberal water spaces are provided. The shell and fire- 
box plates are double-riveted to it with j-in. counter- 
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sunk rivets. The fire- box shell consists of three 
sheets, the crown-sheet and two side sheets. The 
crown-sheet is one large plate, § in. thick, extending 
some distance along the barrel over the combustion- 
chamber. The side plates are 4 in. thick. The back 
head of the boiler is in. thick. It is sloped for- 
ward, as is usual in modern American practice. The 
throat-sheet of the shell is very shallow. It is }4 in. 
thick, and is riveted up to the wrapper-plates and to 
& }{-in. plate forming part of the barrel below the 
combustion-chamber. Fourteen stays extend between 
the crown-sheet of the shell and the back head. 

The fire-box embodies a combustion - chamber 
4 ft. 6 in. long, extending into the barrel. The 
box is built up of a crown-sheet, two side sheets, 
back and throat-sheets, a single plate forming the 
underneath and sides of the combustion-chamber, and 
the tube-plate. All these are of steel. The crown- 
sheet extends over the box and combustion-chamber. 
It is § in. thick and is lap-jointed to the side sheets, 
which are likewise gin. thick. The back plate is # in. 
thick and the tube-plate § in. thick, while the com- 
bustion-chamber plate is 4 in. thick, as is also the 
throat-sheet. The fire-box plates are stayed to the 
shell, &c., by 3025 stays, all but 832 being of the 
Tate flexible pattern, described in ENGINEERING some 
time ago.* All these, except 160, are 1 in. in dia- 
meter. There are 326 flush Tate stays in the sides, 
&c. The 160 stays just referred to are 1 ,';-in. flexible 
crown-stays connecting the crown sheet of the combus- 
tion-chamber with the shell crown-sheet. The remaining 
crown-stays are of the usual plain radial type, also 
1s in. in diameter. In all the water-spaces 1-in. 
flexible bolts are used. There are sixteen T-headed 
palm-stays, extending from the fire-box throat-sheet 
to the barrel. These are expansion-stays running 
through brackets tixed to the barrel-sheet, while the 
T-head is connected to the throat-sheet by two screwed 


— 

igs. 42, 45, and 46 show the shape of the com- 
bustion-chamber, which adds 108 eq. ft. to the fire- 
box heating surface of 272 sq. ft. The front and 
back tube-plates are shown in Figs. 47 and 45 respec- 
tively. They are 24 ft. apart. The boiler contains 
326 2}-in. tubes, and 53 tu 534 in. in diameter ; the 





* See ENGINEERING, vol. xciv., page 336. 
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Fics. 63 to 80. Frep-Water Heater. 


latter accommodate the superheater elements. The 
former are of No. 11 W.G., the latter of No. 9 W.G. 
thickness ; they are all of steel. The tubes provide a 
heating surface of 6418 sq. ft. There are, in addition, 
six arch-tubes in the fire-box. These will be referred 
to later. They add 88 sq. ft. to the heating surface, 
making the total 6886 sq. ft. 

The locomotive is fitted with a Schmidt superheater, 
consisting of fifty-three elements, extending from 
21 ft. 4 in. to 22 ft. down the tubes, thus leaving about 
2 ft. of the large tubes at the fire-box end unoccupied. 
It provides a heating surface of 1584 sq. ft. Steam is 
brought to the euperheater header through an 84-in. 

ipe. The general arrangement of the header and super- 
Laster in the smoke-box will be clear from Figs. 48 
and 49. The header is supported on brackets, shown 
in Figs. 49 and 50. The connection of the elements 
with the header is illustrated in Fig. 51. From the 
header the steam is taken to the cylinders through 
two pipes of 74 in. internal diameter. The super- 
heater is enclosed in a large compartment, in the 
bottom of which is a mechanically-operated damper, 
6 ft. 5 in. long by 20 in. wide. The front of the 
superheater compartment is provided with large 
doors (Fig. 50). The smoke-box is of the self- 
cleaning type, the blast-pipe opening above a 
deflector-plate of adjustable depth. The blast-pipe 
nozzle is rectangular, surrounded by a blower-ring, 
cast with the blast-pipe. The nozzle-area is adjust- 
able by means of two flaps. The gear for working 
these flaps is shown in Figs. 48 and 49. Itisa 
right and left-handed screw-gear, operated from the 
cab, and by means of it the rectangular opening may 
be redu from 7 in. by 9in. to 7 in. by 3in. The 
smoke-stack is 22 in. in internal diameter. The petti- 
coat pipe, which is separate from the stack, extends 
down to the centre line of the boiler. 

The interior arrangement of the fire-box is shown in 
Figs. 52 to 59, in which, however, the complete 
details of the fire-box construction are not reproduced. 
In addition to providing additional fire-box volume 
in the combustion-chamber, which, at the same time, 

rmite the use of flues of a reasonable length, the 

esign embodies an interesting form of brick arch, 
which has now attained considerable popularity in the 
United States. This arch is a development of one origi- 
nally introduced by Mr. F. F. Gaines, Superintendent 
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of Motive Power of the Central of Georgia Railway. 
The original Gaines fire-box was designed with a 
normal grate area, at the front end of which was 
placed a vertical brick wall. Between the latter and 
the tube-plate was a space, which practically formed 
a combustion-chamber. The bottom of this chamber 
was provided with a hopper, in which cinders col- 
lected, and from which they were easily removed. The 
brick wall contained vertical passages, up which air 
passed into the fire-box above the fire. 

A number of objects were satisfactorily attained 
with this box. Much work has been carried on in 
America of late years, both on testing plants and 
in the form of general observations in service, with 
regard to the high value of fire-box volume and 
heating surface. The Gaines fire-box increases both 
these. With fire-boxes which have only a short front 
water-leg, the only type of arch possible is either 
a wall placed some way back of the tube-sheet, or at 
any rate an arch forming part of such a wall. The 
wall adopted by Mr. Gaines was the first attempt 
made to increase the length of the flame path in large 
shallow fire-boxes. The value of the arch asa baffle 
from the point of view of thorough mixing and complete 
combustion of the gases is, of course, well appreciated 
in this country, and our readers will also readily recog- 
nise that the absence of an arch would leave the 
upper back portion of the box practically untouched 
by the flames, which would then be drawn direct from 
the grate to the flue-sheet. The above features of the 
Gaines fire-box tend to improve combustion, while the 

rovision of a secondary supply of air previous] 

eated, in its passage up the interior of the brick wall, 
to @ temperature which renders possible immediate 
combination with the constituents of the furnace 
gases, is also clearly a step in advance of the 
usual method of admitting cold air through the 
fire-hole door, with possible injury to the tube- 
sheets, and the certain lowering of the tempera- 
ture of the gases, Lastly, the sparks and cinders, 
instead of blocking the tubes, fall into the hopper, 
whence they are easily removed. The original Gaines 
wall wae subsequently advantageously combined with 
a regular arch, which still further prolongs the flame- 
path, and ensures the hot gases reaching the crown 
and upper part of the back of the box. For some 
years the combustion-chamber extending into the 
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barrel has been regarded ae American 
designers as providing additional fire-box volume and 
ensuring more complete combustion before the flames 
are extinguished by passing down the tubes. From 
the practical point of view, such chambers have 
objections. The water underneath them is rather 
dead unless the space is very liberal, an ——_ 
ment for which it is often impossible to provide. 
Often, therefore, the combustion-chamber impedes 
the circulation of water to the water-legs of the fire- 
box, and coincidently serious stresses are placed on 
the plates, with resultant troubles from cracks and 
broken stays. 

Ordinarily in America the firebrick arch is sup- 
ported on arch tubes running diagonally from the 
tube-sheet to the back plate. he well-known 
‘* Security” arch of the American Arch Company, 
New York, is supported in this way. When this 
arch is combined, as in Fig. 52, with the Gaines fire- 
box and combustion-chamber, the arched tubes are 
carried from the lower side of the combustion-chamber 
diagonally up to the back plate. They are set 

arallel between the — A and B to template. 

he template for this box is shown in Fig. 58. At 
the ends the arch tubes are beaded over. These 
arch tubes are extremely good steam-producers, and 
the water circulates through them rapidly. Their 
supply is drawn from the dead space at the bottom 
of the barrel, and therefore a strong current sets 
towards this part, much of the water ing on to the 
legs of the fire-box. The arch tu are shown in 
plan in Fig. 53, and in elevation towards the front end 
in Fig. 55. The brick arch and wall are shown in 
section and elevation in Figs. 52 and 54. The vertical 
wall is shown in horizontal section in Fig. 59. It 
contains vertical air-ducts consisting of 3-in. wrought- 
iron pipe. These air-ducts open into the fire-box just 
at the head of the wall under the arch. The wall is 
supported bya cross-bearer attached to the founda- 
tion ring. In front of the brick wall the space is 
floored with plate covered with firebrick and fireclay 
cement. There are two hopper-pockets. Fig. 57 
shows a@ detail of the joint between the cinder 
hopper floor-plate and the fire-box throat-sheet. 
he — is of the deep-hopper type, and was 
shown in Figs. 3, 17 and 19, Plates XXXEX, and XL. 
ante. It is composed of three hoppers arranged 
longitudinally. Two of these are outside the driving- 
wheels, while the third extends down between the 
third and fourth pair of drivers of the central group. 
An Inter-state regulation requires that all ashpans 
shall be eapable of being cleared without the necessity 
of the fireman going under theengine. The hand-levers 
working the Senatne dense of the side and central 
ho ne are shown in Figs. 17 and 19 above referred to. 

t e mechanical stoker fitted to this locomotive is of 
the Street pattern, developed by the Locomotive Stoker 
Company, of Schenectady. Some time ago we gave in 
ENGINEERING* a description of the Crawford stoker 
one on the Pennsylvania Railroad. These two 
stokers are the most widely used of any in the United 
States. At the last Railway Master M nics’ Associa- 
tion Convention figures were reported which would make 
the total number of Street stokers in use at the present 
time about 500. The Crawford and Street stokers 
are designed on totally distinct principles. The 
former, it may be remembered, is ot the underfeed 
type. The latter is of the scatter type, the coal being 
fed into the box above the grate. The essentials are 
illustrated in Figs. 60 to 62, page 628. The machine 
consists of a conveyor supplying coal from the tender 
to an elevator on the back head of the boiler, which 
in turn supplies the distributing apparatus. 

he conveyor is of the screw type, and is accommo- 
dated in the trough A, extending from the engine to 
the tender. At the front end, this trough is pivoted 
under the foot-plate ; at the back, it is carried in the 
support B fixed to the tender, and in which it is free 
to slide. Above the conveyor-trough is an oscillating 
grid, over which is a rectangular opening in the tender- 
floor. This opening is furnished with plates, which 
can be drawn forward so as to move the opening 
further back over the trough as the coal is used up. 
Originally a crusher was furnished on the tender with 
this class of machine, but now — coal is com- 
monly supplied to the tenders.  screw-conveyor 
works the coal forward into the hopper C. An end- 
less chain of small elevator-buckets works in this 
hopper, moving from the right ts the left and then up 
the trunk D, down through the trunk E, and back to C. 
On arriving at the upper left-hand corner, the buckets 
turn over and pass through the com ments F 
and G. These form part of the distributing gear. In 
the first there is a circular screen, perforated with 
different-sized holes in each quarter circumference, 
so that, according to the setting, coal of various 
sizes, and consequently various amounts, may be 
through to the chute H. The coal which 

oes not pass through this screen is carried on b 
the buckets to the compartment G, where it falls into 
the chutes J and K. The coal is divided between 


* See ENGINEERING, vol. xcvii., page 558 








these two chutes by a distributor, which may be set 
to deflect the coal in any desired proportion to one or 
the other. The deflector is a plate set in line with 
the axis of the conveyor, so that the lurching of the 
locomotive does not disturb the proportionate distri- 
bution. From these chutes the coal to distribu- 
tors projecting into the interior of the fire-box. The 
central one, f, is different from the others, one of 
which isshown at M. These distributors are furnished 
with steam-jets, which blow the coal into the fire-box. 
The steam is supplied in intermittent spits. The small 
coal passing through the screen in F is fed to the 
central distributor This is curved downwards, and 
all this coal is fed to the back of the box. It is there- 
fore not so likely to be carried away over the arch 
partially burnt, as it would be if it were thrown a long 
way down the box, The two distributors M supply 
the remainder of the grate. By the adjustment of 
the screen in F and the deflector under G, the amount 
of coal fed to any particular portion of the grate may 
be regulated within a very wide range. The elevator 
is operated by a sprocket, over which the bucket- 
chain works at N. This sprocket is driven by a small 
steam-engine at O. The conveyor is driven through a 
universal joint by chain off a sprocket in mesh with 
the elevator chain. This is at the left-hand side of 
the hopper C, in which are also sheaves to keep the 
chain of buckets down into the coal. The steam 
for the jets is supplied in puffs or spits, which 
are regulated by a cam-plate P. There are four 
cams on this plate, any or all of which can be 
thrown into use. These cams force outwards the 
upper end of the lever Q, which is supported on a 
bracket attached to a small steam-valve R. The move- 
ment of the lever by the cam depresses the valve and 
admits steam through a pipe (shown broken off) to 
connections on the distributor-heads. The lever Q is 
furnished with a sliding striker, which, if needed, may 
be pulled down, when no steam is d to the jets. 
The stoker will supply 11,000 lb. of coal per hour to 
the fire-box. 

Having considered above the steam-generating part 
of this locomotive, we may complete this portion of 
our description with a reference to the boiler-feed 
apparatus. The boiler can be fed either by injectors 
or by pumps, or by both. There are two Hancock 
injectors, each of a capacity of 7500 gallons per hour. 
They draw water from the tender-tank and force it 
into the boiler through a clack mounting on the top 
of the front part of the barrel. In addition to the 
injectors there are two pumps which draw and 
deliver to the boiler feed-water heated, to about 
200 deg. Fahr., in the feed-heater illustrated in 
Figs. to 80. This heater is placed under the 
tender-tank in the position shown in our illustrations 
of last week. It is supplied with steam from the 
exhaust of the rear pair of low-pressure cylinders. 
The heater is a steei cylinder containing 31 tubes 
2} in. in diameter and 24 ft. long. It provides 
436 eq. ft. of heating surface. The heater is shown 
in section in Fig. 67. Details of the heads are given in 
Fizs. 68, 69, and 70. The bend at the back end is 
cast iron. The heater heads proper are cast steel. 
Water is supplied to the heater through an inverted 
saddle mounting attached to the underside of the 
tank, and shown in detail in Figs. 74 to 76. It 
is drawn off by the pumps by two outlets near 
the other end of the heater, Retails of which are 
illustrated in Figs. 77 to 80, and delivered to the 
boiler through clacks mounted on # small dome on 
the top of the first course of the barrel. Steam from 
the rear low-pressure cylinders passes through the 
9-in. steel pipe, shown in Figs. 63 to 66. To the end 
of this pipe is coupled the cast-steel double bend illus- 
trated in Figs. 72 and 73. The joint between these 
two is made with a brass cone-ring (Fig. 71). The other 
end of the double bend is attached to the left-hand 
end of the heater (Fig. 67). The exhaust passes up the 
right-angle bend at the other end of the heater toa 
vertical exhaust-pipe. The steam-pipe is furnished 
with an expansion-joint. The short part attached to 
the cylinder-saddle is of cast steel, fitted with a gland, 
in which slides the 9-in. steel pipe. The packing in 
the gland consists of three cone-shaped brass rings, 
with braided asbestos rings at the back and front of 
them. In subsequent articles we shall deal with the 
framing cylinders, &c., of this interesting locomotive. 

(To be continued.) 





Tue INsTITUTION OF AUTOMOBILE ENGINEERS: Socor- 
Tish CenTRE.—The first general meeting of the newly- 
formed Scottish Centre of the Institution of Automobile 
Engineers will be held on Monday, November 23, at the 
Institution of Engineers and Shipbuilders in Scotland, 
Elmbank Crescent, G w, at 7.30 p.m., when Messrs. 
A. Ludlow Olayden and Harold Burchall will read a paper 
entitled ‘‘ Retail Transport,” being a su’ of the con- 


mmary 
ditions governing the retail delivery of household goods, 
and a for the adoption of the lighter type of commer- 


Y | cial vehicle of 5 owt. to 6 owt. in preference to the heavier 


20-cwt. to 30-cwt. type. The Dg will be followed by a 
discussion. This meeting will be open to all interested 
in the anh en getting of their cards at the door, 
and a good ance is confidently anticipated. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on a number of colonial and 
forei i ing projects, taken from the Board of 
‘urther particulars concern: these 
en can be obtained from the Commercial Intelligence 
yo Board of Trade, 73, Basinghall-street, London, 


South Africa : With reference to the call for tenders by 
the Johannesburg Municipal Council for the supply of a 
ome ae points, crossings, rails, &c.), the office 
of His Majesty’s ie Commissioner for South Africa 
reports that certain alterations have been made to the 
specifications, and that the time for the receipt of tenders 
has been extended. Sealed tenders, on the proper forms, 
will now be received by the Town Cler'! unicipal 
Offices, Plein-square, Johannesburg, up to noon on 
January 5. It will be observed that the time for the 
receipt of tenders is limited, and owing to forms having 
to be obtained from South Africa, this intimation will be 
of use only to firms having agents in the Union who can 
be instructed by cable. 

Canada : His Majesty’s Trade Commissioner for Canada 
reports that a firm in New Westminster, British Col- 
umbia, intends to erect | oereaggee @ new grain-elevator 
and warehouse. The elevator will have a capacity of 
51,000 bushels, and will be built so as to allow for the 
doubling of its = by extension of the building. 

Italy : H.M. Consul at Milan reports that a firm of 

ts in that city wishes to secure the representation of 
nited Kingdom manufacturers of iron and steel railway 
material, railway wheels and axles, fireproof bricks, 
retorts, crucibles, &c.; iron and steel tubes, pipes, and 
fittings; iron and steel bars and rods, machine-tools, 
brass and brass wares, stoneware, earthenware, and china- 
ware, &c. 

Argentina: The Boletin Oficial contains a decree 
authorising the Empresa del Ferrocarril del Sud to carry 
out irrigation works in the valleys of the rivers Negro 
and Neuquen, at an estima cost of 406,928 pesos 
currency (about 35,600/.). A further decree authorises 
the samefcompany to construct two new canals for the 
Rio Negro Superior irrigation system, at an estimated 
cost of 42,500 pesos currency (about 3720/.). 

France: The British Chamber of Commerce, 9, Rue 
des Pyramides, Paris, has a demand for British manufac- 
turers of cardboard-making machinery and for manufac- 
turers of perfumery machinery. 





Tue Avra Hypro-Exectric INsTaLLaTions IN Nor- 
way.—A considerable amount of work has already been 
done in connection with these very important installa- 
tions, in which much English capital is interested. 
Most has been done in the Litledale, which adjoins the 
Sundale. The temporary power-station was within a fort- 
night of its completion, when the stp I age caused by the 
war put an end to the work; it is built wa + 2000 
horse-power for use in the construction of the large 
installations. A narrow-gauge railway, 5 miles long, 
was in use some weeks before the stoppage, for the 
transport of materials, and the large bridge across the 
Driva was apy gy The railway higher up, leadi 
to the Osbu ke, had also been commenced, an 
the 11-mile tunnel from this reservoir had been started 
at four of the sixteen shafts. Of four rope-lines, one 
is ready, and the other three nearly so. Above 
Krogshavn, on the west side of the firth, a distribution 
basin, 800 metres above the sea, is being constructed, 
necessitating the excavation of about 18,000 cubic metres 
of rock, about half of which has been blasted. Several 
pipe-lines are to lead from the reservoir to the power- 
station, and the preparatory work for their installation is 
about ready. Two large quays had also been taken in 
hand, one having been contracted for at about 40,000/. 
The employees, when the work had to be stopped, num- 
bered 1 men for the company, 400 for contractors, 
16 engineers, &c., and quite a town was in existence. 





Canapian Dock Prosects.—A dry dock is to be con- 
structed at Owen Sound by the Canadian Shipbuilding 
and Dry Dock Company, Limited. The company has a 
capital of 2,000,000 dols., and an Ontario charter. The 
headquarters are at Owen Sound, which has decided to 

t a subsidy to the company in the shape of a cash 

us of 10,000 dols. per annum for a term of twenty 
years. This bonus is contingent upon the fulfilment of 
an agreement by which the company must employ at least 
200 men daily for an average of 300 days in each year. 
A site for the dock and plant has been secured upon the 
bay shore of the city. The dock will be 775 ft. long from 
caisson groove to head , and 104 ft. wide at the 
top and 21 ft. rte the __o ee Socerenent 
has passed an Order in il authorising a subsidy 
the A ted Engineering Works, Limited, of 
British umbia. The subsidy is to amount to a 
maximum of 5,500,000 dols., bearing interest at 4 per 
cent. per annum fora period of thirty-five years. e 
subsidy is to be granted for the purpose ef enabling the 
company to construct a dry dock at Vancouver, to cost 
6,500,000 dols. The Lake Superior Dry Dock Construc- 
tion Company, Limited, with an authorised capital of 
1,000,000 dols., - a we A | ayn spy = Pong 
origi organised to build a dry dock a' ] ; 
vy Ba The City of Sault Ste. Marie has 
voted a subsidy to the company of 20,000 dols. per 
annum for a term of twenty years, subject to the 
payment the company of taxes on a fixed assessment, 
which would return to the me age 10,000 dols. annually. 
The Dominion Government also granted a subsidy of 
3 per cent. per annum upon 1,386,528 dols. for a term of 
twenty years. 





BN OTS i eee es 











Nov. 20, 1914.] 


ENGINEERING. 








NOTE ON THE TRANSFORMATIONS OF 
STEELS.* 
By H. De No.ty and L. Veyrer (Saint Chamond, 
Loire). 


I. REVERSIBLE, OR ALMOST REVERSIBLE, 
TRANSFORMATIONS. 
Two theories have been - forward to explain the 


variations in properties which correspond with the trans- 
formation at an in steels. 


1. The Carbide Theory, which attributes these varia- 
tions to a single enon—the solution of carbide in 
an excess of the metal, with the formation of a solid 
solution (Arnold). 

2. The Allotropic Theory, which assumes a dual phe- 
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nomenon: (a) an allotropic transformation of iron (a iron 
into 8 or ¥ iron), and (b) the solution of more or less dis- 
sociated carbide in the 7 iron. + iron either does not 
dissolve the carbide, or the carbon, or dissolves it only to 
a slight extent (Osmond). 

The authors, on the other hand, believe that there is a 
more or less comp 7 dissociation of the carbide accom- 
foaled by the solid solution in the 7 iron, of the carbon 
iberated by this dissociation.t They reserve, however, 
further — on the subject to the end of the 


present 

The ant enmed theory is seductive 
simplicity, but it would seem to explain, rather indif- 
ferently, certain facts observed on examination 
the dilatation curves on different steels.t On the other 


by reason of its 





* Paper contributed to the Iron and Steel Institute. 
_t See Guillet, Ztude Industrielle des des Alliages Métal- 


interpolated in the text the authors | grou 





ques. 
t+ In the fi 
ve 


curves. On ee hand, the different 





carbide is very small. According to the all 
on the contrary, a considerable 

observed, seeing that the transformation of a iron into + 
iron which causes this contraction is at its maximum, 
while the carbide, the 
tends to 
of | is just w 
dead-soft yo fr ed in hard $08 per Gen) =the 4). 


menon is a double one, as the 
to foresee. There is,'to bogin with, « shrinkage BC, 


hand, the second theory can, without much difficulty, be 
made te square with the observed facts. It is only need- 
ful to admit that the allotropic transformation of « iron 
into 7 iron produces a shrinkage, whereas the dissociation 
of carbide, accompanied with solution, causes dilatation, 
which agrees, besides, perfectly well with the authors’ 
own th , a8 it is difficult to elinh that solution, pure 
and simple, should be accompanied by an increase in 
volume—a fact which is indeed observed but very 
seldom—whereas dissociation is nearly always accom- 
panied by increase in volume. To dew that this hypo- 
thesis satisfactorily explains the 
observed, let * stay t nme curves of reversible 
carbon steels egrees of hardness. 

Dead-Soft, Steed ~~ Traces).—According to the 
carbide theory, A variation in volume of a dead-eoft 


Fig. 5. Fig.6. « 
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Fig. 2, on heating, due to the transformation of « iron 
into iron; this shrinkage is less marked than in the 


dead-soft steele—(1 because the steel contains less 
and (2) because the carbide commences to dissociate 
and to dissolve in proportion as y iron is formed, and 
occasions a dilatation which tends to attenuate the con- 

traction due to the allotropic transformation. During 
the allotropic transformation the carbide does not have 
time to pass into complete solution ; the excess of carbide 
_—_ i dissolve once this transformation is finished. 
seen, as & matter of fact, on the curve a 

corresponding with an abnormal dilatation. 

point i> on onwards the whole of the carbide is 
dissolved, oa the steel dilates in a normal manner 

| On cooling, the reverse iocenvel. “There 





is a dilatation FG corresponding with the transformation 
Fig. 7. 
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steel should be very small, seeing that the proportion of 
otropic 


should be 


of which into ae ee 
uce dilatation only, exists as traces. This 
t is found ; shri is much more marked in 


Eutectic Steel agg te ft 





ted the bends observed on the yp 
the ee ny Ln 


together at the end of the roduce 
tation curves just as they wenn aiasll on the 





Le Cha 
of a dilatation following the 
critical 


of + iron into a iron, a dilatation limited by the precipita- 
tion of carbide, which has not become complete at As and 
continues H, accompanied by shrinkage. Beyond 
the point H all the carbide is (id Fig 3. and the “teal 
contracts tee = (see Fig. 4 and ig. 3). 

Onl shrinkage is observed if the heating be gradual 
enoug! to ew the carbide time to dissolve during the 
transformation. After rapid heating a slight dilatation 
is observed after the enndiapnation, owing to the solution 
of the excess of carbide, which has not time com- 
pletely to dissolve during the ae This dila- 
tation is weaker the softer the steel, and becomes nil in 
dead-soft steel (see Fig. 3). 

24 ctic Steel.—The curve is similar to that of 
eutectic steel ; My the curve C D is more pro- 
longed because i with the solution of the 
whole of the Repesmatestie carbon. 


II. InneversisLe TRANSFORMATIONS. 


The true phenomena just investigated do not always 
occur with the same ease ; - curves relating to 
eutectic steel show clearl clearly the solution or a 
cipitation of the a bebing the ee yw 


[— 7 of the during heating and during 
It may therefore be foreseen that by sufficiently 
* Mr. 





2 out the 





t on heating. Pao autites baliove thamacives 
to have fou explanation 


nd herein a plausible 
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rapid heating (carbon steel), or by carrying out the 
transformation as a temperature a lowered 
(special steels), the p _— of the carbide may be 
obviated. The ¥ iron will certainly be trausformed into 
a iron, but the carbide will remain dissolved in a state of 
supersaturation in the airon. This solution of a iron 
supersaturated with carbide in a more or less dissociated 
state, would be ‘‘ martensite.”* Several facts appear to 
confirm this hypothesis :— paey. 
1. The shri e G H (Fig. 2), due to the precipitation 





of carbide being suppressed in a hardened eutectic steel, 
this steel should possess a lower density than the annealed | 
steel. This is just what is found. 

2. In the cooling curves of self-hardening steels the | 
shrinkage G H should not oceur, seeing that the carbide 
remains dissolved. This, as a matter of fact, is what the 
authors have found in all the curves relating to self- 
hardening steels which they have taken, no matter what 


Fig.13 ANNEALED CHROMIUM NICKEL STEEL. 
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their composition. In high-speed steel especially there 
may be seen fai y clearly the bend G H in the curve, 
when the criticai point on cooling occurs at a high tem- 


rature (Fig. 6). In the o te case (Fig. 5) this 
Pend is company ne The Gocbacuned steel 
is YS eee the second is martensitic (see Figs. 9 
and 9 


3. The precipitation of the carbide on tempering, after 

uenching (transformation of martensite into troostite), 
should correspond with a shrinkage of the steel. This 
the authors have observed in all the martensitic steels. 

In the hard carbon steels quenched in water (Fig. 7) 
this shrinkage takes place between about 200 deg. and 
400 deg. Cent.+ (see Fig. 10). In some self-hardening 
chromium-nickel steels this shrinkage, somewhat less 
marked than in the preceding inssance, occasions never- 
theless a well-marked bend in the curve, between 
200 deg. and 400 deg. Cent. (Fig. 11, see also Figs. 13 
and 1d. In high-speed steel this shrinkage does not 
occur until about 700 deg. to 750 deg. Cent., which 
agrees closely with the softening point of these steels 
(Fias. 12, 15, and 16). 

Notes on the Dissociation of Cementite.—The question 
of the dissociation of the carbide has given rise to a 
certain number of controversies. Some authors believe 
that the carbon becomes dissolved in the state of carbide ; 
others, that the carbide dissociates, and that itis the carbon 





* Several authors admit that martensite is formed by 
a solution of carbon or of carbide in a iron. 





+ Maurer, Revue de Métallurgie, October, 1908. 


which dissolves in the y iron. These two views are, 
ee, somewhat extreme. The first-named hypothesis 

oes not adequately explain the eeparation of — 
which is observed in silicon steels after prolonged heat- 
ing,* while, on the other hand, the second hypothesis 
does not square with the cementite precipitation of 
a, carbon steels. It seems to the authors more 
reasonable to allow that the carbide undergoes a i 
dissociation. The austenite would be composed of a solid 
solution of iron, carbon, and iron-carbide in a state of 
chemical equilibrium; the relative proportions of the 
various constituents corresponding with equilibrium 
would vary with the temperature and the composition 
of the — There oe 4 - a hom — 
system ogous to the system hy and iodine 
vapour. According to the respective solubility of carbon 
and carbide (Fe,C) in they iron, it would be possible, on 
cooling, to obtain either graphite or carbide. 


Fig. 14. CHROMIUM NICKEL STEEL 
QUENCHED IN WATER. 
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In ordinary steel the carbide would be the first to 
attain its saturation point; it would commence to sepa- 
rate, and at the same time there would be formed in the 
solid solution a partial combination of iron with carbon, 
in order to re-establish the chemical equilibrium de- 
stroyed by the precipitation of Fe.C. It can be under- 
stood from this how it is that only cementite is obtained 
on slow cooling, the carbide reforming the solid solution, 
at the expense of the carbon present, in proportion as 
the —_— of cementite se te out. 

If the steel contain a high proportion of silicon the 
solubility of the carbon in the y iron is considerably 
reduced, and it will then be the carbon which will, first 
of all, attain saturation point. A deposit of graphite, 
and at thesame time a further dissociation of carbide in 
the depths of the solid solution, will be obtained to 
adjust afresh the chemical equilibrium. Slow cooling 
carried out under these conditions could lead therefore 
only to the separation of graphite by itself. It might be, 
besides, that an intermediate system is formed, which 
would allow of either carbon or graphite being deposited 
according to the temperature. The same theories can be 
applied to the consideration of molten cast iron. 





PuysicaL Apparatus.—The Council of the Physical 
Society have decided not to hold the usual exhibition 
during the present session. 


* Charpy and Cornu, Comptes Rendus, May 26, 1913. 





CATALOGUES. 


Oil-Engines.—A new catalogue of stationary and port- 
able oil-engines has reached us from Messrs. Marshall, 
Sons and Oo., Limited, of Gainsborough. These 
engines are of the horizontal, two-cycle, semi-Diesel type, 
— — work with eM me -— residual oils as 
uel ; the consumption o! crude oil is given as 0.6 pint 
per brake-horse-power hour at full load. The cataleque 
explains the system of working, and gives a complete 
general specification covering the construction of the 
engines. They are e in ten sizes, ranging from 6 to 
50 horse-power, in both the stationary and portable 
types. Tables of weights, dimensions, and other data 
are included in the catalogue. 


Aerial Ropeways.—We have received from Messrs. 
John M. Henderson and Co., of King’s Engineering 
Works, Aberdeen, a booklet illustrating and describing 
some interesting examples of aerial ropeways constructed 
by them. One of these, at Clee Hill, Shropshire, has a 
length of 3? miles, and is used to carry granite from a 
quarry to the railway. Its capacity is 60 tons per hour 
carried in individual loads of 10 cwt. each, at a speed of 
300 ft. per minute. Another, at Loch Leven, Scotland, 
has a length of 4¢ miles, with a difference in altitude of 
1100 ft. against the loads. Individual loads of 6 cwt. each 
are carried at a of 300 ft. per minute, and the capa- 
city of the line is 700 to 1000 tonsa day. Several other 
ropeways erected in this country or abroad, and handling 
timber, stone, ore, town refuse, colliery refuse, and other 
materials are illustrated in the booklet. 


Drying Plant.—The Sturtevant Engineering Company. 
Limited, of 147, Queen Victoria-street, E.C., have issued 
a small catalogue relating to their system of drying, 
which is applicable to all kinds of materials. The drying 
is usually effected by the circulation of warm air, the air 
being heated by passing it through a bank of steam-pipes 
of comparatively small diameter. The catalogue illus- 
trates examples of plants for drying skins and hides, 
laundry work, wool, rags, fibre, yarns, timber, and other 
goods, all these plants being constructed on the above-men- 
tioned principle. A rotary 5 a and a plant for 
drying the interiors of casks by the rapid circulation of 
cold air are also illustrated in the pamphlet. Illustra- 
tions of different types of fans, steam-traps, and other 
accessories are included, together with a useful table and 
chart, from which the quantity of moisture in air at 
different temperatures can be obtained. 


Fans.—The Alldays and Onions Pneumatic Engineer- 
ing Company, Limited, of Great Western Works, Bir- 
mingham, have issued acatalogue giving pricesand particu- 
lars of their ‘‘Sertus” propeller-fans. The special feature 
of these fans is the boss of the propeller, which is designed 
so as to prevent the return of air which takes place at 
this part in propellers of the usual design. Another 
point worth mentioning in connection with these fans is 
that the frame is square instead of circular, as usual. The 
fans are thus simpler to fix, and the corners do not require 
to be filled in, as is necessary with circular fans. They 
are ‘supplied either with electric motors or belt-pulleys 
for driving, and are listed with capacities ranging from 
950 cub. ft. to 50,000 cub. ft. of air per minute. ‘‘ Serlano ” 
open-running wall-fans are also dealt with in the cata- 
logue. These fans are of the centrifugal type, and are 
intended for use where large volumes of air have to be 
moved against a greater resistance than can be overcome 
by fans of the propeller type. Sizes, weights, capacities, 
and other particulars of these fans are given, but prices 
are not stated. 


Metal-Working Machinery.—A very useful and attrac- 
tive catalogue of presses and dies, shearing-machines, 
rolling-mills, and other metal-working machinery has 
been issued by Messrs. John Hands and Sons, Limited, 
of Cardigan Works, Birmingham. Full particulars are 
first given of single-ended and double-ended direct driven 
presses especially suitable for hot clipping and trimming 
of drop-forgings and other work of this class; they are 
made in many different sizes and patterns. Grooving 
and nibbling presses, geared presses, self-feeding presses, 
overhung and inclinable presses, shearing-presses, draw- 
ing-presses, fly- forging-presses, and coining- 
presses, are similarly dealt with. The catalogue also 
includes particulars of planishing-hammers, seaming and 
curling-lathes. spinning-lathes, shearing-machines of all 
types (including circular shears and heavy billet shears), 
slitting-machines, and rolling-mills. In conclusion, 
numerous examples of presswork produced by the firm’s 
machines and dies are illustrated. The catalogue is 
extremely well printed and illustrated, and very con- 
veniently arranged ; it is, in fact, in all respects, a highly 
creditable publication. 








Tue INSTITUTION OF AUTOMOBILE EnaingERs.—Since 
the reading of Mr. Pomeroy’s paper on ‘ Automobile 
Engineering and the War,” the Institution has been 
endeavouring to arrange a conference between automobile 
engineers and steel-makers of this country, but no 
success has attended these efforts up to the present 
owing to the enormous volume of work the steel-makers 
al have in hand. The Council bave now a 
to hold a meeting in the Midlands at which Mr. Pomeroy 
will read another paper, dealing in somewhat greater 
detail with the needs of automobile engineers in the 
direction of stampings, forgings, and castings. The 
desire is to get those who can supply such parts, 
or might be prepared to undertake the supply of such 

and to talk the whole question over with automo- 

ile manufacturers who are at precent in difficulties. It 

is hoped that this paper will be read early in December, 
and that a large muster of those interested will be pr 
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GRANARY AT GLASGOW HARBOUR. 
(Continued from page 585.) 

Havine in previous articles illustrated and 
described the granary, which is specially interesting 
not only for its size and for the combination in the 
one building of ordinary construction and ferro-con- 
crete work, which latter is on the Considére prin- | 
ciple as designed by the Considére Construction 





Company, Limited, London we now turn to the 4000-Ib. automatic machines for weighing the grain | in sacks, will 





The granary is built practically parallel to, but 
at a distance of about 220 ft. from, the quay on the’ 
river side, and on the quay there is laid for a length | 
of 900 ft. a rail-track of 20-ft. gauge for two) 
travelling ship-discharging elevators. A subway is | 

rovided in the back of the quay-wall for two 
ee of band-conveyors. The two elevators are 
each capable of taking 250 tons of grain per hour 
from a steamer, and each is provided with two 
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Fies. 75 to 77. 


ship-discharging, conveying, and distributing machi- 
nery. As mentioned in our introductory article, this 
embodies the fullest Door and latest practice, 
having been constructed by Messrs. Spencer and Co., 
Limited, Melksham, Wilts, who have made grain- 
handling machinery a iality for many years. 
The drawings illustrating the complete installation 
at the Glasgow Granary, the pletion of which 
we begin this week, are therefore of great interest. 
But first a general idea of the arrangement of the 
plant may be given. 











tion of the granary, and enable grain to be deposited 
in any one of the 150 separate bins. The other 
two conveyors, which extend over the floor-storage 
portion of the granary, can deposit grain on any of 
the eleven storage-floors by means of vertical down- 
spouts, spaced gt 12 ft. apart centres, all over the 
floor granary. \The arrangement for turning over 
grain within the granary and delivering it. into 
ges, railway-wagons, or road vehicles, in bulk or 
dealt with in our next article) 
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TRAVELLING ELEVATOR ON (JUAY FOR DISCHARGING 


as elevated. After being weighed it is discharged on 
to the longitudinal band-conveyors running parallel 
to the quay, and delivered by them to transverse 
band-conveyors, running in an underground subway 
connecting quay and granary, which carry it to 
the bottom of the main elevators inside the granary. 
Two main elevators, each capable of dealing with 
250 tons per hour, raise —— to the conveyor 
gallery at the ha | of the building and discharge it 
on to longitudinal band-conveyors for distribution. 








Two of these conveyors extend over the silo por- | 
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Grain FROM SHIPs, 


One of the two travelling ship elevators, running 
on rails on the quay, is illustrated above. These 
elevators are traversed electrically along the quay 
at a speed of 20 ft. per minute, and each is capable 
of discharging grain in bulk at the rate of 250 tons 
per hour. Fig. 75 is a plan, Fig. 76 a front eleva- 
tion, and Fig. 77 a cross-section through the tra- 
velling structure carrying the ship elevator, which 
is shown in the housed position. © approximate 
weight of the structure is 200 tons. «© extreme 
working positions of the elevator are denoted on 
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Fig. 77 by the dotted lines, and this range covers 
the largest and smallest vessels at all states of the 
tide. The telescopic shoot is shown delivering the 
grain into the hoppers at the bottoms of the two 
weighing-elevators. By referring to Fig. 76 it will 
be seen that the maximum intake can be dealt 
with expeditiously by means of the two weighing- 
elevators mentioned above, which are placed on the 
sides of the structure, each delivering into an 
automatic weighing-machine, capable of dealing 
with 4000 lb. of grain at each weigh, without 
retarding in any way the continuous flow of grain. 

The grain, after being weighed, is discharged 
through the fixed shoots in the quay on to either 
of the two conveyors in the subway at the back of 
the quay-wall. Details of these conveyors in the 
subway are shown in Figs. 78 to 81, on Plate 
XLII. accompanying this issue, and a _~ 
tive view is given in Fig. 88, on page 640. e 
shoots are to be seen in Figs. 80 and 88. These 
conveyors are in duplicate, and each is capable of 
dealing with 250 tons of grain per hour, so that 
both ship-elevators can work at the same time. The 
quay is on a curve of 1 mile radius, and the con- 
veyors are arranged in a series of tangential 
straights ; the junction between one set of con- 
veyors and the next is clearly shown by Figs. 78 
and 81, which, with Fig. 79, show the motors driv- 
ing them. The hand-wheels and mitre-gear for 
taking up the slack of the conveyor-bands are also 
shown in Figs. 78 and 81. 

The quay-side conveyors deliver on to two intake 
conveyors running at right angles to them, and 
pl in a subway leading to the elevator-pit 
in the centre of the granary. The intake subway 
machinery for passing the grain from the conveyor 
to the elevators is illustrated by Figs. 82 to 86, on 
Plate XLII, and by Fig. 87, annexed. The in- 
take conveyors will be seen on the left-hand side 
of Figs. 82 and 86, delivering into shoots feeding 
the main intake elevators. 

The two main intake elevators are of the con- 
tinuous-bucket type, each with a capacity of 250 
tons per hour. Perspective views of the elevator- 
heads and the buckets are given in Figs. 90 and 91, 
page 646. The grain is raised to the top of the 
tower and delivered on to four longitudinal troughed 

» band-conveyors, which we will illustrate in detail in 

‘our next article. Figs. 82, 83, and 86 also indicate 
the loading-out bulk and sack band in the intake 
subway, the bands in the longitudinal basement 
subways of the granary, and the short transverse 
band at the north end of the intake subway, the 
latter bands being for the purpose of turning over 
grain in the granary or loading out to barges at the 
quay. Fig. 89, page 646, gives a perspective view 
of one of the longitudinal basement subways, with 
band capable of conveying 100 tons of grain in bulk 
or 5600 sacks per hour. These we will deal with in 
our next article. 

(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS 

AN ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
20th inst., at Storey’s Gate, Westminster, the 
chair, in the unavoidable absence of Sir H. Frederick 
Donaldson, being occupied by Mr. Michael Long- 
ridge, Vice-President. 


Tue tate Mr, FE. B. Eviincton. 


In opening the proceedings the Chairman referred 
to the heavy loss which the Institution had sus- 
tained in the recent death of their Past. President, 
Mr. Ellington, whose duties in the chair had been 
conducted with such dignity and courtesy, as well 
as tact and sound judgment in dealing with difficult 
and delicate situations. Few outside the Council 
knew how great and constant had been his work 
for the Institution, and how iiligently and wi-ely 
it had been done. The recora of that work would 
be a dealt with in the memoir which would 
be published in the Proceedings. One matter 
might be referred to in the meantime—namely, 
the Institution Building. The burden of the work 
in connection with the enlargement of the building 
fell upon Mr. —— and it would stand asa 
memorial of him. e President had written to 
Mrs. Ellington expressing how greatly the Council 
of the Institution honoured her husband in his 
life and the regret that all felt at his death. He 
was sure that the meeting would be glad to pass 
the following resolution :— 
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** The Council and members of the Institution 
hear with the keenest regret of the decease of their 
late esteemed Past-President, Mr. Edward Elling- 
ton, who, by his business ability, his tact, and his 
unfailing readiness to forward the progress, prestige 
and usefulness of the Institution, leaves a mark 
and example to his successors which will undoubt- 
edly bear fruit for the further oe of the Insti- 
tution. They resolve that the heartfelt expressions 
of sympathy be conveyed to Mrs. Ellington and 
her family in the loss they have sustained.” 


GARRISON ARTILLERY. 


The formal business of the meeting having been 
next despatched, the Chairman remarked that 
since the last meeting the Institution had been 
asked to find men for commissions in the Garrison 
Artillery, to serve in England, and possibly in 
Malta. A number of names had been sent up, 
and he was glad to say that from among those 
names the required number of men had been 
selected and put forward for commissions. 


Errect or Vacuum 1n SteamM-TuRBINEs. 


A paper entitled ‘‘ The Effect of Vacuum in 
Steam-Turbines,” by Mr. G. Gerald Stoney, F.R.S., 
Member, was then read in abstract by the author. 
This paper we print in full in another part of this 
issue. 

After passing a vote of thanks to the author, the 
Chairman said that to those who had not had to do 
with the design of turbines and their condenser 
plant the paper might appear to be an amplification 
of the well-known home truths that a reduction of 
back pressure increased the power of the turbine, 
and that an increase in the quantity of cooling 
water and in condenser surface, as well as in the 
efficiency of air-pumps, reduced the back pres- 
sure. e paper, however, made a very serious 
attempt to correlate broadly the effects produced 
and the conditions producingthem. Heconsidered 
Figs. 1 and 2 of the paper to be a set of very useful 
and reliable curves. They showed the increase in 
power expressed in thermal units, or, perhaps, 
increase in the quantity of heat convertible into 
work per pound of steam expanded adiabatically 
from 175 lb. and 15 1b. pressure to various degrees 
of vacuum. Ina turbine the expansion was very 
- ogrysend adiabatic, and therefore he thought 
that the curves might be considered fairly reli- 
able. 
them was that, instead of using the expression 
** British thermal units available per pound of 
steam,” the words ‘‘ power per pound of steam” or 
“heat convertible into work per pound of steam 
expanded adiabatically ” should be adopted. That 
was really what was meant. The B.Th.U. avail- 
able were the B.Th.U. which could be converted 
into work in adiabatic expansion. He thought it 
would be advantageous if a foot-note were added 
showing the formula by which the curves were 
obtained. The formula was a common one, but not 
known toall, especially with regard to superheating. 
He was not so certain with regard to the curves 
in Figs. 3and 4. They were got out, in the first 
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place, on the supposition that the transmission was 
proportional to the difference of temperature be- 
tween the steam outside and the water inside 
the tubes, and that, doubtless, was a fairly true 
assumption. He did not, however, consider it 
quite true that the temperature of the water 
leaving the condenser to go to the pump was 
always the same as the temperature of the steam. 
There were many cases in which it was a good deal 
colder, and he had found cases in which the tem- 
perature T was not by any means constant, but 
higher at the top of the condenser than at the 
bottom. That was due to steam not getting freely 
through the tubes, but the point was rather a small 
one. The important point about the curves was 
that the quantities the designer wanted were the 
amount of water X which had to be passed through 
the condenser, and S, the reciprocal of the surface, 
or the number of pounds of steam condensed per 

uare foot of surface. That depended upon K, 
which wasa very variable quantity ; it depended not 
only upon X and §, but certainly also upon the 
speed with which the water went through the con- 
denser. One other point. Me. Stoney had given the 
proportionate weight of various parts of a turbine 
plant ; it would, he thought, be a great advantage 
if the comparative prices could also be given. The 
cost of working a plant was important, and the 
cost of amortisation of the capital was no small a 
proportion of the total expense of working. 

Mr. D. B. Morison, who spoke next, observed 
that the turbine appreciated vacuum to a greater 
extent than any other steam-engine. The com- 
mercial turbine of the present day was bladed for 
the highest vacuum that could be obtained with the 
condensing water available. The effect of vacuum 
on a turbine bladed for, say, 26 in. of vacuum was 
also considerable, provided the exhaust-chamber was 
suitably designed. An ideal exhaust-chamber was 
one in which the steam issuing from the last row 
of blades was conducted to the condenser by a 
diverging nozzle, suitably directed and adequately 
proportioned ; in practice that was very difficult to 
attain. Designers of turbines were giving more 
and more attention to the contour of the exhaust- 
chamber, as they realised that on its correct pro- 
portions depended the degree of vacuum which 
could be responded to by the turbine. Perhaps 
the most interesting turbine on the marine side 
was the geared turbine. The geared turbine was 
of such adesign as would enable the highest 
attainable vacuum to give almost the theoretical 
economy due to that vacuum. Consequently the 
marine geared turbineshould be bladed forthe highest 
vacuum that was obtainable in the coldest water 
in which the vessel traded. It was quite an easy 
matter to ascertain what was the limiting vacuum 
in any turbine plant ; and it was not only easy, 
but exceedingly instructive, because if a higher 
vacuum were carried than the turbine would 
respond to, the effect or the loss would be twofold, 
in that the turbine efficiency was sacrificed ; the 
condensate was lowered in temperature, and there- 
fore the efficiency of the boiler was sacrificed. As 
far as the condenser was concerned, the controlling 
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vacuum was that carried in the steam space above 
the tubes, and it was futile to record any other 
vacuum in that condenser. The resistance of a 
condenser was very low indeed, and was the differ- 
ence in vacua between the top above the tubes and 
in the air-pump suction-pipe. It was necessary, 
in order to establish a true resistance, that the 
air-pump should be one of very high efficiency. 
The most efficient a for the production of 
the highest attainable vacuum was undoubtedly a 
steam-jet.. The credit of introducing that appa- 
ratus to condenser-designers was due to Sir Charles 
Parsons. It had been used for creating an initial 
vacuum in a condenser, and, either alone or in 
series, in water-coolers for taking the vapour away 
from the surface of the water to be cooled. But 
Sir Charles Parsons gave to the world an apparatus 
by which a vacuum could be obtained in a surface- 
condenser higher than had ever been obtained 
before in a commercial plant, and, he thought, by 
any air-pump apparatus. Mr. Stoney had referred 
to the importance of a high-efficieney air-pump 
when a turbine was running below its full load, and 
consequently when the condenser was lightly loaded. 
If a condenser were lightly loaded, the condensa- 
tion took place on a few upper rows of tubes; 
below that was a large volume of highly aerated 
vapour— very difficult to condense — prevailing 
over a large amount of the surface. The only way 
to bring the temperature which prevailed at the 
top lower down was to remove that aerated vapour 
below the condenser-tubes. No apparatus would 
dv that so effectively as a steam jet. 

Mr. H. Fothergill remarked that in the case 
of a modern battle-cruiser, the horse-power at 
full speed was about 100,000. At cruising speed 
the horse-power would be about 4000, or 4 per 
cent. of the full load. At full load there was so 
much condensate that it might be possible to con- 
dense the whole of the auxiliary exhaust steam in 
the feed-water; but at cruising speeds that was 
obviously impossible. It was therefore necessary, 
in order to recover part of the power in the 
auxiliary steam, to turn it into the turbine. To 
obtain the maximum economy a high vacuum 
should be maintained at all speeds. To obtain 
that high vacuum under full-] conditions would 
require for driving the air-withdrawing apparatus 
about 4 per cent. of the steam consumed. 
At cruising speeds that figure increased to 
about 74 per cent. The question was, then, 
whether that high vacuum was worth the extra 
percentage of power. Mr. Stoney had said that 
‘*much more careful attention was required in the 
future as to the shape of the exhaust.” Till re- 
cently, the exhaust passage was not considered ; so 
long as the exhaust was got into the condenser, 
that was considered as quite sufficient. There was 
therefore often a battering effect, due to sharp 
elbows and corners, and the kinetic energy of the 
steam flowing from the turbine was to a great 
extent lost ; it was only the potential energy, due 
to the difference in pressure between the inlet to 
the condenser and the air-pump suction, that 
caused the flow of steam over the tubes. Those 
conditions necessitated a very great difference in 
pressure. As a result, a high vacuum at the exhaust 
inlet to the condenser was unobtainable. If the 
steam were guided, or directing-plates were put 
into the exhaust-steam inlet into the condenser, 
the kinetic energy of that steam could be utilised 
for carrying it into the condenser and over the 
cooling s e, thereby reducing the loss of pres- 
sure between that and the outlet. The results 
given by Mr. Stoney in regard to vacuum in 
tropical waters seemed excellent. He would like 
particulars of the arrangement by which that 
high vacuum had been made obtainable. He was 
glad that the author had taken up the question of 
weights. There was a great deal of hesitation as 
to whether the increase in weight of a condenser 
due to high vacuum was worth the general increase 
of weight in the engine-room. It was rather dis- 
countenanced by some engineers ; but those engi- 
neers, as Mr. Stoney had pointed out, seemed 
to overlook the fact that the size of the boilers 
could be reduced by this means. 

Mr. H. Wheatley Ridsdale asked the author 
whether he could not differentiate to some extent 
between the figures which were purely theoretical 
and due to calculation and those that had been 
verified by direct observation, not so much for 
turbines bladed for high vacua as for those bladed 
for a comparatively low vacuum, such as 26 in., 
which were and had been worked at higher 


vacua. It was very important that the exact 
place where the vacuum was measured should be 
specified or referred to. He had found it a matter 
of extreme difficulty to measure the real vacuum at 
the exhaust from the last row of blades; he had 
never been able to get satisfactory concordance 
between pressure and tem ture measurements 
at that position. He thought the point deserved 
Sane wen With the + ponany by restricted ex- 
aust-passages imposed upon the designer in many 
marine installations, se gaa ve frequently under 
more steam or overload than the designer intended, 
there must be inequalities of pressure round the 
annulus of the blades, some blades having 3 
much freer exhaust than others. It was really 
n to know what happened all round the 
annulus of exhaust-blades close up to them. It 
was not sufficient merely to say that such and such 
a vacuum, which was measured at the top of the con- 
denser, affected a turbine in such a way. That was, 
of course, the proper place to measure vacuum when 
talking about condenser performance, but the tur- 
bine itself might know nothing about what happened 
there. In his experience of marine suaties to had 
never known a case of a turbine which, however over- 
loaded or inadequately bladed or restricted in its 
exhaust, did not respond, in the shape of increased 
revolutions, to any increase in vacuum for a given 
initial steam pressure. That was a matter which 
could be easily tested simply by speeding up the 
circulating pump on one side of a ship, while the 
other pump was kept at constant revolutions. He 
had had some opportunity of observing what feed- 
heaters could do in warships, and he had never 
known of a case in which the quantity of exhaust 
steam from the auxiliaries was not ter at full 
power than the heaters could handle ; that being 
so, it was quite evident that the feed was being 
given to the boilers at the highest possible tem- 
perature, whatever might have been its tempera- 
ture as condensate. In the case of lower loads, 
the trouble did not arise so much from not 
having enough auxiliary exhaust to heat the feed, 
but from having a great deal more than could 
be used for the purpose. He had no hesitation in 
making a general statement that the best vacuum 
for every marine turbine was always the highest 
obtainable. It would always be wise to design, in 
the case of warships, for the very highest vacuum, 
the reason being that if a waiship to do her 
work in the warmer seas, the conditions of the 
temperature and of available space on board might 
make the upper limiting vacuum which it was 
possible to obtain so low that the working was not 
on the most profitable part of the range. It would 
cost about the same in weight to obtain the last 
in. of vacuum, whether from 27 in. to 274 in., or 
om 28} in. to29 in. But the last half inch was 
nothing like so profitable in the case of the 
low-vacuum plant as in the case of an installa- 
tion in which the vacuum was much less restricted. 
On a vessel he had in view, by cutting down 
the vacuum from an already low figure, it was 
ible with the weight saved to increase the 
boiler plant by no less than 8 per cent.; the steam 
consumption was, of course, 8 per cent. greater. 
The power developed, however, was from 2 per 
cent. to 3 per cent. greater than would have been 
possible the 8 per cent. of weight been applied 
to improving the condensers rather than to increas- 
ing the boiler power. In the case of such a vessel, 
belonging to the destroyer class, the problem 
was not economy, but of getting the maximum 
power at full load out of a given weight of machi- 
nery. The radius of action at full speed was, of 
course, reduced by the increased fuel consumption 
to about 8 per cent. But at lower powers, where 
the condenser plant became adequate to the lower- 
ing of the load, the radius of action was just as 
great as it would have been had the condenser 
plant been more liberally proportioned. 

Professor H. Hubert, of Liége, desired, in the 
first place, to take the opportunity of expressing 
his t s for the welcome which he, personally, 
had received, as also for that which had been 
accorded to his countrymen in England. He would 
\like to direct the attention to one interesting 
|matter—namely, the utility of a high working 
| vacuum for a turbine working with exhaust steam. 
| His friend, Professor Rateau, had, as was known, 
succeeded in considerably augmenting the output 
of rolling-mill engines. 

Professor Rateau increased the output of an 800- 
horse-power reciprocating rolling-mill plant by 
some 250 horse-power by introducing an exhaust- 








steam turbine working with steam at a pressure of 
1 atmosphere, the water being heated in the accu- 
mulator to 100 deg. Cent. or that sort of thing, 
however, it was essential for the turbine to have a 
very good condenser ; the turbine would be of no 
use without that. The question was an interesting 
one for mine-owners and also for the rolling-mill 
works, because these engines did not use con- 
densers, or used them only with difficulty. He 
knew of a case in which a rolling-mill engine in 
Germany had s very good vacuum, but the engine, 
nevertheless, used the same quantity of steam as 
when there was no vacuum, because the vacuum 
never arrived at the engine, on account of the great 
distance between the engine and the condenser. It 
was of importance to have a perfect vacuum to 
work the turbine, and the condenser should accord- 
ingly be very near the turbine. 

Me. Cc. ey Wingfield, who followed, 
agreed with Professor Hubert as to the importance 
of ae the exhaust-pipe as short as possible, 
but had found that (with reciprocating engines of 
destroyers) there was not the same necessity as 
regarded the height of the air-pump suction. 

r. Wingfield made two sketches (Figs. 1 and 2 
herewith) on the blackboard to show that air mixed 
with the steam caused the temperature of the ex- 
haust to be lower than that given in steam-tables 
as corresponding to the observed pressures. 

In Fig. 1, which illustrated the case of steam with 
no admixture of air, the absolute pressure was the 
difference O P between the height of the barometer 
and the vacuum shown by a vacuum-gauge. In 
this case the temperature T would agree with that 
given by steam-tables for a pressure O P. 

n Me 2 air was present, and as its pressure 
was added to that of the steam, or vapour, it 
followed that if their sum O A were the same as 


Fig2. 





before (viz., O P, Fig. 1), the steam pressure, O p, 
must be less than before, as shown in Fig. 2. e 
temperature in that case would be ¢ deg., corre- 
sponding to the pressure Op, instead of T deg., 
corresponding to the pressuie OP. The diagram 
thus showed that, with equal vacua, the tempera- 
ture must be reduced when air was present. Any- 
thing which reduced the quantity of air would lower 
the point A (Fig. 2), bringing it nearer p, and the 
vacuum would be igen by the same amount. 

As withdrawal of air reduced the heat insulation, 
condensation would proceed with greater efficiency, 
and p would be lowered. As this would cool the 
feed-water below ¢t, it would probably be best to 
regulate the circulating water so as to maintain the 

ressure at p, or even to raise it. If this were 
om there would still be a gain if A were 
lowered more than p was raised. This illustrated 
the author’s frequently-repeated insistence on the 
necessity for adequate means of removing air. 

Mr. A. K. Bruce said he had experience of 
certain triple-expansion engines, with a steam- 
pressure of 190 lb. and a superheat of about 
80 deg. condensing, employed for driving a mine 
mill in Australia, combined with an impulse tur- 
bine, a surface-condensing plant, and a cooling 
tower. The oo oe unit, with coal at 36s. a 
ton, was fractionally over 1d. in the case of the 
triple-expansion engine. With the turbine plant 
added, although the output was materially in- 
creased, the coal cost was not much affected, bein 
reduced to a fraction under 1d. unit. Wi 
a better vacuum at the turbine the coal cost might 
have been considerably more favourable, and the 
increased output might have been obtained with 
increased efficiency and economy. With regard 
to auxiliary exhaust, the report of the Committee 
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on Water-Tube Boilers (1900-2) showed that the 
cruiser Hyacinth, with the auxiliary exhaust turned 
into the receivers of a four-crank triple-expansion 
engine, gave at high powers an economy less than 
with open exhaust. Presumably the steam con- 
sumption of the auxiliaries was so much increased 
by oe back —_ that bn total consumption 
per horse-power for propelling purposes was in- 
creased. me interesting data = the utilisation 
of auxiliary exhaust in heating feed-water was 
derived from the United States Navy Department. 
Some time ago the results of tests of three oil- 
fired destroyers had been published. The vessels 
ran a standard speed of 29 knots throughout. In 
one ship the auxiliaries exhausted to the feed- 
heater, in the second to the low-pressure turbine, 
and in the third in parallel to both. With the 
exhaust to the feed-water the economy in oil was 
15.2 per cent. better than in the case of the vessel 
with closed exhaust turned into the low-pressure 
turbines. With the boat in which feed-heating 
and closed exhaust were both employed the advan- 
tage was 8 per cent., or just between the two. 
French engineers had reverted to the use of the 
compound engine in combination with the low- 
pressure turbine, usually on four shafts. The 
arrangement was not only very economical, but 
should be made more so by the use of the most 
efficient type of turbine and blading, and ordinary 
compound engines with a fairl call cylinder ratio. 
These engines exhausted well above atmosphere 
straight into the turbine. 

Mr. Wm. H. Patchell, who spoke next, said we 
had apparently reached the ‘‘ condenser age.” In 
power-station construction there had been various 
ages. At one time the station had to be designed 
round a given engine ; then round a given boiler. 
The author’s paper touched the bed-rock of the 
matter. The safest vacuum was taken consistent 
with the cooling water available, the best turbine 

ible for a given vacuum was procured ; then, 
the better the quality of the condenser installed, 
the better the station would be. It would assist the 
digestion of the information in the paper if the 
author would differentiate between the figures re- 
presenting theoretical gains and those which related 
to ‘‘guaranteed gains,” or gains which might be 
attained in practice. It was astonishing to find 
what differences of opinion existed among turbine- 
makers as to the effect of vacuum on their parti- 
cular turbines. He was not a turbine-designer, 
and could not say whether the differences were 
due to the idiosyncracy of the turbine or that of 
the designer or salesman. It might be the factor 
of safety, as Mr. Trotter called it, which was some- 
times the factor of ignorance, because very few 
of the designers or makers had an opportunity of 
accurately checking such figures, The matter was 
not wholly wrapped up with the cost of the fur- 
bine or that of the condenser; it was nec 
to have the cost of the plant. When hunting for 
similar figures, he had found the subject best 
dealt with in a paper by Mr. Dreyfus, published, 
he believed, in the Electrical Journal of the 
Westinghouse Company during 1911. Figures were 
there given for stated conditions of plant; the 
effect on the turbine itself; the effect on the fuel 
per horse-power, or per kilowatt-hour, &c. Some- 
times it would be found that, basing figures upon 
the best conditions available, it oul pay to = 
in a certain plant with coal at a given figure ; but 
if, due to circumstances beyond control, the price of 
coal went up by 50 per cent. to 75 per'cent., as it 
had done in recent years, with very little chance 
of going down again, he thought that it would pay 
to put in the very best condenser obtainable, and 
the most of it. 

Captain H. Riall Sankey said that, in regard to 
the variation in the guarantees given by turbine- 
makers, there was a simple way of determinin 
these. All experiments he had seen so far owed 
clearly that the efficiency ratio of the turbine 
remained practically constant for all loads; that 
was to say, the ratio of the heat utilised to the heat 
available on the Rankine cycle. Having that fact, 
it was easy at any time, knowing the consumption 
of the turbine under certain steam conditions, 
to deduce from that what it would be under 
other conditions by means of the Mollier chart. 
He had an example. Taking the case of a saturated- 
steam engine working at 150 lb. per sq. in., with a 
vacuum of 28 in. The total heat of the steam was 
1195 B.Th.U., and adiabatic ex ion down to 
29 deg. would give a residual heat content of 
875 B.Th.U. Subtracting one from the other left 





320 B.Th.U. If, in a turbine tested under those 
conditions, the consumption was 15 lb. of steam per 
kilowatt-hour, the efficiency ratio would work out at 
70 per cent. Taking the figure 3412 B.Th.U. per 
minute and dividing it by 15 gave 227, and the ratio 
of 227 divided by 320 was 70 percent. Supposing, 
however, the vacuum to be reduced to 26 in. The 
revious total was 1195, but adiabatic expansion 
Sooughe the figure to 910 B.Th.U.; the difference 
was 285. If that were samy by 0.7, the 
result was 199.5, and dividing 3412 by this latter 
figure gave 17.1 lb. per kilowatt-hour as the steam 
consumption with 26 in. of vacuum. In Tables I. 
and II. the author had given the number of 
heat units available for 1 in. of vacuum theore- 
tically, while, later in the paper, he had given 
figures for the heat practically utilised. rom 
the tables, it would bs seen that for the same 
difference of vacuum (26 in. to 27 in.) 15 B.Th.U. 
were given. The practical figure given was 12 
B.Th.U. The ratio between those two was 80 per 
cent., so that for that portion of the expansion 
the efficiency ratio was r cent. Returning to 
the practical figures for 28} in. to 29 in., and com- 
paring that with the tables, it would be seen that 
the efficiency ratio was 70 per cent., as would be 
expected. As the vacuum became better the 
efficiency ratio became less. Incidentally, he 
might remark, that was one reason why a turbine 
could utilise vacuum better than a reciprocating 
engine, wherein, between 26 in. and 27 in., he felt 
sure that the ratio of efficiency would not exceed 
20 per cent., while between 28 in. and 29 in. 
it would be negligible. The author had re- 
ferred to certain gains by utilising the exhaust 
of auxiliaries, and so forth. He (Captain Sankey) 
recalled a case of the utilisation of the heat of the 
circulating water in a Foéttinger gear. A paper 
on the subject had appeared in the Zeitschrift des 
Vereines Deutscher Ingeniewre, which showed that 
in the case of the Konigin Luise (now happily at 
the bottom of the sea) the gain was 2 per cent. 
Mr. Stoney had given the value of K as 1500 
B.Th.U., and he would ask whether that figure 
was not very high and practically unobtain- 
able. The conductivity factor might be taken 
as anything between 300 and 1500 B.Th.U.; a 
great deal was left to the imagination, and he 
would be glad if the author could define the 
factor a little more closely. The paper also stated 
that the increase of vacuum did not depend on the 
quantity of the circulating water ; that was because, 
as seen in Figs. 4 and 5 of the paper, the tempe- 
rature ¢, rose, and the curves followed almost 
eee 
. G. Stoney, in reply to the discussion, agreed 
with Mr. Longridge’s suggestion that “B Th.U. 
convertible into work per pound of steam expanded 
adiabatically ” better expressed what it was in- 
tended to convey in Figs. 1 and 2. He had been 
so accustomed to take the B.Th.U. ‘‘ available” 
that it did not occur to him that the matter 
would not be quite clear. He had taken his 
figures, without calculation direct, from Peabody’s 
entropy tables, these being the easiest for work- 
ing out such things. In regard to the weights 
given, it would be exceedingly difficult to add 
prices, and he feared it would be impossible to 
get the consent of those who had given him the 
weights. Mr. Morison had laid stress on the 
fact that at low load air extraction was much 
the most important thing. But there was a point in 
air extraction, at small loads, where it was possible 
that the amount of power used in extraction might 
exceed the gain in the turbine ; the installation as 
a whole had, in every case, to be considered. 
Mr. Fothergill had touched upon the same point, 
particularising the most difficult case of a battle- 
cruiser, where the cruising power was only about 
4 per cent. of the full power. A steam-jet taking, 
say, $ per cent. of the steam at full load would at 
cruising speed take 7} per cent. Here an important 
problem presented itself. Was such a large steam- 
Jet worth while, and wouldthe gainin vacuum beequal 
to it? Of course, it must be remembered that the 
gain due to vacuum was very large indeed at small 
loads, and therefore it bably was worth while; 
but the whole case to be considered on its 
merits. It would be interesting if a careful set of 
teste were made, as nearly as ible under marine 
conditions, on a land turbine. He thought such a 
test could be made at small loads on a land instal- 
lation, taking into account the steam used by 
auxiliaries and everything, and it would be of 
great importance in relation to marine work. 





An advantage of such a test was that it could be 
made on a fairly large scale without much boiler 
power. It was a matter which manufacturers of 
condensing plant and turbines might possibly con- 
sider. A good deal might’ be done by shaping the 
exhaust and leading it away, so as to reduce the velo- 
city of the steam leaving the blades before it entered 
the condenser, getting a sort of ejector action. That 
was largely done in the most perfect of all turbines 
—the a ag yw was a radial-flow turbine. 
He would refer Mr. Ridsdale to the figures as to 
gain per inch of vacuum at full load; the table 
given embodied data acquired in his own personal 
experience, and applied to turbines bladed for about 
26 in. of vacuum. If bladed for other vacua, dif- 
ferent values resulted. Where to measure the 
vacuum was a most difficult problem. It could not 
be measured close up to the blades owing to in- 
evitable obstructions in the exhaust, and it was 
impracticable to measure the temperature and pres- 
sure of a moving gas; nobody had succeeded in 
doing that. He had always assumed that the 
vacuum was to be measured at the exhaust flange. 
That was not correct, but he could not see where 
else it could be taken. Mr. Ridsdale had stated 
that in marine practice increase of vacuum always 
gave increase of _— that was to say, when, 
due to increasing the speed of the circulating and 
air-pumps on one side of a ship, the vacuum was 
increased more revolutions were obtained. That 
was true, but at the same time the steam con- 
sumption of the air and circulating-pumps was 
increased, and if the steam used in these was 
more than could be condensed by the feed, a 
reduction in the total efficiency of the whole plant 
might result from the extra exhaust steam which 
would go over into the low-pressure turbine or 
direct into the condenser. As a general rule, the 
best vacuum was the highest obtainable, although 
that rule might have to be qualified by the merits 
of each particular case. Professor Hubert’s remark 
that vacuum was much more important in an ex- 
haust-steam turbine than in a high-pressure turbine 
was perfectly true ; it was, roughly, of double the 
value, as would at once be seen by comparing 
Tables I. and II. With an exhaust-steam turbine 
the very _—. vacuum obtainable was always 
the best. r. Bruce had said that an economy of 
15.2 per cent. was got by putting the exhaust into 
the feed-water, as compared with putting it into 
the low-pressure turbine. This would be true so 
long as the auxiliary exhaust was not more than 
could be condensed by the feed-water ; but in many 
cases it was much more, and then, of course, it had 
to be divided between the two. In reply to Mr. 
Patchell, he would say that Tables I. and IT. showed 
the theoretical gains which might be obtained with 
suitably designed turbines, while the figures given 
later represented the actual gains with a turbine 
designed for 26 in. of vacuum. It was a difficult 
thing to measure the exact gains of vacuum in a 
turbine, because the difference measured was always 
between two big quantities. He himself felt that 
he knew little about it, and would not undertake to 
state the gains due to vacuum in a certain turbine. 
Manufacturers were in a similar predicament, and 
they usually put down what they thought best. 
The allowances by different firms all varied. No- 
body knew within, say, 1 per cent. what was the 
effect of vacuum in a given turbine. Captain Sankey 
had remarked that a conductivity of 1500 in a 
condenser -was very high. That was so, but in 
highly loaded condensers with an extremely high 
wiedhe in the tubes, and with clean tubes, such a 
value might be obtained. With average condensers 
the more probable figure would be 600 to 800 at 
full loads, going down, perhaps, at light loads to 
400 or 500, since by reason of air extraction not 
being perfect, conductivity fell at smaller loads. 

The Chairman announced that the date of the 
Hawksley Lecture, which was to have been deli- 
vered by the late Mr. Bryan, had not yet been 
definitely settled, but the lecture would probably 
be delivered in a fortnight’s time. Mr. Bryan’s 
son had kindly consented to undertake its delivery. 
The next ordinary meeting was announced to take 
place on Friday, December 18, when a group of 
papers on ‘‘ Audible and Other Cab Signals on 
British Railways” would be read. 





MeEetIne at Mancuesrer. 
Mr. G. Stoney’s paper on‘*‘ The Effect of Vacuum 
in Steam-Turbines” was further considered at 4 
meeting of the members of the Institution in 
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Manchester, on Tuesday, the 24th inst. The chair 
was taken by Mr. Michael Longridge, Vice-Presi- 
dent. The proceedings opened with a reference 
to the death by Mr. E. B. Ellington by the Chair- 
man, who related what had been done in this con- 
nection at the London meeting and reported above. 
Mr. Longridge then announced that he had re- 
ceived a telegram and letter from Mr. Stoney 
stating that he considered the condition of affairs 
on the North-East Coast so serious that he did 
not feel justified in leaving to attend the meeting 
in Manchester, and therefore with regret had had 
to abandon his intention of being present. Mr. 
Longridge then referred to the Association Foot- 
ball scandal and read to the meeting the stery 
of Colonel Burn’s appeal of Saturday last to the 
football crowds at Stamford Bridge. He implored 
the members present, if any of them were con- 
nected with the Association, to write to the officials 
in no measured terms condemning its present 
attitude ; at the same time he appealed to all who 
had direct influence with workmen to do all they 
could to try and get them to do their duty to their 
country. These remarks of the Chairman met 
with such hearty approval on the part of the meet- 
ing that it was clear that those present had little 
sympathy in the continuance at this time of the 
professional football, which, unfortunately, con- 
stitutes an all-absorbing attraction to a large 
portion of our male population. The formal busi- 
ness then having been dealt with, the Secretary, 
Mr. E. Worthington, read Mr. Stoney’s paper on 
‘*The Effect of Vacuum in Steam-Turbines.” 

At the conclusion, the Chairman, Mr. Michael 
Longridge, remarked that most engineering prob- 
lems were solved by a compromise. At one end 
there was the engineer in search of the highest 
efficiency obtamable ; at the other was the money- 
maker whose prime consideration was low costs. The 
object of the paper he took to be to give the designer 
some idea of the measure of the gains brought 
about by certain possible changes, and some idea 
of the costs involved. The first point considered 
was a change in vacuum. In Fig. 1 of the paper 
there was given a diagonal line showing the BTh U. 
available for conversion into work when expanding 
adiabatically from 175 lb. pressure and 150 deg. 
superheat to various temperatures of vacuum. This 
line ran from about 398 B.Th.U. with a vacuum at 
70 deg. Fahr. to 292 B.Th.U., at 140 deg. Fahr. 
Those were the maximum quantities which could 
be converted. Unless it was remembered that it 
was impossible to convert the whole heat, the 
designer would be led astray. He did not know 
what ee was to be expected in turbine 
work, but if it were possible, say, to convert 70 
per cent. of the heat available into work, the line 
showing actual ible results would run from, 
say, 278 B.Th.U. to 218 B.Th.U. or thereabouts. 
It was most important to remember that in this 
diagram the coefficient reducing the theoretical to 
the practical value had been omitted. Then, again, 
with regard to Figs. 3, 4, and 5, which involved 
the factors K, S, and X, values were given for K 
varying from 0 to 800. The condenser-designer 
had to decide upon S and X, and with such a range 
it was clearly difficult to know what to do. e 
theught the discussion might advantageously be 
directed to the coefficient by which theoretical 
might be reduced to practical figures, and also to 
the practical values of K. 

Mr. Alfred Saxon was the first speaker. He 
had listened with great pleasure some time ago to 
Mr. Stoney’s lecture on steam-turbines at Owens 
College. The present paper was masterly. With 
regard to turbine design, Mr. Stoney advocated 
practically throughout the high vacuum. The 
extra gain in the case of the low-pressure turbine 
should, he thought, stimulate the combination of 
the exhaust-turbine with the steam-engine. At 
the high-pressure end of an installation the steam- 
engine was all right, but at the low-pressure end 
the turbine was best. He thought it would be 
interesting, therefore, if the author could give 
some information as to the reliability and eeallons 
from breakdown of the low-pressure turbine, or 
section of a turbine, com with the high-pres- 
sure end, which they all knew to be liable to certain 
failures. It was important to secure a degree of 
reliability equal to that of the steam - engine 
if progress with the low-pressure turbiné was 
to be made. He had to thank the author fer the 
straightforward way in which he had dealt with the 
subjects raised in the paper, and for supplying data 
which would be valuable to those of them who 





were not actual builders of turbines. He was 
himself at the moment putting forward a scheme 
combining a steam reciprocating engine and an 
exhaust turbine. 

Mr. J. N. Bailey, who followed, said that all 
would be sorry that the author was not present, as 
no one was better versed in the subject. The 
paper was difficult to discuss, because the broad 
principles enunciated were agreed to by all turbine- 
designers. With regard to the Chairman’s refer- 
ence to Fig. 1, the values there given varied so much 
that another paper could well be written on the 
relationship of theory to practice and the coefficient 
of reduction. It was impossible to give any hard 
and fast line. The question of vacuum in con- 
nection with turbines was so important that one 
wondered if the whole subject had not been 
attacked from the wrong end. The fact was that, 
had the principles of steam been studied and known 
to a greater extent, turbine problems would have 
been approached from the exhaust end. It would, 
he thought, have developed more quickly if the 
effect of vacuum had been realised earlier. As Mr. 
Saxon had said, the steam-engine was satisfactory 
at the high-pressure end. They were reaching the 
stage at which they required new materialse—some- 
thing of lighter weight. The shape of the exhaust 
had a great effect on steam consumption, owing to 
the formation of eddies. It was essential that the 
passages should be shaped to give an easy flow from 
the turbine to the condenser. With regard to 
the transmission of heat, if the tubes were sur- 
rounded by air, the heat transfer would be much 
reduced. That point had come into prominence in 
connection with turbine work, and now received a 
considerable amount of attention. 

Mr. 8S. L. Pearce said the paper was not an easy 
one to discuss. They agreed with the main prin- 
ciples laid down, but the author, early in his paper, 
put on one side the consideration of plants working 
with cooling-towers. The use of cooling-towers 
complicated matters. In Manchester they were not 
situated very fortunately with regard to water 
supply. In connection with the new Manchester 
scheme he had taken the trouble to get out figures 
for working with an unlimited water supply, and 
also with cooling-towers. He found that for 90,000 
kw. installed, the difference in working costs per 
annum would be 14,0001. in favour of the towers. 
mma generally, in this country we were not 
blessed with ample supplies of water. Most electri- 
city-supply undertakings had to work with cooling- 
towers, and then high vacua could only be obtained 
at very great cost. The question of air extrac- 
tion was important, and bound up with the 
driving of the auxiliaries. In land work they 
could use electrically-driven auxiliaries. He per- 
sonally advocated a combination system. It was 
imperative to divide the auxiliaries into two sets, 
so as to have ample stand-by plant. It was then 
possible to have one set driven by steam and the 
other by electricity. Each condensate-pump and 
each air-pump should be capable of dealing with 
normal conditions. The second air-pump could be 
put on if abnormal leakage developed, as it some- 
times did. He did not think it was economical to 
go in for the various proposals made with the 
object of eliminating the air-pump owing to the 
relatively small amount of power it consumed. He 
had a 7000-horse-power exhaust-turbine coupled to 
an old reciprocating plant. It had been running 
for fifteen months without any trouble. He con- 
sidered that the value of K at his station, with 


clean condenser-tubes and full loads, worked out to | ; 


about 800. 

Professor Petavel said that the author had spent 
a lifetime in assimilating his subject, and could put 
old facts in a new light. The paper showed the 
enormous advantage of the last inch or two of 
vacuum. The extra expense of obtaining that last 
inch had been referred to. He thought an impor- 
tant point was the flow of steam between the last 
row of blades and the condenser. The study of 
the flow of high-velocity gases might lead to better 
conditions at this point. A large amount of work 
was being done on the flow of air round obstacles, 
and that might ultimately be of assistance in clear- 
ing up difficult points. 

Mr. W. H. Roy said the paper dealt wholly with 
cases in which the supply of cooling water was 
ample. Cases of restricted supply had not been 
dealt with, and that point should be remembered 
if the data given were used. Not one out of four 
electric stations in this country were operating 
under conditions similar to those of marine work 





as regards water supply. The same might be said of 
collieries, works, &. The exhaust turbine showed 
a gain per inch of vacuum of about twice as much 
as the high-pressure turbine. The exhaust turbine 
was essentially a land proposition, but, unfortu- 
nately, where it was best suited to the conditions to 
be fulfilled, the water supply was usually unsatis- 
factory. The paper took up the case of a station 
with water at 50 deg. Fahr. and a 29-in. vacuum. 
Mostly they had to put up cooling-towers and work 
with much less vacuum ; 29 in. was quite excep- 
tional as a practical figure. He thought the figure 
of 1.8 per cent. given as the power taken by the 
pumps would be exceeded in land work, though 
it might be correct in marine work. 

Mr. W. Ingham said that vacuum had been 
raised some years ago to a fetish. The word 
had been dinned into them when young. He 
had known immense sums spent ‘upon attain- 
ing high vacua to be quite unjustified. He 
thought that often the engineer, by tightening 
up his joints, &c., could so improve the vacuum 
as to save his wages. In the turbine one could 
work well on a good vacuum, but it was pos- 
sible to pay too dearly for it. The paper showed 
what vacuum could got without paying too 
much for it. Mr. T. Mohn asked what the power 
taken to drive the auxiliaries amounted to, and was 
followed by Mr. H. L. Guy, who thought there 
was a risk that the paper might leave the im- 
pression that unless one could get a turbine to 
take full advantage of a high vacuum, one would be 
getting something a great deal worse than one ought 
to get. If a customer insisted on getting a turbine 
designed to suit his own special idea of conditions, 
he would have to pay dearly for it. With — to 
Fig. 1, the factor for reducing the theoretical to the 

ractical figure depended upon a variety of points. 
e paper spoke of a 3000-kw. plant at 3000 revo- 
lutions per minute, and seemed to suggest that 
that was the best which could be accomplished at 
present. That, however, was moderate compared 
with what was possible and what was even now 
done. The peripheral speed could be raised above 
that taken by the author by some 40 per cent. 
without, practical possibilities bei exceeded. 
Taking that increased figure it would be possible 
to design a 5000-kw. turbine at 3000 revolutions 
per minute. A reference was made in the paper 
to throttle and nozzle governing. Actually the 
difference in effect of the two systems was small, 
and, if other corrections were introduced, did not 
need to be taken into account. He thought the 
rule given stating the exhaust area in terms of 
aadale of steam per hour a rule-of-thumb, which 
gave such wide variations as to make it of little 
service. 

At the conclusion of the meeting it was announced 
that the Thomas Hawksley lecture, after its delivery 
in London, would probably be repeated in Man- 
chester by Mr. B. Bryan on Tuesday, December 8. 





German Iron anv Stezt Works Propuction.—The 
Revista Minera, Metalirgica y de Ingenieria re uces 
from Stahl und Kisen a note, according to which the total 
output of the German iron and steel works in Bessemer 
ingots, basic-steel ingots, ferro alloys, puddled iron, &c., 
omitting Alsace-Lorraine and Luxemburg, was 518,184 
tons during last September, as against 521,427 tons last 
August,‘and 1,590,849 tons in September of last year. 





Enoringers as Ciry Manacers.—The American plan 
of appointing able engineers to the responsible post of 
city manager seems to work satisfactorily, and to gain 
in po ity. The older system, with the lack 
of stability and continuity, which is characteristic of not 
a few concerns and institutions in the United States, 
certainly left much to be desired, and much Bae busi- 
ness was conducted in an inadequate and inefficient 
manner. Then the city-manager scheme was adopted, 
and appears to have solved the problem ; in ary ‘ase some 
sixteen large American towns now have : ¢ir ¢i 
manager. The authority, in the first instance, is v 
in a commission, elected by the citizens for a period of 
four years, some two or three mem retiring in turn 
every year; and this commission, again, as it, were, 
transfers its authority to the city manager, who receives 
an annual salary of 5000 dols. to 15,000 dols., or even 
a * according a a size of oe town. This — is 

appoin ter a public competition, engi- 
neers whe have been at the head of railways or —— 
industrial concerns are . The work of the 
city manager may be divided under five heads: Law; the 
technical management of the — section (fire brigade, 
police, inspection of buildings and factories, &c.); finance 
and taxation ; hygiene (bospitals, parks, play - grounds, 
&c.). The city manager is not appointed for any fixed 
number of years, and can only be discharged by the above 
commission, whilst he engages and discharges all other 
functionaries in the service of the town. 
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THE RENNERFELT ELECTRIC FURNACE, 


We have, from time to time, dealt at some consider- 
able length with the interesting and instructive experi- 
mental electric ore-smelting carried on at the instance 
and at the expense of the Jirnkontoret, Stockholm, 
and have now pleasure in giving an illustrated de- 
scription of another Swedish invention in the field of 
electric smelting or refining, Mr. Ivar Rennerfelt’s 
furnace, which marks a new departure, and in its con- 
struction differs from all types which up to the pre- 
sent time are in operation. Its practical merits have 
demonstrated themselves very quickly, and the Ren- 
nerfelt furnace has not only met with much attention 
and appreciation in Sweden, but also abroad. 

The ficst Rennerfelt electric furnace was constructed 
at Hallstahammar, in Sweden, in the year 1912, and 
it worked so satisfactorily that within a year a steel 
foundry with four electric furnaces was erected at 
the place, and orders have been received also from 
the neighbouring countries, the furnaces in ques- 
tion varying in size from 300 kg. to 3 tons. Quite re- 
cently orders for three more furnaces have also been 
received trom English works. The manufactures for 


which the furnaces already in operation are applied | 
comprise steel castings, iron castings, tool steel, | 


electro-steel from pig-iron and ore, refined steel from 
liquid charges, &c. 

n order to put in a few words the special features 
of this furnace, it may be described as an economical 
small furnace for crucible works, steel foundries. 
copper alloys, and chemical processes requiring a high 
temperature. It is very handy, and can accommodate 
charges as small as 100 kg. in the same way as it will 
no doubt lend itself to the refining of steel in large 
charges. Developments in this direction are taking 
place, but its evolution has not yet been completed. 

The Rennerfelt furnace is —— built with a 
horizontal, cylindrical steel shell, with longitudinal 
axis, and it turns cradle-fashion, or is tilted round a 
horizontal-diametrical axle. It is lined with silica. 
carbon, or magnesite brick, according to the uses to 
which it is to be put. A charging and casting-door. 
closely fitting, is placed in one side or in each end of 
the furnace. The outer appearance of the furnace i+ 
shown in our illustration, Fig. 1, annexed, a furnace 
of 1} tons capacity, recently erected at Hallstahammar. 

The electric current is transmitted by means of three 
electrodes, one descending vertically through the 
top of the roof, and two horizontal, one at each side 
or end. The positions and arrangement of the elec- 
trodes will be seen from the illustration, Fig. 2, the side 
electrodes sliding in fixed holders, but being adjustable 
axially by hand or motor power. Our next illustration, 
Fig. 3, shows a section of the same furnace, with the 
charging and casting-door located in the circular wall. 

When the furnace is used for melting light scrap, 
requiring a fair amount of s below the ares prior 
to melting, vertically-adjustable electrodes are to be 

referred. This is a special feature of the Rennerfelt 
urnace, and enables the operator to run the furnace 
with free-burning aros, independent of the volume of 
the charge, or with the arcs in contact with the metal, 
in case he desires to employ the method of heating as 
used in the different types of arc furnaces previously 
constructed. 

In ordinary working, the electrodes do not come in 
contact with the slag or steel, the arcs being free- 
burning. This ensures unusually smooth working 
when melting cold scrap, which always has been a 
difficult operation, especially in cases where the 
furnace receives the electric energy from a power 
plant of limited capacity. As to the nature of the 
energy, three-phase current of any voltage or fre- 

uency is into a transformer arranged for 

cott’s method of phase transformation, transforming 
the received energy into a balanced two-phase current 
(or two-phase current may be directly generated) deli- 
vering single-phase curren’ to each of the horizontal 
electrodes. A return cable (Fig. 9, page 639) connects 
the common point of the two phases with the central 
electrode. 

The currents entering through the horizontal elec- 
trodes neutralise one another, but the action of the 
returning current into the central electrode generates 
a field of force which deflects the arc downwards to the 
bath, thus forming the ares into an inverted arrow- 
head, or fleur-de-lys. This form of arc has hitherto 
been unknown in electric furnaces, and is one of the 
features responsible for the successful working of the 
Rennerfelt furnace. The heat enerated in the arcs 
is here, more than in | other furnace, concentrated 
down upon the bath, though the electrodes do not 
touch, or even approach, the slag or the metal. The 
ares sweep or sh all over the central space 
underneath the points of the electrodes, ensuring 


a uniform ens of the charge and rendering the slag 
very fluid and chemically active. The height of the 
arcs from the points of the electrodes to th 


of the bath can be adjusted, but it is usually kept at 
about 6 in. tol2in. Smaller furnaces are tilted and 
discharged by hand-lever and ratchet movement, larger 
furnaces by electric or hydraulic mechanism, 


The Rennerfelt furnace may be described as a 
internally-heated crucible, and it can, as stated, 
charged with cold or liquid metal. In case of cold metal 
the latter is charged into the preheated furnace with or 
a fluxes. e electrodes can be pulled back or 
rai uring charging, so as to prevent their getti 
injured. When the hen has been charged, the a 
trodes are adjusted into proper position, the door is 
carefully closed, and the current turned on. A cold 
charge chills the furnace considerably, and it is 
therefore advisable to use increased power at the 
outset, gradually reducing it as the brickwork becomes 
heated, so as not to damage the lining by an excessive 
temperature. The charge is thus rapidly melted 
and e-vered by a thin, but unbroken, sheet of slag, 





| 


| 


Fig.2. 
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i serves as a protection against any oxygen 
that may be present in the furnace. As a rule, Lee. 
| over, the atmosphere is neutral or strongly reducing, 
| being cha with carbon monoxide. The outside air 
| is not admitted during the melting and —— the 
| door remaining cl until the charge is y for 
testing. 

Samples of the steel are then taken as usual, and 
alloys are added as ae. Limey slag, sand or 
fluorspar, one or all of them is added, fused and 
skimmed off, practically absorbing all the phosphorus 
and sulphur of the charge. he number of slag 
renewals depends upon the quality of the raw 
material used, and the nature of the finished product 
desired. When ready the steel is poured into a ladle, 
and that ata much higher temperature than obtain- 
able in an ependeesth Semeen It is therefore often 
necessary to keep the steel in the ladle whilst it cools 


e surface | down to a temperature at which it can be safely cast 


| without burning the moulds or spoiling the casti 
Perfect deoxidation is thus easily obtained, ensuring 
unusually good castings or ingots free from blowholes 
or piping. 











After tapping the heat the bottom and slag lining are 
fettled, if required, with ground dolomite or ganister, 
the fettling is sintered by turning on the current, and 
a new heat is charged. One steel-melter and two 
men or boys per shift can work a furnace of several 
tons capacity, turning out as much as 20 to 30 tons 
within the 24 hours. The lining is threefold: first 
an insulating lining of asbestos board, then silica 
or first-quality bricks in rings against the former, 
and this again forms the bedding for the actual 
inner lining—acid or basic (Figs. 4 and 5). This 
is made of special bricks, which do not require any 
— and are set in ri of different diameters, so 
as to form an egg-sha) interior melting-chamber. 
The electrodes enter into the furnace through circular 





Fig.3. 





openings, formed by special bricks. As to the life of 
the lining, no definite results have as yet been arrived 
at, but a furnace, with basic roof and hearth, has run 
102 heats without requiring any repairs outside the 
ordinary fettling ; at a furnace, with acid roof and 
lining, operated continually day and night through 
two months and a half on acid tool-steel, ran 174 heats. 
The bottom of the hearth is practically indestructible, 
and may be used over and over again. . 

The radiated heat from the free-burning arcs 18 
reflected on to the bath from the entire mirror-like 
incandescent inner surface of the vault ; but the arcs 
are at such a distance from the roof that the risk of 
melting it has been minimised. There is no sudden 
break between the roof, the side walls, and the 
bottom, all being built together in one continuous 
curve; the arch, owing to the circular form of the 
roof, is very strong, and the drawbacks arising 
from expansion and contraction of the lining have 
been greatly reduced. To facilitate erry: the 
cylindrical shell is divided into an upper and a lower 
half, the two being bolted together, when lined, and the 


|cost of renewal of lining is stated to be exceedingly 
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THE RENNERFELT ELECTRIC FURNACE. 
Fig.4. 
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Fic. 11. 600-Ke. Furnace at Lsusne Works, Fic. 12. 600-Ke. Furnace. 
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Fie. 17. 2500-Ka. Furnace, 


small. The cost of repairs is naturally influenced by a 
number of circumstances, but on the whole it is very 
moderate ; thus the repairs on an output of 87 tons 
tool steel averaged about ls. per ton. In a basic-lined 
furnace of 1} tons capacity, the cost of repairs 
averaged 2s, 6d. per ton on 125 tons of steel. These 
figures refer to cold scrap, melt-ng it and — it 
into tool steel or soft-steel castings. In case the fur 
nace is only used to refine liquid charges, the cost of 
repairs per ton will only amount to a fraction of the 
above figures. 

The electrodes are held with what may be called a 
loose but practically gas-tight fit in water-cooled insu- 
lated holders of phosphor-bronze or copper, those for the 
horizontal electrodes preferably being adjustable in the 
vertical plane. The cables are attached to the electrode- 
holders, the current being transmitted to the elec- 
trodes themselves —— sliding contacts or brushes. 
The electrodes, 2 in. in diameter for a 600-kg. charge, 


and 3 in. to 4 in. for a 2-ton furnace, are Acheson 





- | transformer. 


Fig.té. 














RENNERFELT ELECTRIC FURNACE. 













































































graphite ; they are turned to specified diameters and 
are made continuous by threaded sockets and dowels. 
The different ways of jointing the electrodes are shown 
in Figs. 6, 7, and 8. In the smaller furnaces the 
electrodes are fed by hand, in the larger automatically. 
Fig. 9 is a diagram showing a set of electrodes and 
the connection to a power system by means of a 
r Assuming the ingoing current at each 
side electrode to be I amperes, then the current passing 


the central electrode will equal I /2 amperes, provided 
that the power on the two side electrodes is perfectly 





if we assume the voltage across the central electrode 
_and each side electrode to be E volts, then the voltage 


between the side electrodes will equal E V2 volts: 
| The size of the electrodes varies from 1} in. to 7 in- 
for the largest furnace, fitted with several sets coupled 
in parallel. The 1}-in. electrodes (for 100-kg. furnace) 
have a capacity of some 70 amperes per sq. cm. 


Fia. 18. 


balanced, as is generally the case. In the same way, | ? 











1250-Ke. Furnace 


Those of 2 in. diameter have a continuous capacity of 
— than 40 amperes per sq. cm., and those still 
arger can easily carry 30 to 40 amperes per sq. cm. 
The voltage of the current in the Gesteutien should 
vary from 50 to about 125 volts, according to the 
size of the furnace. The vertical electrode need 
seldom be touched, and the regulation cf the side 
electrodes is simple enough, by gradually advancing 
or withdrawing them. 

The consumption of electrodes in a 600-kg. furnace, 
running continuously on charges of cold scrap and 
ig, has been found to average about 2.8 kg. per ton 
of steel; this means the gross consumption, there 


bei no stumps left unconsumed. Even when 
melting pig, and afterwards decarburising it by 
means of ore, the electrode consumption has not 


exceeded 3 kg. per ton. The wear of the side elec- 
trodes in a small furnace with acid lining, 2-in. 
electrodes, amounts to about 1 in. of electrode per 
hour, which comes out at about 6 kg. per 24 hours, 
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which, with five heats of 600 kg. each, makes about 2 kg. 
electrodes per ton. The curves a in Fig. 10, page 
638, show the smooth operation of a Rennerfelt furnace, 
the one in question being a 600-kg. furnace, running 
on tool steel in a Swedish mill at Trollhittan. The 
furnace is rated normally at 125 kw., but, as the 
curves will show, only about 100 kw. are utilised ; 
the furnace is running day and night on cold charges 
only. Some portions of the carves are also affected 
by the operation of some rolling-mills, which caused 
very strong fluctuations in the power-curve, in spite 
of heavy fly-wheels, which were intended to uce 
fluctuation. The curve is somewhat peaky, when 
the rolling-mills are on, but comes down almost to a 
straight line at night and at noon, when the furnace 
alone is working. 

The 1}-ton furnace (Fig. 1, prse 637) is rated at 
200 kw., and is being opera without any auto- 
matic regulators or similar protective apparatus, re- 
ceiving the surplus energy from a hydro-electric plant 
of some 800-horse-power capacity. Only an ordinary 
oil-switch, with time relays, is aaled to ensure 
sufficient protection for the generators, the circuit- 
breaker being adjusted so as to operate at 400 kw., 
or double normal furnace load. The furnace works as 
a large enclosed arc-lamp, practically without disturb- 
ing influence from the beneath the arcs. As 
to small phase displacement, simultaneous readings of 
kilowatts, volts, and amperes indicate a very satis- 
factory value of cos ¢; in one instance a value of 
cos @ = 0.97 has been ascertained at a furnace 
operated with a current of 50 periods. 

With regard to efficiency, a small furnace of 600 kg. 
at the Ljusne Iron Works, in Sweden, illustrated in 
Fig. 11, will melt and refine a full charge of cold scrap 
with not more than 700-kw. hours per ton. The 
normal rating of a furnace of this capacity is 125 kw., 
but 82 kw. to 90 kw. have been shown to be sufficient 
to complete a 600-kg. heat in five hours, indicating a 
very satisfactory thermal efficiency even when running 
with only 75 per cent. of full load. White pig-iron 
has been melted in the same furnace under similar 
conditions with an average of 405-kw. hours per ton. 
With 425-kw. hours per ton, grey pig-iron has been 
melted and overheated, the melting including 22 kg. 
basic slag per ton of iron. This consumption of energy 
indicates a furnace efficiency of about 70 per cent., 
but the thermal efficiency has been as much as 85 to 
90 per cent. Fig. 12, page 638, shows another furnace 
of the same capacity, but of larger dimensions. 

The Rennerfelt furnace has been proved to be well 
suited for producing high- e tool steel from pig 
and ore. A ton of pig, charged cold, can be con- 
verted into steel with a consumption of about 850-kw. 
hours ; a — charge will entail a saving of 350-kw. 
hours ; 500-kw. hours will thus be sufficient for the 
decomposition of the ore required and to deoxidise 
the steel resulting from 1 ton of liquid pig. The 
electric steel thus made is stated to have been 
practically tested as against a world-renowned high- 
grade Swedish pt steel, and to have proved 
superior to the latter. No difficulty was experienced 
from the very violent boiling of the bath, as it 
could not possibly affect the discharge of heatio 
energy between the points of the electrodes, loca’ 
well above the turbulent surface of the charge. This 
position of the electrodes also protects them from 
wear and tear from the strongly oxidised slag, an 
advantage com with other furnaces in which the 
electrodes dip into or approach the surface of the res 
‘ =~ — on see > used for steel- 

oundry work, ai uces ex ingly good castings ; 
the steel is iapped extremely hot, pan as has oe 
ay stated, often to remain some time in the 
ladle for cooling. High-class pig-iron a also 
turn out very satisfactory, accurate control being 
—_ as to reactions in the charge. The furnace 
nas also been tried with good results for melting 
copper and other metals. 

he Rennerfelt principle also lends itself to the 
construction of a really large electric furnace, capable 
of receiving the entire charge of steel from the 
Bessemer converter or open-hearth furnace up to 50 to 
‘o tons in size. A refining furnace of the latter capa- 
city will require about 7500 kw. To exploit effectively 
such a large amount of energy it is essential—or rather 
primarily necessary—to subdivide it into a number of 
smaller units by — several sets of electrodes. 
This arrangement both keeps the electrodes within 
practieal dimensions, and prevents the heat from bei 
centred at a few points with a destructively hig 
temperature. It is claimed for the Rennerfelt mul- 
tiple-unit arc furnace that it has satisfactorily solved 
the problems attached to a furnace of this class, and 
it is shown in the illustrations, Figs. 13 and 14. The 
furnace takes the shape of an elongated crucible, of 
preferably cylindrical cross-section, made up of 
number of similar sections bolted to one another, and 
each fitted with one set of electrodes, arranged accord- 
ing to the diagram shown in Fig. 9. The small heat- 
generating sets of electrodes being equally distributed 
over the entire surface of the bath, the latter will 


therefore be uniformly heated all over. The heat rays, | H 





radiating from the ‘‘ inverted arrow ” arcs, have only 
a very short distance to pass from the ares to the steel, 
whilst the distance from the ares to the roofs and walls 
of the furnace is considerably greater. It is claimed that 
this arrangement makes it possible to work with the 
furnace with a very much higher average temperature 
than could be compassed in such a large furnace with 
only a few electrodes. The wear and tear on the 
brickwork is reduced in proportion, and the output 
largely increased, which means a saving in ge 
renewals. The better distribution of heat, 

the higher mean temperature in the active zones, also 
produce more rapid and more certain chemical 
reactions. The cylindrical, elongated form of this 
furnace ensures a strong casing, not subject to distor- 
tions from the heavy strains caused by the heat. The 
lining consists of rings with bricks of only few and 
simple patterns, in ev it easy pa | cheap to 
handle. These cylindrical furnaces can be en 

— ¢ by adding cylindrical sections to the shell at a 
small cost, and the transformer plant can also be 
— without discarding any portion of the old 
plant. 

The control of the electric energy in this furnace is 
extremely simple, the current being distributed 
between several sets of electrodes connected in parallel, 
but otherwise independent of each other. The entire 
plant may be considered as made up of several small 
furnaces, each kept under separate and easy control. 
The current in each electrode is conveniently limited, 
and everything connected with their ——s and 
handling has in consequence been simplified and 
reduced in cost. This distribution of the heat also 
entails other advantages, and irregularities in the 
consumption of energy are alleviated through the com- 

rative smallness of the arcs. The power curve of a 
ieakes thus heated will approach a straight line with 
only few and relatively unimportant deviations. 

A somewhat smaller furnace, with a different con- 
struction of tipping gear, is shown in Figs. 15 and 16, 
on page 640. In conclusion, we give illustrations 
of two more furnaces, Figs. 17 oak 18 respectively, 
of 2500 kg. and 1250 kg. capacity; the former has 
been installed in St. Petersburg, the latter at the 
works of a Sheffield firm. The Rennerfelt patents are 
owned by the Elektriska Ungar Company, Stockholm. 








INDUSTRIAL NOTES. 

THERE are signs, says the Manchester Guardian, 
that the dispute between the shipowners and seamen 
in the freight trade, which, early last week, led to a 
strike of seamen in Liverpool and Manchester, wili 
soon be settled. In Manchester two of the largest 
firms affected have conceded the demand made by 
their men. 

The strike arose out of negotiations between the 
shipowners and the Seamen’s Union, in which a 
demand was made for an additional 1/. a month wages, 
as compensation for war risks. It was pointed out on 
behalf of the men that there had been a considerable 
increase in freight charges, which not only affected 
the seamen themselves as consumers, but was also a 
clear sign of the increased risk incurred by the whole 
merchant service. After considering the claim for ten 
days, the owners replied that they could not grant 
the advance asked for. The men were able to hold up 
a number of vessels Loth in Liverpool and Manchester. 
Some of these boata are still unable to sail, but in 
Manchester two firms—the Manchester Liners, Li- 
mited, and the Leyland Line—have decided to pa 
the extra 1/. The Leyland Line is associated with 
other companies, which are also expected to make the 
concession, and it seems probable that the new war 
rate will be generally established. 


The A ated Tool-Makers’ Monthly for Nov- 
ember gives the following figures :— 
Oct., 1914. Oct., 1913. 
Members .. 14,815 10,905 Inc., 3910 
Unemployed ... 112 162 Dec., 50 
Reserve funds... 45,000/. 38,5001. Inc., 6500. 


As a result of the marked increase of the buying of 
steel material, the Scottish and English Steel-Makers’ 
Associations met in London in conference a few days 
ago to consider their policy. It was decided to make 
no change in the quotations of Scotch material, but it 
is understood that makers in the north-east of England 
were authorised to advance their prices for ship-plates 
and angles by 5s. per ton. Buyers are now more 
anxious to cover requirements ahead than for many 
weeks past. 





The report for the present month of the United 
Society of Boilermakers and Iron and Steel Ship- 
builders showed a balance in hand on October 3 last 
of 46,5662. The total membership was 68,000. 





The Huddersfield and Colne Valley Districts of the 
General Union of Textile Workers held a meeting in 
on Sunday, the 22nd inst., when they 





passed a resolution expressing dissatisfaction with the 
refusal of the employers to grant 14d. extra per hour 
for overtime for weavers, aa a district rate of w 

in cases in which it is not paid. The resolution in- 
structed the executive again to approach the employers 
on these matters, and, failing a satisfactory answer, 
the two districts were recommended to take a ballot 
as to future action. 





The November report of the Steam-Engine Makers’ 
Society states that its membership is now 17,400, 
with a capital of 137,000/. The proportion of unem- 
ployed members was only 0.3 per cent. The society 
was formed in 1824. 

It is satisfactory to note that the question of the 
extent to which Belgian refugees of the working class 
may be employed during their stay in this country 
has formed the subject of an exchange of views be- 
tween the leaders of the ae ges trade unions and the 
heads of the principal British unions. The following 
points have — agreed u :—1. Fally qualified 
members of Belgian trade unions now resident in this 
countgy will only seek employment in districts where 
they are advised by officials of British unions that 
there is a shortage of local labour. 2. They will not, 
under any circumstances, accept employment at lower 
rates than those recognised by the unions covering the 
particular industry, nor will they accept employment 
where there is a dispute between the British employer 
and hismen. 3. Cards of Belgian trade unions will 

ised by the corresponding British unions, 

and holders of them will be granted all the privileges 

of British trade unionists without any entrance-fee or 

yment. So far as possible, Belgian trade unionists 

in this country will conform to the rules of the 
British union whose hospitality they enjoy. 





As dealing with the same point, we may state that 
having been asked in Parliament by Mr. Hunt whether 
Belgian artisans in this country were being employed 
at skilled labour considerably under trade-union wages, 
Mr. Runciman replied that he had no information 
which confirmed the jon made. 

The Government had the matter under their careful 
consideration, and a de ental committee, under 
the chairmanship of Sir Ernest Hatch, had been 
appointed by the President of the Local Government 
Board to make recommendations thereon. 

In the meantime, any employers desiring Belgian 
labour should apply to the ur Exe es, who, 
in dealing with such applications, will have full regard 
to the interests of British labour. 





A meeting of the Executive Council of the York- 
shire Federation of Building Trade Employers was 
held last week at the Town Hall, Wakefield, Mr. T. 
— of Leeds, occupying the chair. The Mayor 
of Wakefield (Mr. E. Stonehouse), welcoming the 
federation to the city, said the building trade was 
closely connected with corporations, and during his_ 
26 — experience in Wakefield Corporation work 
he heard many complaints by builders, who had 
accused the Corporation of lack of enterprise in build- 
ing. ‘* But I could show you object-lessons in Wake- 
field,” continued the Mayor, “‘ of the work that had 
been allowed to be done in years gone by owing to lack 
of proper supervision and proper by-laws—work which, 
I think you would agree with me, is neither a credit 
to the Corporation nor the building trade. Our Cor- 
poration has just completed a revision of the by-laws, 
and I am happy to say that the alterations which 
have been made have rendered the conditions for 
builders easier.” 

The business of the Council was private. 





LEAD AND THE WaR.—A lead famine--or, in any case, 
@ very inconvenient shor of this metal—is reported 
to be making itself felt in Germany, which, to the extent 
of one-third of its consumption, depends u imports 
from abroad. Germany had some stocks w the war 
broke out, but they are quite exhausted, and the imports 
have practically ceased. The latter average some 8000 to 
9000 tons per month. There has been a pened fix- 
ing maximum prices on several metals in Germany (such 
regulations may already have been issued), so as to 
prevent speculators from taking an undue advantage of 
the exceptional conditions ene Fs about by the war. 


Tue Exxorric Venictze Commitrez.—The Electric 
Vehicle Committee of the Incorpora ici 
trical Association has issued a specification for a standard 
sign to be fixed outside or stations which have 
facilities Jd the | of oan) vehicles, The sign 
consists of a car-w! poe lettering in 
white and red, and is to be either enamelled iron or of 
an illuminated type. It is to be about 2 ft. 6 in. square. 
i announces that, in view of represen- 
tations which have been made, it has been decided to 
imi ing-plug, which we illustrated in 
our issue of September 25 to one size of cable only 


for the t, and that it should accordingly be made 
Sor comtnstenn of G1 aq. in. cross-section. 








642 


4 
ENGINEERING. 





[Nov. 27, 1914. 








86-IN. DOUBLE-HEADED SHAPING-MACHINE. 


CONSTRUCTED BY MESSRS. LOUDON BROTHERS, LIMITED, ENGINEERS, JOHNSTONE, SCOTLAND. 











WE illustrate above and on the opposite page a 
heavy high-speed double-headed shaping - machine 
recently constructed by Messrs. Loudon Brothers, 
Limited, of Clyde Engineering Works, Johnstone, 
Scotland. Fig. 1, which is reproduced from a photo- 

raph, shows the machine as erected in Messrs. Loudon 

rothers’ works, while Fig. 2, on page 643, is a side 
elevation, and Figs. 3 and 4 are elevations from the 
left-hand and right-hand ends respectively. 

The bed, it will be seen, is of strong box section, 
and is brought down to the ground line for the whole 
of ite length to ensure rigidity ; itis 18 ft. long, 3 ft. 6 in. 
wide, and 3 ft. 3 in. deep. The heads are accurately 
scraped and fitted to the bed on specially wide bearing 
surfaces. They have self-acting feed-motions in either 
direction, and can also be moved along the bed by 
hand and power through a rack and pinion. The 
control gear for hand and power traverses, as shown 
in Fig. 1, is brought to the front of the machine 
for convenicace in working. A large range of variable 
and reversible feed-motions, controlled by an indexed 
lever, are provided. The rams, which are of T 
section, run in efficiently lubricated square slides. 
They are centrally driven from a geared disc, which 
gives a variable stroke up to 3 ft. in length, with 
any cutting speed P to 50 ft. per minute ; the stroke- 
plate is indexed for convenience in adjusting the 
stroke. A quick return, up to 90 ft. per minute, is 
obtained by means of the Whitworth motion. The 
tool-boxes have a vertical slide, and are indexed for 
dealing with angular work ; they are also each pro- 
vided with a worm and ——— for cutting internal 
curves. Each headstock, as shown in Fig. 2, is 
arranged to be driven independently by a five-s 
cone-pulley, capable of taking a 6-in. belt; about 
15 horse-power is required for each head. The two 
tables, which each measure 3 ft. 2 in. long by 2 ft. 
wide, have T-slots on their upper surfaces and on their 
inner sides. They can be adjusted vertically by screws 
and mitre-wheels, and horizontally by means of a 
rack and pinions. 

The weight of the machine is approximately 27 tons. 
All gearing is machine cut, and is guarded where 
necessary. Two sets of countershafting, having self- 
oiling adjustable bearings, are supplied with the 
machine, If required, self sotin vertical feeds can be 
fitted to the tool-boxes, and the mandrels may be 
provided with circular feeds ; but the machine illus- 
trated is not so fitted. 





TRADE IN METALS AND MACHINERY 
WITH JAPAN. 


Tue latest report of the Commercial Attaché to 
His Majesty’s Embassy at Tokyo, Japan, contains a 
considerable number of interesting and important 
items, but the ones which are likely to ap to the 
greatest number of our readers are those which deal 
with the import trade in metals and machinery. 
The Japanese have a saying that business in metals 
gets very bad every seven years, and the report 
states that there can be no question that it was very 
bad in 1913-14. From the customs’ returns, it might 
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be inferred that there had been satisfactory activity, 
as the figures show a slight increase over 1912, 
which in itself had been per cent. better than 
the previous record year. But the returns, unfor- 
tunately, are not a correct index to the state 
of affairs, and it is probable that importers, dealers, 
and brokers alike have had a very trying time. It 
is clear that it will be some time yet before the market 
regains its state of healthy activity, and in the mean- 
while importers will have to put their goods into 
godowns, and let storage and insurance charges accu- 
mulate until mattersimprove. The chief cause of the 
trouble has been that metal dealers had good years in 
1911 and 1912, and they imagined that the increase in 
Japan’s consumption of metals was natural, and must 
continue. Unfortunately, the political crisis at the 
beginning of 1913 upset all their calculations. The 
inauguration of a policy of retrenchment and readjust- 
ment caused a large falling-off in Government orders, 
which reacted on the market, and brought about a 
curtailment and postponement of those industrial 
schemes in which big quantities of metals are re- 
quired. To make matters worse, prices began to fall 
at home, and each successive drop accentuated the 
difficulties in Japan. 

The following are the figures for the quantities and 
values of iron and steel, pig and ingot, imported 
in — years 1912 and 1913, and the countries con- 
cerned :— 


Country. 





1912. 1913 
tons £ | tons £ 
United Kingdom .. 159,293 | 609600 | 103,473 | 488,400 
India... 50,789 | 170,000 | 81,171 | 300,000 
China .. 10,590 46,100 | 59,469 | 209,000 
Sweden .. 6,353 49,100 | 16,011 | 128,000 
Germany € 10,381 | 51,200 | 14,847 | 80,000 
Other countries 1,000 33,000 3,846 | 58,900 
Total .. 288,406 r 1,2¢ 


959,000 | 278,817 | 1,264,300 





It will be seen that although the United Kingdom 
still heads the list, she has lost ground seriously, and 
is the only country which has not registered a gain. 
The advance with regard to China is only natural, in 
view of the more settled state of affairs in that 
country, and should the Hanyehping contract be 
definitely confirmed, it is clear that the importation 
of iron ore and pig-iron to Wakamatsu for use of the 
Government foundry must continue to reach very high 
figures. As we have pointed out on previous occa- 
sions, the shipping ports and the railways of Japan 
have been so arranged that the raw materials of China 
can be very conveniently imported into Japan, to be 
converted into manfactured products. As a result 
of the freight war being waged by the British India 
Steam Navigation Company and the Nippon Yusen 
Kaisha, it has been possible to secure very cheap rates 
of freight for pig-iron from the Tata Iron Works in 
India, and an import which was non-existent two 
years ago has now reached the h 
tons, valued at 300,000/. The 
sections are given in the next column. 


amount of 81,171 
for bars and 








1913. 
tons | £ | tons | £ 

United Kingdom 48,202 | 420,600 37,687 377,500 
Germany | 97,466 | 630,400 | 93,423 | 621,600 
Belgium | 42,811 | 270,500 | 40,409 | 267,100 
United States 24705 | 176,400} 7,807 | 64,900 
Sweden ae aes 24,300! 2,486 32,800 
Austria-Hungary ..| 625 | 24,400 925 30,200 
Other countries | 2,858 24,300 | 1,000 18,800 

Total ..| 218,428 | 1,412,900 


| 1,571,200 | 183,737 


Here there has been a small decrease, and it will be 
noticed that the American contribution, which made 
a sudden jump in 1912, has fallen back to its former 
level. 

The following are the figures for black plates and 
sheets :— 








Country. | 1912. 1913. 
| tons | £ | tons £ 
United Kingdom | 45,848 449,800 38,002 402,900 
United States ° 38,388 | 315,400 | 10,823 142,000 
Germany ..| 21,707 | 165,300 33,242 246,000 
Belgium ..| 4,057 | 31,000 9,983 75,100 
Other countries ‘ 100 | 1,200 | 1,087 9,600 
Total od 110,100 | 962,700 98,087 875,600 


| | 





In the importation of tin-plates the United Kingdom 
has nearly a monopoly, the figures being 25,912 tons, 
valued at 463,400/., out of a total of 26,307 tons, 
valued at 470,400/.; and the same is nearly true of 
galvanised sheets, the figures being 30,502 tons, valued 
at 491,200/., out of a total of 34,025 tons, valued at 
549,300/. With regard to iron pipes and tubes the 
figures are as follow :— 





Country. 1912. 1913. 
| tons £ tons £ 
United Kingdom ..| 7,902 | 136,500 | 7,728 158,000 
Germany... ..| 7,603 126,300 9,373 | 160,000 
United States 19,986 240,100 | 27,152 | 372,900 
Other countries 214 3,600 947 16,900 
Total 35,706 | 506,600 | 45,200 707,800 


| 


With the exception of pig-iron, this is the only item 
to record a large gain, but it will be seen that although 
the United Kingdom and Germany both increased their 
amounts, it was America that enjoyed the lion’s share 
of the advance. Big importations were made on behalf 
of a syndicate which anticipated large requirements 
from the oil-wells in consequence of the discovery of 
the better results obtained by deep boring. The most 





interesting feature in connection with pipes and tubes 
is the erection of new works at Kawasaki, half-way 
| between Tokyo and Yokohama, where a large plant on 
|the Mannesmann system has been ins ’ ied, with 
foreign experts and foremen to assist in instructing 
the workmen. Great secrecy is observed, but it is 
reported that very satisfactory progress has been 
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made, and the promoters are exceedingly hopeful of 
gradually driving foreign pipes out of the market. 
The Japanese have made great progress iu the manu- 
facture of wire nails, the import of which has dropped 
from over 350,000/. to 140,000/. This, however, is a 
line in which the United Kingdom has never been 
interested, and it is America which is the chief 
sufferer. In other metal manufactures, a consider- 
able decrease is to be observed in the imports of 
screws, bolts, nuts, rivets. &c., while a still higher 
falling-off is to be found in insulated electric wires, 
which are now manufactured locally. There are 
several companies engaged in this business, and they 
seem to have extended their plant rather recklessly, 
without considering the laws of supply and demand, 
with the result that the market is largely over-sup- 
plied. 1n rails and in construction materials there 
was a small advance, and as regards the former the 
United Kingdom’s share was larger than for some 











time past. The figures were as follow :— 
Country. yw - 
United Kingdom .. 13,900 56,700 
German ee 68,500 122,200 
United States 252,700 196,200 
Belgium 7 t 21,500 
Other countries 8,300 20,600 
Total oe ° 402,200 417,200 
The figures for machinery are = high, and easily 
beat all previous records. The fol — table gives 
the amounts for the three years 1911, 1912, and 1913: 
Country. | 19. | 1912, 1913. 
£ £ £ 
United Kingdom .. 1,269,600 1,456,300 1,737,800 
United States 644,600 705,600 764,300 
Germany 674,300 658,900 873,600 
France ~ 18,500 18,500 | 24,700 
Other countries 211,000 148,300 342,300 
Total .. | 2,818,000 2,987,600 3,752,700 


Toa certain extent, however, the increase for 1913 
is misleading, because, instead of represent ing activity 
during 1913, it should be taken as an indication of 
the optimistic feeling which prevailed as to the future 
in 1911, inasmuch as a large part of the machinery 
arriving last year was poe more than twelve 
months before. At present there is a comparative 
cessation of new works and of development of existing 
factories, so that the outlook for the next year or two 
is not very bright. 

It will be seen from the above table that the Uni‘ed 
Kingdom remains well at the head of the list, bat her 
share has not advanced as much as that of Germany, 
the percentages of increase being 19 and 33 respec- 
tively. Although Japan still imports machinery in 
such large quantities, it is intergsting to note that 
there has been solid development on the part of 
Japanese machinery makers. In the case of gas 
plant for lighting and power it has been quite re- 
markable. hey are making suction-producers, gas- 
engines, retort-furnaces, oa are building complete 

as works. Practically all the appliances required 

y gas companies are now made in Japan, including 
meters, stoves, burners, lamps, glassware, mantles, 
&c. The above are being produced by a number of 
factories on a very large scale. They are somewhat 
inferior, lighter, and cheaper than imported goods, but 
they suit the market, and freight and duty make it 
quite impossible for foreign — * to compete. 








NOTES FROM THE UNITED STATES. 
PurLapELrputa, November 11. 

Propucrers of both crude and finished materials 
continue to face depressing conditions. The output of 
crude iron declined very considerably in October, and 
more furnaces wi!l be blown out. Such price reductions 
as have been made have had no influence on demand. 
Very little of the projected new work is coming out. 
Plans are laid, requirements are made known, but 
orders are not placed except for material absolutely 
necessary. In this way the entire industry is sagging. 
Stocks on consumers’ hands were, perhaps, never so 
low, except in actual panic conditions. Mills are 
anxious to keep going, and statements are sometimes 
made of soundly Ge rices ; in fact, cost prices by 
mills here and there. Export business is still dis- 
eppointing, with the possible exception of steel billets. 

here is an inquiry for 30,000 tons of rails from 
Norway. Southern billet makers have made several 
good contracts on export account. Some western 
mills have also captured fair export orders in billets. 
The — business in wire continues good, and quite 
a number of mills are running to capacity. uch 
wire inquiry has not yet resulted in orders. Forei 
inquiry covers rails, steel bars and sheet bars. Mill 


people are strangely reticent as to what foreign busi- 
ness they are aclealty doing. Notwithstandi the low 
output, there exists a strong undertone, the de- 


pleted production with exhaustion of stocks means 
eventually a strongly compensating demand. 





THE ROYAL METEOROLOGICAL SOCIETY. 


THE opening meeting of this Society for the session was 
held on Wednesday —e the 18th inst., at the 
Surveyors’ Institution, Great rge-street, Westminster, 
Dr. H. N. Dickson, Vice-President, in the chair. 

Dr. H. R. Mill and Mr. C. Salter communicated a 
paper on ‘“‘Isomeric Rainfall Maps of the British 
Isles.” The average monthly rainfall, expressed as a per- 
centage of the average annual fall of each of about 
300 stations, forms the basis of a set of twelve monthly 
and four seasonal maps. The most striking features 
are the occurrence of two types of seasonal —one 
chiefly characteristic of western or wet districts having 
a winter maximum and a summer minimum, the other 
chiefly confined to castern or dry districts having a 
winter minimum and s summer or autumn maximum. 
The equinoctial maps show the transitional stages 
between these two extremes, the spring months having 
everywhere a low rainfall and range, with a 
cen maximum inland and a peripheral minimum on 
the coast, and the autumn months a large rainfall with 
a central minimum and a peripheral maximum. The 
maps show that the relation of heavy rainfall with 
higt - lying land is a relation of cause and effect; the 
relation of the winter maximum with the heavy rainfall 
is therefore an indication of the common cause. High 
land is only associated with heavy rain because it meets 
rain-bearing winds, and the true connecting ciroumstances 
are the position of high land and its relation to the 
prevailing winds. The occurrence of rain with easterly 
winds, affecting Lage eg wf the east coast, makes ib 
impossible to view the British Isles as having a rainfall 
régime solely produced by south-westerly winds. The 
far greater frequency of southerly and westerly winds 
than of easterly and northerly, and the fact t the 
latter occur mainly at certain seasons, go far to explain 
the features both of the average rainfall maps and of 
the isomeric ma 

A paper by Mr. J. I. Craig, on ‘‘A Sce-Saw of Tempera- 
ture between England and Egypt,” was also read. In this 
paper were given diagrams of lines of thermal equi- 
correlation with Egypt. 





Warer-Power in Norway.—The unusually low water 
level of a number of Norway’s rivers threatens to cause 
much inconvenience to various Norwegian industries. At 
one place there is only half a foot of water as against an 
average of 5 ft. to 6 ft. in theautumn season ; in another 
place there is 2.95 ft., against 4.80 ft. In some places 
work has been entirely stopped ; in others it has been 
reduced to half-power. In many parts no one can re- 
member such a scarcity of water. 





Luioyp’s Returns or Wersskits Lost.—Statistics of 
vessels lost during the quarter ended June 30 last have 
just been issued by Lloyd’s Register of Shipping. Steam- 
ships are first dealt with, and we find that 54 vessels, 
aggregating 86,105 tons in all, have been removed from the 

ister during the period. Great Britain has, of course, 
been the greatest sufferer, 20 vessels, totalling 48,373 
tons, having been lost. This is, however, only 0.26 per 
cent. of the total gross tonnage owned in this country. 
Of the 20 ships, 3 were burnt, 4 lost in collision, 
2 foundered, 3 are missing, and 8 were wrecked. The 
British Colonies lost only 4 vessels, all of which were 
wrecked. Their total tonnage was 2118, which is 0.13 
per cent. of the tonnage owned in the Colonies. In order 
of magnitude of losses, Germany comes next on the list, 
this country having lost 3 vessels, with an agurogate 
tonnage of 8036, which is 0.16 per cent. of the total 
German tonnage. Norway, the United States, Russia, 
and Italy come next in order on the list, their respective 
losses being 5148, 3336, 2340, and 2276 tons; the per- 
centages of their total tonnages lost by these countries are 
0.26, 0.16, 0 27, and 0.16 respectively. The only other 
countries with individual losses exceeding 1000 tons are 
Sweden, France, and Japan; the figures for these countries 
are 1472 tons (0.14 per cent.), 1284 tons (0.07 cent.), and 
1260 tons (0.07 per cent.) respectively. Other Kuro 
countries have, however, lost 8868 tens between them. 
Coming now to sailing-ships, we should first mention that 
the figures given for these vessels are the net tonnages in 
all cases, whereas those previously given for steamers are 
— oe In this class of shipping the most severe 
osses have been sustained by Norway, this country having 
lost 10 ships, aggregating 9936 tons, which is 1.81 cent. 
of the total tonnage of Norwegian sailing vessels. The 
United States takes second place with 8 ships, making 
5103 tons in all, and France comes third, her losses being 
9 ships, of 3479 tons in the te. For these two 
countries the losses are 0.54 and 0.88 per cent. of the total 
sailing tonnage owned. Next in order on the list are 
Russia, with 1992 tons (0.99 per cent.), and Central and 
South America, with 1872 tons; the percentage lost by 
the latter countries is not stated. S y enough, the 
tonnage of sailing-ships lost by the British Colonies 
during the od we have been considering exceeds that 
lost by the er Country. The figures for the Colonies 
are 6 ships, making 1215 tons, which is 0.78 per cent. 
of the total Colonial tonnage, and for the United Kingdom 
7 ships, totalling 1157 tons, and making 0.32 per cent. of the 
total tonnage of itish sailing vessels. Only two 
German sailing-shipe have been lost during the quarter, 
but the tonnage lost is almost exactly equal to that of the 
seven British ships lost. The figure Germany was 
1158 tons and the percen lost was 0.36. The losses of 
other countries are insignificant, and the total number of 
sailing-ships lost amounts to forty-nine vessels, of an 
aggregate tonnage of 26,404. It should be noted that 
vessels of less than 100 tons are not considered in compil- 
ing the above statistics ; vessels ae on the Great 
Lakes of North America are also excl h 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
peo market was quiet, but Cleveland warrants were 
rm. The turnover was limited to one lot at 503, 3d. 
one month, and closing sellers quoted 50s. 1d. cash 
and 50s. 4d. one month. The afternoon session was 
dead idle, but sellers increased their ices for 
Cleveland warrants to 50s. 24d. cash and 50s. 64d. 
one month. On Friday morning the tone continued 
strong, but only one Cleveland warrant was done at 
50s. 3d. cash, and at the close sellers named 50s. 4}d. 
cash, 50s. 74d. one month, and 5ls. 3d. three months. 
In the afternoon, business was still on a smal! 
scale, but Cleveland warrants again le an ad- 
vance. Dealing was limited to one lot at 50s. {d. 
one month, and closing sellers quoted 503. 74d. cash 
and 50s. 104d. one month. The upward movement 
made further progress on Monday morning, when 2500 
tons of Cleveland warrants were put through at 
50s. 103d. seven days, Sis. 5d. January 28, and at 
5is. and 51s. 2d. one month. The market closed with 
sellers naming 50s. 114d. cash and 51s. 3d. one month. 
Strong conditions still ruled in the afternoon, when 1500 
tons of Cleve warrants were dealt in at 50s. 11d. 
cash and 51s. 5d. one month, with sellers over at 51s. 3d. 
cash and 51s. 6d. one month, and buyers at 5ls. 1d. and 
41s. 4d. respectively. Ono Tuesday morning Cleveland 
warrants continued to rise, and the turnover was 2000 
tons at 5ls. 9d. one month, 52s. January 28, and 
52s. 3d. three months. Sellers’ closing quotations were 
5ls. 6d. cash, 51s. 9d. one month, and 52s. 4d. three 
months. In the afternoon the tone was easier, and 
one Cleveland warrant changed hands at 5ls. 44d. 
one month, with sellers over at 51s. 3d. cash and 
51s. 6d. one month. When the market opened to-day 
(Wednesday) a recovery took place in Cleveland warrants, 
which were quoted by sellers at 51s. 5d. cash, 51s. 8d. one 
month, and 52s. 14d. three months. No dealings of any 
kind were reported. In the afternoon the tone was flat, 
and 500 tons of Cleveland warrants were done at 5ls. 44d. 
one month, and at the close sellers quoted 5ls. 3d. cash 
and 5ls. 6d. one month, with buyers at 5ls. 14d. and 
51s. 44d. respectively. 


Sulphate of Ammonia.— During the past week there has 
been a fair demand for sulphate of ammonia, and the 
price has varied slightly. ‘The current quotation is round 
11/. per ton for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—The recent improvement in ship- 
building on the Ciyde is being reflected in the Scotch 
steel trade, throughout which there is a much better 
feeling and an increased inquiry. Another factor of 
no little importance to the industry is the inability 
of the German mercantile fleet to carry cargoes bo 
the overseas markets, with the result that whenever 
these markets get busier, the bulk of the business is 
almost bound to come to Britain. America will also 
share in the stoppage of supplies from the Continent, 
but, all the same, our portion will be considerable, and 
the outlook is indeed favourable. Specifications for 
heavy material are still somewhat slow in coming in, 
although improvement is noticeable, but all round 
there has been more doing 1s ter confidence prevails. 
At a joint meeting of the Scotch and English steel- 
makers, held in London last Friday, several items 
of interest were discussed, but in the matter of prices ib 
was to make no official a at present. The 
expansion of trade will probably be a little slow, but that 
it is coming along all right is the general opinion. Black- 
sheet makers report practi no ge in their posi- 
tion, but the demand for most kinds of light structural 
material is rather better. There is a decided dulness in 
the export demand, and only moderate orders are coming 
through ; but this hand-to-mouth policy cannot continue 
for any great length of time, and as the financial position 
eel improves, better buying will be general. Prices 
are, as stated, without actual change, and although very 
firm, the quotation for ship-plates is still 6/. 15s. per ton, 
less 5 per cent. delivered Clyde or equal. 


Malleable-Tron Trade.—Some of the malleable-iron 
makers in the West of Scotland are moving along very 
satisfactorily, while others are still complaining of the 
searcity of iness. On the whole, the ition has not 
—- and prices are unaltered at 7/. 12s. 6d. per ton, 
less 5 per cent., for ‘‘crown” bars. The revival in 
business, which is so freely talked about at present. 
cannot come along too soon now, and an_ increased 
demand will be much appreciated in the malleable-iron 
industry. 

Scotch Pig-Iron Trude.—During the t week there 
has been a more pronounced desire on the part of buyers 
to fix up for further supplies of the ordinary qualities of 
Scotch pig-iron, and consequently orders have been more 
numerous than for several weeks back. The export trade 
also shows signs of improving, and the bookings include 
one or two fairly decent lines. Less is now being stored. 
Prices are firmer, and the following are the market 





uotations for makers’ (No. 1) iron: yde, 68s.; Calder, 
Sertaberri Summerlee, loan, 68s. 6d. (al 
shipped iy w); Eglinton, 62s. 6d., and Gl ock 
70s. (both at Ardrossan); Shotts (at Leith), . 6d.; 
and (at Grangemouth), 69s. 


Shipbuilding.—Intimation is made that the shipbuilding 
yard at Kelliebank, Alloa, which has been shut down for 
the past nine months, will shortly be reopened under the 
management of a London firm, who have several good 
contracts on hand. A twenty-one years’ lease of the 
ground has been secured. 

Scotch Imports of Iron and Steel Products.—The under- 
noted table gives the total registered imports of the 
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named kinds of iron and steel manufactures, during the 
month of October, into the ports of Glasgow, Greenock, 
Grangemouth, Leith, Dundee, and Aberdeen :— 


Ex Continent. Ex U.S.A. 
Tons. Value. Tons. Value. 
‘- f £ 
bars, angles, &c. .. ee 15 _ _ 
Steal bars, we &c. .. - 4 23 24 160 
Iron and steel and strips 55 541 1768 11,471 
Iron and steel es and sheets, 
not under i n. thick.. oe 48 336 _ — 
Iron and steel plates and sheets, 
under } in. thick ° ee —_ _ 59 1,014 
130 1115 1851 12,645 





NOTES FROM SOUTH YORKSHIRE. 
8 , Wednesday. 

South Yorkshire Coal Trade.—A slight improvemen 
has been experienced in the demand for house coal, but 
merchants report on difficulty in obtaining rr 
There is a marked sho’ of wagons and a good deal of 
delay on the railways. Pits are working full time, and 
supplies are adequate if they could only be secured. 
Contract deliveries of gas fuel are irregular. A decreased 
consumption is reported by gas and electric supply con- 


cerns, as a result of the restrictions placed on street- | j 


lighting. The market for steam hards continues weak. 
Shipments are exceptionally light. Little business is 
passing via the Humber ports, but increased quan- 
tities are going to the Mersey, but with an unusually 
large demand from e consumers, some of whom are 
taking abnormal quantities where Government work 
is plentiful, values are steady, and have a stronger 
tendency. With regard to slacks, the position has some- 
what improved. Lancashire trade is decidedly on the 
upward trend. A considerable tonnage is still available 
on the open market, but prices are not subjected to the 
same amount of cutting, and are ier. Cokes are 
quiet and unaltered. Quotations :—Best branch hand- 
picked, 16s. to 16s. 6d.; Barnsley best Silkstone, 12s. to 
ea Es 
Derbyshire house, 10s. 6d. to «3 best nutes, $ 
onal eile, 9s. to 10s.; Yorkshire hards, 10s. to 11s.; 
Derbyshire hards, 9s. 6d. to 10s. 6d.; best slacks, 7s. to 
&s.; seconds, 4s. 9d, to 5s. 9d.; smalls, 1s. 9d. to 2s. 9d. 


Tron and Stecl.—Despite a further reduction of prices 
in the local iron market, little business is being done in 
common brands, and forward buying is on a small scale. 
Lincolnshire No. 3 foundry is quoted at 56s. 8d., Lincoln- 
shire forge at 55s. 8d., byshire No. 3 foundry at 
55s. 6d., and Derbyshire forge at 53s. 6d., but only a very 
small amount of business is at these figures. 
Derbyshire forge can be bought at 52s. to 52s. 6d., Derby- 
shire foundry at 54s. to 54s. 6d., Lincolnshire forge at 
53s. 64. to 54s. 6d., and Lincolnshire foundry at about 
55s. 6d. Makers express confidence in the future, and 
are not taking any steps to restrict production. Buying 
of hematite continues on a heavy scale for armament 
purposes. Local users are deriving advantage from the 
slump in export business caused by Government prohibi- 
tions in relation to exports to certain foreign countries. 
As in the case of common irons, West Coast hematites, 
officially quoted at 80s., can be bought at 2s. less, 
and East Coast sorts, quoted at 70s., from 2s. to 33. less. 
The South Yorkshire Bar-Iron Makers’ Association 
maintains its basis quotation of 8/. 10s. for crown bars. 
Sheets are quoted at 9/. 10s. A steady demand prevails 
fur scrap at slightly lower rates. There is still a pro- 
nounced shortage of Siemens-Martin steel, but additional 
furnaces are being erected, and it is hoped that when the 
output is augmented adequate supplies will be available 
for all classes of consumers. In the existing circumstances 
heavy armament-makers are farm | big tonnages, and 
manufacturers of ucts not intended for war purp 
are having to goshort. Special steel is a brisk ium. 
Orders are under execution for a. Chicago, New 
York, Yokohama, Montreal, and Colombo. Railway steel 
departments are looking forward to supplying several of 
those who were Germany’s best customers, but at presens 
general business is quiet. Wagon-builders are better em- 

loyed. Some orders for tramway material have 
been received from colonies and home corporations. 
Firms making shells, guns, and armour, including Messrs. 
Vickers, Limited, Messrs. Cammell Laird and Co., and 
Messrs. Hadfield, Limited, are enlarging their alread 
record yy for output. Tool-makers have more 
on hand from the Government for Pg shovels, axes, 
&c., than they can comfortably handle. Steel billet prices 
are a little easier, production being cheaper on account 
of the decline in hematite values. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MripDLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—A cheerful tone prevailed 


during the week and a fair amount of business has been | the 


transacted. The quotations are consequently steadily 
maintained, and with the demands of the shipbuilders 
increasing, coupled with an access of Government orders, 
the improvement is hkely to be maintained. The home 
demand for pig-iron continues steady, and deliveries can 
be made by rail to Scottish customers at a 

of 7s. 6d., as against the recent rate of 8s. 10d. per 
ton. No. 3g.m.b. Cleveland changed hands at 51s. 3d., 
f.0.b. delivery, though there were instances during the 
week of 3d. more being asked ; No. 4 foundry is main- 
tained at 502. 9d.; No. 4 forge at 50s.3d.; and mottled 
and white iron at 49s. 9d. to 50s., early delivery. Hema- 
tite prices have also shared in the sual tugueee 
ment, Nos. 1, 2, and 3 East Coast brands being very 
at 65s. per ton. Rubio ore is quoted 20s. ex-ship Tees 


and 





for 50 per cent. quality, freights, Bilbao- Middlesbrough, 
—s 7s. Blastfurnace coke is 17s. 6d. delivered at 
urnaces. 


_ Stocks and Shipments.—Stocks of Cleveland pig-iron 
in the public warrant stores now stand at 103,643 tons. 
Since beginning of the month the stock has been 
reduced by 418 tons. Shipments of pig-iron from the 
Tees to date this month average 2270 tons per working 
day, the total despatches being returned at 47,680 tons, 


month the loadings 
average of 1830 tons, 
ane © San ae 

or an average of 3214 tons per working day. 

mM Iron and Steel. — Very sati 
accounts are given of all branches of the manufact 
iron and steel trades. Works are kept busy, and several 
pressed for delivery. 


i 


ie oa oe at wor he oe 
lees 24 per cent. discount; galvanised corruga 
24 gauge, in bundles, 141. f.o.b.—less 4 per cent. 








Evecrriciry at Leeps.—In the six months ended 
September 30, the Leeds electricity undertaking increased 
its output both for lighting and .power, notwithstanding 
some falling off having been experienced at the beginning 
of the war through a temporary depression of trade. The 
units sold for private lighting in the six months under 
review were 7 r cent. more in the previous 
corresponding half-year, and there was an increase of 
pe An -_ in the units sold for — A pi teed 
evidence of the growing popularity of electric lighting 
and power in Leeds was afforded by the number of con- 
sumers, which rose to 10,226, as compared with 9612; 
the te capacity of the motors i grow- 
ing from 56,842 orse-power to 29,052 horse-power. The 
number of consumers of current for heating pape 
rose from 735 to 804, and the total sales for the half-year 
were 18,626,358 units, or nearly 45 per cent. more than 
in the corresponding six months of 1913; the prices 
charged averaged 0.83d. per unit against 1.02d. per unit, 
and there was, een oe increase of only 17} per 
cent. in the cash income. ie income derived from the 
sale of current for all purposes during the half-year 
ended with September 30 was 64,262/., as compared with 
54,8147. A gross profit of 33,553/. was shown, as com- 
pared with 3),755/. 





MgrropouiTaN Rattway Devetopment.—The laying 
down by the Metropolitan Railway of a new express line 
on the route between Baker-street and Harrow entailed 
the construction of a new railway viaduct at Kilburn. 
The widening of the railway track commenced with the 
demolition of two tunnels at Finchley-road. From 
this point the railway branches from four to eight rails, 

the traffic is divided here into local call ex 
trains. Most of the new line has been laid on 


belonging to the Metropolitan Railway parallel with the | Cardi 


existing lines ; but between West Hampstead and Kilburn 
stations it was necessary to construct a lofty viaduct, 
en J over the London and North-Western Railway 
ines and a number of streets and thorough 


F 


and forms an engineeri' 
magnitude. The works were in June, 1913. and are 
a Soe ones towards the end of January, 
next year. They include the construction of four bridges, 
as follows :— bri over thé London and North- 
Western Railway, built on a skew, has two clear 
of 97 ft. and of 80 ft., the girders being 7 ft. 6 in. at the 
ends and 9 ft. 6 in. in a. ry = is of = 

te type, wit! pyene trough flooring, 

t being about tons. The bridge os 
Iverson-road weighs about 300 tons, is of the hog-bac 
lattice type, having a clear span skew of 99 ft., with 
plate flooring. Girders are 8 ft. 6 in. ) at 
the bridge. The bri 


were given at 38,449 or a daily ral 
alter Ge aan 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade bas shown little change. 
Tonnage arrivals over the week-end were low, and the 
number of steamers in dock was smaller than usual. Coal 
stocks being heavy, sellers for immediate shipments have 
been making concessions to immediate buyers, but they 
have maintained forward values, as they are looking for a 
good future demand. Rather higher pri have been 
obtained for bunker smalls. House 
coke have shown scarcely any 
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on the regular service, and if trade increases, more frequent 
sailings will be arranged. The Maple Leaf Line has 
hitherto run from New York and Savannah to British 
Columbian ~~ via ports in South America, through 
semage wil. sow Uo mao tems Gan Hoosskeon, tontine 
voyage now m rancisco, ing 
at Seattle, Tacoma, Portland or San Pedro, and thence 
through the Panama Canal to ports in the United King- 
dom, such as Bristol and Swansea, returning thence to 
New York, and so omens a round trip. “ihe voyage 
from San Francisco to Bristol via the Panama Canal will 
occupy about 40 days, considerable saving of time thus 
being secured. 

Wales and Germany.—The prohibition of tin- 
exports to Holland, k, and Sweden has 
loyally received at Swansea, makers fully ing that 
it is probable that Welsh plates have been finding their 
— into Germany in a manner beyond their knowledge 

control. The effect of the new order will, however, 
mean the closing down of about thirty-five mills employ- 
ing some 1700 men. effect of the action of the 
Government will be more severely felt in another week 
or fortnight, as many more mills must then close down. 


Newport.—The steam-coal trade has shown weakness, 
stocks being —< as excessive. while tonnage has 
been scarce. best Newport slack vein large has 
made 16s. 6d. to 16s. 9d. ; Western Valleys have brought 
15s. 9d. to 16s. 3d.; and Eastern Valleys 15s. 6d. to 
15s. 9d. per ton. 

Cardiff Dock-Gates.—The ae eae Works have 
secured a contract for a pair of dock-gates for the Cardiff 
Railway Company, to replace a pair built by the late Mr. 
Finch over fifty years ago. firm intends to com- 
plete the gates at its works and launch and tow them to 


te 


ff, where the existing gates have to be removed and 
the new ones | ape in position in five tides, or less than 
three days. each gate weighs nearly 100 tons, the 
importance of this operation can be inferred. 





Tne Soorry or Nava ARCHITECTS AND MARINE 
ENGINEERS. — twenty-secon i 


he 


Building, New York, on Thursday and Friday, Decem- 


spans | ber 10 and 11. The final list of papers follows :—*‘ Inter- 


na Conference on Safety at Sea,” by Hon. E. T. 
Chamberlain, Hon. i smber; “‘Safety of Life 
at Sea: Application of Subdivision Rules Adopted at 
Internati Conference,” by Mr. James id, 
Member; ‘*Safety of Life from Fire at Sea,” by Mr. 
W. O, Teague; ‘* Launching Data for a Battleship,” by 
Naval Constructor J. G. Tawresey, U.S.N., Member; 
se Stability of Vessels as Affected by Dam: Due to 
Collision, Mr. William Gatewood, Member; ‘* Ex- 
ion or traction of Certain Dimensions and the 
ffect upon —— yy Professor H. C. Sadler, 
Member of Council; “ Experiments with Models 
having Radical Variations of After-Sections,” by Naval 
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bridges over Kilburn High 

Messrs. E. C. and J. Keay, Darlaston, 
bridges over Iverson-road and the - 
Messrs. Eastwood, Swingler and Co., 


age 


D. W. Taylor, U.S.N., Vice-President ; 
**Recent De in Su i i i 


‘te 

of Warships at Sea,” 
“Our First Fri : 
their Construc' . Roosevelt, Assistant 

c of the viour of Riveted 
Joints under Stresses,” by Mr. James E. Howard ; ‘‘ The 
Present Status of Marine Diesel ine Installations,” 
ty Mr. W. R. Associate ; ‘ Application of 
: ic to Battleshi with the 

x 





ined in the Tapiter” by jeutenant 8S. M. 
son, U.S.N., ber. 
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THE STEAM-TURBINE AND ITS 
CONDENSER. 

AN incidental result of the inability of the recipro- 
cating engine to utilise high vacua effectively was 
a very general neglect by steam engineers of the 
theory of the condenser. 
the latter were good or bad affected to but a very 
minor degree the steam consumption of the average 
commercial steam-engine. As a consequence the 
true character of the phenomena occurring within 
a condenser were, if anything, less known 
and appreciated by the steam-engine designer 
of fifteen or twenty years than by the 
pioneers of a previous generation, with whom 
the introduction of this important accessory 
this steam-engine originated. No doubt the 
intervening period was not free from attempts 
to improve condenser practice, but the more 
successful of these owed their vogue mainly to 
considerations of manufacturing convenience, no 
real improvement in design being made until the 
introduction of the steam-turbine. 

The problems which had to be solved by Sir 
Charles Parsons and his associates in making a 
commercial success of the new prime mover were 
remarkable both for variety and difficulty. These 
difficulties were, moreover, enhanced by the fact 
that the steam-turbine is inherently better adapted 
to the deve'opment of very large powers than to 
the 50-kw., 100-kw., or even 350-kw. sets, which 
constituted the maximum sizes of unit for which 
orders were obtainable during this period of de- 
velopment. The small size of the unit enhanced, 
indeed, not only the difficulty of the turbine 
design proper, but also that of its generator, a 
sufficiently tough problem in any case. The load 
on the large generators now installed is charac- 
terised by a very favourable diversity factor. The | res 
current taken by any motor on the mains consti- | a 
tutes, in fact, but a very small fraction of the total 


oar output, and if suddenly thrown off does not appre- 
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of commercial success were lightened by the tur- 
bine’s ability to make effective use of the highest 
practicable vacuum. For long, indeed, inspecting 
655 | engineers failed to realise the difference in this 
7 | regard between a steam-turbine and a reciprocating 
engine. With the latter a 28-in. vacuum, as shown 
by the gauge, might be taken as an actual 28-in. 
vacuum without either unduly handicapping the en- 
gine if the barometer were high, or favouring it were 
it low, Moreover, many engineers had a prejudice 


Whether the design of | has 





against the specification of high vacua, since with re- 
ciprocating engines theair leakage is likely to be large, 
unless continuous care is taken to check it. Thus, 
if a 27}-in. vacuum were specified for a turbine, — 
builder pr well pray that what meteorol 
call an area of marked depression might prevail a 
the time of the tests. A 29-in. barometer with the 
gan showing an apparent my ty -in. vacuum would, 
act, correspond actually to a 28}-in. vacuum, 
with which the steam consumption would be some 
5 or 6 per cent. less than with the 27} in. assumed 
in the specification. Nowadaye, of course, it is 
difficult to realise that any engineer of standing 
should have failed to understand that it was the 
back pressure on the turbine that mattered, and 
not the nominal vacuum as shown by the gauge; but 
at | it is not many years since a leading South African 
engineer dec publicly that steam - turbines 
were out, of place in the Transvaal, because, owing 
to the high level of the country, it was impos- 
sible to obtain a vacuum of more than 26 in. 
The general neglect into which the theory of the 
condenser had fallen is further indicated by the 
fact that the installation of a central condensation 
plant was at one time considered the acme of pro- 
in the lay-out of a power-station ; and, 
indeed, with reciprocating engines the drop of an 
inch or two of pressure between the engine exhaust 
branch and the condenser was, no doubt, a matter 
of no very vital importance. 

When at length the peculiar characteristics of 
the steam-turbine were recognised, a complete 
change had to be made in certain treasured 
features of surface-condenser design. It was quite 
common, for example, to fit diaphragms within the 
condenser, so as to give the steam a more or less 
tortuous passage over the tubes. A spreader fitted 
below the inlet branch was also not infrequently 
fitted, the idea being to distribute the steam more 
evenly over the tubes. When such devices were 
used with the high vacua desiderated in steam- 
turbine practice, their evil effects quickly beeame 
obvious. A drop of as much as an inch of vacuum 
in some such cases been noted between the 
top and bottom of a condenser, which was elimi- 
nated on removing the guides and plates incorpo- 
rated by well-meaning but injudicious designers. 

With a well-designed condenser there is, in fact, 
little difference observable in the pressures recorded 
at the top and bottom of the condenser; but, on 
the other hand, there is always a difference in the 
temperatures registered in the two localities. More- 


to|over, it is often the case that neither of these 


two temperatures corresponds to that which the 
steam should be, according to the usual steam- 
tables. The temperature is always highest near 
the steam inlet, and generally does not deviate 
from the tabular figure by more than a degree or 
so (being generally a little too high), and with due 
care in making measurements a still closer accord, 
can be attained. Such ea amid as exists here 
arises from the inherent difficulties attaching to the 
accurate measurement of the pressure and tem- 
perature of a — y-moving gas, which offers a 
— that, as Mr. Stoney well said on Friday 

when replying to the discussion on a paper on 
“The Effect of Vacuum on Steam-Turbines,” 
which he had read before the Institution of 
Mechanical Engineers, has never yet been success- 
fully solved. 

At the air-pump inlet, on the other hand, the 
temperature can measured with considerable 
accuracy, as it may in most cases fairly be taken 
as that of the water discharged. Thus mea- 
sured, it is, however, invariably below that cor- 

nding to the vacuum shown by the gauge, 

— wr ften by a very considerable amount. Thue 
Mr. J. M. Newton has recorded a test in which 
the hot-well temperature was 65 deg. Fahr., whilst 
the temperature corresponding to the vacuum 
should have been 102 deg. Fahr. ‘This defect is, 
of course, due to the presence of air in the con- 
denser. Ordinary boiler steam contains, at least, 
1 part in 4000 by weight of air, and this air content 
is further augmented by numerous leakages at joints 
of every kind, so that, by the time the steam enters 
the condenser, some 4 lb. of air may be expected 
to be present for each 10,000 lb. of steam, and 
much more than this if the leakage is great. 
By Dalton’s law, each gas in a cubic foot of 
@ mixture exerts e y the eame pressure 

as if it had the whole of the s to itself, and 
the other gases were absent. Near the exhaust 
inlet the contents of a cubic foot of condenser 


Space cuntains, say, 10,000 parts of stem to 4 of 
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air, and to the total pressure, therefore, the air here 
contributes but zq¢y5 part. As the mixture 
through the condenser the steam progressively dis- 
appears, until at the air-pump inlet each cubic foot 
of condenser space contains rather more air than 
steam—say 3 parts by weight of the one to 2 parts 
by weight of the other. If the vacuum be 28 in., 
corresponding to about 1 lb. back pressure, to this 
pressure the steam will contribute some 0.52 Ib., 
and steam at this pressure has a temperature of 
about 80 deg. Fahr., which is therefore the tempe- 
rature recorded by a thermometer at the air-pump 
inlet. On the other hand, where the steam enters 
the condenser, the proportion of air is so small that 
practically the whole of the pressure recorded is 
due to the steam, and the temperature here is 
accordingly about 102 deg. Fahr. 

There is, of course, nothing novel in the point 
ahove discussed, but in the absence of an explanation 
of this kind, some of our less-experien readers 
may find the extremely valuable paper by Mr. 
Gerald Stoney, F.R.S., which we reprint on another 
page of this issue, a little above their heads. Mr. 
Stoney’s career has been identified with the de- 
velopment of steam-turbine engineering, in which 
condenser problems first became of supreme import- 
ance, and has probably forgotten more about con- 
densers than most of us ever knew. It was both 
natural and proper, therefore, that his paper 
should be devoted mainly to the many other 
intricate problems relating to the turbine and the 
condenser, as to which he has special knowledge, 
inaccessible to the bulk of us, rather than to such 
questions of elementary physics as have been dis- 
cussed above, 

The effect of vacuum on a steam-turbine is, 
indeed, in some respects paradoxical. It is quite 
possible, for instance, that an increasing vacuum 
may diminish the efficiency of a turbine, whilst 
actually increasing the steam economy. This is 
not always realised by those ill versed in steam- 
turbine practice, but the fact is well illustrated by 
the following figures published some time ago by 
Mr. M. G. L. Swallow, as the results of very 
careful tests on a large and highly efficient turbine. 
On increasing the vacuum from 27 in. to 28 in. 
the actual reduction in the steam taken per kilo- 
watt-hour was 5 per cent., whilst that theoretically 
due was 6 8 per cent. On still further raising the 
vacuum to 29 in. the actual gain was 6 per cent., 
which must be compared with a theoretical figure 
of 11.4 per cent. Here it will be seen that the 
efliciency of the turbine has been reduced, since, 
whilst it returned 73 per cent. of the work theoreti- 
cally due to an increase of the vacuum from 27 in. 
to 28 in., it only converted into useful work 41 per 
cent. of the additional energy rendered “ avail- 
able” by the increase from a 28-in. to a 29-in. 
vacuum. The same peculiarity is, perhaps, more 
clearly shown in the correction curves which accom- 

anied Mr. K. Baumann’s paper, read before the 

nstitution of Electrical Engineers in 1912. These 
curves showed that on increasing the vacuum from 
28 in. to 29 in., the steam consumption per kilo- 
watt hour is reduced by some 6 per cent., but the 
efficiency of the turbine is simultaneously reduced 
by 3 per cent. 

It is obvious, therefore, that the rule given 
by Captain Sankey during the discussion of 
Mr. Stoney’s paper at last Friday’s meeting of 
the Institution of Mechanical Engineers (see 

634 ante) is only roughly applicable to 
estimates of the effect of vacuum on a steam- 
turbine. Captain Sankey said that at all loads 
the efficiency ratio of a steam-turbine was nearly 
constant, and it is, in fact, true that if a series 
of tests at different powers are made on a steam- 
turbine, the efficiency ratio varies relatively little 
under considerable changes of load. Thus in the 
trials of the famous Elberfeld turbine the gross 
etliciency ratio at an output of 994.8 kw. was 55 per 
cent., and at 1190 kw. it was 56.5 per cent. Even 
greater constancy than this is exhibited in other 
cases. Thus with one of the early Rateau machines 
the efficiency ratio was 54.4 per cent. at half load 
and 54.9 per cent. at full load. This apparent 
constancy in the efficiency ratio is, however, largely 
attributable to the fact that at low loads the vacuum 
is generally better than at full load, and, in short, 
as a working rule, it may be taken as substantially 
correct that the ‘‘ shaft”’ efficiency of a steam-tur- 
bine is the same when the ratio of exhaust to 
admission re is the same ; that is to say, a 
given turbine shows the same consumption per 
shaft-horse-power hour when supplied with steam 





at 200 lb. absolute below the governor-valve and 
exhausting at 28 in. as when supplied with steam 
at 100 lb. absolute and exhausting at 29in. The 
**indicated ” output, on the other hand, is exactly 
proportional to the steam pressure below the 
overnor-valve, being double as much with 200 lb. 
Stew the governor-valve and a 28-in. vacuum as 
with 100 lb. below the governor-valve and a 29-in. 
vacuum. In applying this rule, ‘‘ indicated ” out- 
put may generally be replaced by the actual output 
measured at the turbine-shaft, since it is only at 
very low loads that the ‘‘constant” portion of the 
turbine’ losses becomes large in comparison with 
the power developed. These ‘‘constant” losses 
consist mainly in journal friction and in the steam 
supplied to the glands. Other losses, such as 
dummy leakage, disc or drum friction, and the 
like, are sensibly proportional to the load. 

In one part of his paper Mr. Stoney laid down 
a very striking relationship between the blade 
speed of a turbine and the degree of vacuum which 
can be profitably utilised. If the speed of revolu- 
tion is fixed, as it generally is, by the periodicity 
of the current supplied by the generator driven, 
the area available ie flow at the exhaust end of 
the turbine will vary as the square of the mean 
blade velocity, and the inevitable losses to exhaust 
will, in consequence, vary inversely as the fourth 
power of the blade speed. This rule, of course, 
does not hold good when the designer is not bound 
to a specified number of revolutions per minute. 
If he is quite free in this regard, the loss to the 
exhaust will be less the lower the blade speed. 
This follows because the ‘‘carry over” of kinetic 
energy from the last row of blades is proportional 
to the blade speed, and with high —_ may thus 
become of material importance. is considera- 
tion has its bearing on turbines of the double 
rotation type, such as devised by Mr. Ljungstrém. 
Here the absolute velocity with which the steam 
leaves the last row of blades is double what 
it would be in an equivalent single-flow turbine. 
Considerations of this kind have led to the intro- 
duction of diffusers in the exhaust end of a turbine, 
with a view to converting into pressure some of the 
kinetic energy of the steam as it leaves the blades. 

So far, however, we believe devices of this kind 
have given very disappointing results, and it re- 
mains to be seen cline further experiments will 
end more favourably. In these days of high blade 
speeds, it is certainly desirable, as pointed out both 
by Mr. Stoney and Mr. Morison, that an attempt 
should be made to diminish the loss resulting from 
the very considerable kinetic energy ‘‘ carried over” 
by the steam exhaust from modern high - speed 
turbines. On the other hand, the exhaust branch 
has to be short, or even more serious losses may 
ensue, and it is accordingly difficult to arrange for 
a diffuser which will not waste as much in friction 
as it will gain by the conversion of kinetic energy 
into pressure head. 

We may, perhaps, add an explanatory note to 
Mr. Stoney’s remark that in general the ‘‘ no-load” 
pressure of a high-pressure turbine is 15 1b. absolute 
per sq.in. This is very generally true, but only 
when the generator losses are included. If the 
excitation is cut off from the magnets of the gene- 
rator, the plant will run at full speed with a pres- 
sure of only some 8 lb. to 9 lb. absolute per sq. in. 
below the governor-valve. 

Complaint was made at Friday’s meeting of the 
wide range given by Mr. Stoney for the ‘‘ apparent 
conductivity ” of the condenser. This, he stated, 
varied from less than 300 B.Th.U. up to nearly 
1500 B.Th.U. transmitted per square foot of cool- 
ing surface per hour and degree Fahr. of mean 
temperature difference. This wide range is, however, 
a fact perfectly familiar to those who have had 
experience with modern condensing plants. In 
this connection there are, we think, some advan- 
tages in considering the heat-flow in terms of the 
resistances opposing it rather than in terms of the 
conductivities of the different layers traversed by 
the heat. The resistance is, of course, the reci 
of the conductivity, and a convenient unit is a re- 
sistance such that 1000 B.Th.U. will pass per hour 
and per square foot of surface for each degree Fahr. 
of temperature difference between the surfaces 
through which the heat is transmitted. In other 
words, with unit resistance, practically 1 1b. of steam 
will be condensed per square foot for each degree 
Fahr. of mean temperature difference. Conversely, 
unit resistance corresponds to a value of K = 1000, 
as defined by Mr. Stoney. The use of resistances 
in place of conductivities has, in the first place, the 





advantage that such temperature-curves as are 
plotted in Figs. 4 and 5 of Mr. Stoney’s paper (see 
page 655) become straight lines when resistances are 
taken as abscissz instead of conductivities. Secondly, 
the total resistance of a number of layers in series 
is equal to the sum of the resistances of each, whilst 
the conductivity of two conductivities in series is 
not equal to the sum of these conductivities. 

In a condenser there are generally at least 
four resistances to the transmission of heat from 
the steam to the circulating water. In the 
first place, a blanket of air tends to form round 
each tube. The resistance due to this may, under 
the most favourable conditions, be as little as 0.2 
unit, but with large air-leakage and inefficient air- 
extraction its value may readily rise to as much as 
5 or 6 units of resistance. Secondly, there is a fall 
of temperature between the condensing steam and 
the film of water which forms on the tubes. The 
corresponding resistance is small, but the resistance 
of the water film itself is very considerable, being 
represented by about 0.3 in the units defined 
above. Next comes the resistance of the tube- 
wall; this is small, being of the order of about 
0.07 unit. After this comes the resistance of any 
fur deposited on the tubes by the circulating 
water ; and, finally, there is the resistance to the 
transmission of heat from the solid surface to the 
circulating water in contact therewith. This 
latter resistance is nearly inversely proportional to 
the velocity of flow, being with ?-in. tubes about 
1.3 units, when the velocity is 3 ft. per second, 
which diminishes to about 0.4 unit if the velocity 
is raised to Y ft. a second. 

Of the above resistances the station engineer can 
control the air resistance and that due to the furring 
of the tubes. Both are of very great importance, 
and some means of deciding whether a fall in the 
efficiency of a condenser is due to excessive air 
leakage or to dirty tubes is of great practical value. 
A convenient method of discrimination in such cases 
consists in taking records of the temperature of 
the steam admitted to the condenser and of the 
hot-well temperature. If there be but little differ- 
ence between the two, the defective performance 
of the condenser is due to deposit in the tubes, 
which require cleaning, whilst a wide gap between 
these temperatures is evidence of large air-leakage. 
The — above outlined is in constant use at a large 
London power-station, where the temperatures 
in question are logged hour by hour. As show- 
ing the amelioration possible in condenser effi- 
ciency by merely stopping air-leaks, we may 
instance a further test by Mr. J. M. Newton of the 
condenser, for which results obtained in an earlier 
trial have already been quoted above. In that case 
the temperature difference between the incoming 
steam and the hot-well was, as stated, 37 deg. 
Fahr., and the amount of air entering the con- 
denser was about 20 lb. per hour. By very care- 
fully stopping every detectable air-leak, including 
even minute pin-holes, the amount of air entering 
_ condenser was reduced to about 2.1 lb. per 

our. 

Corresponding to this improvement, the differ- 
ence between the temperature of the incoming 
steam and the eel Gas reduced to 7 deg. 
Fahr., and the vacuum maintained was raised from 
its former value of 28 in. to nearly 29 in., and 
this result was, it may be added, secured with ordi- 
nary Edwards air-pumps, and without the aid of a 
vacuum augmenter. Nevertheless, the maintenance 
of so high a degree of air-tightness as the foregoing 
requires constant vigilance on the part of the 
station engineer, and Mr. Morison is no doubt quite 
correct in holding that, in practice, the use of some 
form of augmenter is essential to high condenser 
efficiency. 

We may addthat a deposit of fur in the tubes 
is at least as inhibitive of condenser efficiency 
as the admission of air. Quite a thin deposit will 
easily have a resistance of 2 units, and with thicker 
deposits resistances of as much as 3, or even 4, 
units are met with. With a clean condenser, 
nearly air-free, and a good speed of circulating 
water, total resistances of 1.2 to 1.3 units are 
frequently recorded, but a very little fur will in- 
crease this total to 24, or even 34, units. In fact, 
engineers compelled to utilise dirty condensing 
water can seldom maintain the resistance of their 
condensers at less than the lower of these two 
figures. Considerations of this kind tend to 
emphasise Mr. Stoney’s contention that the provi- 
sion of ample surface in a condenser constitutes an 
excellent investment. 
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THE HARDENING OF METALS. 


Tue winter session of the Faraday Society was 
opened last Monday by a general discussion on 
‘“*The Hardening of Metals.” The meeting was 
held in the rooms of the Chemical Society, at 
Burlington House, Sir Robert Hadfield, F.R.S., 
President of the Faraday Society, being in the 
chair. On the agenda paper were an introductory 
address by the ident, and twelve papers or 
shorter communications, in addition to a demon- 
stration of instruments for testing hardness. 
Several of the expected speakers were prevented 
from attending, one of them being Professor Ernst 
Cohen, of Utrecht, who had intended to come over 
especially for the meeting ; but others took their 
places. With the actual state of science and the 
co-ordination of its various branches it is always 
very difficult to limit the scope of a ‘‘ general 
discussion.” Very little was said concerning the 
practice of hardening, but a great deal about amor- 
phous and crystalline phases and allotropic modi- 
fications and the theory of hardening ; and though 
the practical metallurgist and engineer was not 
offered any real explanation of the hardeni 
problem, he will probably acknowledge that the 
discussion, which attracted a great many experts, 
was instructive and interesting. 

In his introductory address, Sir Robert Hadfield 
reminded the audience that before the introduction 
of steel (disregarding the handful produced by 
the crucible or puddling process) the main object 
of the metallurgist had been to keep his metal soft, 
because heat treatment was uvknown, and any 
approach to hardness meant brittleness. Now 
55 million tons of steel, or ‘* hardened metal,” were 
used every year, and the Brinell hardness number 
had gone up from less than 100 for wrought iron 
to 300 for special steels. It was interesting to 
mention that he had quite recently received from 
Mr. Bhandarkar, the Superintendent of Archeology 
in Western India, a specimen of a metal which 
contained 0.7 per cent. of carbon, and was really a 
steel in the modern sense, whilst the many other 
steels which had been sent to him were iron. The 
specimen, from the base of the stone pillar of 
Heliodorus (the name of the Greek who erected 
it) at Besnagar, dated from 125 B.c.; it was a 
plate 4 in. thick, weighing 4 lb., which could still 
be hardened by heating and quenching, showing 
that it had undergone no change of structure in 
two thousand years, beyond surface oxidation. 

Sir Robert also referred in appropriate terms to 
the death of Professor A. Martens, Director of the 
Materialpriifungsamt at Berlin, who died in the 
last days of July. Martensite was named after 
him by Osmond; Martens had done much for 
hardness research and testing in general, and 
although we were at war with his nation, that 
did not prevent our appreciating his merits. 

Sir Robert then briefly abstracted a paper sent 
by Professor Henry M. Howe, of New York, on 
‘* Hardening without Martensitization.” We hope to 
print this paper in an early issue. Professor Howe 
discussed the amorphous theory of hardening of 
Beilby, the y-iron theory, and the 8-iron theory. 
The first (Beilby) could explain five methods of 
hardening (by martenising and cold work), but not 
the non-martenising way—which, he explained, was 
the holding of manganiferous austenite below the 
transformation range—when hardening took place 
in the absence of carbon, whether the cooling were 
fast or slow. Sir Robert was pleased, of course, that 
Professor Howe came round to his theory, that the 
hardening of steel was due to a combination of 
iron and carbon. Professor Howe also described 
some new experiments on the influence of the rate 
of cooling on the hardness of Hadfield’s manga- 
nese steel after being kept at high temperature. 

Dr. G. T. Beilby, F.R.S., first called upon by 
the President, reviewed the main features of the 
amorphous-crystalline theory of the hard and soft 
states. Three years before the theory had been 
published he had noticed that a vitreous layer 
was produced on the surface of mechanically- 
disturbed metals by the breaking down and flow 
of the crystalline units ; movements of slip due to 
overstrain caused the same flow within the mass. 
Differences in other mechanical, physical, and 
chemical properties, some previously known from 
scattered observations, also pointed to two different 
states ; these differences disappeared by annealing 
to the modern temperature at which recrystallisation 
was complete. Other workers had subsequently 
extended the range of properties which were modified 





by the change from hard to soft or from soft to hard. 
In the liquid state rigidity did not exist except at 
the boundary, where the unbalanced portion of 
the molecular attraction reduced the f: om of the 
skin molecules. Cohesion bound the molecules 
more closely in the surface skin, and should neces- 
sarily act more effectively still on the more closely 
assembled, less highly energised molecules of the 
solid. Plastic mobility was transient and could not 
be repeated indefinitely. The crystalline state 
depended not merely on mobility, but also on the 
vibrational energy conferred on the molecules by 
heat ; that energy conferred upon the molecules a 
certain potential mobility. In mechanically-pro- 
duced flow these potentially mobile molecules were 
further energised by the deforming stress and atip. 
and slipped over each other like liquid molecules. It 
was not at all necessary that the temperature of lique- 
faction was reached. When actual flow ceased, and 
the outside supply of rotational and translational 
energy was cut off, the aggregate returned to the 
solid state with a suddenness greatly exceeding 
that of any form of chilling in which heat had to 
be removed from the mass by conduction. We did 


ng| not know enough about the orienting powers ; but 


by chilling and undercooling a liquid, a solid aggre- 
gate could be obtained having the character of the 
amorphous aggregate resulting from flow under 
deforming stress. Molecular constraint was not 
the cause of rigidity ; rigidity was, in a narrow 
sense, rather the cause of molecular constraint ; but 
the true antecedent cause of both was cohesion. 

If the amorphous-crystalline theory of hardening 
by deformation explained the hardening of pure 
metals, it should also be applicable to alloys and 
mixtures of metals with metals or metalloids when- 
ever breaking down had occurred. In alloys and 
mixtures, moreover, an amorphous state would 
directly be produced from the liquid by chilling, 
and temperature changes would lead to a change in 
the distribution of the hard and soft portions. 

Dr. Cecil H. Desch had sent two contributions, 
which were abstracted by Dr. Lowry. The first 
was on ‘‘ The Hardness of Solid Solutions.” Dr. 
Desch pointed out that the hardness of solid solu- 
tions of silver and gold, two completely isomor- 
phous metals, was greater than would appear from 
calculations based on the law of mixture, a mixture 
in equal proportions being about twice as hard as 
either constituent. That held also for magnesium 
and cadmium, except that the curve was not 
simple, but consisted of two arcs, because there was 
a definite compound, MgCd. The hardness of 
elements was a periodic function of the atomic 
weight, and the hardness curve resembled the 
atomic-volume curve. Benedicks had found the 
hardness proportional to the ‘‘ atomic concentra- 
tion” (the quotient of density by the atomic 
weight), and the rule had been extended to com- 
pounds. A closer agreement between theoretical 
and experimental values for the hardness, which 
was difficult to determine, was obtained by apply- 
ing the equation of Van der Waals to solids :— 


a 
(ros 
* being termed the internal pressure, according 


3 
to which the elements were grouped. This internal 
ressure, expressed in m bars, rose from 8190 
or potassium to 5,458,000 for diamond (Traube’s 
table). Hardness was connected with the close 
packing. Now the atomic volumes of gold and 
silver were nearly the same, and the two space 
lattices might interpenetrate freely without appre- 
ciable distortion ; but an alteration in the closeness 
of packing would not explain the great hardness of 
the solid solution. According to the theory of 
internal strain, the hardness of a solid solution was 
due to the same cause as that of a cold-worked 
metal—namely, to a disturbance of the crystalline 
structure, giving rise to an amorphous, irregular 
arrangement of the molecules (Beilby). Tammann 
ascribed the increased hardness of solid solutions to 
the fact that the attractive force between two 
similar molecules was greater than the attraction 
between two similar molecules in the same mix- 
ture. That attraction and the hardness should be 
greatest in solid solutiors containing equal mole- 
cular proportions of the two components. Direct 
experimental evidence of the constrained condi- 
tion of the molecules of solid solutions was, how- 
ever, difficult to obtain in the case of metals ; but 
the optical study of isomorphous salts was easier. 
There, however, optical anomaly did not by any 


) (v—b) = RT, 


means always indicate internal strain, possible 
anyhow in the case of salts (Re ). The prob- 
lem might further be investigated by the determi- 
nation of the heat of formation of solid solutions, 
Why the attractive force between gold and silver 
should be twice as great as between gold and gold 
was not easy to understand. 

The second paper by Dr. Desch was a ** Note on 
Crystal Twinning and the Martensitic Structure.” 
It was a reply to a paper presented by Professors 
H. C. H. Carpenter and C. A. Edwards to the Iron 
and Steel Institute last spring, concluding that 
martensite and austenite were constitutionally 
identical, and differed only in the repeated) 
twinned structure of the former. Dr. Desc 

uestioned that conclusion, and he also opposed 
the view that hardness was due to twinning. His 
slides showed Neumann (narrow twinning) lines 
in bismuth, antimony, and various steels, and 
tended to prove that a martensitic structure need 
not be accompanied by increased hardness. 

Professor Edwards, in a paper on ‘* The Harden- 
ing of Metals by Quenching,” dealt, on behalf of 
Professor Carpenter and himself, with these criti- 
cisms, which he considered ay & Dr. Desch 
had, he said, misunderstood this theory. Before 
coming to this, however, Professor Edwards pointed 
out that the hardness of stvel, as would gene- 
rally be admitted, was connected with the Ar, 
change, which was accompanied by an evolution 
of heat. According to physical laws that change 
should occur at lower temperatures (below 760 deg.) 
when the cooling rate was accelcrated, and that 
was so. But the question was: Were the rates 
of cooling in quenching sufficiently rapid to sup- 
press the heat evolution? Benedicks had not 
observed any heat evolution in small specimens 
when accelerating the rate greatly, and the mar- 
tensite structure (as distinct from the troostite 
structure) seemed to correspond to the suppres- 
sion of the heat evolution. Troostite was the 
first compound to break up in solid solutions at 
high temperatures. They (Carpenter and himself) 
believed that internal stresses were set up in 
quenching, resolving themselves into internal 
strains, and also that an amorphous layer was 

roduced in the operation of quenching. This view 
had been criticised by Rosenhain, who wanted 
actual internal strains, not stresses only. But a 
metal like lead might be deformed without taking 
hardness, and severe internal stresses were not 
necessary to produce hardness. Hardening by 
mere compression was different from hardening 
by deformation. These views were illustrated by 
many beautiful novel slides, exhibiting remarkable 
twinning and slip-bands in steel, zinc, and tin. A 
plate of tin, bent, showed twinning only on the in- 
side (compression), not on the outside (which would 
be under tension) ; slip-bands only appeared when 
the tin was bent in both directions. Sir Thomas 
Kirke Rose (of the Mint) pointed out afterwards 
that tin annealed itself within less than twenty- 
four hours, and Professor Edwards added that the 
growth of twinning could, indeed, be observed 
when the tin was scratched with a pin. 

In the absence of Mr. Andrew McCance, of 
Glasgow, a short abstract of his paper on ‘‘ The 
Interstrain Theory of Hardness” was read by the 
Secretary, Mr. F. S. Spiers, B.Sc. We print this 
paper in another part of this issue. Paying, like 
all the other speakers, his tribute to Dr. Beilby for 
the immense service which his theory of the 
amorphous phase had rendered to metallurgical 
studies, Mr. McCance asked whether it had experi- 
mentally been demonstrated that the amorphous 
state was actually harder than the crystalline 
at the same temperature; was the transparent 
glass, e.g., harder than the devitrified ag [This 
same question was afterwards put by Mr. Hattield, 
though couched in rather obscure terms.| Mr. 
Humfrey’s views were almost identical with his 
(McCance’s), and they found it difficult to correlate 
the magnetic Ma trey with the amorphous phase 
theory. Mr. Humfrey thought, however, that all 
the atoms were similarly arranged in each molecule, 
and that the molecules were regularly mew in 
the crystalline space lattice, whilst physicists 
believed that it was the atoms which were so con- 
cerned, and that in a binary compound the space 
lattices of the two components were mutually 
interplaced, giving rise to a new space lattice. 
He also differed from Humfrey as to martensite. 
According to Humfrey structureless martensite was 
formed after all the austenite had been trans- 





formed into amorphous a iron, and the more 
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prominent structure obtained from a higher quench- 
ing temperature was due to the retention of much 
austenite. But he (McCance) had shown that 0.86 
per cent. carbon steel retained the same percentage 
of y iron whether quenched from 1000 deg. or from 
760 deg. Cent. e martensite structure repre- 
sented the cleavage planes of the y iron at the 
temperature of quenching, and the apparent lack 
of structure of steels quenched from 760 deg. was 
due to the small size of those crystals. 

The contribution by Mr. J. C. W. Humfrey, 
M.Sc., M.Eng., of Sheffield, was entitled ‘‘The 
Part Played by the Amorphous Phase in the 
Hardness of Steels.” He started by pointing out 
that years ago Barus had recognised what Roberts- 
Austen expressed by the words: ‘*When iron 
passes through the temperature of recalescence its 
molecular constitution is for an instant almost 
chaotic.” An allotropic change must be accom- 
panied by a change in the internal structure of the 
molecules, either a reorganisation of the atoms com- 
posing the molecules or a change in their number. 
During the intermediate period of disorder, the 
structure, Mr. Humfrey thought, was amorphous ; 
that state corresponded to the liquid phase which 
would be formed by the fusion of the solid phase 
stable at the lower temperature. But the con- 
ditions could be so adjusted that recrystallisation 
was prevented ; an example in question was the 
change of monoclinic into rhombic sulphur, which 
normally took place at 95.6 deg. Cent. ; but rhombic 
crystals could be made to melt at 115 deg., and 
monoclinic at 120 deg. Cent. In the case of iron, 
the temperature-tenacity curve indicated a similar 
phenomenon, the rapid drop in the tenacity both 
of a and of 8 iron before Ar, suggesting that they 
were approaching their melting-points ; if the re- 
crystallisation into y were prevented by suitable 
pressure, a true melting-point could be observed at 
900 deg. Cent. These changes were not instan- 
taneous, because they started from nuclei, and a 
second crystallisation could only take place when 
the mass was not too viscous; for this reason 
abnormal conditions, such as rapid cooling, might 
delay the change to well below the normal change 
temperature. Pure iron changed and recrystallised 
at 860 deg. ; with increasing percentages of carbon 
the change temperature was lowered, to 680 deg. 
at 0.9 per cent.; in iron of less than 0.45 per 
cent. of carbon a second change occurred at 
780 deg. (marked by an evolution of heat and 
discontinuity in magnetic and elastic properties) ; 
above 860 deg.—but not below it—iron was nor- 
mally capable of holding carbon in solid solution, 
in the form of carbide ('e,C ’) ; the temperature at 
which amorphous matter formed by overstrain 
began to recrystallise (the temperature at which 
crystallisation could occur in an undercooled mass 
on cooling) was about 500 deg. for mild steel 
(Goerens) ; the hard structure produced in carbon 
steel by quenching was due to the presence of a 
hard amorphous solution of « iron and iron car- 
bide. 

Dr. T. M. Lowry, F.R.S., presenting, on behalf 
of himself and of Mr. R. G. Parker, a ‘* Note on 
Metallic Filings,” said that it was generally recog- 
nised now that the strained metal, though harder, 
was less dense than the unstrained metal. Dr. 
Brislee had proved this in the Faraday Society with 
regard to aluminium, which became lighter when 
rolled, but not under simple tensile stress. It 
might be that compression made the elastic mole- 
cular spheres yield and approach one another, 
whilst rolling was accompanied by slipping. leadin 
to a change of state and to expansion. They ha 
been studying metal filings, because successive 
layers of filings taken from a metal should show the 
effects of cold-working more strongly than thick 
plates or wires, and they had made some peculiar 
observations with regard to the so-called dental 
alloy, Ag,Sn. Fre-h filings of this alloy, when 
amalgamated, took up less mercury than old filings 
(67 against 75 per cent.), but gave up twice as 
much mercury on squeezing. Now the fresh filings, 
they had observed, were amorphous, and the old 
filings crystalline, and that difference seemed to 
hold also for finely-reduced copper, which, as 
T. R. Merton had quite recently announced, ab- 
sorbed gases as well almost as charcoal when fresh, 
but not when old or when heated above 200 deg. 
Cent. The dental alloy was remarkable for its low 
annealing tem ture, which was 100 deg. Cent. 
(boiling water), whilst the changes in density 


studied by Beilby required temperatures of about | 7 


250 deg. They had found that gold and tin 





did not change in density by continued heating to 
100 deg.; but antimony did when kept at 78 deg. 
for 17 hours, and bismuth, cadmium, and copper 
were likewise affected by a temperature of 100 deg. 

Professor Thomas Turner, D. Met., pointed out 
that tenacity and hardness should be distinguished. 
Hardness depended upon the distances between the 
molecules, and as all metals were practically in- 
compressible, the interstices must be very small. 
Rolled metals became, indeed, lighter; yet the 
first effect of rolling was to increase the density, 
because the pores were closed ; afterwards the plate 
gripped between the rolls was pushed and pulled 
as well; it was not all compression. As regards 
solid solutions, he agreed with Desch, but not with 
regard to compounds like Mg (Cd; in the case of 
copper-zinc the alloys might be harder or softer 
than the constituents ; Cu, Zn, was harder. Mecha- 
nical means could at best double the tenacity (by 
drawing) ; but in solid solutions the hardness would 
be more than doubled. In steel, carbides were taken 
in or taken out of the solution, and that changed 
the hardness. With regard to annealing tempera- 
tures, Professor Turner mentioned an experiment 
he used to ask his students to mike. Some fusible 
metal would anneal and evolve heat simply when 
taken in the hand, and the student had to drop 
the specimen to avoid being burnt. 

Mr. W. H. Hatfield, D. Met., of Sheffield, said 
that cold work certainly seemed to produce the 
mobile amorphous phase. Pure iron could not be 
hardened by quenching, but it could by cold work. 
He agreed with Humfrey that y iron passed 
through the amorphous phase in being transformed 
into a iron ; the 8 phase he considered as dismissed. 
But there were some peculiar contradictions in 
these views with respect to troostite and to the 
holding in solution of carbon, which was supposed 
to give rise to hardness. 

he next speaker, Mr. T. G. Elliott, of Sheftield, 
offered similar objections. What is martensite, he 
asked? Dr. Rosenhain seemed to turn round to 
the carbon theory of hardening in his new book on 
metallurgy ; the matter had not been simplified by 
the attention physicists had given to it. 

Dr. Brislee asked Dr. Beilby whether the tensile 
strength should necessarily increase when a metal 
was rendered amorphous by mechanical work. That 
work sometimes diminished desirable properties, 
prevented bending at right angles, e.g. Was the 
change from the crystalline to the amorphous phase 
a transition point coinciding with the annealing 
point ? With regard to Professor Cohen’s paper*— 
with which we intend to deal on another occasion 
—he remarked that the experiments on metastable 
lead, which appeared diseased like tin, were very 
important and might account for many troubles 
with lead cables. 

We must pass over other remarks. At the end 
of the discussion, which lasted very nearly three 
hours, Mr. H. L. Heathcote gave a demonstration 
of his ‘‘ Instruments for Testing Hardness.” We 
described these instruments in connection with the 
spring meeting of the Iron and Steel Institute. 
Dr. Beilby, called upon to reply, had only time to 
say that the tenacity could, of course, be increased 
very much by cold work, but wire could be over- 
drawn. 

If we may indulge in a paradox, we will offer the 
remarks which Dr. J. E. Stead had sent in as his con- 
tribution, as a summary of the discussion, though 
Dr. Stead was not present, and could hardly have 
seen all the papers when he was drawing up his own 
communication. The fact is we have not sufficient 
data to found any definite conclu-ion as to why steel 
is hardened by heating to above Ac;_»o ;, followed 
by quenching. That is what Dr. Stead emphasised. 
One thing was certain, he stated ; the carbon was 
mainly responsible. The different behaviour of 
hardened and of annealed steel when heated with 
chemical reagents was a proof of differences in the 
chemical constitution of the two. It was difficult 
to determine the real difference, and he hence 
welcomed the prize which Sir Robert Hadfield had 
offered.t The allotropic theory of Osmond had 
never been advanced as other than one of a tenta- 
tive character ; the purely solid-solution theory 
might be one of several which pointed in the right 
direction ; the internal-stress hypothesis might be 
more or less correct, but 09 per cent. carbon 
steel, it was well to remember, could never be 





'* “The Influence of Allotropy on the Metastability of 
one, and Its Bearing on Chemistry, Physics, and 


echnics. 
+ See the Hadfield Research Prize, page 577 ante, 





stressed in the cold into glass-hard steel. He 
himself had icularly studied iron-phosphorus 
compounds. Iron saturated with 1.7 per cent. 
of phosphorus was difficult to drill; yet Cleve- 
land pig, or other grey pig, with more than 
2 per cent. of phosphorus even could readily be 
machined. In the hard condition the phosphorus 
was in solid solution ; in the pig it was in the free 
state. A Mexican meteorite containing free phos- 
phide crystals was very soft ; but, on heating, the 
crystals diffused: into solid solution, and the metal 
turned hard. There was thus a close analogy 
between steel and iron containing phosphorus ; 
but it would be premature to hold solid solution 
alone responsible for the hardness of quenched 
steel. The meteorite mentioned contained more 
than 1000 Neumann twin laminz in each eighth of 
an inch. Those lines disappeared at 800 deg. 
Cent., and yet the metal did not become sensibly 
softer. Twinning was therefore no indication of 
hardness, and the suggestion that martensite should 
consist of twin laminze was open to doubt ; 0.9 per 
Cent. carbon steel was equally hard when quenched 
from 900 deg. or from 750 deg.; the former was 

ronounced martensitic, the latter barely so. Dr. 

tead also referred to nickel steels. 

At the conclusion of the meeting Sir Robert 
Hadfield mentioned that the Institution of Mecha- 
nical Engineers had appointed a Hardness Test 
Research Committee. 








AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. XIII. 
By Frepverick Wii11am Lancuester, M. Inst. C.E. 
Arr Power as Arrectinc ComBinep Tactics. 

Some indication has been given in the preceding 
articles of the influence that the advent of aircraft 
may be expected to have on the tactical value and 
employment of the other Arms of the Services ; 
more particularly attention has been called to the 
changes that will almost inevitably be found neces- 
sary in the emp!oyment of cavalry. Certain writers, 
basing their views too exclusively on the experience 
of the present war, have expressed the opinion that 
the aeroplane, and, more broadly, aircraft, though 
of the greatest service and utility as a new means 
of reconnaissance (and, to some extent, of offence), 
will not have any material influence on the tactical 
employment of the older Arms, either Infantry, 
Cavalry, or Artillery. In the opinion of the 
present writer this view is fallacious, and the 
— war, at least as so far developed, cannot 

taken asacriterion. It may be thought over- 
bold thus to give preference to purely theoretical 
deduction in place of actual experience, but a little 
consideration will show that the experience, such 
as it is, cannot be regarded as a serious indication 
of the future. It is an undeniable fact that the 
aeroplane has, in the present war, been able to 
give information of the positions and movements 
of the enemy that would have been otherwise un- 
obtainable, and in a few cases it has enabled points 
to be attacked that could not have been reached by 
any other means. To this extent it may be said to 
have invented or originated new duties that do not 
overlap those of the older Arms. It is equally true 
that, so far, it has not seriously encroached by 
its employment on the duties of the other Arms— 
it has not replaced cavalry in any measurable 
degree, neither has aeroplane bombardment been 
found effective as a substitute for gun-fire. There 
is, however, one important consideration that 
should prevent us from drawing too hasty a con- 
clusion from these facts. The number of aero- 
planes at present in service is small in relation to 
the size of the armies in the field, so much so that 
we can only afford to employ our aeroplanes for 
work for which they are pre-eminently suited ; that 
is to say, to perform mainly those duties which can- 
not be done by other means. 

The position is perhaps most easily illustrated 
by means of an analogy. Some years ago, when 
the milling-machine was first introduced into our 
general engineering shops, it was not an uncommon 
thing to see one such machine installed (more or 
less experimentally) in a large machine-shop along- 
side some hun or so lathes and other machine- 
tools ; such a machine usually had allotted to it 
a number of odd jobs that could not be done 
conveniently or cheaply on any other machine. 
Any superficial observer asked to report on the 
innovation might have been tempted to say, “‘ By 
means of this new machire work may be under- 
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taken which could not, commercially speaking, 
be done previously ; it does not, however, show 
any promise of replacing to any extent the 
ae forms of machine-tool, and can only be re- 
garded as useful for doing the special work for 
which it has shown itself of unique value.” Such 
a view would, we know, have been utterly wrong. 
The milling-machine to-day is doing a multi- 
tude of jobs formerly looked upon as essentially 
work for the lathe or planing-machine, but it had 
no opportunity of demonstrating its full capacity 
until installed in sufficient numbers. The above is 
merely an illustration chosen from innumerable 
examples that might be cited. 

Without attempting to discuss fully the influence 
of the development of the Fourth Arm on questions 
of ‘“‘grand” or ‘‘ combined ” tactics, mention may 
be made of one salient fact which has already 
become manifest: the influence of aircraft as a 
means of reconnaissance has greatly increased the 
power of defence without, it would appear, con- 
ferring a commensurate benefit on the attack. It 
is possible that the fighting power of the aeroplane 
may in the future be found to redress the balance 
of advantages; but, so far, there is no definite 
indication that this will be the case. It may be 
stated tersely that the equilibrium between forces 
conducting respectively an attack and defence 
is normally maintained by a balance between 
strategic and tactical advantages. Thus the tacti- 
cal advantage lies with the defender, in so far 
that he may be presumed to occupy chosen posi- 
tions carefully prepared and fortified in advance, 
so that to place the attack on terms of equality the 
force employed must (locally at least) be numeri- 
cally stronger ; a numerical superiority many times 
that of the defending force may be required. The 
strategic advantage is with the attacking force, 
owing to the fact that the general in command can 
select any one of a number of possible points at 
which to deliver his assault. By exerting pressure 
at other points, by way of feint, he can keep 
the enemy in ignorance of his intentions whilst 
he is concentrating at the point chosen for the 
main attack, and so prevent him (the defender) 
taking steps to reinforce his lines. Thus an 
attacking army can always ensure a local nume- 
rical superiority at the decisive moment, and 
the issue will largely depend on whether this advan- 
tage is sufficient to outweigh the tactical advantage 
of the defending force as due to its choice of 
position and entrenchments and other defensive 
works. Clearly much, if not everything, depends 
upon the general in command of the attack being 
able successfully to conceal his movements until 
the moment arrives for delivering his blow. But 
the veil of secrecy has been lifted by the advent 
of aircraft. It is for this reason that the power 
of aerial reconnaissance has proved so valuable a 
weapon to the defending force, and of compara- 
tively little value to the attack. It is quite true 
that the aircraft of the attacking force may be of con- 
siderable use in reporting the nature and strength 
of the defences, and so may disclose the points of 
weakness at which the chances of successful assault 
are the greatest ; but this will only in a very small 
degree compensate for the premature disclosure 
of the whole plan of attack to the defenders, a 
disclosure which, if we may judge from experience 
so far gained, appears to be little short of complete. 

The foregoing applies more particularly to war- 
fare in which large bodies of troops are engaged 
over a great extent of territory ; evidently where 
fighting is on a small scale, and the whole of the 
movement constituting a concentration and attack 
can be executed between sunset and sunrise, the 
whole operations can be considered to be of a purely 
tactical character. It may be emphasised that it is 
by destroying the strategic advantage hitherto en- 
joyed by the attack that aeronautical reconnaissance 
gains its especial value as an aid to the defence. 
Thus, so far, the advent of aircraft in the field of 
battle has had the effect of tending to produce a 
deadlock, or position of stalemate, such as we are 
able to witness at the present time in the north- 
west of France and on the Belgian frontier. 

It is of interest to note that, previously to the 
arrival of the aeroplane, most of the improvements 
of weapons and armament have tended to favour 
the attack and to render defence more difficult. 
During the last three or four centuries we have 
seen the value of permanent defences gradually 
diminish, as constructional improvements and scien- 
tific methods of usage have rendered the Artillery 
Arm more and more deadly. Of more recent times 





we have witnessed the result of the increased 
effectiveness of fire-arms generally in the greater 
concentration that can be effected on any given 
point in a field of battle. In other words, the depth 
of the line has been increased by the greater range 
of small-arms, and it may to-day be increased 
almost indefinitely by the employment of artillery 
of heavier and heavier calibre, with correspondingly 
increased range. Such increase in the depth of 
the line only becomes of general value when, as 
in the present war, the number of men per mile of 
front is great, and more men are available than can 
be effectively employed in the trenches or infantry 
supports. Any additional numerical strength must 
then be assigned to the Artillery Arm, and the 
greater the supply of men (in other words, the 
greater the density of the line), the heavier and 
longer range should be the artillery brought into 
action, in order to ensure that the weight of 
numbers shall tell, in some degree at least, in accord- 
ance with the n-square law. It would seem that 
this is a point which has been very fully realised by 
the German Staff. In our own experience it is 
certain that the Boer War, owing to the compara- 
tive openness of the country and less density of 
the fighting-line, did not fully demonstrate the 
importance of artillery from the standpoint of 
modern Kuropean warfare. 


THe CoMMAND OF THE AIR. 


It is probable that in the future the employment 
of aircraft in large numbers, tactically in a com- 
bative capacity, may, in effect, still further deepen 
the fighting-line. Without attempting to predict 
exactly what réle the aeroplane will take in this 
regard, it is safe to say that if, during a battle, it 
is found practicable to conduct air raids and air 
attacks systematically over a considerable belt of 
territory in the rear of an enemy’s lines, this 
belt will require to be defended, and (if the 
air forces employed are of numerical strength 
comparable to the other Arms) the belt will 
actually become a measure of the depth of front. 
The permanent defeat of the enemy’s air fleet 
and, as we may express it, the capture of his air 
will then become the first and most important duty 
of the Aeronautical Arm. It is difficult to gauge 
what the total consequence of defeating the enemy 
in the air will be. It is unlikely that it will entirely 
prevent his aerial reconnaissance ; his scouts will 
doubtless manage to run the gauntlet and con- 
tinue to keep him sufficiently informed. On the 
other hand, he will be deprived of all those uses of 
the Aeronautical Arm in which some more direct and 
definite purpose is involved, such as the direction 
of gun-fire, defence of stores, protection of cavalry, 
&c. He will require to submit to aeroplane 
attack without possibility of effective counter ; 
he will be subjected to long-range gun-fire 
(directed by poe sone without means of return- 
ing it; his cavalry will be continually harassed 
by machine-gun fire and explosive grenades, and 
will cease to be of service ; his railways, convoys, 
and mechanical transport will be nowhere safe ; 
and he will need to expend an undue propor- 
tion of his resources in patrolling his lines of 
communication and guarding points of strategic 
importance. The command of the air opens up 
possibilities in the direction of raiding of a kind 
and with a scope not hitherto known in warfare. 
To what extent it will be found possible for aircraft 
to detach themselves from their base, and execute 
extended raids in territory held by the enemy, only 
the future can determine. It would certainly appear 
thatif the inhabitants are friendly, and the enemy’s 
aircraft are no more a force to be reckoned with, 
tactics of this kind may be quite feasible. 

Once again the writer would point out that the 
experience of the present war is no guide ; the 
Aeronautical Arm qué Arm cannot at present be 
said to exist. The Flying Corps, excellent though 
it be, is scarcely more than necessary to constitute 
an armed reconnaissance service. 

From the foregoing it would appear to be at least 
doubtful whether in future warfare an army which 
has been deprived of its aircraft, or has to admit 
the air supremacy of an enemy, will find itself in a 
position to carry on a campaign. It is in any case 
certain that it will only be able to do so at a very 
grave disadvantage. It is the writer's opinion that 
the time will come when the total and irretrievable 
loss of the command of the air to an enemy will be 
regarded as a disaster of an altogether irreparable 
and decisive kind, and although there may bea great 
deal of fighting still before the end, nothing less 


than an overwhelming superiority in the other arms 
will save an army deprived of its air service from 
ultimate defeat. We are thus led to the considera- 
tion of a branch of the subject of extreme import- 
ance—namely, aeroplane tactics. 

In some of the previous articles (Article VII., 
et sey.) the question of aircraft fighting—i.e., aero- 
plane versus aeroplane—has been considered, and 
matters such as armament have been fully dis- 
cussed. We shall now deal with the employment 
of the armed machine in its fighting capacity, not 
as a single unit, but as part of a force ome func- 
tion is the destruction of the armed air fleet of the 
enemy, and the crippling of his reconnaissance 
service. It is evidently necessary to assume that 
the enemy in his turn he prepared an armed air 
fleet, and that the problem to be studied is the 
handling and bringing to battle of the two air 
fleets in their struggle for supremacy. 

The various factors that enter into the problem, 
apart from the personnel, are those of speed, climb- 
ing power, armament, and last, but not least, 
numerical strength. These, together with that all- 
important item—the tactical scheme—are the more 
important of the material factors on which the 
question of victory or defeat will turn. The rela- 
tive importance of the different items is not by any 
means always the same. It may, for example, 
usually be assumed that one or the other of the 
combatant forces is seeking, and the other endea- 
vouring to avoid, battle, or at least is only willing 
to accept battle under conditions deemed favour- 
able; thus it may be that the enemy can be 
only brought to battle by virtue of superior 
8 . In other cases it will be possible to force 
the enemy to give battle by attack upon some 
vulnerable point connected with his land forces ; 
all this is strictly analogous to the similar 
problems of naval warfare. Given the main con- 
ditions, all that can be accomplished by a tactical 
scheme is to ensure bringing the enemy to battle 
in the most favourable manner possible, and, as in 
the problems studied in Articles V. and VI., bring- 
ing the greatest weight of numbers possible to bear 
on lesser numbers of the enemy, in order to reap 
the advantage of the n-square law. The object of 
the practice of tactical exercises will be to enable 
an air fleet to mancuvre to defeat the enemy in 
detail, and, if his numbers are superior, to prevent 
him from bringing his whole concentrated fire to 
bear by the adroit handling of the weaker numbers, 
and so to neutralise the advantage of his numeri- 
cally superior force. 





NOTES. 
Tue Spanish [ron anv Street Inpustry. 

In a paper on this subject, reproduced in the 
Madrid Revista Minera, Metalirgica y de Ingenieria, 
the various difficulties against which the Spanish 
iron and steel industry has to labour are d in 
review. One of these relates to the lack of fuel 
and the duty on foreign coal, which duty reacts 
upon the price of Spanish coal. The paper adds 
that the present moments are decisive moments for 
the future of the Spanish iron and steel industry. 
Whatever be the result of the present war, there is 
sure to occur a displacement of the hegemony 
in iron production, and this will largely affect 
Spain. The triumph of Germany would give 
that country the French Lorraine iron deposits ; 
these are of so great an importance that in the 
year they represéuted r cent, in the 

rench production of iron. If these deposits 
were taken over by the German Syndicates, the 
extra output of the Zollverein would reach such 
proportions as totally to eclipse the stunted output 
of the smaller industrial nations. On the other 
hand, the triumph of France would probably lead 
to the recovery of the part of Lorraine beyond the 
present frontier, and with it the minable zone from 
which Germany now obtains her supply of ore. 
In this latter case, France would occupy a premier 
position in iron production, coming second after 
the United States. Germany’s enterprise, her in- 
dustrial organisation, the encouragements she 
gives to exporting, and the system of dumping 
which she practises, would render competition 
with her products most difficult. On the other 
hand, the fact that France adjoins Spain, the 
financial influence which France exerts upon 
Spain, and the innumerable undertakings con- 
trolled by France, as a consequence of her finan- 
cial support, would also be factors most diffi- 





cult to compete against when tendering for iron 
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and steel products, Therefore, says the writer of 
the paper referred to, the means to be taken by 
Spain is to strengthen her tariff defences in so far 
as they apply to iron and steel products, not only 
by reason of the disadvantages against which the 
Spanish works now labour for their manufacture 
and distribution, but also to counteract in part the 
state of inferiority in which these works will find 
themselves in regard to their competitors as soon 
as the present hostilities cease. 


Rattways in Wak TIME. 


We take the following remarks from the Madrid 
Revista de Obras Publicas:—The late General 
Moltke stated that railways furnish the best 
means of carrying out the first operations of an 
army, and with this in mind he organised the 
German system of railways. When he was a 
Staff Captain, he published a pamphlet on the 
military utilisation of railways ; this was at a 
time when they were viewed with such distrust that 
some experts advocated that they should only run 
at a distance from fortified positions. At the same 
period, the Marquis de Sainte-Croix was studying 
the problem in France. Since that time the great 
military value of railways has gradually been recog- 
nised. The railways served a great purpose in Italy, 
in 1848, when the Sardinian General Durando 
prevented tlie union of the forces of General 
Count von Thurn with those of Radetzky, by trans- 
porting his troops to Vicenza before the penetration 
of the Austrian troops. They played a great part 
in the German campaign in Schleswig-Holstein, and 
also in the war of 1850 between Prussia and Austria, 
and their aid was most effective in the Franco- 
German War of 1870-71. When the present war 
broke out, the French Minister of War divided the 
nation into two zones: that of the armies and that 
of the interior, separated from each other by a 
line of demarcation, the first zone being controlled 
by the military authorities, the second one remaining 
under the control of the railway companies. Our 
contemporary then gives an account of the working 
of the German railways in 1870, and adds that the 
experience then gained has borne fruit, as was 
shown by the concentration of three million m2n 
on two fronts in the first week in August, a result 
due in a large measure to the working of the 
German railways. He states that the organisation 
and working of the French and German railways 
have now many points in common. The Russian 
General Staff had foreseen the possibility of a 
conflict with the two Central European empires, 
and had prepared a defensive scheme, utilising the 
fortifications of Warsaw, Ivongorod, and Brest- 
Litowsk, to the rear of which line mobilisation and 
concentration would take place This plan was, 
however, abandoned for one of sudden offensive 
attack, on the recommendation of the French 
General Staff, who also recommended the improve- 
ment of the lines on the west frontier. Russia 
immediately commenced working in this direc- 
tion, duplicating her lines. The Russian activity 
in railway construction, which had barely com- 
meuced, decided Germany to anticipate events, 
since she feared that the increase in the Russian 
railway system would allow of a rapid concentra- 
tion on her frontier of large masses of troops, 
rendering all her own defensive efforts useless. 
The Revista then prints in italics the following 
statement :—‘*The proximate development of the 
Russian railway system was one of the main causes 
for the present European war.” This shows, adds 
the Revista, the enormous importance of railways 
in war time. 


CLARIFIVATION OF SEWAGE BY FINE SCREENS. 


In Continental countries natural waterways are 


longer and population on the average less dense than | technical 


here, and it is possible in many cases to adopt 
less elaborate methods of treating sewage than 
are rightly enforced in this coan In a paper 
published in the August issue of the Proceedings 
of the American Society of Civil Engineers, Mr. 
Kenneth Allen states that most of the actual 
nuisanus due to sewage is attributable to the 
relatively coarse suspended matter which is offen- 
sive to the eye and gives rise to foul deposits on the 
bed of a waterway, besides being largely respon- 
sible for depriving the water of its natural content of 
oxygen. By removing this coarse material, although 
the dissolved organic matter and the accompanying 
hacteria remain, the greater part of the nuisance 
is suppressed. Even if the conditions will not 





allow of the direct discharge of sewage thus clari- 
fied, the process is still useful as a preliminary to 
the more refined processes of purification by 
biolysis. Thus, in timore, fine screens placed 
between the tanks and sprinkling-filters have 
made it ible to reduce the time spent in 
cleanin the filters from 16 hoursto4. In Ger- 
many this clarification is, he states, effected by 
means of relatively fine screens, which Mr. Allen 
defines as the openings in which are not more 
than % in. in diameter, and such screens are, 
he states, capable of removing up to about 30 per 
cent. of the suspended solids, and of this 30 per 
cent. two-thirds may be taken as being organic in 
character, and valuable either for the recovery of 
‘grease or for the production of fertilisers. The 
screens used vary much in construction. In some 
laces a band screen is used, consisting of an end- 
ess flexible band of wire netting, or an equiva- 
lent, which passes over under and upper rollers, 
and is rotated so as to bring the area to be 
cleaned above the water-level. The wing screen is 
another type. This consists of five independent 
screens, arranged radially round a horizontal axis. 
The screen in use dips into the supply channel, of 
which it touches the bottom, which in this neigh- 
bourhood takes the form of a circular arc concentric 
with the axis on which the screens are mounted. 
The length of this arc is such that a new screen 
comes into contact with it before the soiled screen 
moves out. Another pattern used consists of a 
drum of perforated plates or wire mesh, rotating 
on a horizontal axis, whilst a variant of this con- 
sists of a perforated disc mounted upon an inclined 
axis, so that part of the disc comes above the 
water level, and the remainder forms the active 

rtion of the screen. As the latter rotates, the 
ouled surface comes above the water-level, and is 
replaced by a corresponding area of cleaned surface 
entering the water from the other side. The 
cleaning is effected automatically by scrapers and 
rakes. An advantage claimed for these screens is 
that they are very compact, and in this respect 
they compare very favourably with settling-tanks, 
though the latter are generally cheaper to build, 
and capable of removing a greater proportion of 
organic matter. In the case of large plants, the 
screenings may be treated for the recovery of 
grease or for the production of fertilisers, but in 
other cases they are best dealt with by incineration. 








Tue “Datry Marit” Yerar-Boox, 1915.—We have 
received a copy of this year-book for 1915, the fifteenth 
year of issue. Iv is edited by Mr. David Williamson, 
and is published by the Associated Newspapers, Limited, 
London, E.C., at the price of 6d. net. As is admitted in 
the opening statements *‘ to the reader,” the war covers 
a large section of the contents of the present edition. 
Various aspects of the war are dealt with by experts, and 
their views form interesting reading. Subjects of general 
interest are also treated, and reference to the book is 
facilitated by a very complete index. 





Tue Crtry anp Guitps or Lonpon InstiTvuTE OF 
TxCHNOLOGY.—The annual report of the Department of 
Technology of the City and Guilds of London Institute 
just issued draws attention once more to the immense 
value and importance of the work done in the promotion 
of technical education. The City Guilds examinations in 
technology were inau ted in 1879, when there were 
seven subjects of examination, ang Bee examination 
centres, and 202 candidates’ papers. t year the number 
of subjects on which papers were set was seventy-three, 
and the number of examination centres numbered 467. 
The number of classes held under the direction of the 
department was 5049, which were attended by 55,996 
students. Included in the report are comments of the 
examiners on the ch ter of the work done. The results 
of the examination show that many teachers are relying 
too exclusively on text-books, and they are reer ad 
warned that they are expected to keep their knowledge 
up to date by studying the Transactions of the leading 
i societies the leading technical journals. 
The examiners that in many subjects a 
more thorough training of the students in funda- 
mental principles is very desirable. Simple mathe- 
matics is still a stumbling - block to many studen 
and there is evidence that students are being admitte 
to technical c without sufficient grounding in 
mathematics, English, and practical science. The weak- 
ness in mathematics shown by candidates, even in 
the final examination for me ical engineering, is 
said to be surprising ; whilst in structural ineering 
the candidates, though better ed in ma tics, 
show, on the other 4 of practical knowledge. 
Tn trical pee ig the ti current work 
appears reasonal y good, but the theory of the alternat- 
ing current a to present much difficulty. In the 
final examination in electrical engineering, a ® pro- 
portion of the candidates were far from sufficiently 
prepared for so severe a test. 











THE BRITISH ASSOCIATION IN 
AUSTRALIA. 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE—concluded. 
(Continued from page 611.) 
VISCOSITIES OF THE HALOGENS. 


Dr. A. O. Rankine presented a paper on ‘* The 
Viscosities of the Halogens (Chlorine, Bromine, 
Iodine) in the Gaseous State,” describing in par- 
ticular the method used for the absolute measure- 
ments of the viscosity of iodine. Two bulbs of 
glass were connected by a capillary. In the one bulb 
iodine was heated in a steam-bath ; the bulb became 
filled with saturated iodine vapour ; the other bulb 
was removable, and served as a condenser, and 
arrangements were made for keeping the air pressure 
on the condenser side below the saturation pressure. 
Then iodine vapour flowed through the capillary, 
and condensed in the second bulb; and from the 
rate of distillation, and the known pressure, and 
the known density of the vapour, the viscosity of 
the vapour could be calculated. The condenser 
was removed and weighed from time to time; 
to prevent condensation of iodine in the capillary 
and in the exposed parts of the connecting tubes, 
electrically-heated jackets were provided. The 
following table summarised the results obtained :— 





Gas. Temperature. Viscosity. 





C.G.S. Units. 
deg. Cent. 
Chlorine .. 12.7 0.0001297 
* ee 99.1 1688 
Bromine .. 12.9 1511 
ri 65.8 1705 
= 99.8 1885 
- 139.8 2079 
a 179.8 2273 
” 220.4 2880 
Iodine 124.0 0.000184 
‘s 170.0 204 
“ 205.4 220 
ye 247.1 240 


| 





SotaR OBSERVATORY IN AUSTRALIA. 


The report of the Committee appointed to aid in 
the Work of Establishing a Solar Observatory in 
Australia was presented by the Secretary, Professor 
G. Daftield, D.Sc., of University College, Reading, 
one of the distinguished members of the over- 
sea party, who was re-visiting the country of his 
birth and of his first university training, South 
Australia. Professor H. H. Turner has succeeded the 
late Sir David Gill as chairman of this Committee, 
which was appointed in 1908. Dr. Duftield pointed 
out that the study of the sun was one of the most 
important scientific investigations in progress ; no 
one could estimate the possible practical outcome of 
a more intimate knowledge of the connection 
between solar and terrestrial phenomena. Scientists 
of all nations were agreed upon the necessity of 
constant observation of the sun for the twenty- 
four hours of the day, and upon the urgent 
need of such an observatory in Australia to 
supplement the work which was being done in 
Europe, America, and India. On behalf of a 
former Commonwealth Government, Mr. A. Deakin 
had promised to propose a grant of 1300/. for the 
upkeep of such an observatory in Australia ; but 
until recently the Commonwealth Government had 
not seen its way clear to bind itself, and they 
had not accepted the instruments offered. Dr. 
Duftield was therefore glad to inform the Section 
that he had, in March last, received a letter from 
the Commonwealth Government advising that in 
the scheme for the organisation of the services at 
the seat of Government at Canberra (the new capital 
of the Commonwealth) provision had been made 
for the establishment, amongst general astronomical 
studies, of a section to be devoted to solar —— 
og nee som Since then, unfortunately, the war 

broken out, but Mr. Thomas Crawthorne had 
offered a sum of 10,0001. or more for establishing a 
solar observatory in New Zealand. G phically 
New Zealand was better situated perhaps than 
Australia, for it was a question of having observa- 
tions in different longitudes as well as latitudes ; 
but the climate and the transparency of the 
Australian atmosphere made Australia preferable, 
and it was to be hoped that both projects would 
be carried out. 

Professor H. H. Turner remarked that the hope 
of furthering the solar research work had been 4 

ime factor in inducing him to come to Australia. 

y had too long been regarding the sun as a per- 
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manent constant source of light and heat ; modern 
science believed in a variability of solar radiation, 
which should thoroughly be a oy There was 
need for observation in the southern hemisphere 
further north than New Zealand, and both longitude 
and latitude were of importance in this respect. 
These same considerations were urged upon the 
Prime Minister of the Commonwealth, Mr. J. Cook, 
in the afternoon of that day, by a deputation of the 
British Association, comprising, in addition to the 
two members mentioned, Professor Abbot, Dr. 
Dyson, Sir O. Lodge, and Mr. Alfred Deakin. The 
Prime Minister was able to give a favourable reply, 
though he reminded the deputation that the pro- 
posal involved the consideration of the question 
whether it was desirable to maintain the three 
State observatories at Sydney, Melbourne, and 
Perth after the new observatory had been founded. 


Proors or THE Sun’s VARIABILITY. 


Professor C. G. Abbot, Director of the Astro- 
physical Observatory of the Smithsonian Institute, 
read a very interesting communication on ‘‘ Proofs 
of the Sun’s Variability.”’ Measurements of the 
solar constant had been conducted by the Institute 
for eight years, he stated, on Mount Wilson, in 
California, and during the years 1911 and 1912 
simultaneously also at Bassour, in Algeria; and 
these measurements proved that the estimates by 
the spectrobolometer of the intensity of solar 
radiation outside the terrestrial atmosphere at the 
two stations were identical for the same day ; the 
values varied by nearly 10 per cent. during the con- 
tinuance of the expeditions. The coefficient of 
correlation, computed by H. H. Turner, was 
52 +7 per cent., and, rejecting three extreme 
cases, 60 per cent. Thus very — evidence had 
been obtained of the variability of the sun’s radia- 
tion, which was irregular in period and amplitude 
apparently. It was highly important, however, that 
this work should be taken up at other stations. 
When the monthly means of the solar constants 
were compared with Wolfer’s sun-spot numbers, 
increased sun-spot numbers were found to corre- 
spond with increased radiation values, and vice 
versa, and the correlation cvefficient was (according 
to Turner) again 5347 per cent. Thus the sun 
varied from day to day and from year to year. 

In September, 1913, another method of obser- 
vation had been applied on Moint Wilson. A 
Lower telescope formed an image o! the sun (by the 
aid of mirrors without lenses), ¥ in. in diameter, 
on the slit, gin. in height only, of a spec:ro- 
bolometer. Tne clock of the telescope was stopped, 
and the image thus drifted centrally across the 
slis, producing an automatic record, a curve of the 
distribution of the intensity of solar radiation 
along a diameter of the sun’s disc. This curve 
had the form of a U; the length of the straight 
liuubs of the U represented the intensity at the 
edges of the sun’s disc, and the height of the U up 
to the centre of the curve the intensity of the 
radiation at the centre of the sun’s disc. Thus a 
contr+t of the intensity of radiation along the 
sun's diameter was made manifest. ‘These observa- 
lions were taken on fifty days fur seven different 
wave lengths of the spectaum between. 3700 and 
19,000 Angstrém units, two curves being obtained 
for each wave-length. Similar observations had been 
conducted hy various metheds, by Vogel, Pickering, 
Langley, Sshwarzschild, &c , and by Abbot and 
Fowle, in 1907, and the comparison, especially of the 
1913 values and the 1907 values, pointed to a change 
in the distribution curve between these epochs ; the 
contrast was greater in 1907 than in 1913, and that 
was so for all wave-lengths, but particularly so 
for long waves. By comparing the results of one 
day with another in the year 1913 it was further 
found that a change of contrast in brightness was 
going on all the time, again irregular in period and 
amplitude. When the daily values of the solar 
constant were compared with the distribution of 
brightness along the sun’s diameter, a close corre- 
spondence of variation was revealed, an increase 
in the solar constant being accompanied by a dimi- 
nution in the contrast. latter result was con- 
trary to the observations of Abbot and Fowle in 
1908, and there was apparently a change in the 
sign of the coefficient of correlation, suggesting a 
greater complexity of the solar problem than had 
originally been assumed. 


Tue Mount Srromto OsservarTory. 


Mr. P. Baracchi, the Federal Astronomer of | th 


Melbourne, described the Federal Observatory 





which the Government of the Commonwealth had 
erected at Mount Stromlo, about 6 miles from the 
site of the projected Federal Capital at Canberra ; 
the meridian of this observatory was to serve as 
the common longitude datum for all State surveys. 
The site was selected in 1910 ; a concrete structure 
with an 18-in. dome was erected, and a 9-in. 
refractor by Grubb was installed in September, 
1911. Astronomical observations (visual, spectro- 
scopic, photographic, but not solar research) 
carried out there till April, 1913, had justified the 
selection, and the suitability of the site for a first- 
class observatory had been established. 


AusrRaLian LONGITUDES, 


A discussion on ‘‘The Present State of the 
Problem of Australian Longitudes” was opened 
by Mr. P. Baracchi. He discussed the longitude 
values assigned to the two Australian meridians of 
Port Darwin (North Australia) and Southport 
(Queensland), which are the terminals of two chains 
of telegraphically-determined longitudes carried 
eastward from Greenwich via India, Singapore, to 
Port Darwin, and westward via and the 
Pacific Ucean to Southport. The connection between 
these two meridians, obtained by means of the 
measured longitudinal arcs, Port Darwin-Melbourne, 
Melbourne-Sydney, and Sydney-Southport, com- 
pleted a ‘‘ whole longitude circuit round the earth,” 
with a closing error of less than 100 ft. This error 
was suspiciously small, the discrepancies being 
larger in other links which had been measured more 
than once. In order to render the whole of this longi- 
tude circuit homogeneous and reliable, Mr. Baracchi 
suggested a remeasurement of the arcs measured, 
and he desired to enlist the sympathy and practical 
advice of the British Association in this matter. 
The sense of the Section was, however, not in 
favour of making any definite recommendation. 
Considering that geodetically Australia could not be 
connected with Asia, and that the perfection of the 
radiotelegraphic service and of the photographic 
method developed on the European continent 
would place more reliable means at the disposal of 
astronomers, the several speakers, Professors Dyeon, 
H. H Turner, E. W. Brown, and others, though 
not altogether of one opinion, agreed that the 
matter was not pressing. 

We pass over a paper by Mr. E Kidson, ‘* The 
General M :gnetic Survey of Australia,” which was 
taken as read, and over two strictly astronomical 
papers, by the Astronomer- Royal, Dr. F. W. 
Dyson, F.R.S., ‘‘ The Distribution in Spice of the 
Stars near the North Pole,” and by Professor A. 8. 
Eddington, F.R.S., of Cambridge, ‘‘The Oblate 
Shape of the Stellar System.” 


Tue Motion or tHe Moon. 


Professor E. W. Brown, F.R.S., of Yale College, 
New Haven, Connecticut, was announced to de- 
liver an address on ‘* Cosmical Physics” to the 
Astronomical and Meteorvlogical Sub-Section of 
Section A, at Brisbane. The meeting was, however, 
practically a plenary meeting ; for the sub-section 
never met this year, and the address was a discourse 
on the ** Motion of the Moon,” which Professor 
Brown has made his study for many years. He 
pointed out that the history uf the motion of the 
moon had for more than two centuries been a 
struggle between the theorists and the observer. 
The subject had lost all practical interest, because 
navigators no longer took their bearings from the 
moon’s position. Theoretically the problem had a 
high interest. It was one of the most difficult 
tasks to settle where the moon really was at any 
particular moment. The theory of the moon's 
motion had been outlined by Newton in his 
‘** Principia,” and had been worked out further, 
especially by Euler, and in the last century by 
Delaunay and by Hansen. Dr. Brown’s own theory 
was rather the fulfilment to the utmost of the ideas 
of others, notably a development of the classic 
memoir of Hill—who had died since Dr. Brown 
left America—than a new method of finding the 
motion. In the past every observation had 
compared with the phase indicated in the Nautical 
Almanac, and the small differences between them 
had been recorded from day to day. At Greenwich 
the moon had been observed since 1750, and 
some 20,000 observations were available for com- 
parison. Some of those, however, involved errors 
of observation which could not always be allowed 
for at present, and were connected with defective 
eories. The tables of the moon’s motion consti- 
tuted an intermediate step between the theory and 





the positions of the moon according to the Nautical 
Almanac. These tables involved many terms ; 
Hansen had 300 terms in his co-ordinates, and 
Dr. Brown's 120 new tables—which were nearly 
complete now, and had been compiled with the 
assistance of Mr. H. B. Hedrick and many com- 
puters—included more than 1000 terms, eight on 
the average per table. 

The difficulty was to determine the gravitational 
action of every particle of matter which might have 
an effect on the moon’s motion. The slides ex- 
hibited showed that the differences between the 
theoretical orbit of the moon and the observed posi- 
tions—derived from meridian observations or occul- 
tations—-had amounted to more than + 4 seconds 
of arc, in extreme cases, since 1750, and that 
there was a certain regularity in them. That 

ved that certain disturbing factors were not yet 
etermined ; but the deviations had become much 
smaller of late. Other curves exhibited concerned 
the determination of the constants of eccentricity, 
inclination, ition of the perigee and node, which 
could now calculated with practical certainty. 
The result of these studies was that the index 
which the law of inverse squares involved did not 
differ from the theoretical value by more than one 
— in 400 millions. What Dr. Brown himself had 
one was to find the deviation of the mean latitude 
for 64 years, a periodic term in latitude from 
55 years of observation, and a periodic term in 
longitude from observations covering 150 years. 
In part of this work he had been anticipated by 
Bakhuysen, and in others he agreed with F. Hayn 
and Franz ; and it would appear that the edge of 
the southern limb of the moon was in general 
further away from the mass centre of the moon 
than the northern limb; in other words, the 
density of the moon’s crust was not the same 
in the two hemispheres, but the higher ground 
seemed to be on the southern hemisphere, whilst 
it was in the northern on the earth. It was in- 
teresting that a certain value of the earth’s ellip- 
ticity would make the observed motions of the 
perigee and node agree with the theory. That 
value was 1/293.7 + 0.3; but Helmert’s value 
from gravity determinations was 1/298.3, whilst 
three other methods (parallax and geodetic mea- 
sures) gave the value 1/204, which might there- 
fore be preferable. ‘The Harvard method of 
photographic parallax determinations seemed most 
suitable fur settling this question; if possible, 
two identical instruments should be mounted on 
different hemispheres, on the same meridian, d.f. 
fering in latitude by 60 deg. or 90 deg., ard 
Australia would be an excellent place for tuch 
rerearches. 

The outstanding residuals in the moon’s motion 
consisted mainly of long-period fluctuations in the 
mean longitude of the moon. These might be due 
to intra-Mercurial plancts (improbable according to 
St. Blancat), to the shading of gravitation by 
interposing matter (of which Bottlnger found no 
evidence). An equatorial ellipticity of the sun 
would account for certain difficulties. H. H. Turner 
had a a disturbance caused by the swarm 
of the nid meteors, which did not ap prob- 
able to Dr. Brown. Finally, there sar os wy tal 
in the directions of the netic fields of the moon 
and planets, as well as of the sun and the earth. It 
thus me instructive to examine the orbits uf the 
planets for disturbances like those of the moon’s 
orbit. Materials for this were available in the case of 
Mercury (Simon Newcomb). When the fluctuations 
of the moon’s motion, of the earth’s longitude, and of 
Mercury’s orbit were plotted on the same diagram, 
there was a certain llelism between these three 
curves, whilst Wolf’s sun-spot frequency curve 
(added because of the connection between sun-spots 
and prevalence of magnetic disturbance) had the 
opporite trend. It was difficult, however, to under- 
stand on the electron theory of magnetic storms how 
the motion of the moon and planets could be affected 
by the electrons. 


SEISMOLOGICAL INVESTIGATIONS. 


The nineteenth report of the Committee on 
Seismological a was read by the Chair- 
man, Professor H. H. Turner, of Oxford, who 
had drawn it up. For the first time the late John 
Milne was not its author; we would refer our 
readers to our comments of last year, when the 
Birmingham meeting followed the death of John 
Milne, in July, 1913, within a few weeks. 

_ The report stated that the continuation of the 
invaluable work done at Shide, Isle of Wight— 
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under the superintendence of Professor Turner— 
was by no means financially secured. The volunteer 
services and the Government grant of 2001. might 
fail. At present the work was carried out by Mr. 
J. H. Burgess, John Milne’s assistant after the 
death of his Japanese assistant, Shinobu Hirvta, 
who died a year before Milne. Mr. S. W. Pring 
and his daughter had temporarily assisted. The 
form of the circulars had been changed, and a card 
catalogue system had been adopted in the place of 
the large book in which Milne had entered his 
records. The familiar earthquake map of Milne 
had also been changed. The surface of the earth was 
divided by three great circles, cutting it at right 
— into eight equilateral spherical triangles, 
and each triangle was projected on a tangent plane 
at its centre. Thus an octahedron was obtained, 
surrounding the sphere, and this could be un- 
wrapped into a plane in various ways; this map 
brought out the seismological and geographical 
symmetry of the earth. The report then proceeded 
to a lengthy discussion of the results from different 
seismographs, undertaken chiefly for the pur 
of bringing out the attainments of the Milne instru- 
ment in comparison with the more modern and 
more sensitive instruments. The comparison was 
based on the weekly bulletins, issued since January, 
1912, from Pulkova, giving epicentres determined 
by Galitzin’s method ; this computation was made 
by Mr. A. E. Young, formerly Deputy Surveyor- 
General of the Malay Survey, at present at the 
Oxford Observatory. A comparison of the films of 
1911 had also been undertaken, films having been 
forwarded to Shide from the Cape, Toronto, the 
Seychelles, and « great many more stations in order 
to ascertain in how far the deviations of Milne instru- 
ments from others might be due to faulty readings 
and to confusion of the different phases of earth- 
quake curves. Mr. G. W. Walker, at Eskdale- 
muir, Messrs. L. F. Richardson and L. H. G. Dines, 
of the Meteorological Office, had further compared 
the Milne instrument and the seismometer of 
Prince B. Galitzin, of Petrograd, at present con- 
sidered the most perfect instrument. While the 
Milne instrument consisted essentially of a simple 
light boom, suspended by a wire, and pivoted at the 
other end, and was inexpensive and easy to stan- 
dardise and to read, the Galitzin instrument was 
complicated. It was a short, —_ pendulum, 
suspended by two wires, with or without a pivot ; 
the registration was not optical, as in the Milne 
instrument, but electrical, the pendulum carrying 
coils and a damper disc of copper, moviug between 
four powerful horse-shoe magnets ; the coils were 
connected with a moving-coil galvanometer. These 
instruments were made by Mr. H. Masing, of Petro- 
grad. The Galitzin pendulum was expensive, and 
required trained assistants and periodical laborious 
re-standardisation ; but it indicated the true move- 
ment of the soil, though the interpretation of the 
records was difficult, whilst the Milne pendulum 
was rather a seismoscope unless damped. That 
damping was a diflicult matter, but Mr. J. J. 
Shaw, of West Bromwich, seemed to have over- 
come this difficulty, and the usefulness of the 
Milne instrument was therefore by no means at 
an end. The report was to be supplemented ; 
Milne’s idea that the wave velocities east and west 
differed from those north and south did not appear 
to be confirmed. 

Mr. G. Hogben had sent a communication on ‘‘ A 
Map of the Principal Earthquake Origins of the 
South-Western Pacific,” which was taken as read. 


Tue Uprer ATMOSPHERE. 


In presenting the report of the Committee on 
‘The Investigation of the Upper Atmosphere,” Mr. 
E. Gold, M.A., of the Mehensclastell Office, London, 
mentioned that balloons of various diameters (up to 
about 20 ft. inflated) had been sent up from ships 
by Dr. Rosenhain, himself, and other members 
of the Association on their different routes out to 
Australia, for the pur of studying the direc- 
tion of the winds and to look out for the anti- 
trade wind in the upper layer. The balloons were 
watched by means of telescopes; the conditions 
had not been favourable on the whole, clouds and 
the sun glare having often prevented observations. 


Antarctic Mergoro.ocy. 


Antarctic problems naturally claimed a large 
share of the interest of the Australian meeting, 
since Sir Douglas Mawson had only recently 
returned from his great Australian expedition to 


the South Pole. The matter came before Section A | poned 





in the shape of a discussion on ‘‘ Antarctic 


Meteorology,” which was opened by Dr. G. C. 
Simpson, of the Meteorological Departmentof Simla ; 
like all the speakers we shall mention, he had taken 


in a British Antarctic expedition. It is well 
nown that meteorologists attach the greatest im- 
portance to the exploration of the climate of the 
vast continent about the South Pole. The old 
text-book idea of a cyclone round the Pole, Dr. 
Simpson said, could not be maintained. Dr. 
W. J. S. Lockyer had suggested that an intense 
South Pole anti-cyclone fed cold air into a series of 
large cyclones circulating the Southern Ocean and 
having their centres near the 60 deg. of lati- 
tude, with west winds in the ‘‘roaring forties” 
and easterly winds in higher latitudes. That 
suggestion was confirmed to a large extent, 
and supported also by Meinardus, of the Gauss 
expedition, who questioned the anti-cyclone, how- 
ever. Dr. Simpson’s remarks concerned mainly 
the Ross Sea area, and he ascribed many peculiar 
meteorological features to the peculiar configu- 
ration of this area. The Ross Sea remained 
open during winter, apart from frozen pack-ice ; 
to the south of it was the great Barrier Ice, a sheet 
of frozen snow as big as France, about 100 ft. above 
sea-level ; to the west were the high mountains of 
Victoria Land, running north from Cape Evans 
(near Ross Island) to Cape Adare. Meteorological 
observ:.tions had been made at these three points, 
and also at Framhein, east of Cape Evans, and the 
horizontal and vertical temperature distribution 
had been studied. The air above the Barrier Ice 
was much colder than above the sea, but the air 
became warmer first at higher levels above the 
ice. In the gully between Ross Island and the 
mountains blizzards frequently blew from north 
or south, at 80 miles an hour; the blizzards 
could not be explained by the barometric waves 
which travelled. east to west and were often insig- 
nificant in blizzard periods. The air seemed to 
drift north in general, but was strongly deflected 
by the earth’s rotation, except near the mountains. 
Dr. Simpson discussed these features with the aid 
of many diagrams, illustrating observations of his 
own and others, including records from the observa- 
tories of Southern Australia. 

Captain J. King Davis, who had taken several ships 
over to the Antarctic Continent, wished, he said, to 
refer to one point only, the influence of the float- 
ing ice on the climate of Australia, only 1500 miles 
from the Antarctic shores. The frozen pack-ice 
broke up in summer and drifted north, sometimes 
far away. Dr. R. N. Rudmose Brown, of Sheffield 
University, pointed out that the distribution of the 
winds and the movement of the ice would make 
the approach to Coats’ land, in Weddell Sea (on 
the other side of the South Pole, reckoned from 
Ross Sea) very difficult. Mr. Griffiths Taylor 
dwelt on the great difference between Arctic and 
Antarctic ; the North Pole area was oceanic appa- 
rently ; the South Pole was a huge plateau, the 
biggest known, up to 11,000 ft. above sea-level. 

We can only mention a paper by Professor H. H. 
Turner, F.R.S., of Oxford, on ‘‘ Discontinuity in 
Meteorology,” and must pass on to mathematical 


papers. 
MatHematTicaL Papers. 


The Mathematical Department met under the 
presidency of Professor E. W. Brown, F.R.S., of 
New Haven, Connecticut, and discussed papers b 
Professor Carslaw, F.R.S., of Sydney, Mr. . 
Chaundy, of Oxford ; Professor J. C. Fields, F.R.S., 
of Toronto; Professor W. H. H. Hudson, of London ; 
and Mr. F. S. Macaulay, of London. The proposal of 
a further grant for the ‘‘ Tabulation of l and 
other Function,” found warm support ; Professor 
J. W. Nicholson is secretary of this Committee. 
We mention here also a paper by Professor A. Gray, 
F.R.S., of Glasgow, on ‘* The Attractions of 
Ellipsoidal Shells,” which was brought before the 
main Section. 

Three communications from New Zealand, joint 
= by Professor T. H. Laby and Messrs. E. O. 

erens, W. Stuart, and G. E. Adams, on ‘*‘ An 
Absolute Determination of the Thermal Conductivit; 
of Air,” the ‘‘ Nature of 7 Rays,” and the “Length 
and Electrical Resistance of Steel Tapes,” were 
taken as read in the absence of the authors. 

(To be continued.) 





Tae INTERNATIONAL ExectrricaL Conoress. — The 
International Electrical Congress, which was to have been 
held in San Francisco in September, 1915, is to be post- 
on account of the war. 





THE EXCHANGE OF SINGLE-LINE 
RAILWAY TABLETS. 
To THe Epitor or ENGINEERING. 

Str,—I have read with much interest Mr. Benjamin 
Hall Blyth’s presidential address, which in your 
issue of the 6th inst. In a h ting to the 
Great North of Scotland Railway Mr. Blyth rightly states 
that that company was the first to introduce “the ex- 
change of tablets at high speed,” but the date given— 
**1899”—is not correct; the year was 1889. And I may 
remind you that the tablet-exchange apparatus designed 
and introduced by me when locomotive superintendent 
of the Great North was fully described and illustrated 
in ENGINEERING of October 11, 1889. 

I am, yours faithfully, 
J JaMES Manson. 

Deanhill, Kilmarnock, November 14, 1914. 





ECCENTRICALLY-LOADED PILLARS. 
To THe Epitor or ENGINEERING. 

Srr,—Section 21 (c) of the 1909 London County Council 
General Powers Act, which — steel-frame build- 
ings in London, stipulates that pillars eccentrically 
loaded shall have the stresses caused by such eccentricity 
computed and added to those caused by direct loading, 
&c., to obtain the total permissible stress which is limited 
by the Act. 

The majority of pillars in a steel frame receive ecven- 
tric loads upon the two principal axes, and a question 
arises which can be illustrated by the following simple 
case : 


A rectangular post, b” x d@” in scantling, has projecting 
arms at right angles to > and d, each cartyinig lends Ww 
and Wd. What isthe greatest stress in the material of 
the section? The stress caused by each load along the side 
nearest to it can be ascertained by the ordinary formula 
oe + Bx , and apparently at the corner of the section 
where the two faces meet, the stress would be the sum of 
both. But this presupposes that the post will bend in 
two directions simultaneously, whereas one would anti- 
cipate that, under the action of both loads, it would 
ey bend in a diagonal direction. If so, the correct 
method of treating the problem would apparently be to 
calculate one bending moment as poet by the sum of 
the loads acting at their centre of gravity, and equate 
it with the diagonal section modulus in the same diagonal 
direction. 

As the question is one which can materially affect the 
total tonnage of a steel-frame building, it would be de- 
sirable to have it settled. 

Yours faithfully, 


November 19, 1914. ENQUIRER. 





MOTOR ROAD VEHICLES. 
To THe Epitor or ENGINEERING. 

Srr,—Manufacturers of chassis seem loth to profit by 
experience in their repair. Having found that the 
modern quick-revolution four-cylinder engine with three 
main ings wears:away the central bearing more 
oy cn, than the end ones, even when, as is not usual, 
it the greater bearing surface, I would like to sug- 
gest, in view of the magnitude of the inertia loads, that 
this bearing has at least double the bearing area ; if it is 
the same diameter, let it be at least twice as long as the 
other main bearings. The journal as well as the ng 
wears. 

Making the centre bearing double the length, unfortu- 
nately increases the over-all length of the engine, and 
consequently the cost of production and weight. The 
remedy is to provide, as several makers of repute are 
doing, only two bearings to the crank-shaft, and increas- 
ing its thickness, which appears to be good so long as the 
maximum possible revolutions per minute are limited by 
restricted ingress rather than by general friction. Now 
that valves and ways are so large, should engine-builders 
revert to governors ? 

Yours truly, 
A. E. PaRnacott. 

Penge-lane, Penge, S.E., November 23, 1914. 





cay a pe peo C. agen. M.I. gir om 
been appoin’ ief engineer and manager of t! mdon 
Hydreclic Power Company and the Liv 1 Hydraulic 
Power Company, in succession to the late Mr. E. B. 
Ellington. 





CoMPETITION WITH GERMANY AND AvsTRIA-HUNGARY. 
—In connection with the campaign undertaken by the 
Board of Trade, on the advice of their Advisory Com- 
mittee on Commercial Intelligence, to assist British 
manufacturers and merchants to secure trade formerly in 
the hands of German or Austro-Hungarian firms, the 
Board have received a very number of inquiries 
for names of sellers or buyers of articles of which the 
sources & wae “, markets have been —— 
with b war. peeial arrangements have been 
made 2 the Commercial Intelli Branch of the 
Board of Trade for dealing with the inquiries, and 
lists are being prepared and circulated of articles 
which inquirers desire (a) to purchase, and (b) to 
sell. The fifth list which has is now 
ready, and may be obtained by United Kingdom manu- 
facturers and traders, together with copies of the pre- 
vious lists, on application to the Br . _ British firms 
interested in any of the goods mentioned, either as buyers 
or sellers, should communicate with the Director of the 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, London, E.C.§ 
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THE EFFECT OF VACUUM IN STEAM- 
TURBINES.* 


By G. Geratp Stoney, F.R.S., Member, of 
Newcastle-on-Tyne. 


In considering the effect of a change of vacuum on & 
steam-turbine, whether on land or at sea, and also the 
most efficient vacuum, many things have to be taken into 
account. It is not sufficient to consider the effect on the 
turbine alone, but the installation as a whole must be 
reviewed. This means that not ay Se turbines, but also 
the boilers and condensing plant, have to be studied, and 
that each case must be considered on its merits. As it isim- 
possible in the course of a paper to deal in detail with 
every item, only the more salient points will be considered. 

In this paper the turbine will taken first, and then 
the mateiiotien as a whole, comprising boilers, turbine, 
condenser, and their auxiliaries, but confined to the case 
where there is an ample supply of circulating water, 
whether from the sea or from a river or other supply. 
The much more complicated case where there is a 
restricted supply, or where cooling-towers are used, will 
not be dealt with at present. The degree of vacuum 
which gives the same velocity ratio at the exhaust end as 
throughout any given turbine is the vacuum under which 
the best results are obtained; consequently, « turbine 
designed for 29in. vacuum, barometer 30 in., requires 
more rows of blades or wheels than one designed for 


Fig.1. DISTRIBUTION OF HEAT DURING 
ADIABATIC EXPANSION, 


INITIAL PRESSURE 175 LBS. PER SQUARE 
INCH ABSOLUTE. 150° SUPERHEAT. 








It is thus seen that the gain due to vacuum 
depends on the steam ion ta much more with 
low-pressure than with high-pressure steam, and that the 
gain in B.Th.U. available is almost independent of the 
steam conditions. That this is the case is a from 
the Mollier diagram, in which lines for constant 


pressure are practically parallel at low pressures for all | the 


ordi ranges of initial pressure and tem ture. 
Aastha way to look at it is that for cach degree Fahr. 
that the temperature due to the vacuum is reduced, 
are approximately 1.5 more B.Th.U. available, 
and this is approximately the case through the whole 
range considered above in Tables I. and Il. and Figs. 1 
and 2. This method of looking at the question is useful 
in considering condenser problems. These gains due to 
vacuum are wholly attainable when the turbine can 
be suitably designed. but, in the case of high-speed, large- 
output land turbines, allowance must be made for in- 
creased terminal | 


losses. 

For example, in a 3000-kw. land turbine at 3000 revo- 
lutions per minute, with an initial pressure of 175 lb., 
150 deg. Fahr. superheat, and a vacuum of 29 in., 
consumption will be about 12 Ib. e kilowatt-hour, and 
the steam per hour will be 36,000 Ib., or 101b. per second. 


Fig.2. 


DISTRIBUTION OF HEAT DURING 
ADIABATIC EXPANSION. 


INITIAL PRESSURE 15 LBS.PER SQUARE INCH 
ABSOLUTE. SATURATED. 
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the range between the initial and final pressures and tem- 
peratures through which the turbine works. As will be 
seen later, however, there may be considerable latitude in 
the velocity ratio at the exhaust end without seriously 
affecting the available economy. Neglecting the effect of 
the reheat factor, which is small in modern high-efficiency 
turbines, and also neglecting terminal losses, with 175 1b. 
absolute initial pressure and a superheat of 150 deg., 
the gains per inch of vacuum in the B.Th.U. available 
during adiabatic expansion are asshown in Fig.1, and are : 
Taste I. 
Between 23 in. and 24 in., 3 per cent., or an increase of 
9 B.Th.U. on about 300 B.Th. U., available at 23 in. 


Between 24 in. and 25 in., 3 per cent. or a 
j 4 


” 25 ” ” ” ” 

” 26 ” 27 ” 5 ” 15 ” 

” a ” 28 ” 6 ” at Te’ 

” ” » 8 os 29 B.Th. U. per 
” 283 ” ~ fa 9 ” 36 inch 

» 27, 29 ,,11 oe 

” 29 ” ” , 54 ” 


For saturated steam at 175 lb. absolute, the figures are 
ap oe - same. sb 

n case of an exhaust turbine working with, say, 
15 Ib. absolute or atmospheric pressure, the gains per 
inch of vacuum, as shown in Fig. 2, are :— 

Taste II, 

Between 23 in. and 24 in., 9 cent., or an increase of 

10 B.Th.U. on about 110 B.Th.U., available at 23 in. 


Between 24 in. and 25 in., 10 per cent. or 11 B.Th.U 
ll 13 


bed 25 ” ” ” ” 

a 26 ” »» 12 ” 17 ” 

ed = ” ” - ” 22 B.TR'U 

” ” ” ” 30 . Tr 
” 284 ” ” 20 ” 38 inch. ” 
*9 28% ” ” 23 ” 45 ” 

” 29 ” ” 27 ” 57 ” 


_* Paper read before the Institution of Mechanical 
Engineers, November 20, 1914, . vs 7 


available, it is nob in eral customary to go above 
about 550 ft. per for the mean velocity of the 
blades at the exhaust end, giving a mean diameter of 
42 in.; and as the blade height in practice cannot be more 
than one-fifth of this, or 8.4 in., the area of the annulus 
is 7.7 sq. ft. The velocity of the steam leaving the 
blades through the restricted area will then be 780 ft. 
per second, and involves a loss of 12 B.Th.U., ass 

that the velocity ratio and angle of the blades is su 
that the steam leaves them axially, as it should, to give 
the minimum loss. Even under t conditions, how- 
ever, there is still a gain of cent. between 28-in. 
and 29-in. vacuum. For sti powers, however, 
these effects become more pronounced, until condi- 
tions are eventually reached in this class of turbine 
having a highly restricted exhaust end when an in- 
crease in vacuum causes no gain. It is the constant 
aim of desi to increase the limiting vacuum by 
using higher blade speeds and —_ exhaust end 
of larger dimensions to be employed. 

a direction in which increased efficiency in large-power, 
high-speed turbines is to be found. The effect of increased 
blade speed is very mar! as for a given vacuum the 
reduction in available gain varies inversely as the fourth 
power of the blade speed, since, as the blade height 
cannot well be more than one-fifth of the mean diameter 


of the blades, the area at the exhaust will vary as the | from 


square of the diameter, or as thesquare of the mean blade 
velocity. Therefore the longitudinal velocity varies 
inversely as the square of the mean blade veloeity, or the 
B.Th.U. lost, inversely as the fourth power. Of course, 
the reduction can be halved by a a turbine with 
double 4 the but this n introduces com- 
plications, although many highly economical land 

of large power have been desi on these lines. 

thing can also be done by shaping the exhaust suitably, so 
co guataaly to reduce the velocity of the steam on leaving 





| initial steam pressure is reduced in 


A high-speed, t land turbine running at full 
sack toca Uae te te ee ol ee te 
will now be considered. With throttle governing, the 

in accordance with a 


right-line law, similar to the Willans law, for the steam 


Eemretan, end © mag be taken Gant i this ens the 


pressure at no load is approximately atmospheric. 
If at full load the initial pressure is 175 lb. absola 
at half load it will be about 95 Ib., and at quarter | 
63 lb. At half load, with a vacuum of 28 in. to 284 in., 
ed: yy Lm in consumption per inch of vacuum 

be increased by about 1 per cent., and at quarter 
load by about 24 per cent. qhove these given abeedy, 
owing to the reduced B.Th. U. available by reason of the 
reduced initial steam pressure. The exact amounts of 
these gains will de on the velocity ratio throughout 
Sots which has been assumed to be constant ab 

At reduced loads with throttle governing, the velocity 
ratio will be approximately the same as at full load 
throughout the turbine, except near the exhaust end, 
where it will be greater at reduced loads. This may 
either slightly increase or diminish the efficiency at the 
exhaust end, according as the general velocity ratio is 
mee or low, = in general ye — small. 

ith nozzle governing, gains due to increased 
vacuum at reduced loads are somewhat less than with 
throttle governing, and the exact amount depends on the 
type of Seamo gevernas used ; but broadly, at full load 
and at reduced loads the gains in consumption per inch 
of vacuum are more nearly equal with this type of 
governing. When a turbine is not bladed so as to give 
the full velocity ratio right up to the exhaust end at full 

. it is obvious that the above gains due to vacuum 
must be modified. 

Direct-cou marine turbines especially, from con- 
siderations of weight and space, are often bladed so as 
to give uniform velocity ratio at full speed with about 
26 in. vacuum, and from various causes many land tur- 

ines have been similarly bladed. In turbines so bladed 
and with ordinary steam pressu it has been found 
A tagumae that the gain per i of vacuum at full 

is :— 


Between Se and 27 in., 4 per cent., or 12 B.Th.U. 
” ” ” ’” 17 ”” 
” 28 ” i 22 ” 
”” 284 ” 29 ” 7 ’” 27 ” 


In the turbines so bladed and at constant speed, as in 
land work, the velocity ratio at the exhaust end would 
automatically become, at half load, uniform with the rest 
of the turbine at about 28 in., and for quarter load at 
about 287 in., so that in general it may be said that the 
theoretical gains as given already will be complete) 
obtained at reduced loads; but for strict accuracy eac 
case should be considered on its merits. It may be noted 

however, that, a there is a decrease in 
efficiency at the exhaust end hy ay cramped exhaust 
and low-velocity ratio, there is but little loss when the 
exhaust end is large and has an unnecessarily high-velocity 
ratio. 

Land turbines running at constant s having been 
dealt with, the case of a marine turbine running at 
a when the load is reduced, may now be 
consid Geared i bladed and should 
be bladed for high vacuum, and here it may be mentioned 
that the blading should be for nearly the highest vacuum 
obtainable in the waters in which the ship trades, as 
there is but little loss by running turbine bladed for 
high vacuum at a lowerone. For example, it ties 
bladed for 284 in. to 29 in., the vacuum obtainable in 
home waters and the like, and not for 27} in. to 28 in., 
which will be the vacuum obtainable in the tropics with 
a good condensing plant. In such turbines the theo- 
retical gain due to vacuum will be attained at full speed. 
At half speed and one-eighth power, if the consumption 
at full load isassumed to be 12 lb. per shaft horse-power, 
and at half speed 16 lb., the steam at half speed will be 
one-sixth that at full , and the velocity ratio three 
times that at full s for the same vacuum, so that the 


exhaust end is amply large enough for the highest vacuum 
which can be atvained. and therefore in due to 


increased vacuum will be somewhat more 
full speed. 
It may be mentioned that, in most cases, ny! 4 
= ee igh a - com: —_ <wd 
vacuum, very little to weight, generally only 
necessitates the exhaust end being made somewhat f 
Ib is very i , that the exhaust between the turbine- 
blades and the condenser should be free, and should be 
unrestricted, so that the loss of vacuum between the last 
row of blades and the steam space in the condenser should 
bea minimum. This applies to all classes of turbines. 
It is equally im t that the loss of vacuum between 
the steam space in the condenser and the air-pump suc- 
tion should also be a minimum. In other given a 
condenser and an air-pump of the highest efficiency, the 
difference in vacuum between the air-pump suction and 
exhaust end of the turbine should be reduced to an abso- 


an that at 


lute minimum. The greatim of this requirement 
should be carefully noted w analysing data obtained 
2 any i turbine installation, whether land or 


marine, as otherwise erroneous conclusions may be formed. 
For example, if any of the many factors in design which 
influence the efficiency of any given installation as a whole 
are not provided for, it is futile to carry a vacuum higher 
than such provisions warrant; the consequent sacrifice in 
economy is measured in such cases by what is obtained 
and what is obtainable. Sometimes a definite velocity is 
fixed on for the velocity of the steam in the exhaust, but 
this has the difficulty that it entirely depends on 

vacuum for which the condenser is designed. A better 
way isto make the area of the exhaust have a definite 
ratio to the area of the annulus of the last row of blades, 





and in direct-coupled marine turbines this ratio is gene 
rally 1.5 to 1.7, but in geared turbines it can be i 
to o 2. This means that if the reduction of velocity 
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can be made to take place ually, as in a diverging 
orifice, most of the termi loss at the blades wi 
recovered, and a great deal can be done in this direction, 
in many cases, by careful attention to having ually 
diverging stream-lines of steam from the blades to the 
condenser. A rule sometimes used on land is to have 
18 lb. to 20 lb. of steam per hour per square inch of 
exhaust area, and in many cases this also works well in 
—— Much more careful attention is required in the 
uture, as to the shape of the exhaust, than in the past, 
for even at present many exhausts are so ped as to 
cause considerable and unnecessary loss of vacuum. 

The case of a direct-coupled marine turbine, | bladed 
for 26 in. at full speed, is rather different. ere, at 
full speed, the effect of vacuum will be as given on 

655, but the cases of half speed and one-eighth power 
ave to be specially considered, more particularly on 
account of such devices as cruising turbines, &c. If we 
assume the steam per shaft horse-power with Parsons 
turbines to be 13 lb. at full speed 21 Ib. at half speed, 
and that the shaft horse-power at half speed is one-eighth 
that at full speed, the stem per hour will be one-fifth 
that at full speed. Assuming that throughout the main 
turbines generally the velocity ratio is 0.5 at full speed, 
then at half s the velocity ratio throughout the main 
turbines will be 0.25, except at the exhaust end, where it 
will be 1.25. This means that the full effect of vacuum 
will be obtained up to over 29 in. vacuum, and, on account 
of the low velocity ratio, the effect, provided the con- 
densing plant will respond, will considerably exceed the 
theoretical at lower vacua. 

Up to the present the turbine alone has been con- 
sidered, but in a complete installation, whether land or 
marine, there are many other factors to be taken account 
of. As increase in vacuum is associated with a corre- 
spondingly lower temperature of condensate, it follows 


bey exhaust at is that in whi 





Fig. 3. VACUA WITH VARIOUS AMOUNTS 
OF COOLING WATER. 





Vacuum Barometer 30". 


21 
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that if the vacuum is raised, and the condensate is deli- 
vered to the boiler at the same temperature at which it 
leaves the condenser, either the quantity of steam gene- 
rated in the boiler per unit of coal is decreased or the 
oy’ of coal per unit of steam generated is increased. 

f the difference between the tem ture due to the 
vacuum and that of the condensate is taken as constant, 
a reduction of 10 deg. in the temperature of the feed- 
water delivered to the boiler is equivalent to an increase 
of about 1 per cent. in coal consumption per unit of steam 
generated, or 

Per ‘wn 


Between 26 in. and 27 in. 
27 ” 1% 


"98 2)" 


Such a condition, however, never arises in tice on 
land or at sea, as the condensate is invariably heated 
either by the waste gases from the boiler or by the exhaust 
steam from the auxiliary engines, or by both. Land in- 
stallations usually include an economiser in the boiler 
uptake, and the practical requirement in such a case is 
that, in order to prevent sweating on the tubes, the feed- 
water should be delivered to the economiser at a tempera- 
ture of about 120 deg. Fahr. But even at the highest 
vacua there is usually sufficient exhaust steam from the 
auxiliaries to raise the condensate to this temperature, so 
that such a system ~ the highest economy attain- 
able with any given plant. 

Marine installations present a different problem by 
reason of the large quantity of exhaust steam available 
from the auxiliary engines, and it may here be noted that 
the heat in exhaust steam is used to the test advan- 
tage possible when it is redelivered to the boiler with the 
feed-water. It follows that in order to attain maximum 
economy on shipboard, the entire exhaust from auxiliary 
engines should be condensed by the feed-water. The 
quantity of heat that can be absorbed depends, of course, 
on the temperature of the condensate delivered from the 
condenser, and on the 
perature at which the exhaust from the auxiliaries is 
maintained. A perfect installation from this point of 
view would be one in which the turbine works under the 
highest attainable vacuum with effisiency, and in which 
the exhaust steam is maintained at such pressure as will 
enable its heat to be wholly transferred to the feed water. 


| 





pressure, and, therefore, the tem- | | 





for the auxiliaries to 
the whole of their exhaust can 
be condensed by the feed. Obviously there should be 
no surplus exhaust, and if there is a surplus it should 
should never be discharged into the main condenser, 
because of the highly prejudicial effect of oil on the heat- 


In fact, the economic 


transferring efficiency of the condenser-tubes and on the 
vacuum. e direction in which — is to be made 
on a turbine installations would therefore appear 
to c—_ 


(a) High-vacuum turbines. 

(b) High-efficiency condensing plant. 

(c) Economical auxiliaries. 

(4) Efficient exhaust-steam feed-heaters. ‘ 

n some cases where there is a surplus of auxiliary 
steam, it is turned into the low-pressure turbine, and here 
there is an apparent partial recovery. of the loss, but in 
practice this arrangement has the defees of fouling both 
the turbines and-the condenser with oil and reducing 
their efficiency, so that the entire power of the tarbine 
may easily be reduced to a far greater extent than it can 
be increased by thé use of such surplus steam. - If, how- 
ever, the steam is in this way, it should be very 
carefully filtered. 

In order to consider further the effect of vacuum on an 
installation, it is necessary to consider the question of 
the condensers and the power necessary to work them. 
In a surface condenser there are three losses to be con- 
sidered :— 

(a) The temperature rise in the circulating water. 

(b). The resistance of the tube to heat transmission from 
the steam to the water. 


Fig. VACUA AND TEMPERATURES WITH VARYING 
CONDUCTIVITY. 


CIRCULATING WATER (60°F) 60 TIMES 
STEAM CONDENSED 
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Vacuum, Barcmeter 30°. 
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Conductivity KE. 


(c) Air insulation of the condensing tubes. 

‘These may be summed up in the apparent conductivity 
K of the condenser—that is, the B.Th.U. transmitted 
per square foot per hour per 1 deg. Fahr. difference of 
ee between the steam and the water. 

t 


t } temperature in deg. Fahr. of inlet water to con- 
lenser. 
t, be temperature in deg. Fahr. of water leaving the 
condenser 


T be temperature in deg. Fahr. due to the vacuum. 
X the ratio of circulating water to steam condensed. 
S the steam condensed per square foot of condenser 


surface per hour. 
(For convenience this is reckoned on the outeide of the 
~ tubes.) 
en 


K = 2.3 8X log E — 4, 

Ky at. 2 

As it takes in ordinary practice about 1000 B.Th.U. 
to condense each pound of steam, we may write :— 


1000 = X (t — h), 


T - t= 4, 
the equation becomes :— 


1900 
K = 238 X log? * x 
5 


As the maximum vacuum a condenser can produce is 
that due to the temperature of the exit water, the object 
of the designer is to have 5 as small as possible. With 
a@ condenser in av conditions of cleanliness and 
efficient air withdrawal, the value of the conductivity K 
is obviously much higher than with inferior air extrac- 
tion or a dirty con The conductivity is also 
influenced by the load. For example, in a very heavily- 
joaded condenser, under the best conditions, a value of 
K of 1500, or even higher, has been reached, whilst in 
condensers under low load it may be no higher than 300, 
so that this of comparison requires to be used 
with some discretion. 

Fig. 3, above, shows the vacua obtainable with 
various valyes of K, S, and X, and Figs. 4 and 5 the 


and writing 








effect of conductivity at various rates of condensation 
for X = 60 and X = 30. All these are for an inlet tem- 
perature of 60 deg. Fahr., and similar curves can be 
plotted for any other temperature, but as they are all 
similar in character, those for 60 deg. Fahr. are alone 
given. It will be observed from Figs. 4and 5 that the 
effect of reduced conductivity, such as is caused by air, 
is much more at high rates of condensation than at low, 
showing that the effect of a faulty air-pump or dirty con- 
denser is much more when the rate of condensation is 
high. It will also be seen that approximately the loss of 
vacuum below that theoretically obtainable depends only 
on the rate of condensation and on the amountof air insu- 
lation, and not on the quantity of circulating water— 
that is, that 5 is approximately independent of X, always 
assuming & condenser free from oil on the outside of the 
tubes and scale on the inside. From the curves it follows 
that there is not much use in having more circulating 
water than about sixty to eighty times the steam con- 
— at full load in home waters and the tropics respec- 
tively. 

Figs. 4 and 5 also show the importance of havi 
ample surface, and confirm what has often been foun 

“+ money = ae a eye ad of ample size is money 
well spent. mple surface a ves a good to 
allow of the prc hh tting irsy or for oveiinie. 
With a high rate of condensation, especially if the con- 
denser is dirty, when an overload is required the vacuum 
will drop so much that not only is there often difficulty 
in getting the overload out of the turbine, but the boilers 
are still further overtaxed, due to the increased steam 
consumption causing the steam pressure to drop just at 


Fig.5. VACUA AND TEMPERATURES WITH VARYING 
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the time it is most important to have full pressure. It is 
usual in modern power-stations to have a vacuum of about 
29.1 in., barometer 30 in., with 50 deg. Fahr. cooling 
water, and circulating water sixty-five times the steam 
condensed, and 28 in. with 80 deg., seventy times, and it 
seems as if these conditions cannot be much improved 
upon, as, if the circulating water were increased in this 
case from 65 to 100 times the steam, the improvement in 
vacuum would —<y be about 4in., and the pumps and circu- 
lating pipes would have to be increased 50 per cent. With 
sixty-five times also and a moderate rate of condensation, 
such as 6 1b. to 8 lb. per sq. ft. at normal load, there is an 
ample margin for overload, an overload of 50 per cent. 
only reducing the vacuum by about } in. 

In cases where there is not a supply of natural cooling 
water or only a restricted supply, or where cooling-towers 
are used, the question of the best vacuum has to be most 
carefully considered, and so many factors come into the 
case that each problem must be considered on its merits 
and alternative schemes worked out to find which is best. 
Such cases it is not proposed to deal with in this paper. 

In the mercantile marine, the only question that to 
be considered in practice is the case of full speed at sea, 
and everything has to be arranged for the highest economy 
at that speed. In a recent geared-turbine meat-carrving 
ship the turbine is bladed for about 284 in. to 28} in. 
vacuum, and the condensers have a surface of 8 lb. per 
8q. ft. or 14 sq. ft. per shaft horse-power, or equivalent to, 
say, 1.35 per indicated horse-power, and circulating water 
equal to seventy-five times the steam condensed, so as to 

rovide for tropical waters. The vacuum is 29.1 in. with 
deg. Fahr. sea temperature, 28.8in. with 60 deg. Fahr., 
and 28 in. with 80 deg. Fahr. The weight of the Scotch 
boilers is 62 per cent., of the main turbines 12 per cent., 
of the condensers 3 per cent., of the circulating and air- 
mps with their pipes 5 per cent., and of er auxi- 
aries, pipes, &c., 18 per cent. of the total weight in 
engine and boiler-rooms. ¥ 

If the surface of the condensers were halved, giving 
16 lb. per sq. ft., keeping the same circulating water, 
there would be a loss of vacuum of about } in., and a 
saving on the total weight by smaller condensers of 14 


cag. 5 por cout, end thavetore the woeight of the 
YY, Say, cent., ‘ore t e 
boilers, by Sper 


cent., and the total weight by 14 per 
cent., not tospeak of the 5 per cent. extra coal that would 
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have to becarried. A reduction in the circulating water 
would also tend the same way. It is much more econo- 
mical to save at the low temperature or condenser end 
of the system than at the high température or boiler end, 
and therefore to have as high an efficiency in the con- 
densing plant as possible, and turbines made to suit. 
The increase of weight in the condensers and turbines is 
much more than counterbalanced by the saving of weight 
in the boilers and coal to be carried. High efficiency in 
the condensing plant means nob only sufficient Sadines 
and sufficient circulating ‘water, but also most efficient 
air withdrawal, as, for example, by a steam jet. 

The case of warships has also to be considered. In the 
case of a battleship with direct-coupled turbines the 
weight of the water-tube boilers is 35 per cent.; turbines, 
25 per cent.; condensers, 3 per cent.; circulating and air- 
pumps, &c., 4 per cent.; and other auxiliaries, &c., 33 

r cent. of the total engine and boiler-room weights. 

he condensers condense at full power 18 lb. per sq. ft., 
and the circulating water is sixty-five times the steam. 
This gives, with 6v deg. Fahr. sea temperature, a vacuum 
of in. Direct-coupled warship turbines are bladed 
for about 26 in. for reasons given before, but with 
turbines bladed for higher vacua it is evident that it 
would pay to reduce the boilers and inctease the con- 
densers. At reduced 5 the condensers are lightly 
loaded, and here, as explai before, the highest vacua 
can be taken advantage of by the turbines. With the 
lightly-loaded condensers the loss of temperature and 
vacuum due to the: conductivity between the water and 
the steam through the tubes become small, and the im- 
portant point is efficient air withdrawal. 

At half speed or one-eighth power the condensers are 
only loaded to about 4 lb. per sq. ft., and as the vacuum is 
generally only about 284 in., this means a conductivity of 
only about 150 as against 600 to 800 at full load. But if 
greater care were taken to instal air-withdrawing appa- 
ratus of the highest efficiency and ample capacity, such, 
for example, as is obtainable with a steam-jet combina- 
tion, this vacuum could be raised to fully 28}? in. or 
29 in. with sea-water at 60 deg. Fahr., provided the con- 
denser was of suitable design, thereby effecting a gain of 
at least 3 per cent. on the consumption, an amount 
which would far outweigh the comparatively slight addi- 
tional cost and weight of the apparatus. This gain is 
entirely independent of the drop of temperature of the con- 
densate, as at low powers there is always more exhaust 
steam available than can be condensed by the feed- 
water. Other types of warships can be a con- 
sidered, but the case of the destroyer is especially difficult, 
as itis essentially a compromise, and here it has been 
considered economy to load up the condensers at full 
speed to about 27 tb. per sq. ft. and reduce the circulat- 
ing water to about fifty times. 

With the advent of geared turbines the case becomes 
different, since they can be bladed for high vacua with 
very little increase in the weights and sizes of the tur- 
bines, and it is clear that the greatest benefits from the 
highest vacua will be found. Ib is to be expected that in 
such cases there will be a large increase in the surface of 
the condensers and improvement in air withdrawal, with 
& consequent reduction in the boilers and fuel carried. 
The effect of vacuum on turbines is so great that a given 
weight expended on the condenser end is far more profit- 
able in power production than a similar weight expended 
at the boiler end. 

The aims of an efficient condenser are to have the 
maximum of heat transferred from the steam to the circu- 
lating water—that is, a minimum difference between the 
temperature due to the vacuum and the temperature of 
the circulating water leaving the condenser, and also 
to deliver the condensate to the hot-well as near the 
temperature due to the vacuum as possible. And 
here it is important to consider the steam consump- 
tion of the auxiliaries and the air-withdrawal 
ments which comprise air-pumps in some form, ‘getien 
with the withdrawal of the condensate from the con- 
denser. It is not proposed to enter into the different 
types of air-pumps, but as the driving power of these 
pumps is at most only about 1 per cent. of the power of 
the turbine at full load, and in general me on the 
importance of the steam used per unit of power required 
for driving an cm pene is negligible compared with its 
vacuum -producing ,- ities. The steam required by the 
circulating-pumps depends on the steam consumption W 
m pounds per water horse-power-hour of the engine 
driving the circulating-pumps, the ratio X of the circu- 
Jating water to the steam condensed, and the total head A 
in feet on the pumps. We have then :— w 

Xh 


Percentage of steam used by pump = 90,000" 


; For example, if we take W = 60. X = 60, and h = 
20 ft., we have tage used = 3 6. 
For X = 30 the percentage is 1.8. 


The difference in the hot-well temperature, between 
condensers acing. these quantities of circulating water, 
is about 17 deg. abr., so that without allowing for con- 
densation it may be said that in this case the temperature 
= ion after it has a the —- from the 
ircu -pump, is largely independent of the quanti 
of circulating water, and this has to be idered A 
making up the final balance-sheet, which alone enables 
the most difficult problem of the best vacuum for any 
particular installation to be considered. 

j = 4 fo ing an attempt an Se made—it is felt 
ect one—to review ition as 
to the effect of vacua in turbine pad ror nape the 
author hopes he will be excused for the many imperfections 
in his paper. An endeavour has been made to point out a 
few of the leading points that have to be considered, and 
to show how each case must be considered on its merits. 
Tn conclusion, the author wishes to thank numeroyg 


friends for the help and advice they have given in connec- 
tion with this paper, without which help and advice it 
would have been impossible for him to write it. 





THE INTERSTRAIN THEORY OF 
HARDNESS.* 
By Anprew MoOanog, A.R.S.M., B.Sc. 

1. THERE are three methods by whicha metal may 
be made harder—namely, by mechanical deformation, by 
the addition of elements which form solid solutions, and 
by the application of heat treatment 4 certain cases), 
but as yet there is no theory which can be said to demon- 
strate the underlying connection which must exist 
between three means of achieving the same en 
For it can be said with certainty that so long as the 
metal retains its chemica] characteristics the same effects 
must be derived from the same immediate causes. 

It is with the hardening effect caused by heat treat- 
ment that this short paper will deal, but it can be shown 
that what is true for iron is also generally true for ‘all 
alloys where corresponding conditions exist. 

2. The great amount of attention which has of late been 
concentrated on the nature of the allotropic changes in 
pure iron has made it clear that from ordinary tempera- 
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Fie. 2.—From data published by Hadfield and Hopkinson and 
by the author. 


tures up to 1000 deg. Cent. only two real allotropic forms 
of iron exist—the a and the y—and that the so-called 8 
iron is in reality a iron which has become non-m tic 
from purely causes, the sppecent liberation of 
heat at fo naing due to the rapid change in the specific 
heat which accompanies the ferro-magnetic transition. t 
Since a iron loses its magnetic properties above a 
definite tem ture, it might be suggested that + iron, 
which at high temperatures is non-magnetic, might itself 
become magnetic at lower temperatures. Non- tic 
manganese steel. however, is not transformed even at the 
temperature of liquid air,t and no treatment.can make 
austenitic steels magnetic which does not increase the 
specific volume at the same time, and when this takes 
plese it points conclusively to the transformation to a 
iron, for the thermal magnetic transition makes no 
appreciable alteration in the specific volume. 
fy of enormous crystals in low-carbon 
steels which have been strained and afterwards reheated 
to any temperature below Ac;,§ and in thin sheete of 
electrolytic iron cooled from above Ac;,|| proves that iron 


* A contribution to a general discussion on “The 
Hardening of Metals” before the Faraday Society on 
Monday, November 23, 1914. 

MoCance, Journal of the Iron and Steel Institute. 
1914, i., page 223; Benedicks, Journal of the Iron and 
Steel Institute, 1914, i., page 439. ENcingeRine, June 12 
and 19, 1914. 

t+ Hadfield, Journal of the Iron and Steel Institute, 
1905, i., 179. 

§ bic Senne’ of the Iron and Steel Institute, 1898, 
i., page 145. Encingerina, September 23, 1898. Chappell, 
Journal of the Iron and Steel Institute, 1914, i., 472. 

|| Stead and ter, Journal of the Iron Steel 
Institute, 1913, ii.. page 113. Engingening, September 26 
and October 3, 1913, 
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possesses the same crystalline form above A, as below it, 
and that the A; point is not evidence of allotropy. 

3. The great and im t distinction between the 
two forms of iron is ir behaviour towards carbon, 
which is soluble in « iron only to a very small extent, but 
can dissolve with readiness in iron, and on this pre- 
ferential treatment rests the explanation of the unique 
— which carbon occupies as a cause of hardening 

quenching in iron. There is nodoubt chat if another 

lement can be found possessing the same property of 

exclusive solubility in 7 iron, that element also will possess 
to a similar extent the hardening power of carbon. 

4. Pure iron, in common with all metals, is hardened 
after permanent deformation, and it is best described 
after such treatment as being in a condition of “ inter- 
Metals in their normal unstrained condition are 
crystalline ; that is, they are composed of an orderly 

t of their constituent atoms arranged in a 
lattice which conforms with whatever +ymmetry 
@ crystals possess. Successful attempts have been 
recently made by the aid of X rays to determine the 
actual position occupied by the atoms, and copper,* for 
instance, has been shown to have its atoms built up in a 
**face centred” cube ; thatis, acube having an atom at 
each corner and one at the centre of each face. 

The effect of deformation on such systems must be to 
alter the position of each atom relatively to its neigh- 
bour, and permanent deformation must cause so much 
alteration the atoms along the oo of slip can no 
longer return to their positions of equilibrium. This 
corresponds to the condition of interstrain, and results 
in a hardening of the material. That the destruction of 
the crystalline arrangement goes so far as to render the 
material in those planes of greatest movement actually 
amorphous and devoid of crystalline form, as Beilby has 
proposed, has never been seriously questioned ; but the 
writer thinks that the following facts are strong argu- 
ments against this theory of a hard vitreous amorphous 
phase. In the case of a dimorphous metal like iron, the 
vitreous phase, to be truly amorphous, must the 
same physical properties, no matter from which crystal- 
line form it has been produced by deformation ; and since 
strained a iron loses none of its magnetic intensity, we 
must assume that amorphous iron is magnetic; con- 
sequently it is to be expected that strained 7 iron will 

magnetic, since the same constituent is pro- 

duced. ‘The important results of Hadfield and Hopkin- 
sont show, however, that the magnetic intensity of 
austenitic manganese 8 after severe straining is only 
augmented to 0.3 per cent. of the intensity of pure iron, 
is still practically non-magnetic, although ‘the hard- 
ness increased from 200 to 490. It would seem that 
the iron in the interstrained condition has not lost the 
distinguishing properties which are the result of crystal- 


line 

Hanriot? ex small cubes of metal to a fluid pres- 
sure of 10,000 kg. per sq. cm., and although no measur- 
able deformation could be detected, the hardness had 


increased in every case as follows :— 
Metal. Hardness Hardness 


(Before). (After). 
Silver ... 20.3 32.2 
Tron 57.7 62.3 
Brass 24.0 36.5 
Zinc 33.1 43.0 


The microstructure was the same after this treatment 
as before, while to suggest that the hard vitreous phase 
had been formed as the result of pressure would, of 
course, be out of the question, since iron which expands 
on a would have its melting-point raised, 
and not lo . by pressure. 

Deformation doés not necessarily produce an am ous 
constituent, but only results in some permanent altera- 
tion of the atoms from their positions of equilibrium in 
their crystalline space lattice ; and, conversely, it will be 
true that any metal whose atoms are vented from 
reaching their positions of equilibrium will be in a con- 
dition of interstrain, and will be hardened. 

5. To harden steel it is necessary to heat it above the Ac, 
point; that is, to heat it to the temperature at which the 
carbon is all in solution, and then to cool it at a rate 
which: is sufficiently rapid ; but the greatest hardness is 
obtained when temperature reaches the highes» 
change point; that is, the Ac, for hypoeutectoid and Ac 
cementite for hypereutectoid steels. is is shown in 
Fig. 1, giving the hardness of three steels with 0.35 per 
cent., 0.86 per cent., and 1.18 per cent. carbon, and the 
Ee q ing in degrees above the Ac). 

ith 0.35 per cent. carbon the structure after quench- 
ing from just above the Ac, will consist of ferrite and 
martensite areas (ve ted by transitional] troostite, &c.), 
and the increase in ness from this to just above the 
Acs, when the structure is wholly martensitic, corre- 
sponds with the gradual replacement of the ferrite by the 
harder constituent. With 1.18 per cent. carbon the 
greatest hardness is obtained by quenching from just 
above the Ac cementite, and the softening which takes 
place on increasing the temperature corresponds with the 
appearance of austenite in the micro-section. A very 
important result is that when the carbon reaches about 
0.7 per cent. » maximum hardness is obtained in the 
quenched state, and this value is not exceeded in any 
pure carbon steel. Ifthe hardness were the direct con- 
sequence of carbon in solution, the hardness would be 
proportional to the amount of carbon dissolved. That it 


* Bragg, i go Magazine, September, 1914. 
+ Hadfield and Hopkinson, Journal of the Iron and 
org Institute, 1914, i., page 125. ENGIngEeRING, May 29, 


} Hanriot, Comptes Rendus, 155, pages 713 and 1502, 
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is not so shows that the action of carbon is indirect, and 
that the ing element is the iron itself. 

6. wedge grote «| known that steels which at the tem- 
perature of q ing are noa-magnetic are magnetic in 
their hardened state, and this change must have taken 
sr wg the time occupied by the quenching. Since it 

been previously shown that iron doesnot itself become 
magnetic, it is necessary to conclude that during the time 
ate a yp cooling from Ge Sires a to the 
lower eciginal 7 must have c to the magnetic 
a condition. Measurements of the electric resistance 
show that the carbon has not changed its condition, but 
has remained in solution, and so we recognise the fact 
that under the conditions of quenching the transformation 
Sgentechy of teaches te tha eegoed eo nibonboon 
ently of the in state car rom 

@ state of solution to the undissolved state. These 
two transformations, which on slow heating and cooling 
take place simultaneously, can behave as inde end 
reactions, although in a sense which is limited. For 
though martensite may be considered as an enforced solu- 
tion of carbon in a iron, it must not be forgotten that 
there is still some + iron present with the carbon, which 
is absolutely to maintain its solubility, and 


necessary 
any change in the state of the carbon causes the trans- | the 


formation of this 7 iron to a. It might on this account 
be suggested that the iron is chemically combined with 
the carbon, but an examination of the curve (Fig. 2) con- 
necting the loss of magnetic saturation in ty with the 
carbon content shows that the 7 iron increases much 
more rapidly the amount of carbon, which points to 
a | ysical influences, 

7. Ib been shown elsewhere* that it is ible to 
calculate the velocity of quenching in a round on cer- 
tain assumptions which are closely realised in the early 
stages, at least, of quenching, and if the curve thus 
obtained is compared with the curve connecting the elec- 
tric resistance, or the loss of magnetic intensity, of a steel 
with 0.86 per cent. carbon, it is seen that they are closely 
similar, so that the amount of carbon in solution and the 
amount of 7 iron retained in the cold state are propor- 
tional to the rate of cooling; at least, until the carbon 
is completely in solution. 

With a given rate of cooling, the progress of the transi- 
tion from the equilibriam position for y crystals to tha 
of a crystals will be arrested, and will ultimately be 
stopped by the increase in the internal viscosity at the 
lower temperature. The crystalline transformation, in 
other words, will be partially suppressed, and a condition 
produced which is essentially similar to the condition of 
interstrain produced by deformation, and the hardness 
which results is accounted for by this condition. 

During the cooling of hypoeutectoid steel from a tem- 
perature at which it consists of a homogeneous solution of 
carbon in ¥ iron, its complete transformation into a iron 
and cementite comprises two individual transformations : 

(a) A change in the state of the iron from + to a. 

b) Ac © in the state of the carbon. 
he first of these can take place independently of the 
second ; but when the second takes place, it necessarily 
involves the first. Three possible conditions can there- 
fore result :— 

1. Both transformations are completed; this is the 
normal pearlitic condition of steel, which is soft. 

2. Both transformations are suppressed; this corre- 
sponds to the condition of pure austenite, which is also 
comparatively soft. 

3. When (a) takes place but (b) is sup —that is, 
the complete transformation is ially suppressed— 
then the structure is martensitic and the a iron formed 
under this condition is interstrained and very hard. 

Case (3), then, is the important one from a hardenin 
standpoint, and to be possible it is necessary that a dif- 
ference should exist in the respective velocities of trans- 
formation of (a) and (b), so that with an ~~ rate 
of cooling the slower transformation can be suppressed 
while the faster is not greatly affected. 

This intimate connection between the rate of cooli 


and hardening is further illustrated by the behaviour o 
~ steels. The addition of for instance, 
by loweri 


ing the temperature of the transformations 
greatly decreases the velocities with which they proceed, 
so that with a certain percentage (which varies with the 
carbon content) the transformation of the carbon may 
be almost completely suppressed by air-cooling, and the 
normal condition after such treatment is martensitic 
accompanied by hardness and brittleness; ia fact, all the 
characteristics of quenched pure carbon steels. Water 
quenching, on er hand, results in the complete 
suppression of both transformations, and the steel becomes 


austenitic and soft, while the same result is obtained by 
air cooling when percentage of manganese is further 
increased. 

Commercial steels after air-cooling are non- 


manganese 

magnetic though fairly hard and brittle, but such steels 

~~ Ey pt. Bt Fy eG att 
ition is y t about by ition 

from a state of solution of ‘the cementite in excess of the 

eurtectoid eomposition. 

Similar results are obtained by the addition of nickel, 
and the following facts are also instructive. A nickel 
steel containing 3.6 per cent. of Ni and 0.19 per cent. 
carbon had a normal hardness of 188, which, after quench- 
ing in water from 1000 deg. Cent., had risen to 444, but a 
steel containing 0.19 per cent. carbon without the nickel 
in . after the same treatment, from 143 to 218 ; 
that is, while the plain carbon steel increased in ness 
65 points b, quenching, the nickel steel increased by 259. 
i is known not to form a carbide in this range of 
composition ;+ consequently the state of the carbon is 

* McCanoe, Joc. cit. 

+ Arnold and Read, ENcIngERING, 1914, pp. 463 and 468. 





similar in both, and the increased hardening power must 
be due to the influence of the nickel on the iron. It has 
enabled the iron to retain a greater degree of interstrain 
by lowering the temperature at which the transformation 
of the 7y to a iron takes place. 

8. Tempering allows the metastable conditions which 
result from quenching to revert to their stable state. In 
hypoeutectoid steels the carbon is ited from solu- 
tion and the specific resistance falls, while at the same 
time the interstrained condition of the iron is gradually 
lost with the formation of a ferrite recognisable 
under the microscope.* As a consequence the magnetic 
permeability under low fields increases, the remanent 
magnetism decreases, and the peculiar shape of the 
curves connecting the n tic properties with the tem- 
perature of tempering is found to be exactly similar for 
interstrained iron as for quenched steels—a similarit; 
extending also to the rate at which the hardness is lost. 

Turning now to the consideration of the tempering of 
high-carbon steels which contain a proportion of pure 
austenite, the curves of specific volume, electric resist- 

and ness of one containing 1.66 per cent. 
carbon due to Maurer are given in Fig. 3. 
The smooth curve for the electric resistance shows that 
carbon is deposited continuously, and this causes a 
decrease in the specific volume ; but at 150 deg. to 260 deg. 
Cent. there is a sudden increase, which is without effect on 
the electric resistance, and must therefore be due to the 
transformation of + to a iron; and since this takes place 
independently at a low temperature under conditions of 
high internal viscosity, the a iron formed will be in a con- 
dition of interstrain, and an increase in hardness should 
result. This is strikingly confirmed. 

9. The importance of internal friction in retarding 
transformations and preserving the metastable state has 
been pointed out, and in solids this internal friction is 
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very similar to sliding friction between solid surfaces. A 
fixed amount of super-cooling below the transition range, 
for instance, is necessary before transformation can take 
place in solids, and the difference in the temperature of 
transformation on heating and cooling is a measure of the 
internal friction. Twenty-five per cent. nickel steel has 
@ transformation-point at 550 deg. Cent. on heating, while 
on cooling it is transformed in the neighbourhood of 
—100 deg. Cent., which shows a range of 650 deg.; but 

steel containing about 14 per cent. Mn has a 
larger difference in this respect than any other, since on 
heating the Ac point occurs about 550 deg. Cent., while 
the Ar, does not even take place at the temperature of 
liquid air, a range of more than 740 deg. 

Many of the abnormal properties which manganese 
steel possesses are due to this great friction. Deforma- 
tion renders non-magnetic nickel steel m: tic through 
ye a of the ¥, — > = > ~ in 

ensity, but manganese steel, on the other hand, is prac- 
tically unaffected magnetically. . 
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Compo3i- 
tion 
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8 
| Hardon 


per cent 
1.66C. | 1.00 | 0.12964 


1.060. | 1.04 | 0.13105 

1.94.0. | 1.00 |orsess 
| 

2.24 Mn.) 1.07 | 0.13439 


| } 
| | 


| em, 
| 14.5 | Quenched from 1100 deg. C. 
in iced brine. 
88 | 28.5 Quenched from 1100 deg. C. 
| | immersed in liquid air. 
17 | 0.8 | Quenched from 1200 deg. C. 
} in iced brine. 
29 | 82 Quenched from 1200 deg. C. 
| immersed in liquid air. 
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Tempering at a tem ture just below its change- 
point results im the gradual conversion of the + iron to a, 
and the deposition of the carbon from solution, but the 
a iron is interstrained, and the is in . It 
is conceivable that very prolonged tempering would cause 











* McCance, Journ. Mech. Eng., 1910, page 1664. Enat- 
NEERING, December 30, 110. 
Maurer, Revue de Métallurgie, 1908, page 711. 





this hardness to be lost again with the production of a 


soft steel which is magnetic. 

10. When pure austenite, formed by quenching 2 per 
cent. manganese steels, or the austenite of high-car 
steels, is immersed in liquid air, the i 
overcomes the in friction, an 
formation takes place, although the carbon change is 
unaffected. The electric resistance is not changed, but 
the — volume — as well as the ee 
through the production of interstrained a iron. urer 
obtained the following results :— 

11. The theory outlined above accounts for the many 
widely differing conditions which steel can assume as the 
result of heat treatment in a manner which is simple and 
consistent. 

It is agreed that hardening by deformation results from 
jaw d structural causes which affect the crystalline state, 
and there is much to recommend the term “‘ interstrain” 
to describe such a condition of hardness, since it is a word 
which is non-committal + any pro} explana- 
tion of the effect. The theory of interstrain action is 
itself an inquiry, but it is secondary to the main issue in 
the hardening of steel. E 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 

foreign engineering projects, taken from the Board o) 

Journal. er information cone “ning these 

can be obtained from the Commercial Intelli: ce Branch, 
Board of Trade, 73. Basinghall-street, Londuw, E.C. 

Australia: The Sydney Office of H.M. Trade Com- 

missioner for Australia reports that tenders are invited 

by the Metropolitan of Water Supply and Sewer- 


age, Sydney, for the manufacture, supply, and delivery 
of 20-in. steel pipes and — Contract No. 941). The 
Secretary to the Board, Pitt-street, Sydney, N.S. W., will 


receive sealed tenders for the above up to December 7. 
It will be observed that the time for the receipt of 
tenders is limited, and this intimation will therefore be 
of use only to firms having agents in the Commonwealth 
who can be instructed by cable. 

Brazil : The Diario Official notifies that tenders will 
be received up tonoon on November 30, at the Secretaria, 
Estrada de Ferro Oeste de Minas, 8. Joio d’El-Rey, for 
the supply of 300,000 wooden railway sleepers, required 
during 1915. A deposit of 2000 milreis (about 120/.) is 
required to wy | apy tender. Local re mtation is 
necessary. The Diario also publishes a decree approv- 
ing the plans for the construction of 17 kilom. (about 10} 
— of the line between and Macdo, on the 


tral Railway of Rio Grande do Norte, at an eati- 


mated cost of 1,063,807 milreis (about 62,000/.). The 
Diario further contains a decree approving the project 
of the Commissio Federal de Sacramento da Baxada 


Fluminense for the execution of improvement works on 
the rivers Sarapuhy and Iguassii, in the State of Rio de 
Janeiro, at an estimated cost of 860,570 milreis (about 
60,000.). ) 

Argentina’: The Boletin Oficial contains a decree 
approving the project of the Direccién de las Obras 
Sanitarias de la Nacion for the construction of a sewerage 
system in the town of Mar del Plata, at an estimated 
cost of 373,770 pesos currency (about 32,700/.). The 
Boletin also publishes the text of a contract entered into 
between the Director-General de Obras Hidrdulicas, 
representing the Argentine Government, and the Société 
des Grands Travaux de Marseille, for the execution of 
extensive port works at Quequén, at an estimated cost 
of 2,000,000 Fy J (about 400,0002.). The projected 
works include dredging and other preliminary works, 
w construction, the erection of metallic sheds and 
other buildings, and the installation of cranes, electrical 
plant, &c. 





Lonpon Execrricat Encinerrs (T. F.).—The Corps 
of London Electrical Engineers (Territorial Force) is 
again open to recruiting. Electrical engineers, central 
station engineers, and engine-drivers are specially re- 


uired. Forms of particu can be obtained from the 
Officer Commanding, at 46, Regency-street, West- 
minster, 8. W. 





CaTaLocur Waste IN CENTRAL AmERIcA.—Dealing 
with the question of how to sell goods in foreign countries, 
the Mining and Engineering World, Chicago, gives pub- 
licity to a report by Commercial Agent Gerrard Harris, 
from which we make the following quotation :—‘‘ About 
the only way in which catalogues may be used effectively 
is, first, to have the line of goods introduced by a com- 
petent, Spanish-speaking traveller, of good address and 

ity, who can establish the personal relations that 
count so strongly in business there. A trial order will 
net create a regular market for ; it may require 
several visits to interest the dealer thoroughly and to 
get the line on a firm basis. Then, after the confidence 
of the dealer in the goods and the house has been estab- 
lished, catalogues may be used with a considerable degree 
of effectiveness, provided, of course, they are in Spanish. 
To send to these countries publications or trade letters 
in a lan not understood by the recipients isa waste 
and money ; yet business houses in the United 
States fill the mails with them, and persist in it. The 
really unfortunate feature is that, if the expected results 
are not obtained, firms whose enterprise has not taken 
the proper channel are discou and unlikely to make 
a second attempt. Not only this, but their experience 
generally becomes bruited about and deters efforts by 
others who do not know the real reasons for the failure. 
The same may be said to apply to this country also. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
Sead es none is mentioned the Specification is not 
illust ° 

where Gnacattons are communicated from abroad, the Names, &c., 
+ Aas f Specifications ' vay be ebtained at the Patent Office, Sales 

i i ‘ions may v ‘a ’ 
. ~* 4 "25, Southampton Buildings, Chancery-lane, W.C., at 





Any person may, at any time within two months from 
ST t of a Complete Specij » 
grive notice at the atent Office of opposition to the grant of a 
Patent on any of the grounds-mentioned in the Act. 


ELECTRICAL APPARATUS. 


3963/14. J. A. Fleming, London. Wireless Tele- 
graphy. [1 Fig.) February 16, 1914.—In transmitting appara- 
tus, as used for wireless telephony and also, in some cases, in 
wireless telegraphy, it is necessary to create in the antenna un- 
dam or continuous high-frequency electrical oscillations. 
In one well known form of arc-generator, invented by Mr. V. 
Poulsen, the electric arc is formed between r and carbon 
electrodes, which are enclosed in a chamber kept full of hydrogen, 
or coal gas, or the vapour of some hydrocarbon. A strong mag- 
netic field is also used, the direction of which is transverse to 
that of the arc. The carbon rod has also to be kept in rotation 
and the copper electrode kept cool by water circulating through 
it. In another form, due to Moretti, both electrodes are of 
copper, but one is tubular, and water flows through it. This 
invention has for its object to simplify this arc-generator and to 
dispense with the necessity for any magnetic field requiring a 
large and therefore expensive eleetromagnet to produce it, and 
also to get rid of the necessity for cooling arrangements 
and the use of coal gas or hydrogen in the arc-chamber. Accord 
ing to this invention, an arc-generator consists of a carbon rod 
and copper enclosing-cylinder placed over it, the latter open at 
the lower end and nearly cl at the Pas ad end, both being held 
vertically in a vessel containing high -point oil. In a large 
vessel, which may be conveniently of galvanised iron, a quantity 
of heavy mineral high flash-point oil is placed. This vessel may 
be provided with external cooling flanges, like the radiator of a 
motor-car engine, or it may have a coil of metal pipe placed in it, 
through which water circulates to keep the oil cool. In the dia- 
gram this vessel is represen’ in section by V and the coil of 
cooling pipe by P. The vessel is provided with a lid, which ma 
be of metal or of some insulating non-inflamr able substance, suc’ 
as marble, slate, porcelain, or stoneware. If the lid is of metal, 
then certain insulated bushing-pieces U are provided in it. To 
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the underneath side of this lid is attached a tube Bo, within which 
a second tube B; slides. This second tube is moved up or down 
by turning a screw 8, having a large head H made of insulating 
material, such as vulcanised fibre or ebonite. The above-men- 
tioned second tube carries a bottom plate of metal or of some 
insulating material, to which are attached certain metal sockets, 
which carry in them rods C, C of arc lamp carbon. If the plate 
is of metal, then these sockets must be insulated from it. Over 
each carbon is placed a copper cylinder D, having its = closed 
by a thick copper plug. is plug must be riveted in, and have a 
steel rod R screwed into it on the external side. This plug 
has one or two small holes in it. Each carbon rod has pl 

over it concentrically one of these copper cylinders, like an ex- 
\inguisher over a candle. The copper cylinders are held by the 
steel rods, which pass th h the metal-insulated sockets U, U 
in the lid of the vessel. ese sockets are insulated from the 
lid by micanite washers and collars, and each one has a set-screw, 
so that the height of each r cylinder above its own carbon 
can be independently adjust There may be two, four, six, 
eight, or more such carbons and copper cylinders in each vessel. 
Each copper cylinder is joined to the carbon of the next one by a 
flexible copper-wire connector, having glass beads strung on it 
to j mere short-circuits. The junctions are so made that when 
@ direct electromotive force from a supply circuit is applied 
to the terminals T, T a current flows through the series of elec- 
trodes from copper to carbon in each case. The cylinders are 
all first adjusted so that the top of each rests on its own 
included carbon, and the stems of the copper cylinders are then 
gripped by the set-screws, then by a turn of the 
the carbons are lowered together so as to strike an electric arc 
inside each cylinder between the end of the carbon and the inside 
of the top of the cylinder. The height of the oil in the vessel V 
must be so adjusted that it covers the bottom edge of each r 
cylinder and rises up to about 18 mm. below the top of the carbon. 
The arc is thus burning in a nearly closed space with oil as ite 
floor. The oil volatilises and fills this space with vapour and the 
excess escapes out of the small holes in the plugs of the cylinder. 
If a condenser and inductance are connected in series with each 
other to the terminals T, T, and the series of arcs is supplied 
with a steady or direct current voltage to make them burn pro- 
perty. powerful undamped electric oscillations are produced in the 
condenser circuit. (Accepted September 9, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
J. Boyle, H. K. Boyie, A. L. Redrup, and 
G. B. Redrup, Leeds. Internal- Combustion s 
[2 Figs.) September 16, 1913.—This iuveution relates to valves 


head #1 all | { 





in the 
comostding coring tongues controlling ports : 


of -combustion engines. 
invention, the valves are constructed in the form o! 
control an inlet-port 


tongue or tongues, — to 

located in the side of the cylinder in 
space of the engine. In carrying this invention 
convenient manner, a Fo 

the side wall of the cylind 
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tungsten steel or other suitable is 
the springs being anchored at one end of the cylinder 
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example, by means of the screws, while the other end of each 
tongue is free to spring inwards on suction stroke of the 
engine, thereby uncovering the inlet-ports a and admit fuel to 
the engine-cylinder. It will be noted that valves of this form will 
be kept tightly over the inlet-ports when the pressure within 
the cylinder is above atmospheric pressure, while the valves may 
be kept practically to the temperature of the cylinder-wall, seeing 
that they are in close contact therewith. For the purpose of 
obtaining the necessary resiliency it is ferred to make the 
spring-valves of substantial length, and, if desired, to taper them 
in the manner shown more clearly in . 2 by ing the 
material of the valves thicker at that e 
anchored to the cylinder-wall, and gradually tapering off to the 
freeend. (Accepted August 19, 1914.) 


GUNS AND EXPLOSIVES. 
17,708/13._ Sir A. T. Dawson and G. T. Bu 
London. -Loading Guns. (5 Figs.) 
1913—This invention relates to lock mechaniem of the kind in 
which the lock-frame is capable of moving laterally in a box-tlide 
on the breech-screw carrier, and in which a iming device is 
employed, the said device comprising a magazine or 
hopper and a bolt which is carried by the laterally-movable lock- 
frame, and by the movements it receives from a a hand- 
lever operates to insert in the chamber of the vent axial a new 
primer obtained from the ine or hopper. According to 
this invention, the primer enguaee or hopper occupies a stationar 
position at one side of the vent axial, as has before been » 
and the lock-frame has a mouth or opening formed in it above the 
forward ion of the bolt-sleeve, so that when the lock is moved 
into its fully open position, the bolt-sleeve will lie b ith the 


- into the bolt-way in front of the bolt-head. 
cockin band toe 


i 


at which they are An 


ckham, 
August 1, | and 


Displacement of the 
-lever in the reverse direction then moves the bolt 
Serwuntiy, and locks it to the lock-frame, at the same 


time 
inserting the new primer into its chamber, and leaving the 
F‘ in the cocked condition ready to be released to yo 
when desired. (Accepted September 9, 1914.) 
29,979/13. W. J. Mellersh-J: 
chester Repeating Arms Company, New Ha 
Ib {7 Figs.) December 30, 1913. 
ement in that class of 


r. 
metal body having within its nose an E vity 4 


ended cavity formed 
with 2 ote a any walls and ee Poe with a charge of 
unconfined percussion igniting flash-light composition held 





ed by the forwardly-converging wa'ls. 
nvention, as shown, the m bullet 2 is formed with a 
cious pear. concentric composition-cavity 3 located within 
ite forward end or nose, and having its forward end contracted. 
Into this cavity is introduced a charge 4 of percussion-igniting 
flash-light composition chemically compounded with cular 
f to the character of the momentary or brief illumina- 
tion which it is desired to secure. The charge 4 is unconfined 
and introduced directly into the bare cavity 3 without any con- 
pe ow ee of any sort to retard its free flashing on ignition 
me) caused by the shock of impact. (Accepted mber 9, 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
18,490/13. A. J. Hollick and W. Kneen, London. 
ti- Moun of Shafts. [5 Hig 8.) August 
14, 1913.—This invention has re to the anti f mount- 
ing of shafta, and has for object to provide improvements in anti- 


frictional moun of such nature 
of, and the ood it 


In carrying out the 





tageou 
for object to render it possible to employ ball or roller bearings. 


to enable such ball or roller to * r load 
than is now ble in view of the limitations as’! to pte 
ing or pertaining to bearings of the kind mentioned. I ii 


n carrying 
a shaft and its load, if any, in accordance with this invention, a 

jurality of spring, pneumatic, hydraulic, or other bearing-support- 
ng ——— of the type which are limited as to motion in 
one direction, and are sub. to a stressor load of such magni- 
tude that, under normal conditions, the bearing - ew ng 
cm aes are always in their limiting tions, are em- 
ployed, the arrangement being such that each ing-supporting 
arrangement is free to give or move separately and independently 
of the other bearing-supporting arrangement or arrangemenis, 
and in one direction only when the shaft and ite bearings are or 





exit opening of the magazine or , from which a primer will 
fall through the mouth or opening in the lock-frame on to the top 
of the bolt-sleeve, in which position the primer will remain during 
the movement of the lock-frame into ite closed tion. Bisa 

jon of the carrier, C is the box-slide, and D the removable 
ock-frame provided with the aforesaid mouth or opening D!- 
E represents the primer magazine or hopper, F the bolt employed 
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for inserting the primers into the primer-chamber of the vent 
axial, F) the bolt-sleeve, and F® an arm or} upon the bolt- 
sleeve for unlocking and retracting the bolt and moving it to the 
and locked position to insert the primer and leave the 
striker F4 cocked. In the exam shown, th 
detachably mounted in an opening in the box-slide CO, and is pro- 
vided with a vertical partition E!, which divides the hopper into 
two chambers. The hopper is retained in position by Ley 
in E2. When the parts are in the firing tion, as shown in 
Fig. 8, the mouth or poe | D! in the lock-frame D is some 
distance to the left of exit opening of the E. A 
the gun has been fired (or in the event of a misfire) lock-frame 
is moved laterally to the right, and the Lay D! then comes 
beneath the exit opening of the hopper, with the result that the 
lowermost primer in the left-hand chamber of the 
upon the bolt-sleeve. The return movement of the lock-frame to 
closed position causes the primer immediately above that in 
the opening D! of the lock-frame to be forced back into the right- 
hand chamber of the hopper, the upper surface of the lock-frame 
then closing the exit opening of the hopper. When the lock- 
frame reaches its closed position, a cocking hand-lever connected 
to the arm F° is Co auieds ant seeash Gee Sas, Geeky 
allowing the primer that was resting upon the bolt-sleeve to 







fter | or support 12 is screw-threaded for a portion of its le 
threaded 


r falls | the 


subjected to abnormal influences. 1 is the shaft; this 
shaft is carried by a plurality of ball-bearings. The bearings are 
spaced apart, and are distributed along the length of the shaft as 
found necessary, and as circumstances will permit. When em- 
ploying ball-bearings of the simple type, the one member or race 2 
of each bearing is mounted on, attached to, the shaft 1, 
and the other member or race 3 of eaeh bearing is cngperes by. 
and, it may be, is attached to, a bearer 4, which is, preferably and 
as shown, disposed transversely of shaft 1. In the arrange- 
ment illustrated, the ball-bearing is not of the simple type com- 
prising two ball-races and an interposed row of balls, but is of 
what may be described as a compound type, and com 


an 
inner race 2 mounted on and 


prises 
to the shaft 1, an outer 


race 3 supported by, and, it may be, attached to the bearer 4, 
an intermediate or double race 5, which is free, and rows of balls 
inte between the races 2, 5 and 5, 3 respectively. There 
may be more than one free and double race 5, and for each addi- 
tional double race 5 employed an additional row of balls becomes 

q The bearer ¢ is, or may be, supported at one or both 


ni 

ends by spring, pneumatic, hydraulic, or other ar! ite. In 
the entamyennes U shown, the «is wo supported at ove end 
and at ite other end is cerried by a fixed member 8 in suchwise 


that it can pivot or turn in relation to such fixed member. 
may be a member 8 for ’ 
may be such as to extend the yy adh y shaft, 
bearers 4 will then be mounted 
or bed-plate of the member 8, and this plate9 is bolted, or other- 
wise secured or fastened, down floor 
10. In the drawing, mem 
sides of the shaft 1, and the beare: 
su by the 
of the shaft 1. 
- 4 of the colled : helical ty suse pi rt 
ng or ype, ing @ pin or su 
12, either formed in with or mounted on the base myo 
plate 9, or mounted directly in or on the foundation 10. —~" 
on 


portions are mounted nute 13, 14. 


z 


the 











660 


ENGINEERING. 





[Nov. 27, 1914. 








extent than the load it will have to carry under normal conditions. 
The spring will therefore exert a greater u) force than the 
downward force due to the weight of the ball-bearings and 
bearers, and the difference between the two forces will, under 
normal conditions, cause the bearer to be always in contact with 
the nut 14, which nut therefore acts as a limiting device. When 
the shaf«, or a bearing or bearings is or are subjected to an 
abnormal influence or influences acting in a downward direction 
a — or ine 4is <a — to —_ in ved 
spring 11 or ngs 11. e spring or springs 11 te or te ° 
return the shafc, or a bearing or Contaes to its or their normal 
position as the abnormal infl is | d or reduced. If an 
abnormal influence acts on the shaf¢ or a bearing or bearings in an 
upward direction, a bearer 4 or bearers 4 tends or tend to follow 
the upward movement of the shaft, bearing or bearings, but such 
movement VTE and resisted by the nut 14. e action of 
the springs 11 is thus limited to abnormal forces acting in one 
direction only. (Sealed October 29, 1914.) 


5925/13. C. H. de Rusett, London. Clutch and 
Brake {1 Fig.] September 10, 1913.—This 
invention relates to clutch or brake mechanism of the type in 
which the clutching action is automatically increased after the 
clutches have been sufficiently engaged, lly in clutches 
in which two clutch members relatively rotatable on an axis form 
together one of the clutch parts, and are adapted to engage 
another member forming the other clutch part, said clutch being 
operated by links disposed obliquely to said axis in such a manner 
that the rotary motion of one ber acts through the links to 
P 

















roduce a combined rotary and axial movement of the other 
member. A clutch or brake mechanism mads in accordance with 
this invention comprises the combination of a rotatable casing 
having two clutch facee, two clutching members, each provided 
with a clutch face adapted to engage a corresponding face in the 
casing, torque rod or rods, and a spring or springs between the 
clutching members, and means for moving one of the clutching 
members axially ; and is characterised in that the torque rod or 
rods are in compression. d is the power-shaft, and / is the shaft 
to be driven by the clutch, c is a ro’atable casing having two 
clutch faces c! and c2. The casing c is slidvbly mounted on the 
shaft d, and is adapted to be given a longitudinal movement. 
Upon the shaft / is mounted a clutch member @ which is fixed to 
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the ehaft /, and has no longitudinal motion, } is a clutch member 
slidatly mounted on the shaft /, and having a clutch face b!. 
The member b is conrected to the member a by compression or 
torqu’-rodse,¢. Ah, h are springs disposed between the members 
aand b. ¢!,¢l are balls which take the thrust of the rods ¢, ¢. 
In operation, assuming the clutch to be in the position shown, in 
which the shaft d is free from the shaft /, to put the clutch into 
operation, the 7 restraining the axial movement of the 
clutch member } is removed from the face b°, so that the springs 
h, h force the ber 6 into engag mt with the member c 
which causes the torque members ¢ to pivot on their ends, and 
thereby supplement the ure of the springs A, A, and act to 
slide the member c together with b axially along the shaft /, and 
to engage the face c2 with the face a!, the pressure between the 
contacting surfaces then increases acco ding to the torsional 
¢ffort set up by } in relation to a, whereby the shaft / is driven 
by the shaft d. When it is desired to return the clutch to the 
position shown, whereby the clutch faces are free, pressure is 
applied to the face / until the face L° is flush with the face c®°, as 
shown in the drawing, then the preesure is applied to both the 
faces D° and c®, 80 as to slide thei axially together, so to dis- 
engage the faces a! and c®. As soon as the friction between the 
faces b} and c! is destroyed, the supplementary action of the 
torque rods ¢ is destroyed. When the invention is adapted to be 
applied as a brake, one of the ehefts d or /, for example, is held 
permanently against rotation. (Accepted August 19, 1914.) 


SHIPS AND NAUTICAL APPLIANCES. 


10,734/14. W.D. W G ow. Compass-Bowls. 
is invention relates to anti-friction 





(6 Figs.) May 1, 1914.— 
bearings for the journals of compass-bowls and a'so of gymbal- 
rin The object of the invention is to obviate the use of rollers 


which have heretofore been employed, and to employ balls, the 
balls being specially carried and arranged. The improved bearing 
comprises two or more balls held in position in a semi-circular 
cage, formed preferably in two parts, connected together by 
cross-pins or the like, the balls being so set in counter-sunk holes 


(10,734) 


n the we onse ye as * tee, The balls are of a diameter 
greater than the th o cage. @ represents the gymbal- 
ring, } one of the journals of the compass-bowl, and c the recess 
in the gymbal-ring. As will be seen, the cage consists of two 
parte d, d of semi-circular shape, and which are held in parallel 
position and at a suitable distance apart by means of the cross-pieces 
or ~ g, of which there may be three. Located between the 
parts d, d are two balla ¢, ¢, and these balls are held in place by 
means of counter-sinks formed in the parts d, d, these counter- 
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sinks being sufficiently loge and deep to it the balls to turn 
freely. The cage ie pla in the semi-circular recess c and lies 
pte therein, the balls projecting beyond the outer Brey my dl of 
the cage and tearing agekost the wall of ould recess so that ihe cage 
can freely move on said balls. The balls also project beyond the 
inner periphery of the cage, and the journal, as will be clearl 
seen at Fig. 1, reste upon, and between, the balls ¢,¢. A hori- 
zontal adjusting-screw | 1s, or may be, provided, and also a 
vertical adjusting-screw k, this latter screw being through 
the cover and serving to prevent the journal jumping upwards in 
the bearing. The recess over it a cover h, which is pivotally 
secured by means of a screw at one end, and is provided at the 
other end with a slot A! capable of engaging a screw j, which can 
be thereafter tightened so as to lock the cover in position. The 
cage is made somewhat smaller than the recesr, and is therefore 
free to rock slightly therein, moving on the anti-friction balls, 
the journal itself is aleo free to turn upon the balls. 
(4ccepted September 9, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


eselischaft Boveri et Cie., 
Baden, Switzer (3 Figs.) January 
20, 1913.—This invention telates to condensers, and has for its 
object to provide an improvement in, or modification of, the 
condensers indicated in the Letters Patent No. 12,349, of 1911, 
more particularly with reference to the means for aE ny the 
doors. The form described in that specification had the doors 
mounted on the outer shell of the condenser, so that this shell 
had to rt the weight of the opened door. The present 
invention consists in so hinging the doors that half of the 
complete cover holds the other when the latter is opened for 
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cleaning. The two doors a and b are interconnected by hinges 
¢, and are provided with handles d. It will be seen that which- 
ever half is open the other supports it by way of the hinges, and 
one-half may be swung right back on the other so far as the 
handles permit. One manner of securing the doors to the outer 
shell is shown in Fig. 3, in which the doors are provided near the 
outer periphery with holes ¢ for enabling securing to the flange 
J to be effec’ by bolts or screws. In addition, slots g are cut 
on the inner edge of the door so that the tame can be secured by 
stud-bolts A carried by the central partition of flange i. (Ac- 


cepted September 9, 1914.) 
15,531/13. D. B. Morison, BosGepest. Feed-Water 
Heaters. 913.—This invention relates to 
kind comprising water receivers 


{6 Figs.) July 5, 1 
surface feed-water heaters of the 
containing one or more compartments and connected r by 
heating-tubes within a containing vessel, and has for object to 




































































—_— constructional details whereby provision is afforded for 
collection and discharge of air from the heated water, com- 
Fig.t. 4 
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bined it may be with a steam-cleansing device, forming of or 
jointed to the containing vessel. According to this invention, a 
small port or places a com; ment or com ots in 
the receiver or vers in commun with com| 
ment or compartments of lower pressure and thi wh _ 
an 


given off from the water may pass and be finally 
air-chamber from which it can be discharged, together, it may be, 





with a emall quantity of water, to a feed-tank or elsewhere. The 
heater cntiats of a containing vessel a, fitted with heating tubes 
b, arranged between two water receivers c and d, which contain 
holes provided with removable plugs g, through which the tubes 
may be examined, cleaned or withdrawn. Each water receiver 
is divided into compartments that are placed in communication 
with each other by the heating tubes }, so that the water enter- 
ing the branch i flows through the compartments in series and 
p2sses out through the branch j, all ina known manner. Now, 
according to this invention, the compartments in the receiver d 
are provided with small ports or passages ¢ through which the 
liberated air collected in each compartment in the upper receiver 
d passes from one compartment to another compartment of lower 
pressure and finally reaches the air-collecting chamber k from 
which it is discharged, it may be with a small quantity of water, 
through the cock / that is flexibly connected to the air-collecting 
chamber k by a pipe. Owing to the frictional resistance of the water 
in its 14 through the tubes, the pressures in the compart- 
ments will be successively less, and therefore, although the differ. 
ences in the pressures are small, it has been found that, provided 
ie means of communication are suitable, they are sufficient to 
promote the flow of air through the successive compartments into 
the final air-collecting chamber from which it is discharged from 
the a tus, The compartment in which the air first collect 
may be connected direct to the air-collecting chamber k or direct 
to the cock / by a pipe, so-that the quantity of air carried into the 
heater with the feed water, or a large quantity of it ,may be 
directly discha The heater is provided with a steam-cleans- 
ing chamber o having a steam inlet 2, a steam outlet 3 into the 
heater, oi] and water-separating devices 4, and a receptacle into 
bg the separated oil and water can flow. (Sealed September 17 
4. 


MISCELLANEOUS. 


6903114. Societe L’Aster, Paris, France. Meters 
for Liquids. [4 Figs.) March 21, 1913.—This invention 
to meters for liquids in which part of the apparatus is 
supported in the liquid, wholly or partly by air-chambers. 
According to this invention, a rotary piston is provided with an 
annular series of air-chambers in its periphery or with a peripheral 
chamber or chambers. It has been proposed to provide an 
annular air-chamber in the rotating part of a meter for liquids, 





but such a chamber has not been located in the periphery. The 
n is preferably made of light material such as ebonite, but 

any other material may be adopted. The piston is recessed by 
providing ite annular wall with a suitable number of holes not 
drilled through, but left each with a bottom. The other end of 
each hole is closed by a close-fitting plug, or even left open, each 
hole thus constituting an air-bell iato which the liquid cannot 
netrate. The piston can be rendered the same weight as or 
ighter than the liquid it displaces. (Accepted September 16, 1914.) 


12,898/14. W. E. Lilly, Dublin. Torsion-Testing 
Machine. [2 Figs.] May 26, 1914.—This machine is for the 
purpose of carrying out torsion tests on materials of construction 
under alternating torsional stresses and automatically grapho to 
rectangular co-ordinates the alternating stress-strain diagrams 
obtained from such tests. It differs in this respect from torsion- 
testing machines at present in use from which stress-strain 
d under direct tors onal stresses can only be obtained. 
The invention consists in the application to a torsion testing- 
machine of the mechanism for automatically graphing the alter- 
nating stress-strain diagrams to rectangular co-ordinates. A 
circular table a is fixed to any convenient bench or stool ; through 
its centre is a hollow cylinder b. In the central part of the 
cylinder, the specimen c to be tested is placed, one end being 
secured to it by a key and the other end secured to the lever 
g,h,ibyakey. The Lover consists of a solid shank h, which is 
rigidly connected to the spring i, the weight. g: with its connect- 
ing arm, forms part of the solid shank h, and is for the purpose of 

ng the lever. Fixed to thespring i at j is a light arm &, at 
the end of which is an adjustable spring 7 carrying the recording 
pencil 7. This pencil is adjusted to slide along the straight edge n 
which forms part of the frame s. A circular drum m revolves on 




















its outer edge o on the table a, and is connected by adjust- 
able pivot-bearings to the frame s, which is connected by ad- 
justable pivot-bearings to the arms a of the solid shank A. The 
manner of carry out a torsion test with the machine is as 
follows :—The men c to be tested is placed in position in the 
cylinder b, and secured to it by driving up the key at d, the lever 
g, h, tis now in position on the top end of the specimen ¢ 
and secured to it. A sheet of squared r is now placed on the 
drum m, it is then placed in position on the table a and the pivot 
bearings adjusted, the pencil / is now Cay in the central posi- 
See 68 Ge Sree ant © cutest wt , x § otge = Oe 
justing the arm the spring 4. e torsion on 
iat is now carried out by applying a pull or push to the 
handle p, the pencil / then automatically graphs the alternating 
stress-strain on the squared paper of the drum. The 
movement of the pencil / along the straight edge n is proportional 
to the or on the handle p, and gives to scale the magni- 
tude of the torsional or twisting movement, and the roll of the 
drum m under the pencil is proportional to the twist. or torsional 
strain of the specimen. The pencil / graphs the combination of 
the two movements at right angles to one pon peers the em | 


stress-strain di 8 are thus 
nates. (Accepted September 9, 1914.) 
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Design of Plate-Girders. By Lewis E. Moons, B.S., 
C.K., Associate Member of the American Socie 
Engineers, Member of the Western Society of Engi- 


neers, Associate Professor of Structural ring, 
Massachusetts Institute of Tech . New York 
and London: McGraw - Hill Book pany, 


[Price 12s. 6d.] 

Tuat another book specially devoted to the treat- 
ment of this subject should appear, dealing as it 
does with the design of the earliest form of built-up 
metallic construction, may be s tive of the 
need that is felt amongst engineers for a somewhat 
more satisfying method of design than that hitherto 
available. Whether or no the author meets this 
demand will be considered in due course. 

Much that copeee in this book is common know- 
ledge, and may be found in any work dealing with 
the design of steel-work, having no more particular 
relation to plate-girder design than to other forms of 
metallic construction. It is not with this that the 
reader in search of something new will be interested, 
for which reason little need be said of about one half 
of the book, except that it is good matter, relating 
chiefly to methods of calculating moments, shears, 
and deflections. With respect to the last-named 
item, the author gives a method, due to Professor 
Lawrence, by which all that it is commonly neces- 
sary to know may be readily calculated. The 
treatment is ingenious, and sufficient for most pur- 
poses. It may be noted that, in dealing with 
riveted joints, the author states the essential prin- 
ciples of design with clearness, though omitting any 
reference to the effect of untacked fillers in re- 
ducing the efficiency of rivets. It is to be observed 
also that the author is content, in the case of joints 
having staggered rivets, to make the length of solid 
plate, measured diagonally between holes, equal to 
the solid measurement straight across. This, 
though at variance with the deductions of Moberly, 
from his very extensive inquiry into the question, 
is yet more nearly consonant with later experiments 
carried out upon modern steels less liable to erratic 
fractures, from which little, if any, diagonal excess 
appears to be necessary for holes spaced as is com- 
monly the case in structural work. A _ useful 
chapter of general utility is included upon ~~ 
Hints to Draughtsmen, furnished by John C. 
Moses, giving much information of value to those 
whose acquaintance with shop-work is limited, as 
works cost is much affected by attention to matters 
very commonly overlooked by those who do not 
follow their designs to final execution. 

The essential problem of plate-girder design is, 
of course, the treatment of web stresses, of stiffener 
proportioning and spacing, these questions a 
inextricably involved with the effects of stiffness o 
the top boom. Much attention has been given to 
the study of these matters, which have n in 
some measure investigated by Fairbairn, Hodgkin- 
son, Brunel, Baker, and Turner experimentally, 
mathematically by Clark, Airy, Rankine and 
Unwin, and applying both methods of inquiry by 
Turneaure, Marburg, Lilly, Guy, and Herbert 
Moore. There has indeed been no neglect of the 
subject, but that no entirely satisfactory method 
of design has yet been reached is sufficient indica- 
tion of the difficulties surrounding the problem. 
The author gives the usual explanation of the 
nature of web stresses, but does not attempt any 
strict inquiry. He presents, instead, a number of 
formal by which of thicknesses are determined in 
practical design, with such justification as there 
may be for some of these. The question of stiffener 
spacing is dealt with on the dicta of the various 
authorities quoted. This method of designing 
work might, in default of a better, as representing 
practice, be regarded with toleration if undeniably 
based upon long and satisfactory experience ; but 
as @ comparison of these methods yields such 
diverse results, it is apparent, even to those easily 
satisfied, that there is still something lacking. 
Diagrams furnished by the author to facilitate the 
application of four of the formule for web thick- 
ness reveal the most amazing differences for the 


more slender thickness ratios, and make it clear | U##ed 


that there is much yet to be learned about webs. 
The value of this book thus consists, not in throwing 
any new light upon the question of web design, but 
m presenting such methods as there are in a form 
convenient for reference. 

Detailed consideration of value is offered with 
respect to many points. Thus, there is a useful 
comparison of approximate methods of determining 





flange areas with methods more exact, and of the 
more exact amongst themselves. 
The author gives, for instance, methods of deter- 
ining the moments of inertia of riveted girders, 


of | prefacing this by illuminating remarks upon the 


position of the neutralaxis. He doesnot, however, 
exhaust the subject, having omitted to mention a 


Inc. | method which, though not in common use, is simpler 


and wegq, oa exact than any one of those he 
presents. is consists in computing the moment 
of inertia for the gross section, which moment is 
then used to define the extreme fibre stresses, with, 
in the case of the tension flange, a correction for 
the relation of net to gross width of flange-plates. 
The position of the neutral axis is determined, as 
the author points out, by the gross section rather 
than by the section where pierced by rivet-holes, 
and it is the stress resulting from a consideration 
of this gross section which determines the stress 
occurring in the tension-flange where rivet-holes 
exist. ‘o the majority of cases this simplified 
process will apply satisfactorily. 

Detailed sdadhitens are given for bridges of the 
through-plate girder and deck-plate-girder ty 
with illlustrative plates. A specification of thirty 
pages is included, and many tables of sectional 
areas, moments of inertia, &c., likely to be of 
service, are given. 

The book is no doubt a good book, and repre- 
sents, it may be supposed, American practice in 
the design of plate-girders; but it must be con- 
fessed, though useful as summarising such practice, 
it makes no real addition to our knowledge of the 
subject, nor, indeed, does it pretend to do so, 
The typography of the book is excellent, the dia- 
grams good, and the folding-plate details to a ecale 
not too small for utility. 
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FOUNDRY CRANES AND POWER 
AGENCIES.—No. II. 
By Josern Horner. 


ALTHOUGH the chief interest which surrounds this 
subject centres in the overhead travelling-cranes, 
they perform, as we have seen, only one branch 
of foundry service. In the t article the 
endeavour will be made to define their sphere and 
to discuss the utilities of the principal types in 
which they are built. The joasumte occur in 
various designs, but the travellers are subject 
to much greater variations, though the power 
agencies employed are more limited. Only two 
methods of operation can be regarded as available 
now for overhead cranes—hand and electricity. 
Formerly the steam-power traveller, carrying ite 
own boiler engine, or driven by cotton 
from an engine elsewhere, was employed, but such 
methods of driving are now very y resorted to 
for workshop use. Both the hand-operated and 
electrically-driven types, however, occur in nume- 
rous variations, adaptable to all conceivable condi- 
tions of foundry seryice. It would be difficult to 
indicate a type of crane which occurs in wider 
modifications than this does. For besides the 
radical differences which result in consequence of 
the methods of operation employed, there are those 
which are due to power of lift, and ranges in 
dimensions and capacity. The heaviest travellers 
are not required for ordinary iron-foundry service, 
but, within the moderate powers employed for this, 
the variations in design are nevertheless very 
extensive. 

One of the obvious differences between light and 
heavy travellers occurs in the construction of the 
main girders. Only in the lighter cranes are solid- 
rolled sections desirable, though they are some- 
times used in the cheaper cranes for moderately 
heavy designs. The parallel form is not the most 
economical for resisting the stresses im 
while even when a parallel outline is retaine 
better if the girders are lattice-braced, because 
— can thus be built lighter for equal strength, 
with lessening of the dead load to be travelled, 
and with reduction also of the inertia stresses, 
which become severe when a crane that is fully 
loaded and travels at high speeds is starting and 
stopping its travel. But rolled-steel joists are regu- 
aay oes for moderate spans and the lighter 
loads. The very large range in which these 
sections are obtainable, their comparatively low 
cost, and the readiness with which the framing of 
the traveller can be built up with them, induces 
crane-builders to employ these sections more exten- 
sively than they did in the period when iron joists 
alone were obtainable. At that period, as also 
often now for the er cranes, single web girders 
were and are used, but such girders are liable to 
buckle laterally if travelled at high speeds. For 
heavy cranes box-girders with dia were 
much employed in the past; but they are heavy, 
and liable to deteriorate from the rusting of the 
interior, unless large openings are left for inspec- 
tion and painting. Warren girders are preferably 
employed instead of these solid-plated designs. 
In the heavier cranes the Warren or lattice girders 
are doubled in box-girder fashion. Or sometimes a 
solid plated and a lattice-braced g rder are com- 
bined, being connected by lattice bracing. The 
platform, in many cases, is made stiff enough to 
provide for, or to increase, the lateral stability of a 


. bd 
it 1s 


Son. | girder. 


The end cradles or girders are most suitably 
ayy the “4 ~y with a re down 
of the latter, se that these r abut against, 
and partly rest upon, the en pve Hn A wholl 
abutting joint is, however, usual, stiffened wit 
suitable epreadine gusset - plates. When head- 
room is amplethe main girders may lie directly on 
the vop of the end girders. In any case, however 
united, the jointing must be done solidly, because 
the strains transmitted are very severe. The 
comprise those which are due to the vertical load, 
to the travelling motion, and to the cross-traversing. 
The wheel-base also must be sufficiently long to pre- 
vent cross-working, or, say, in the proportion of 
about 1 to 5 of the span. ether the rails for the 
crab shall run on the top or the bottom flanges of the 
main girders is y settled by head-room 
available, as also is the location of the end-cradles, 
whether set below, or above, or in line with the 


main girders. 
The trelley-wheels must be turned to exactly the 
same diameters on the treads if the running is to 
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be steady ; they must be double-flanged, and the 
rails be laid truly. The wear on the wheels of 
heavy travellers is so severe that cast iron is use- 
less. Even on the lighter travellers, wheels of cast 
iron soon show grooves. Nothing less tough than 
cast steel must be used. In the best cranes, centres 
of cast iron, or preferably of cast steel, are fitted 
with rolled-steel tyres, registered and shrunk on. 
The spur-wheels adjacent to the running-wheels, 
and by which the latter are driven, are not usually 
keyed on the axles; but, in the more powerful 
cranes at least, are istered and bolted to the 
faces of the running wheels, and good fitting here 
is also essential. Common bearings are not suit- 
able in the heavy cranes for equal distribution of 
the load on the wheels; but an axle-box of self- 
oiling design, or some modification of it, should 
be adopted. A few firms employ fixed axles and 
loosely-running wheels. The wheels should not 


* 
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only the work that is demanded of the traveller. 
Or this may be due to the fact that the traveller is 
mainly installed as a stand-by for occasional heavy 
duty, where most of the lifting done is of medium 
weight. Or it may serve only one department of 
a foundry, as that of the loam-moulders, or the 
heavy-core makers. In such cases the hand- 
traveller is the design to instal. Ten tons should 
ree mark the maximum for hand operation, 
though higher powers are made. For heavy loads 
such a crane is operated by a man or men working 
on the crab-platfurm, but for light loads a jenny 
is usually worked by two dependent chains, one for 
hoisting, the other for cross-traverse. The longi- | 
tudinal travel of light cranes is commonly effected | 
by simply pulling at the hook or load. Two speeds | 
of lift are often included, an automatic brake con- | 
trolling the lowering by gravity. 

The electric cranes are modified in several ways. 





Fig.5. 


gears are nearly always spurs ; bevels are rarely 
used now in new cranes. 

The question of auxiliary hoisting always arises 
in the heavier power cranes. Two applications of 
it are made, and two reasons exist for this addition. 
One is that of a hand-lift with a winch-handle or 
handles to a shaft disconnected for the time being 
from its power drive. This is fitted to some over. 
head travellers in order to combine the advantages 
of a slow, minutely-regulated hand-lift for delivery 
of patterns and closing of moulds, with the rapid 
power lift and lowering suitable for ordinary 
service. The other application is that of the 
pom § hoist of low power fitted for service on a 
crane of high power. The reason for this addition 
is either and chiefly the handling quickly of light 
loads, or of occasionally rendering assistance to the 
heavy lift, as when a ladle of metal held in the 
latter is tilted by the light hoist. This application 
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Fies. 5 anp 6. Overneap Hanp Traveciinc-Crane ; Messrs. VAUGHAN AND 


overhang, but run between double bearings, to 
afford them proper —. 

The mechanism for hoisting and cross traverse is 
rovided either in the form of a crab or of a jenny. 
n general, the first is used for heavy cranes, the 

second for the lighter ones. Either can be operated 
from above or below, the first being suitable for 
regular and continuous service, the second for that 
which is intermittent. The place of the attendant 
is seldom now on a platform on the crab (except in 
the hand-crabs), as it was in most of the old 
steam-driven cranes, but he is instead located 
in a cage at one end, below or to one side of the 
girders. When in this position the switches and 
various operating levers are brought to the cage, 
and the work which is going on below can 
observed readily. 

The proper sphere of the hand-operated traveller 
is in foundries of no great lengti , in which the 
service is irregular and occasional. This may 
happen so because the foundry is so well supplied 
with a service of jib-cranes that the transportation 
of moulding-boxes, metal and castings, is chiefly or 





to suit purse as well as service. Even a single 


motor drive is retained in some few cases, whence 
lifting, —. and traversing motions are 
actuated, with their reversals, through friction 


clutches and gears. But the individual motor 
drive is general, one motor for each motion, and 
in the highest powers two hoisting motors. Two 
methods of changing speeds in the higher-powered 
cranes are common. In one, separate motors 
rated for different loads actuate separate hoisting- 
drums. In the other the speed changes are effected 
through gears and clutches to a single drum. If 
the difference between maximum and minimum 
loads is sang the additional light auxiliary hoist is 
often fitted, having its own individual motor and 
drum. The heavier loads may then be lifted with 
a single motor actuating two speeds through gears 
to one drum, or in heavy cranes separate motors 
may actuate separate drums. Here, too, the selec- 
tion should be determined by the frequency or 
otherwise of loads variable in amount. The cost 
of additional motors and drums is justified when 





large ranges in lifts are frequent. ission } 





Son, Limitep, MancuEstTER. 


occurs in the big travellers for steel works. The 
auxiliary fitting had its prototype in some of the 
old hand-cranes that were provided with a light, 
quick set of apart from the slower, heavier 
gears. But it has only become a prominent 
development in the electric cranes, for which the 
individual motor system is so eminently adapted. 
The auxiliary hoist has its own motor, controller, 
and wiring. Occasionally, -* vey to — 
expense, the auxiliary hoist is driven by gears from 
the main hoisting motor. But this cannot be 
adopted when the main and auxiliary hoists have to 
be used simultaneously. 

In some cranes a safety provision is included, as 
an over-winding gear fitted to the hoisting mecha- 
nism, by means of which current is cut off auto- 
matically from the hoisting-motor, and the magnetic 
brake is put into action. Another is a governor 
which prevents excessive speed of lowering. All 
the best cranes also have a ——_ emg 
supplement the magnetic one. e latter is on the 
een artedle or on a second shaft, and is released 
when the current pssres to the motor. The mecha- 
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nical brake controls the lowering, and will hold up 
the load if the magnetic one fails. 

The motor for the longitudinal travel of the crane 
is placed at the centre of one of the main girders, 
and on one side, driving the longitudinal travelling 
shaft through spur-gears. This shaft drives the 
travelling-wheels at each end through spur-gears. 
In high- cranes it is sometimes provided with 
a mechanical brake. 

Continuous-current motors, series wound, are the 
best for crame-work. These run at moderate —_ 
at full load, and accelerate under light loads. 
Continuous current at 220 volts is regarded as 
the standard most suitable for cranes, though 
double that pressure may be employed. Series- 
wound motors are preferred to the shunt-wound 
type, because a large variation in the speed with 
variable loads is obtainable with those. But 
cranes operated with three-phase current cannot 
have their speed accelerated automatically under 
light loads. yy a series motor and con- 





tinuous current, the question of the selection of a 


of desi to resist stresses, afford remarkable 
illustrations of the great improvements which have 
been effected. These results have been fostered 
by the exact measurements which are available of 
input and of work done in terms of electrical cur- 
rent and pressure. Power absorbed, and work 
given out, the work done in raising the load, 
divided by the power consumed by the motor, 
afford deductions of percentage efficiency which are 
now known exactly, and which are in marked con- 
trast with the crude estimates of the past. The 
tractive effort for travelling and for cross-traverse in 
oy per ton are also ascertained for the different 
oads carried. One fact also, which was demon- 
strated at an early stage of electric driving, was the 
marked difference in the power required for hoisting 
and that for cross-traversing, whence followed the 
economy of performing each motion with a sepa- 
rate motor rated for its one and only duty. At an 
early period, also, came the abandonment of all 
bevel-gear drives in favour of spur-gears, which, 





as already stated, are now practically universally 


capacity, but those for steel foundries and steel 
works may often range to 100 or 150 tons. 

Some approximation to standardisation is at- 
tempted in electric cranes; but as varying sho 
conditions have to be provided for, nothing beyon 
——- is ible. Usually there is some 
rather close relation between | and speed of 
lift ; but rates of longitudinal and cross-traverse 
need not vary in cranes of different powers. In 
the higher - powered cranes two rates, or three 
rates, of lift are available with variations in load, 
as, say, 20 tons at 8 ft. per minute, and 10 tons at 
16 ft., or 25 tons at 7 ft., | tons at 14 ft., and 
30 tons at 6 ft. Longitudinal travel without the 
load lies between 200 ft. and 300 ft., and that of 
cross-traverse at from 80 ft. to 100 ft. per minute. 

Illustrative of a type of hand travelling-crane, 
operated from a cage or from the floor, there 
are given in Figs. 5 and 6, page 662, views of 
one built by Messrs. Vaughan and Son, Limited, 
of Manchester, in a range of from 1 to 7} tons. 
Though a cage is shown, the more us prac- 
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high or low speed-rating arises. Practice favours 
the employment of moderate speeds only at full 
loads in order to avoid excessive s ing up 
under light ones. If a motor is highly rated, the 
speeding up becomes too great at light loads, 
entailing the putting in of resistance, with waste 
of current. Special, types of crane-motors have 
therefore been evolved. The usual rating is that 
which will keep the heat losses low. The motors 
run at from 450 to 500 revolutions per minute, and 
it is commonly specified that the rise of tempera- 
ture shall not exceed 75 deg. Fahr. in half-an-hour 
of working. 

The high efficiency of the best electric cranes is 
attributable to two causes, first to the judicious 
design of the electrical uipment, and second to 
the excellence of the details of the mechanical con- 
struction. Looking back to the pre-electric days, 
the cranes of that petiod were, in regard to their 
mechanical construction, vastly inferior to those of 
the present. The cranes now built excel their 
prototypes, not in one item of detail only, but in 
almost every individual section. The pm li the 
wheels and axles and beari the gears, the wire 
ropes and their drums, and the correct elaboration 














employed. These gears also were rarely cut for 
the old cranes. They are seldom, if ever, left as 
cast now in high-class cranes for any of the trans- 
mission gears, the drum-wheel and its pinion alone 
excepted, and these are also sometimes cut. 

The constructional portions of cranes have also 
been improved. The solid-plated main girders 
are less, and the Warren girders more. 
Lateral stresses, formerly ignored, are now pro- 
vided against in the high-speed long-distance travel- 
ling-cranes by means of light lateral girders, which 
also sustain the platforms. Provisions are made 
in better fitting and in additional splayed gusset- 
plates to prevent cross working. Running wheels 
and shafts are prepared and fitted more care- 
fully. Some heavy cranes employ compensating 

irders for the end-cradles to ensure equal distribu- 
tion of the load on the wheels. These and other 
provisions, characterised by almost innumerable 
variations in details by the various manufacturing 
firms, occur in immense numbers of foundry- 
travellers, throughout the extensive range from the 
light hand-crane of 1 ton capacity to the 100 or 
150-ton cranes employed in some steel works. 





Cranes for iron foundries rarely exceed 26 tons 


























15-Ton Execrric OverHEAD TRAVELLING-CRANE ; Messas. Bascock anp Wiicox, Limirep, Giascow. 


tice is to work these light hand-cranes from the 
floor, the gang who uire its services taking 
charge of it for the time being. The cross-girders 
and those for the end cradles are, as is usual in 
light cranes, made ye rolled-steel joists. The 
runway girders are joists. Three dependent 
chains and chain-wheels, each lettered, provide for 
longitudinal travel, cross-traverse, pel hoisting. 
That for a travel is keyed on a shaft A 
which runs alongside one of the main girders. This 
has three ——_ and carries a spur-pinion B at 
each end, which drives a gear © rigidly connected 
to the double-flanged running-wheels. The cross- 
traverse chain-wheel drives through spur-gears, 
seen outlined in the two views, to a cross-shaft 
which carries two chain-wheels D, D. From each 
of these an endless chain E, Fig. 5, passes round 
similar wheels F, F at the opposite end of the main 
girders. The chains are anchored to pins on the 
sides of the block carriage G, and so traverse it 
across in either direction, corresponding with that in 
which the chain-wheel is pulled. The hoisting-chain 
wheel actuates the hoisting-drum h double 
gears. The wire rope, winding round the drum H at 





one end, is anchored to a cast-iron bracket at the 
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other, and passes over the ere arte in the 
block-carriage G round the snatch-block pulley 
below. A brake-drum J is provided on the shaft 
which carries the hoisting-chain wheel at the outer 
end. The brake-strap is anchored to the lever 
below, which is counter-weighted, but is not shown 
in plan. 

igs. 7 to 9, on 663, illustrate a 15-ton elec- 
tric overhead travelling crane by Messrs. Babcock 
and Wilcox, Limited. Though drawn to a rather 
small scale, the general scheme will be obvious. 
The longitudinal girders are of Warren design. 
Instead of imparting a curved camber to the lower 
boom it is made parallel for about one-half its 
length, and thence reduced in depth to the ends 
with a straight taper. Many girders are built thus, 
which is a rather simpler method of construction 
for the platers than the regular camber is. The 
end girders are built of pairs of rolled channels, 
maintained apart with end-plates and by the 
longitudinals, which are fitted directly on top 
of those with broad stiffening splayed gusset- 
plates to prevent chance of cross-working. A 
platform runs all the way along one side, and 
another for a portion of the way along the other, 
Fig. 8, the latter being to permit getting outside 
the crab for oiling, or for repairs to the crab on 
that side. The crane is travelled by the motor A, 
situated outside midway of the length of the main 
girders. It drives through one gear reduction to 
the longitudinal shaft B, which has a spur-pinion 
at each end, driving spur-gears attached to the 
travelling-wheels. e shaft is made in lengths 
with flanged couplings, and runs in self-aligning 
bearings at positions intermediate from the ends. 
The cross-traverse motor C on the crab drives 
through reduction-gear to an intermediate shaft 
below. ‘Two pinions on this drive the spur-gears 
attached to the running wheels on opposite sides 
of the crab. The hoisting-motor D on one side of 
the crab drives through two sets of reduction- 
gears to the pinion which gears with the barrel- 
wheel. The m, as is usual, winds and unwinds 
from each end towards the centre, to maintain the 
load centrally. The wire ropes lead over the two 
equalising guide-pulleys on the crab to the snatch- 
block pulleys. 

The operator’s cage is seen in Figs. 7 and 9, 
with the controllers, switchboard, &c. The draw- 
ing is too sketchy to show all the details of the 
brake and cable connections, but the following 
observations relate to cranes of this type :— 

The tool-box in the cage serves as a seat for the 
driver. The switchboard is fitted either to suit 
two-wire continuous current, or three-wire three- 
phase alternating. In the first case the switch- 
board fittings comprise a double-pole fuse, a main 
double-pole switch, and three single-pole fuses 
for the motor circuits in a cast-iron case. For 
the second, three main single-pole fuses are fitted, 
a triple-pole switch, and two or three single-pole 
fuses for each motor circuit. Three controllers 
of tramway type control the hoisting, the travers- 
ing, and the ery egy bec: any The handles are 
so arranged that the direction of movement of the 
handles corresponds with that of the load. 

The current is picked up from the bare wires 
that are stretched parallel with the gantry down 
the shop, seen in Fig. 7. Two wires are shown 
here for continuous current, three being required, as 
stated, for three-phase alternating. The intermediate 
supports are indicated in dotted outlines. The 
eollector-wheels, on a bracket attached to one 
of the end-cradles, pick up the current from the bare 
wires as the crane travels, and lift the wires off the 
intermediate supports as they them. The 
weight of the wires on the wheels is sufficient to 
ensure electrical contact. The wheels are of gun- 
metal, grooved to receive the wires. They run 
at one end of an insulated spindle of gun-metal. 
The other end of the spindle is formed as a socket, 
into which one of the cables is soldered to convey 
the current to the switchboard. 

The wiring of the cross - girders is not indi- 
cated. Five bare wires are provided for the 
hoisting-motor for continuous current, six for three- 
phase alternating. Four are required for the 
traversing motor for continuous current, six for 
three-phase alternating. On an extension of the 
hoisting-motor shaft an automatic etic brake 
is fixed. Two blocks are pressed against the face 
of the pulley by means of a counterweight when the 
crane is standing idle. When the current is switched 
on, the weight is lifted by the action of the solenoid, 
and is automatically reapplied immediately the cur- 





rent is shut off. A mechanical brake is fitted on 
the intermediate shaft, operated from the driver's 
cage by a foot- connected to a lever pivoted 
at one end of the cross-girder. This lever is 
attached to a flexible wire that stretches from end 
to end of the cross-girder, and over and under 
pulleys attached to the crab-cheek. The brake- 
strap is kept normally clear of the brake-wheel by 
a counterweight, and is only tightened by de- 
a the pedal. Provision is made for lowering 
the load with precision. In the case of continuous 
current the hoisting controller is fitted with special 
rheostatic brake-stops for this p . With 
alternating current, in which this type is not 
possible, a hand-gear is fitted for a 
operating the magnetic brake and lowering wi 
precision. 

In the Babcock and Wilcox cranes an over- 
winding gear is fitted at one end of the drum- 
shaft. It comprises a screwed spindle, which carries 
a nut that travels, but which is prevented from 
rotating by a weight. Here the nut travels along 
the screw by the rotation of the drum until the 
load has reached its highest position, when the nut 
comes in contact with a lever. This is connected 
to an emergency cut-out switch adjacent on the 
crab-frame, which is in series with the hoisti 
controller and motor. The opening of the swite 
cuts off the current to the hoisting motor, the 
automatic magnetic brake is applied, and the 
hoisting is , 

Figs. 10 and 11, on page 664, illustrate the 

eral scheme of the three-motor cranes built by 
essrs. Royce, Limited, of Manchester. The main 
girders are double-lattice braced. In the lighter 
crabs they are parallel rolled joists, and rest on 
end — arranged in pairs, with the running 
wheels between them. A pinion on the longitu- 
dinal travelling motor-shaft, located at the centre, 
drives a spur-gear, which is also a slipper-wheel, 
on the longitudinal travelling shaft. Pinions at 
the ends of the shaft mesh with the on the 
ends of the wheel axles. A brake is fitted to the 
shaft just over the driver’s cage. The hoisting- 
motor on the crab drives through two sets of 
speed-reducing gears, outlined in Fig. 10, to the 
iral drum. The cross-transverse motor, carried 
on the opposite end of the crab, also drives through 
two sets of reducing-gears to the traversing axle. 
The position of the electrical brake is indicated. 
There is also an over-winding safety device. The 
driver’s cage contains the three controllers, an 
emergency switch, the foot-lever for the brake for 
the longitudinal travel, and the hand-lever which 
releases the mechanical brake for lowering loads. 
The platform is carried between one of the main 
longitudinal girders and a light girder which 
flanks it. 

Figs. 12 to 14, on page 664, illustrate one of the 
standard 20-ton crabs by Messrs. 8S. H. Heywood 
and Co., Limited, of Reddish. The frame is con- 
structed of rolled channels, to which the cast-iron 
bearing-brackets or plummer blocks are bolted. The 
hoisting motor A drives the drum through three 
sets of reduction gears, but without speed changes. 
When these are fitted, the changes are made by 
means of a sliding double-ended clutch. On the 
first-motion shaft an electric brake B is fitted, and 
on the second-motion shaft a mechanical brake CO. 
The cross-traverse motor D drives through two 
reductions to the spur-gear on the shaft below. 

An electrical brake by Messrs. S. H. Heywood 
and Co., Limited, is shown by Figs. 15 and 16 
in its relation to the crab framing. A drum 
bored to fit on the motor spindle receives two 
brake levers or arms, Fig. 17, lined with ‘‘ferodo” 
blocks. The levers are anchored at the lower end 
with adjusting-screws, and connected at the other 
through adjusting-pieces and pins to a bell-crank 
lever, the horizontal arm of which is weighted and 
connected to a solenoid at A. The weight main- 
tains contact, and holds the load when current is 
off; the solenoid lifts and throws the straps off 
when current is switched on. 

A mechanical brake of the Weston type, as fitted 
to these cranes, is illustrated in Figs. 18 and 19. 
It will hold up the load without the help of the 
magnetic brake. Its parts and method of action 
are as follows :—A is the brake-shaft, B the gear- 
wheel or pinion, which forms part of and turns with 
the brake-nut C. The load is always tending to 
turn the = in the direction indicated by the 
arrow on B. The Weston clutch comprises the 
front-thrust washer D, the back-thrust washer E, 
faced with phosphor-bronze friction washers F, F 





flanking a central friction washer G of steel. D is 
keyed on the outside of the brake-nut C. E slides on 
the shaft A, to which it is feather-keyed, and along 
which it is adjusted for setting and for taking up the 
wear of the washers by means of the nut H The 
illustration shows the normal position of the washers 
close to one another. They are contained in a 
casing J, with a cover K, into which half a pint or 
three-quarters of a pint of oil is poured through a 
plug-hole. The casing rotates with the gear and 
nut through the keys L, which project within the 
casing. A ratchet is formed on the outside of the 
casing at one end, with which two pawls M, M 
engage, controlled by the slippers N, N, which are 
themselves under the control of the slipper-springs 
O, 0. The tension of these L my must be so 
regulated that the pawls M, M are kept clear of 
the ratchet-teeth on the casing when hoisting, and 
to bring them in contact when lowering. Stops P 
on the back-thrust washer, and Q on the brake-nut 
provide for turning the brake-shaft A through a 
sixteenth of a revolution in the direction of lower- 
ing before the brake-nut OC is compelled to turn. 
These adjustments are made by the nut H. 





THE BRITISH ASSOCIATION 
AUSTRALIA. 
(Continued from page 654.) 
SECTION B.—OHEMISTRY. 


Tue Chemicai Section had twenty-two discus- 
sions and papers on the mme, which it 
dealt with in six days, subdividing into an Organic 
and an Inorganic De ent on one morning at 
Sydney. The joint di ion with Section A, on 
**The Structure of Atoms and Molecules,” has 
already been abstracted in our columns ; there was 
also a joint discussion with Section M (Agricul- 
ture). The papers were of a varied character, the 
attendances good. The officers of the Section 
were :— ident, Professor W. J. Pope, F.R.S., 
of Cambridge; Vice-Presidents, Professors F. 
Clowes, D.Sc., of London ; H. B. Dixon, F.R.S., 
of Manchester; Orme Masson, F.R.S., E. 
Rennie, D.Sc., and B. D. Steele, D.Sc., of Mel 
bourne ; Secretaries, Messrs. A. Holt, D.Sc., of 
Liverpool (Recorder) ; N. V. Sidgwick, D.Sc., of 
Oxford ; D. Avery, of Melbourne ; and C. Fawsitt, 
D.S8c., of Sydney. 


CrystaL Structure aND CHEMICAL ConsTITUTION, 


Professor W. J. Pope had not given any title 
to his presidential address ; but since he said him- 
self, in his concluding remarks, that no critic 
would doubt that wide development would follow 
in chemical science from the cultivation of the 
relation between crystal structure and chemical 
constitution, we may adopt this heading. In his 
introduction he had remarked that, whilst it had 
not been difficult to form a fairly accurate survey 
of the position to which chemistry had attained a 
generation ago, perhaps even a few years ago, prob- 
ably no intellect at present existing could pronounce 
judgment upon the ener position of chemical 
science in terms which would commend themselves 
to the historian of the twenty-first century. The 
two sciences of chemistry and physics, at one time 
included as — of the larger subject entitled 
Natural Philosophy, had drawn apart in the 
early part of the nineteenth century. Under 
the stimulus of Dalton’s atomic theory, chemistry 
had developed into a — of the interior of the 
molecule and, as a result of the complication 
of observed phenomena, from stage to 

e on & closely-reasoned mass of observed facts 
and | 1 conclusions. Physics, less entangled in 
its infancy with numbers of experimental data 
which apparently did not admit of quantitative 
correlation, was developed largely as a branch of 
applied mathematics. two sciences, which were 
so sharply distinguished twenty years ago as to 
lead to mutual misunderstandings, were now con- 
verging; many purely chemi uestions had 
received such full yuantitative study that the results 
were susceptible to attack by the methods of the 
mathematical physicists. 

The atomic theory enunciated by Dalton in 1803, 
Professor Pope was a great impetus to 
chemical investigation, but proved insufticient to 
embrace all the known facts. It was supplemented 
in 1813 by Avogadro’s theorem, that equal volumes 
of gases contained, at the same temperature and 
pressure, the same number of molecules. The idea 
of molecular composition thus received a definite 
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physical meaning. Then Frankland and Kekulé 
introduced in 1852 the idea of valency, and the 
conception of molecular constitution arose as a 
refinement of the Daltonian notion. On the other 
hand, Ostwald and others had made an attempt 
to treat chemical science without the aid of 
the molecular theory. The last ten years or 
so had seen a change in this attitude. The de- 
velopment of organic chemistry had revealed a 
complete correspondence between the indications 
of the conception of molecular constitution and 


configuration and the observed facts, and the re-| had 


cent work on the existence of the molecule, largely 
in connection with colloids, radioactivity and 
crystal structure, was so free from ambiguity that 
persistence of doubt seemed unreasonable. 

As regards molecular configuration, Biot ob- 
served in 1815 that certain organic substances 
deflected the plane of polarisation, to the right or 
to the left ; SF pected. later Pasteur and Paternd 
pointed to the obvious conclusion that the right 
or left-handed deviation must be due to a corre- 
sponding right or left-handedness in the configura- 
tion of the chemical molecule. A scheme repre- 
senting such right or left-handedness (enantio- 
morphism) was first enunciated by Van’t Hoff 
and Le Bel on the basis of the doctrine of 
chemical constitution ; they suggested that the 
methane-molecule CH, was not to be regarded 
as extended in a plane (as represented by 
the constitutional formula), but as built up 
symmetrically in three-dimensional space, the 
carbon atom occupying the centre of a regular 
tetrahedron, the apices of which were occupied by 
the four hydrogen atoms. If the four are 
atoms were replaced by different atoms, X Y Z W, 
then two enantiomorphous configurations should 
exist. They showed, indeed, that every then- 
known substance exhibiting optical activity in the 
liquid state could be as a derivative of 
methane, and the tetrahedral configuration was 
further worked out by Baeyer, Emil Fischer, and 
Wislicenus. Twenty years ago it was still believed 
that carbon stood alone in this respect. Then 
Le Bel found that an asymmetrical quinquivalent 
nitrogen atom would give rise to optical activity ; 
later similar optically-active compounds of sulphur, 
selenium, tin, So. and silicon were pre- 
pared. It should, however, be insisted upon at 
present that the asymmetry of a particular atom 
was not the cause of the optical activity, but 
merely a convenient metrical sign of molecular 
enantiomorphism ; that fact was recognised by 
Van't Hoff in 1874, and quite recently Werner 
had prepared optically-active complex compounds 
of chromium, cobalt, iron, and rhodium. Yet, in 
spite of varied researches, a theory of optical 
activity comparable to the electromagnetic honey 
of light had not yet been developed. 

Passing to the relation between chemical constitu- 





tion and crystalline form, Professor Pope pointed out 
that the view that each substance affected some parti- 
cular crystalline form had given way to the view 
that the properties of crystalline substances were 
in harmony with the assumption of a homogeneous 
arrangement, in which inller units were uniformly 
repeated throughout the structure. On that 
assumption 230 geometrically homogeneous modes 
of distributing units, 230 point-systems, were pos- 
sible, and they fell into 32 types of symmetry. 
The purely geometrical solution of these problems 
been commenced by Frankenheim in 1830, and 
completed by Barlow in 1894. The much larger 
stereo-chemical problems, of determining the units, 
necessitated the assumption that each atom acted 
as a centre of operation of two opposing forces: 
a repellent force attributable to the kinetic energy 
of the atom, and an attractiveforce. That assump- 
tion was essential for the kinetic theory of gases 
and of liquids according to Clerk Maxwell and 
Van der Waals, and it had been extended to crys- 
talline substances by Barlow and Pope himself in 
1906. A set of identically similar centres of 
attracting and opposing forces would, for mole- 
cules consisting of one atom only, all similar, be 
in equilibrium when, with a given density of 
packing of the centres, the distance separating 
nearest centres was a maximum. 

That condition was fulfilled by the symmetry of 
the cubic and the hexagonal crystalline systems. 
The original assumption said nothing as to the mag- 
nitude of the atom; but it was convenient to 
regard the whole of the available space as filled 
with atoms, without interstices, imagining the 
spheres to swell until they came into contact, and 
tangent planes to be drawn at each contact divid- 
ing the space into polyhedra. In the cubic system 
the axial ratio would be a: b:c =1:1:1, in the 
hexagonal the ratio of the diameter of the prism 
to the height might be a:c = either 1 : 1.633, 
or 1: 1.4142. Now of the crystallised elements, 50 
were cubical and 32 hexagonal, and the ratios were 
very nearly as stated; 15 per cent. of the ele- 
mentary substances did not fit into this rule, how- 
ever. But the elements had so far in this deduction 
been assumed to be monatomic, and many were 
certainly polyatomic. It was characteristic that 
carbon (diamond) and phosphorus were cubic, 
whilst the coloured modifications of these elements 
(graphite and red phosphorus) were not, colour 
being apparently connected with some particular 
molecular aggregation. The examination, by Laue 
and Bragg, of crystals by X rays indicated that the 
crystal structure acted on the X-ray beam like a 
diffraction grating. 

Binary compounds also tended to crystallise in 
the cubic or hexagonal systems, but the degree of 
symmetry was not so high as with elementary sub- 
stances, and Bragg’s examination brought out 
discrepancies ; each atom operated separately, as 





it should, according to the assumptions made. The 
close packing involved a volume problem, however, 
and the valency-volume law of Pope stated that in 
a crystalline structure the component atoms occu- 
pied domains approximately proportional in volume 
to the numbers representing the fundamental 
valencies of the elements concerned. This law, 
Professor Pope admitted, would hardly be accepted 
by the student of molecular volumes; yet many 
lines of crystallographic argument converged to 
some such law. If in potassium sulphate, K,SO,, 
the atomic volume of potassium were taken as 
unity, then, according to that law and to the con- 
ception that valency was a volume property, 
the atomic volumes of sulphur and oxygen each 
should have the value 2; the sum of the valencies 
was 12, and in the ammonium sulphate twice that, 
24; now these two substances were so closely 
related as to crystallise together in solid solutions. 
Similarly the alums, K, OS, + Al,(SO,), + 24 HO, 
represented the valencies 12 + 36 + 96, where 96 
was 2(12 + 36). Again, in the nitrates of rubidium 
and of sodium the atomic volumes of metal, nitrogen 
and oxygen, should be 1 : 3:2; they crystallised 
in different systems, but it could be shown that the 
two crystals seemed to be built up of layers or 
blocks of the same relative dimensions in two 
different ways, the molecules of NuNO, and 
Rb NO, possessing the same relative dimensions. 
This was in disaccord with the classic conception 
of atomic volumes, of course, but it agreed with the 
valency-volume law. Such relations were profit- 
ably discussed with the aid of so-called equi- 
valence parameters; these were the edge-lengths 
x y z of a parallelopipedon, the volume of which was 
W, also representing the sum of the valencies in the 
molecule, while the linear and angular dimensions of 
the parallelopipedon expressed the crystallographic 
axial ratios. Professor Pope illustrated this further 
by referring to the three minerals chondrite, 
humite, and clinohumite, silicates which differed 
from one another by the increment Mg,SO,, which 
was the mineral forsterite, and the equivalent 
rameters showed that these minerals could be 
uilt up the one from the other by adding a rect- 
angular block representing the molecule of for- 
sterite. We would refer our readers to our account 
of the discourse which Professor Pope delivered 
before the Royal Institution in April, 1910.* 
Having further explained how the constitution of 
several isomeric ies, like the paraffin hydro- 
carbons of the formula Cn Hen + 2 (or H(CHe)n . A), 
could be represented on these lines, Professor Pope 
returned to the structure of sodium chloride (rock 
salt), in which, according to Bragg, each sodium 
atom was identically related to six chlorine atoms ; 
a choice of one chlorine atom as mate need not be 
made before the crystal was disintegrated by being 
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dissolved in water, and even then the sodium 
chloride molecule seemed to spend the greater part 
of its time in dissociation—namely, in the act of 
changing its partner. The solid crystal could be 
partitioned into unit cells, each composed of one 
molecule of the substance, and the alternative 
modes of partitioning led —in rock salt, but not 


in more complex bodies—to the production of | & 


molecular units of identical configuration. There 
was thus in the theory of crystal structure some- 
thing bearing a superficial relationship to electro- 
lytic dissociation. Concluding, Professor Pope 
regretted that crystallography, as dissociated from 
mineralogy, had only been studied in one English 
school, founded by H. E. Armstrong and H. A. 
Miers in 1886; that school was no longer open, 
and at present no European university applied the 
principle which Lazarus Fletcher had laid down in 
1888—that a knowledge of crystallography, includ- 
ing the mechanics of crystal measurements, ought 
to be made a sine qud non for a degree in chemistry 
at every university. Professor Pope’s regret was 
shared by Professors Orme Masson and A. H. 
Dixon, who moved a vote of thanks to the Presi- 
dent. The address was delivered in Melbourne ; 
in Sydney Professor Pope afterwards gave a 
‘‘ Demonstration of Chemical Crystallography.” 


ResipuaL AFFINITY AND Co-ORDINATION. 


Professor Gilbert Morgan and Mr. H. Webster 
Moss, of Dablin, submitted an interesting memoir 
on ‘* Residual Affinity and Co-Ordination,” con- 
cerning the important question of valency, as to 
certain aspects of which Professor Morgan differs 
from Professor Pope. According to the old notion, 
chemical affinity is manifested by valencies which 
are exact multiples of the unit valency of a uni- 
valent atom or group. But modern views, coupled 
chiefly now with the name of A. Werner, of Ziirich, 
do not regard the valencies as exactly whole 
numbers, and suggest that when the integral por- 
tions of the valencies have been satisfied, there 
may remain fractional residual portions of valency 
which become operative under certain conditions. 
The recognition of co-ordination in organic com- 
pounds, Professor Morgan explained, had neces- 
sitated a review of the older notion. The forces 
to which co-ordination compounds owed their 
existence could not be regarded as emanating 
entirely from the central atom; the residual 
affinity of this element only served as a deter- 
mining factor. The stability of the arrangement 
was dependent upon the mutual attractions which 
the co-ordinating radicles exerted on ‘one another. 
The general tendency to form hydrated and 


ammoniated metallic salts was to be attributed 
chiefly to the capacity for association exhibited by 
the molecules of water and of ammonia. The 
presence of carbonyl, nitrate, &c., groups in many 
stable complexes wes similarly to be correla 
with the unsaturated nature of those radicles as 
contrasted with the saturated carbonates, nitrates, 


If chemical affinity were regarded as an attractive 
force proceeding in all directions from the centre 
of the sphere occupied by the atom, then the 
smaller the volume the greater should be the con- 
centration of chemical affinity on the surface and 
the greater the effectiveness of the atom in pro- 
ducing co-ordination. If chemical affinity, more- 
over, fell off with the square or some higher power 
of the distance, a slight alteration in atomic volume 
should have a marked effect on the stability of the 
compound, because the influence was more con- 
centrated in a small volume, the groups would 
approach the centre more closely, and the segre- 
gating unite, remaining outside the proper co- 
ordination sphere, would fill the space more com- 
pletely. Now the metallic elements of the eighth 
periodic family formed the most stable complexes, 
and these elements had the lowest atomic volumes, 
whilst the alkali metals, distinguished by the largest 
atomic volumes, gave very few and unstable co- 
ordination compounds. 

The most stable arrangements should be that of 
perfect symmetry, and that was only obtainable in 
the five regular solids, the tetrahedron, octahedron, 
cube, icosahedron and pentagonal dodecahedron, 
having respectively 4, 6, 8, 12, and 24 vertices. 
These integers would be the co-ordination numbers 
corresponding to the most stable systems. By 
co-ordination number he understood the greatest 
number of atoms or radicles which an element 
could bind; the co-ordination number was not 
always known, since there was often doubt whether 
the molecule was MoCl, or Mo, Cl,, ¢.g. Professor 
Morgan discussed many cases. In the case of 
methane, CH,, the four valencies of carbon were 
satisfied ; the co-ordination number was also 4, 
and there was no tendency hence for the 
gation of associating units outside the immediate 
— of influence. In the case of ammonium 
chloride, NH, . Cl, the maximum valency of nitrogen 
was 5, but the co-ordination number was 4, 
and the chlorine atom remained outside the sphere 
of influence and was ionisable. 

As regards the forces of the principal and the 
residual valency, both forces lakh be of the same 
nature, or the former force might be electrical and 
the residual affinity gravitational. Werner inclined 








to the former view, principally because polarisa- 
tion did not, in a certain complex cobalt salt, reveal 
any difference between principal and auxiliary 
linking. Professor Morgan, who has himself con- 
tributed much to these researches, contended that 
this optical test might merely reveal the steric 
arrangement, not the nature of the forces holding 
the atoms or groups in their positions. 

A joint paper by Professor Morgan and Mr. 
Joseph Reilly on ‘‘Non-Aromatic Diazonium 
Salts,” of importance for the dye industry (diazo- 
tisability) of wool, was theoretically interesting for 
similar considerations. 


(To be continued.) 





SURFACE-GRINDING MACHINE. 

Tue illustration, Fig. 1, on page 666, shows a new 
type of grinding-machine for finishing the surfaces of 
small tools other metal objects such as are illus- 
trated in Fig. 2. The mmehine. which is designed and 
constructed by Mr. Robert H. Lash, of 31, Carburton- 
street, London, W., consists of a cast-iron frame pro- 
vided with a flat machine-ground table, and ing 
two wide pulleys, over which runs an coneay-clath or 
other abrasive band. The right-hand pulley, which 
drives the band, is itself driven by a Neat and loose 
pullev in a clockwise direction, so that the upper sur- 
face of the band travels from left to right. The left- 
hand pulley can be adjusted by means of a pair of links 
and quadrants to allow for the stretch of the band, 
and a uniform tension is maintained in working by the 
roller, which can be seen under the table in Fig. 1. 
This roller and the driven band pulley run on Gall. 
bearings, whereas the driving pulley is mounted on ao 
shaft and lubricated by a grease-cup screwed into the 
end of the shaft. This -cup serves to lubri- 
cate the loose pulley, which runs on a machined boes 
on the frame. 

In using the machine the work is held on the abrasive 
band, which is supported and kept perfectly flat by 
the table. Means are provided for adjusting the band 
laterally while the machine is running, #0 that the 
band can be run in the centre of the table or at its 
extreme edge. The latter position is very convenient 


ted | for grinding and polishing inside angles, or for work- 


ing close up toa shoulder. The ne angle-rest 
shown in Fig. 1 is provided to facilitate the grinding 
of angular work, such as the large nut illustrated in 
the figure. The reet enables an unskilled operator to 
turn out perfectly accurate work. 

The machine, which is known as the “ Linisher,” 
can be used for grinding and polishing all kinds of 
metals and other materials, such as vulcanite, bone, 
celluloid, horn, wood, and papier mdché, and among 
several other advantages. it in pointed out by the 
maker that the straight-line finish imparted to the 
work is better in sppearance than the curved-line 
finish produced by diso-grinders. Another important 
point is that the bands, which are woven in continuous 
lengths without joints, can be changed almost in- 
stantaneously, and the troublesome process of glueing 
and clamping the abrasive discs, which must be gone 
through with disc-grinders, is avoided. In the 
machine we have been describing the table is 10 in. 
long by 5, in. wide, the band-pulleys are 4 in. in dia- 
meter and 4} in. wide, and the band itself is 3% in. 
wide. A larger machine is, however, also made, and 
in this machine the - of the driving ga hey 
arranged to come below the level of tne table, so that, 
with a belt driving upwards from the floor, there is no 
limit to the size of the work that can be dealt with. 





TESTS OF A CAMPBELL HIGH-COMPRES- 
SION CRUDE-OIL ENGINE ON MEXICAN 
FUEL OIL. 

THE teste here described, and lasting for fourteen 

days, were recently carried out in the works of the 

Campbell Gas-Engine Company, Limited, at Halifax, 

Yorkshire, for the pu of demonstrating that their 

high-compression crude-oil engine could work satis- 

factorily and economically on Mexican fuel oil. This 
firm has already supplied a number of their high-com- 
pression oil-engines, which are running satisfactorily 
in Mexico on the Mexican residual fuel oil, and runnin 
tests had been made in the Halifax works on seve 
samples of that oil sent over for the purpose. It had 
been found, however, that the fuel to be used in this 
instance, which is produced by the Anglo-Mexican 

Petroleum Products Company, Limited, containing, as 

it does, a large armen. g of asphalt, had not given 

good results in engines of other makes ; and even in 

Diesel engines, the frequent cleaning required, together 

with the cost of repairs, had been found a serious dis- 

advantage. It was therefore arranged to make the 
teste as severe and conclusive as ible. This 

Mexican fuel-oil is the residuum left from the crude 

oil after the distillation of benzine and n. Itis 

almost black in colour, and in this country is of the 
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consistency of treacle. The following are particulars 
of this oil as used on these tests :— 


Analysis— Per Cent. 
Hydro 11.68 
ydrogen x 
Sulphur 3.27 
Ash ... sai a son - 0.16 
Undetermined (presumably oxy- 
gen and nitrogen) a os 1.37 
100.00 
Specific vity at 60 deg. Fahr. 0.964 
Flash-point (close test) ... a 244 deg. F. 
Viscositv at 100 deg. Fahr. (Red- 
wood No. 1) ne as ne 1500 seconds 
Calorific value per pound, gross... 18 948 B.Th.U. 
ific value per , mes... 17,809 ,, 


The engine used was a standard one, built for stock, 
and being on the test-plate at the time, was utilised as 
it stood without special preparation or adjustment of 


condition, without any appreciable amount of deposit 
on the valves, in the cylinder, or in the ignition-bulb. 
It was started up without any adjustment or cleaning 
for the second run of seven days, which was made 
without a stop. At the end of the seven days’ non- 
| stop run the engine was opened out and carefully 
| inspected. It was found to be in perfect order, there 
| was no deposit of any moment in the cylinder or bulb 
or on the valves, and the run might apparently have 
been continued for a considerably longer period. The 
table attached gives a sum of the readings taken 
throughout the trials. It will be noticed that durin 
‘the last four days four hours per day were devot 
| to running on variable loads, the load being chan 
about every half hour; for instance, from full to 
no load, then to half load, &. At the end of the last 
day the engine was run ‘‘ light” for one hour, then two 
| hours at full load, and finally for the last hour at 
maximum load. 
| The test was made purely as a practical running 


SomMarRtIseD Parricucars or Tests on 33-B.H.P. Hicu-Compression O1t-ENcIng oN Mexican Fort-Om. 





| | Averag' 














| Net Load CrecuLaTine WATER. 
n | Condition of | B.H.P. | | mpl on Brake Total 1 Fuel ae | OTR RIED - - 
Load. | Deve- | tions Wheel | —s verage | 
’ r Hour. Inlet Tem- | Outlet Tem- 
Test | loped. Minute. | 49} In. Dia. | hee Weight per | “perature. | perature. 
hre. Ib. Ib. Ib. I. | deg. F. | deg. F 
Oct. 7 12 Full load 31.58 223 360.0 204.5 0.54 14.0 | 54.0 149.0 
a 11} Do. 81.5 224 358.0 179.0 0.484 14.0 51.0 143.0 
»» 9-10 24 Do. 3L8 226 358,5 380.0 0.498 14.0 52.0 154.0 
vy 12-18 30 Do. 81.8 226 358.5 494.0 0.514 14.0 52.5 150.0 
yy 14-16 24 Do. $2.8 226 364.0 376.5 0.485 — _ — 
»» 15-16 24 Do. 32 0 226 361.0 377.0 0.49 14.0 59.0 153.0 
»» 16-17 24 Do. 324 227 363.0 377.0 0.485 13.9 51.5 153.5 
17-18 20 load 24.6 230 272.0 237.0 0.482 10.0 59.0 159.0 
vo 17-18" 4 ariable =| = — — — — — | — — —_ 
»» 18-19 20 (| ¢ load 16.75 238 183.5 170.0 0.51 | 7.0 | 69.5 150.0 
yy 18-19" 4 | ariable _ _ we _ i Ce — a 
9 1020 ..| 20 | } load 8.5 240 90,0 111.5 0.656 | 4.0 58.0 152.0 
s» 19-20". 4 | Variable — — — _ —- {| = — — 
1» 21... 20 Fullload | 381.0 224 852.0 317.0 0.51 13.7 | 580 151.0 
20-81 1 | _Noload — | — Deets eee ee a 
, 29-21 2 Fullload {| 381.7 | 22% 360.0 82.25 | 0.51 14.0 | 58.0 1510 
y» 20 21 1 | Maximum load| 35.0 | 220 405.0 19.5 0.56 14.0 58.0 152.0 
| | } | 
* Half-hour intervals at various loads, ranging from full to zero, and vice versd. 
any kind. A short detailed description of the engine | test to note the behaviour of the engine and to ascer- 


in ite leading features may be of interest. It is a 
single-cylinder horizontal four-cycle engine, similar to 
that shown in the illustration on page 667, and of the 
type known as ‘* high-compression cold-starting.” The 
engine is set in motion by compressed air in the usual 
way, starting from the cold state. No electric igniter, 
heating lamp, or o her external ignition apparatus is 
used. The igaition is automatic, the discharge being 
fired by the heat of compression. The engine will start 
up from cold in this way with crude oil and many 
residual fuel-oils. 

It should be noted that water-injection is not 
employed in the cylinders of these engines. It is not 
required under any conditione, and no provision for 
its use is made. 

The fuel-oil on its way to the pump passes through 
a heater, through the outer jacket of which a portion 
of the exhaust gases are diverted. This heater is 

rt of the standard equipment of the engine. The 
uel-oil is thus warmed, and rendered sufficiently fluid 
to flow through the pipes to the pump. 

The fuel-pump is operated by a quick-acting cam. 
It is fitted with suction and delivery-valves of the ball 
type. The stroke of the pump is adjustable to suit 

ifferent classes of oil and working conditions. The 
fuel is injected to the ignition bulb through a mecha- 
nical atomiser, which is one of the special features of 
the Campbell engines. During the charging stroke 
only pure air is drawn into the cylinder, and is com- 
pressed on the return stroke of the piston. The 
charge of fuel oil is then injected about the end of the 
compression stroke, and immediately ignites. On 
this system there is therefore no possibility of a pre- 
mature ignition. The speed is governed by varying 
the stroke of the fuel-pump, are ignition occurs 
in every cycle at all | 

The governor is a powerful one, of the centrifugal 
type. Lubrication of the piston, cylinder, and ex- 
haust-valve is by a pump-lubricator, with separate 
sight-feed to each point. The cam-shaft and crank- 
shaft bearings are ring-oiled, and automatic sight-feed 
lubricators are fitted for the large and small end 
connecting-rod bearings. 

The engine used for this test has a cylinder 11-in. 
bore by 22-in. stroke, and is listed to develop 35 brake 
horse-power as a maximum load for short periods, 
and 31 brake horse-power as a continuous load at 
220 revolutions per minute. It was fitted with a 
water-cooled brake-wheel 494 in. in diameter on rope 
centres. 

The test was watched throughout by independent 
engineers, and during the intervals between the runs 
of the first seven days all the working parts were 
sealed. The engine was started up from “all cold” 
each morning in the same state as it had been left the 
night before. At the end of the first seven days the 
engine was examined and found to be in excellent 


tain the fuel consumption, though the latter was a 
matter of secondary importance. It was not desired 
to obtain a complete heat account, and indisator dia- 
grams were only taken at intervals to check valve- 
setting, &c. 

The results are considered highly satisfactory : first, 
in proving conclusively that the engine will run with 
entire success on fuel-oil, which it had been thought 
only a Diesel engine could tackle; and, secondly, in 
showing a remarkably low consumption, considering 
the small power of the engine. 

Engines of this type are built in a range of standard 
sizes by the Campbell Gas-Engine Company, Limited, 
from 7 to 100 brake horse-power in the single-cylinder 
design, and with two or four cylinders up to 400 
brake horse-power. 








INDUSTRIAL NOTES. 

THE wages agreement in the engineering trades 
entered into in 1911 expired in April last; early in 
July representatives of the Engineering Employers’ 
Association and of the principal trade unions met in 
conference to discuss an application for an advance of 
5s. per week. The matter was adjourned to a further 
conference to be held during the second week in 
August, but this was deferred owing to the war. The 
adjourned conference was subsequently held on Nov- 
ember 13, when it was jointly agreed to recommend :— 

‘*That the employers should grant, and the work- 
people should accept, a quae advance of 2s. per 
week on time rates and 5 per cent. on piece prices, to 
take effect in the first full pay in December, 1914, the 
increased rates to remain undisturbed for a period of 
two years from that date.” 

This recommendation has been submitted to the full 
membership on both sides, and has been accepted. 
The advance, which covers practically all grades in the 
engineering trade. will therefore come into operation 
the first week in December, and - | reement between 
the parties concerned will include the Redditch 
district. 

Councillor George Ryder, the Midland represe:.ta- 
tive of the Amalgamated Society of Engineers, has 
sent an official intimation of the agreement to all firms 
in the trade, and it is anticipated the alteration will 
take place uniformly and without friction. When the 
negotiations were commenced, the men were strongly 
in favour of pressing their claim for the higher 
amount; and in view of the abnormal demand for me- 
chanics the acceptance of the modified terms was 
influenced considerably by the desire to avoid friction 
in the present circumstances. 

The Live l shipping dispute has now been 
settled. It ‘cule out af thie soem of a number of 
sailore, firemen, cooks, and stewards to sign on unless 








they were paid increased wages demanded on account 
of war risks. The dispute lasted about a week. The 
Board of Trade intervened, and the men s to 
terms which include consideration by the Government 
of any special risks which may be run by shipping 
employees. 





As a result of a conference of representatives from 
the three-shift collieries in Northumberland, the 
following memorial. has been drawn up, and is to be 
submitted to the directors of the colliery companies :— 

“* The response made by the miners of Northumber- 
land to Lord Kitchener’s appeal for recruits has 
proved that, on the part of the trade unionists, there 
is no lack of patriotism, but a firm desire to unite for 
the maintenance of the material and moral well-being 
of our race and nation. There is no doubt whatever 
that any further sacrifice which may be called for will 
be forthcoming from the mining population. We 
think it therefore an opportune time to point out to 
you that, while we and our class are doing all in our 
power, either by military service, keeping the mines 
going, and subscribing to the utmost of our power to 
the relief of distress, toserve our country, those of us 
who are affected by the three-shift system are preju- 
diced in our organisation for political, social, moral, 
or religious improvement. Our opportunities for 
taking an interest in the affairs of our neighbourhood, 
in sport, or in education, are almost entirely destroyed, 
while in some cases our home life is seriously im- 
paired, to the detriment of our wives and children. 

‘‘Now it is with a sincere and ungrudging spirit 
that we are doing all we can for our country at this 
time. We ask you, in return, to make the country, 
as far as you can, worth fighting for. To us it is in- 
conceivable that any conditions worse than those 
created by the introduction of the third shift could be 
tolerable to free men. Many of the best men of the 
county have already preferred exile, and those who 
remain are becoming steadily more degraded and 
apathetic. 

‘* We desire respectfully to point out to you that 
the recruiting has greatly reduced the number of men 
available for employment in the collieries. It would 
seem then an admirable time to reduce the number of 
shifts, and we are convinced that such a reduction, 
made at a time when national emergency calls for a 
sacrifice from all, would be met by the hearty deter- 
mination of the men to maintain the output. It is 
unnecessary to point out to you that output depends 
chiefly upon the goodwill of the hewers, and if good- 
will towards the management is impaired in the three- 
shift collieries, the remedy for that lies in the hands 
of the management. 

‘*We wish again to point out that in debate pro- 
voked on our behalf in the House of Lords on May 25 
last, Lord Joicey, who represented the masters, did 
not attempt to show that our claims were unfounded 
—namely, that the system was destructive of our 
health, and degrading to our morality ; he confined 
himself to a discussion of profits. We submit that as 
England is fighting against Germany, not for trade, 
but for the maintenance of the standards of our race, 
8o we are asking you to put our interests down as one 
of the most important items on your balance-sheets. 

‘“*We are well aware that all business must be 
carried on at a profit, or it must be wound up. But 
we cannot admit that any business involving the 
evils necessarily connected with the three-shift system 
is being carried on at a profit to the nation. On the 
contrary, the dividends are being paid by a reckless 
and ruthless consumption of the virility of the miners 
and of the lives of the miners’ wives. 

**Tn conclusion, we ask you to make another effort 
to fiad a method of running the collieries on two shifts 
a day.” 

The memorial is signed by Mr. J. Dougherty, New- 
burgh Colliery, on behalf of the conference. 


The Sheffield Daily Telegraph states that in the 
automobile building industry, as in many other. trades, 
the labour shortage is becoming a very serious matter 
indeed. This was emphasised a day or two ago, when 
a large firm of shipbuilders actually advertised locally 
for all sorts of skilled and unskilled men, who were 
wanted ‘‘ by the hundred.” As a matter of fact, 
Sheffield cannot afford to part with one. Indeed, the 
need of men is so great, that if many more are drawn 
from this district to serve with the colours, the pro- 
blem of executing the orders pouring into the town 
will be & very grave one. Last week it was men- 
tioned that Belgians had been requisitioned in some 
trades, and it is now learnt that Belgian refugees, 
not of a fighting age of course, have been employed 
at a local automobile works. These men are skilled 
in the business—for Belgium has turned out first-class 
vehicles of this kind—and are proving of considerable 
service in the dilemma in which firms have been tem- 
porarily placed. 





An example of the far-reaching effects of the present 
war is afforded by the fact that, as recorded in the 
Newcastle Daily Chronicle, tanners, and consequently 
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manufacturers of boots and all leather goods, are 
faced by a serious situation os. & the difficulties 
in obtaining tanning extracts. t year the value 
of tanning extracts of all kinds imported into the 
United Kingdom reached 922,600/. Supplies from 
Italy have now been wholly, and from France 
partially, stopped, owing to the increased demand for 
military purposes in those countries. Quebracho wood 
extract, a well-known tanning material, is arriving in 
fair quantities from South America; but with the 
higher freight and insurance, and the increased demand, 
the price is bound to rise materially. The supply of 
valonia, one of the most favourite tanning materials, 
extracted from the acorn cups of the Turkish oak, is 
cut off by the entry of Turkey into the war field, and 
a substitute is urgently needed. 

Fortunately, the British Colonies should be able to 
fill the gap, both South Africa and, in a lesser degree, 
the Commonwealth of Australia having for some 
years done a considerable export trade in wattle-bark, 
while East Africa is also now in a position to i 
sending shipments. The value of wattle-bark for 
tanning has been sufficiently demonstrated by a series 
of experiments conducted at the Imperial Institute, 
where samples of the bark from British Colonies and 
of leathers tanned with it may be inspected. Wattle- 
bark has been used, moreover, and highly appreciated 
for some time in Germany, where, curiously, the bulk 
of the supply forwarded to Europe from the British 
Colonies has hitherto been ultimately sent. As a large 
and constant supply is available at a price which is 
very cheap as compared with that of valonia (which 
wattle-bark should be able to replace), it is to be 
hoped that wattle-bark will now be rly used by 
British tanners. A difficulty in the way hitherto 
has been the absence of factories for preparing the 
bark extract in the country of origin, but this defect 
is, in the case of South Africa at all events, —_ 
rently about to be removed. It is to be hoped that 
British tanning extract makers will also give their 
attention to this side of the question. 

To this note we may add that the saying, ‘‘ there 
is nothing like leather,” a saying attributed to a 
tanner of a past generation, will soon prove a most 
fallacious one, for leather is becoming every day less 
durable. It is to be hoped also, therefore, that steps 
will be taken at the same time to improve matters in 
this direction, so that the above ssying may continue 
to be applicable. 





A meeting of the Improvements and Buildings Com- 
mittee of the Manchester Corporation was held on the 
25th ult., when Mr. Alderman Royle, the deputy 
chairman, stated that in the last few weeks there had 
been submitted to the committee an unusually large 
number of plans for alterations and extensions of 
workshops. This, Mr. Royle said, the committee 
took as an indication that some industries of the city 
were benefiting from the war. The stimulus to trade, 
he added, came in two forms: first, the attempt on 
the part of local manufacturers to supply goods which 
formerly were imported from Germany, notably, 
rubber goods and dyestuffs ; and in the second place, 
in the more direct ase of War Office contracts for 
clothing, beds and bedding, and small goods. 


Mr. W. L. Hichens, chairman of Messrs. Cammell 
Laird and Co., Limited, presiding over the annual 
meeting of the Sports Club at Sheffield on Saturday 
night, November 28, paid a glowing tribute to the 
service of the men who are working at high pressure 
on Government work. In alluding to the fact that 
something like 150 members of the Sports Club had 
joined the colours, Mr. Hichens observed that he sup- 





posed in any other town in the United Kingdom one | i 


might have deplored that the proportion of members 
who had left them was so small, but Sheffield in many 
things wasan exception. As Lord Kitchener and Mr. 
Winston Churchill had said, those engaged in the 
manufacture of war material were helping their 
country more effectually by remaining behind than b 
going to the front. They were aa upon to wor 
long hours, and often on Sundays too. He felt par- 
ticularly the importance of the work done in the 
shell department, although there were many other 
departments doing very valuable work. But it stood 
to reason, in a crisis like this, that unless the 
could produce shells as and when they were nals | 
the country might suffer severely. Therefore it was 
& great tribute to the self-sacrifice of all of them that 
they were prepared to come forward and help the 
country in this emergency. They honoured the men 
who had gone on active eervice, and hoped to wel- 
come them back again in good health and spirits. 


The quarterly report for July, August, aud Septem- 
ber, issued by the Ship-Constructors’ and Shipwrights’ 
Association, states the following :— 

‘The quarter of July, August, and September, 
1914, will be a memorabie one in the history of the 
Nation and the Empire. For two months of the 
quarter the all-absorbing thought has been the world- 
wide war which has been raging with a violence, and 








a destruction of life and property that has never been 
equalled in the known history of the world. What- 
ever may have been said as to the causes of this ter- 
rible war at the outset, it cannot now be disputed that 
Germany has been making for years steady prepara- 
tions for war, not only in her own territory, but 
secretly in others. We could not, as a State, have 
stood aside, and retained our respect and honour as a 
nation of free men and women. One thing the present 
war has shown is that the so-called ‘‘ International 
Solidarity of the Workers” rests on a vi slender 
foundation. It is evident that the Social ocrats 
of Germany, with their millions of votes, have had no 
wer to prevent the catastrophe ; indeed, as events 
ave proved, and as many of us feared, the Inter- 
national movement would be found to be a broken 
reed in time of need. The Labour movement of the 
whole industrial classes cannot afford to stand idly by 
in this crisis; we have no sympathy and hardly 
patience with a section who, during the last few 
years, have persistently preached the doctrine that our 
country is always wrong, and who praise every nation 
but their own. Our country is not always right, but we 
are not always wrong—and on this occasion the evidence 
is overwhelming to show that we are right. As a nation, 
whether rich or poor, every citizen must make up his 
mind whether the Empire is worth having, and if so, 
it must be defended at all costs. Once and for all the 
spirit which has dominated German militarism must 
be destroyed, and rendered powerless. To this task 
every Britisher and member of the Empire must bend 
his will and energy. The war has not been of our seek- 
ing, and it will be no light or easy task successfully to 
overcome our powerful enemies, equipped, armed, 
and prepared as they have been. There is no room 
for the indifferent or the laggard. In some form or 
other everyone can help to prosecute the war to a 
successful issue. We cannot all be soldiers and win 
renown on the battlefield, but we can all help to 
assist those dependants who have been left behind. 
As an association our members have cheerfully 
shouldered their part of the burden, and are assisting, 
as far as possible, the dependants of those of our 
members who have joined the Colours, and, as far as 
can be ascertained, aver a thousand from our member- 
ship are on Active Service.” 





Coxtracts.—We are informed that Messrs. Simon- 
Carves, Limited, Manchester, the well-known coke-oven 
and coal-washing engineering firm, have started a new 
mining department to deal principally with the sinking 
of pits by the freezing and cementation This 
department is under the management of a Belgian min- 
ing engineer who has had a long experience in this class 
of —ak. Messrs. yrsneeatey tiny bape wo have recently 
obtained their first contract for the sinking of two shafts. 
—The Electrical Engineering and . -1~ Company, 
Limited, Bank Buildings, 109-111, New Oxford-street, 
W.C., state that they are executing contracts for several 
thousand miles of telephone cable for the French Govern- 
ment. 





Tue Junior InsTiITvTION OF ENGingERS.—Mr. C. E. 
Ford, last Friday. read a very interesting paper to the 
mem of the Junior Institution of Engineers on the 
subject of *‘A Model Drawing-Office System.” The 
manufacture of small and complicated apparatus, he 
said, such as is met with in electric-instrument making, 
lent itself, by the very intricacy of the apparatus, a 
mirably to systematical sub-division ; a sub-division which 
is required in order to avoid waste of time and material. 


Since successful manufacture depended entirely upon the | The 


proper sub-division and distribution of labour, and since 
—— showed that the proper way to obtain accurate 

jetailing and records was by means of systematised draw- 
ings and the complementary specifications, it necessarily 
followed that the drawings were one of the most important 
details of the system, and the starting-point from which 
the whole process of manufaeture sprang. 





PrERsONAL.—Messrs. OC. W. Burton, Griffiths and Co., 
Ludgate-square, Lud 

pointed the sole selling agents for the British Isles for 
the ‘‘ National- Acme” multiple-spindle automatic screw 
machine as manufactured by the National-Acme Manu- 
facturing Company, of Cleveland, Ohio, U.S.A., and 
Montreel, Canada, and will have one of these machines 
shortly in operation in their show-rooms.—The Electric 
and Ordnance Accessories Company, Limited, Cheston- 
road, Aston, Birmingham, state that they have made 
arrangements with Messrs. T. J. Grainger and Oo., 
Edinburgh Life Building, 21, Mosley-street, Newcastle- 
on-Tyne, to act as their sole agents for their electrical 
apparatus covering ‘* Vickers” switch-gear, direct-current 
motors, léver switches, motor-control panels, controllers, 
mining switch-gear and motors, crane , fans, 
starters, electric-lighting accessories, ine, heating 
and cooking a: tus, &c. 
castle and district, includiog Cumberland, Northumber- 
Jand, and Durham (excepting the Tees).—Mr. J. W. 
Restler, hitherto deputy chief engineer to the Metro- 

litan Water Board, has been selected to succeed the 
ate Mr. W. B. Bryan as chief engineer at a salary of 
57471. per annum, inclusive of the compensation allowance 
of 32471. to which he is entitled under the Metropolis 
Water Act of 1902, 


dimensi: 
- | length, 65 m. (213 ft.); breadth, 6.10 m. 


te-hill, London, E.C., have been | of 


The area covered is New- | Frou 


NOTES FROM THE UNITED STATES. 
PxurLtapEeLpuia, November 18. 

A sprkit of buoyancy prevails th hout the indus- 
tries, largely based on anticipations of better trade and 
manufacturing conditions. e source of this wave of 
confidence lies in the establishment of a financial and 
banking system which went into effect on Monday, and 
which releases for business purposes over 400 million 
dollars, and increases the borrowing and lending capa- 
city of the banks of the country upwards of 1000 
million dollars. Enterprise has been checked by 
a a pam . i ~ d Wi ae 

e' ting despondency. money ques- 
pod vo now been m hted, the = has andink be a 
swelling volume of Castaten, and the exhaustion of 
all manner of stocks of material has created a vacuum 
for a general demand now in sight. The steel in- 
dustry has been patiently waiting for the inrush 
of orders that must come. The average productive 
capacity is about 40 per cent. Export demand for 
steel products is disappointingly light. Railroads 
cling to their over-cautious purchasing policy. Build- 
ing operations calling for steel are dropping off, the 
active season being over. No disposition is manifest 
anywhere to buy or order against future probable 
requirements. French order for 18,500 tons of 
bars has been placed at Pittsburg. Much export 
business is pending, but it closes slowly. The steel 
situation is far from what had been anticipated three 
months ago. Tin-plate mills continue to do a good 
business. Prices fluctuate slightly when a large order 
is in sight. General business must improve before 
steel can feel any benefit. Coal continues active for 
general purposes, but mill and furnace demand is light. 
Coke is Fairly active. Work on the Panama Exposi- 
tion Buildings is practically completed, and exhibits 
are rushing in. 








THE GERMAN NAVY. 

We read in the September issue of the Révista 
Marittima that it has been decided to hasten the execu- 
tion of the German naval me under the Act of 1912, 
which included twelve flotillas of twelve destroyers each, 
six flotillas of six submarines each, besides mine-laying 
and other chi It has been further decided to com- 
mence immediately the construction of the ships pro- 
vided for 1915—1.¢., three large battleships and two 
vedette ships. Arrangements have been made with a view 
to redncing the active life of ships to fifteen years. The 
Navy have been given the right of building any 
type they may deem necessary in the place of large 
units. The power of production of the German yards is 
such as to enable them to give a marked impulse to such 
new construction. The time required for the construo- 
tion of a Dreadnought is longer the probable length 
of the war, but the smaller units can be built more 
rapidly ; hence, no doubt, the initiative ted the Na 
Board above referred to. For exam & consi 
number of submarines can be built in a short period, 
when the work resolves itself in the reproduction of a 
type actually in the service. Twelve destroyers, Nos. 37 
to 48, provided for in the 1914 programme, have been 
ord , half from the Germania yard, Kiel, and half from 
the Vulcan yard, Stettin. 

The submarines provided for in the present budget are 
six in number. It is stated that the U 21 was the first of 
a new type. of which seven units are already in the ser- 
vice—t.e., U 21 to 27. ir di ions are said to be: 

20 ft.) ; whilet 


ding type have a th of only 
39 m. (128 fb.). There are 27 submarines in the service. 
six new ts are said to have a displacement on the 
surface of 900 tone, and a speed on the surface of 20 knots ; 
the radius of action is said to be 2000 miles. They are to 
be armed with two types of guns, one of 88 mm. (3.5 in.) 
ona denppensing mounting, and one of 37 mm. (1.4 in.) 
on a fi pedestal. A description of this wpe 4 ges 
was given in ENGINEERING, vol. xcv, page t is 
stated that the German Navy, which now uses 500-mm. 
(19.685-in. ) torpedoes, has designed a new of 550 mm. 
(21.653 in.), baving a maximum speed of knots and 
a range of 7000 metres (3.77 miles) at an average speed 
29 knots. The speed of this new type is probably 
somewhat below that of the recent types of torpedoes 
of other navies ; its charge is said to weigh from 130 kg. 
to 135 kg. (292 Ib.). 

Whilst ~~ ene hy marked advantages of liquid 
fuel over coal, in that it takes up 40 per cent. less 
space, whilst having 25 cent. more efficiency for an 
equal weight consumed and reducing the number of 
stokers, the Suddeutsche Zeitung, says the Revista, records 
that Germany bas decided to maintain the use of coal for 
firing her ships’ boilers in ordinary circumstances, bavi 
recourse to liquid fuel as an — when high pests 
are required. The use of liquid fuel on a larger scale 
would rerder Germany dependent upon the United 
States or Roumsnia. A number of shipping and ship- 
building firms intend building at Hamburg a large 

de tank. The dimensions contemplated are as 
follows :— Length, 330 m. (1082 ft.), in two compartmen 
one 8 m. (26 ft.) wide and 650m (21 ft. 4 in.) deep, 
one 16 m. (52 ft. 6 in.) wide and 7.50 m. (24 ft. 7 in.) deep. 
The models would be about 11 m. (36 ft.) in length, and 
could be propelled up to a of 40 km. per bour 
— ee The tank is to of reinforced concrete, 


the boats of 





contain 28,000 tons (6,160,000 gallons) of 
water. 
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THE LATE ADMIRAL MAHAN. 

A CABLEGRAM from Washington brings notification 
of the death of Admiral Mahan, one of the best known 
of writers on naval subjects, and one who, probably 
more than any other, awakened the English people to 
a realisation of the imvortance of sea-power and of 
command of the seas. He was the son of a well-known 
engineer, his father—Mr. Dennis Hart Maban—having 
been for over forty years a professor of engineering, 
civil as well as military, at West Point. Although 
of pure Irish blood, Mr. D. H. Mahan was born in 
America in 1802. His son, the distinguished naval 
historian and critic, was born on September 27, 1840, 
at West Point, on the Hudson River, and after 
a careful education. culmiuating in matriculation at 
Columbia College, New York, there was a struggle 
between father and son as to the profession to be 
adopted ; the father desiring the son to become an 
engineer, but wisely leaving the final decision in the 
hands of his son. 

Mr. Alfred Thayer Mahan therefore entered the 
United States Navy as an acting midshipman on 
September 30, 1856. He took part in the naval 
operations in connection with the Civil War. The work 
for which his name is bound to find mention in the 
history of naval evolution commenced in a somewhat 
inconsequential way. It was while at Callao, the 
seaport of Lima, in the early ‘eighties, that he was 
induced to while away weary hours by. accepting the 
hospitality of the English club, and there began in 
earnest his study of naval history. He has himself 
told the story in one of his principal works :—‘‘ I 
gave myself to reading, especially the Hannibalic 
episode. It suddenly struck me, whether by some 
chance phrase of the author I do not know, how diffe- 
rent things might have been if Hannibal could have 
invaded Italy by sea, as the Romans had Africa, in- 
stead of by the long land route; or could he, after 
arrival, have been in Lee communicstion with Carthage 
by water.” The spirit of the historical analyst must un- 
doubtedly have been present—it was probably acquired 
hereditarily—-and only needed this awakening to fire 
with enthusiasm the Ueterestendion to search for full 
knowledge. Mahan began to write in May, 1886, and 
the first of his productions were delivered as lectures 
to the Naval War College in 1887. These were 
embodied in ‘‘ Tha Inflaence of Sea-Power on War,” 
the first volume of which appeared in 1890 and the 
second in 1892. From this time forward there flowed 
from his pen a series of works all having the same 

werful attraction for naval and even lay readers. 

he ** Life of Nelson: the Embodiment of the Sea- 
Power of Great Britain,” was published in 1897, b 
which time Mahan had established a place of hig 
renown amongst even English readers. 

He visited England in 1894, having been appointed 
to the command of the Chicago in 1893, the Hagship 
of a squadron sent to European waters, and on that 
occasion he was given a banquet in this country by 
his friends and admirers, and, moreover, was officially 
entertained at the Admiralty. He retired from active 
service in 1896, being shortly afterwards promoted to 
the rank of Rear-Admiral, Retired. During the war 
between the United States and Spain he was a member 
of the Board of Naval Strategy advising the United 
States Government, and in 1899 he served as a delegate 
tothe Second Peace Conference at the Hague. Although 
he had reached the age of seventy-four years, students 
will naturally regret his death, as no one could have 
better analysed the naval incidents of the present war. 


HEAVY-DUTY VERTICAL DRILLING- 
MACHINE. 

Tuk illustrations on this and the opposite page show 
a heavy-duty vertical drilling-machine. designed by 
Messrs. D. and J. Tullis, Limited, Kilbowie Iron 
Works, Clvdebank. The base-plate (Fig. 1) is a 
strong, well-ribbed casting, planed on both faces to 
allow careful setting on foundation, and having a 
recess to catch lubricant. The column is a heavy box 
casting of ample strength to withstand all strains and 
absorb vibration, rigidly bolted to base-plate. The 
tables are fixed to the base-plate, and have T slotted 
faces 4 ft. by 2 ft., with recess around to catch lubri- 
cant. The tables can be traversed by screw, 18 in. 
longitudinally and 3 ft. 6 in. trvnaversely. 

The spindle (Figs. 2 and 3) is of special crucible 
steel, 3} in. in diameter in the driving part, runnin 
ia adjustable phosphor-bronze baarings, with a stee 
driving-wheel between the bearings, and ball-thrust 





washers to take the drill pressure. It has 18 in. of | equal 


vertical traverse at six rates of feed, 18 to 125 cuts 
per inch, through a steel rack and pinion. It is care- 
fully balanced for easy and quick adjustment by a 
star-wheel, and all the feed gear throughout is of 
steel. 

The drive may be either direct from a 15-horse- 
_— motor (Fig. 1), or from a pulley 20 in. in 

iameter and 64 in. wide, running at 400 revolutions 
per minute (Fig. 3). The change-speed gears (Figs. 4 
and 5) ure of steel, case-hardened, running in an oil- 





HEAVY-DUTY DRILLING-MACHINE. 


CONSTRUCTED BY 


MESSRS. D. AND J. TULLIS, LIMITED, CLYDEBANK. 








box, and they provide nine speeds, whilst a double 
r behind the saddle gives the complete range of 

8 speeds from 16 to 400 revolutions per minute. 

The machine is fitted with a pump, tank, and 
lubricant, with fittings for directing an ample supply 
to the point of the drill. All the bearings are of 
ample diameter and length; they are bushed with 

hosphor bronze, and where possible are ring-oiled. 

he weight is about 8} tons. 





ECCENTRICALLY-LOADED PILLARS. 
To THE Epitor oF ENGINEERING. 

Sir,—‘“ Eoquirer’s” interpretation of the stress in a 
pillar loaded by projecting arms at right angles (or, gene- 
rally, at any angle) is correct; and is in accordance with 
the Act, if the word “ added ” is read, as it should be, in 

correct mathematical sense of ‘‘ taken into considera- 
tion in addition to,” and as indicating the algebraic sum. 

It will upon consideration be apparent that any other 
or more limited interpretation of the word would impute 
to the Legislature the manifest absurdity of requiring 
that the arithemetical sum of the numerical values of 
simultaneous stresses, which may be opposite in sense and 
different in direction, should be taken as their combi 
value. Such an absurdity is not to be lightly attributed 
to the Legislature; and if the algebraical sum of the 
stresses due to eccentric loading for any combination of 
projecting arms, with due regard for the sense and direc- 
tion of these stresses, be taken for anv point in the pillar, 
the result will be as obtained by “‘ Enquirer” by taking 
the resultant moment of the loads acting at their centre 
of gravity, and applying this to the section modulus of 
the pillar on the line passing through the centre of gravity 
of the loads and the centre of inertia of the pillar. 

_In the case of equal loads on arms at 180 deg., or oppo- 
site to one another, the effect of the algebraic addition of 
and opposite moments is obviously nil. The 
obvious truth of this affords a ready illustration of the 
ont of any other interpretation of the word 


The ambiguity which arises from the loose drafting 
of the sub-section is a good illustration of the need for an 
expert examination of all Acts of Parliament in which 
the attempt is made to deal with subjects involving 
description in technical or scientific ae. Tt may 
be to the advantage of lawyers to have ambiguities 
resulting from the absence of such examination left to 
the settlement of the courts, but it would be greatly to 











the advantage of the public that they should, as far as 
possible, be eliminated before the passing of the Acts by 
an examination corresponding to that made by S er’s 
unsel in the case of unopposed Private Bills, but 
entrusted to practical men conversant with the subjects 
dealt with, and limited to reporting whether the terms 
used express without doubt the intention of the Act. 

In this particular case the defect anpears to have 
hecome apparent to the advisers of the London County 
Council, for in the revised Bye-Laws for Reinforced Con- 
crete (1913), Sections 38 and 39, the term “algebraic 
sum” is used in relation to the like provision for 
eccentric Joading on concrete pillars. 

I have the honour to be, Sir, 
Your obedient servant, 
A. H. Suretp, M. Inst. C.E. 

10, Richmond-road, Ealing, W., November 27, 1914. 





Tux InsmiToTIon or MunmerpaL Enoveers.—Mr. 
W. H. Matthews Jones, City Engineer and Surveyor, 
Chester, has been appointed President of this Institution 
for 1914-15. 





Tue InsTITUTION OF MecHaNnicaL ENGINEERS : ERRA- 
tTuM.—In our report in our last issue of the remarks of 
Mr. Wingfield, during the discussion on Mr. Stoney’s 
paper, on page 635, third column, line 24, for “height 
read ‘‘ length.” 





Greman War Marertat.—German concerns which are 
engaged in the manufacture of war material proper, and 
other military uirements, are in many cases working 
day and pight, as, for instance, manufacturers of ed 
cooking utensils, &c. As might be exnected, the motor- 
car iedustey is exceedingly busy, and it reckons contfi- 
dently upon being so after the war has come to an end. 
Of all the motor-cars employed in the war, but few are 
likely to be fit afterwards for private use, if they ever 
come back at all, and the immense number of horses 
which have been killed in the war will further enhance 
the demand for cars. With the German tendency to 
systematise everything, efforts are now being made to 
adopt a more uniform system within the automobile 
industry, with fewer and more distinct types, both as 
regards the ¢ars themselves and their more important 
parte—wheels, for instance. The demand is ex to 
centre itself upon light cars, and endeavours, ‘ore, 
will no doubt be made to produce some serviceable and 
cheap types in this branch of the industry. 
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EXTENSIONS AT THE HACKNEY 
GENERATING STATION. 


Tue electricity supply system of the Hackuey 
B roagh Council, which was first put into operation 
in October, 1901, has recently been the subject of 
important extensions. The scheme, like many vthers, 
was initially laid out for direct-current generation 
and distribution. The origiral plant had a capacity 
of 1800 kw., and this was extended in 1905 and 1909 
by the addition of two 1500-kw. units. All these 
early sets were driven by reciprocating engines. In 
1911 it became evident that further extension was 
necessary, and as the prospects of a greatly increased 
demand were promising, it was decided to remodel the 
system on more modern lines. A 6600-volt 3-phase 
echeme with converter sub-stations was accordingly 
got out by Mr. L. L. Robinson, M. Inst. C.K, 
the borough electrical engineer. This scheme -was 
approved by Messrs. Preece, Cardew and Snell, and 
was adopted by the Council. The first part of it has 
been completed, and the plant is now in operation. 

A new station has been built, which at present con- 
tains a 3000-kw. turbine unit, and a -kw. set is 
on order. The station is capable of considerable ex- 
tension, and forms the nucleus of another large gene- 
rating centre for London. From the point of view 
of Hackney, the station is no doubt in every way 
justified, and will lead to lower costs, and a more 
rapidly growing load ; but it is permissible to point 
out that this new high-tension scheme still further 
complicates the question of London’s electricity 
supply, with which the Londun County Council is 
attempting to grapple. The proposals of this body cer- 
tainly convemplate no high-tension station at Hackney, 
while it is difficult to see that the new 6600-volt maine, 
which have been laid, can play any part in the pro- 
age standardised high-tensiun distribution system 
or the whole of Greater London. All this, of course, 
is no concern of the Hackney Borough Counci!, whose 
duty is to Hackney. The de'ails of its scheme were 
probably settled long before outsiders knew anything 
of the London County Council’s intentions. The 
matter, however, is a further illustration of the de- 
sirability of carrying through a unification scheme 
for London as soon as possible, if one is ever to be 
adopted. 

It is not necessary for us to say very much of the 
new station. It may be described as of standard 
modern lay-out and construction. It is built along- 
side the old station on the bank of the Hackney Cut 
of the River Lea. This gives a good supply of con- 
densing water, and allows of the coal being barged to 
the site. A coal-handling plant of the telpher type, 
and of a capacity of 40 tons an hour, has in- 
stalled. This lifts coal from the barges and dumps it 
into overhead bunkers carried above the boiler-house. 
‘The same plant also carries the ashes away. The 
bankers have hopper bottoms, and feed to a travelling 
chute titted with a weighing-machine. The chute can 
be moved along an overhead track to supply any boiler 
stoker. This plant was supplied by Messrs. W. J. 
Jenkins and Co. There are two boilers of the Babcock 
and Wilcox land type, each having an evaporative 
capacity of 33,000 lb. of water an hour, and supplying 
steam at 200 lb. pressure superheated to 600 deg. Fahr. 
They are titted with induced-draught plaut, also 
by Messrs. Babcock and Wilcox. The feed-pumps are 
by Messrs. J. P. Hall. The turbine unit is by Soesa. 
Willans and Robinson and the General Electric Com- 
pany It has an output of 3000 kw. at 0.85 power 
actor and 50 periods, The main switch-gear is b 
Messrs. Ferranti. Io the generating-station there is 
also a 1500-kw. La Cour converter, forming a link 
between the alternating and direct-current machinery. 
It was supplied by Messrs. Bruce Peebles and Co. 

There are three new sub-stations, each containing 
1000 kw. of plant. The original station will ulti- 
mately form a fourth sub-atation. The new stations 
are fitted with 500-kw. La Cour converters, by Messrs. 
Bruce Peebles. The switch-gear was supplied by 
Messrs. Johnson and Phillips. Between the main and 
sub-stations an extra high-tension ring main has been 
laid. It consists of British Insulated and Helsb 
Cable Company’s cables in Key Fibre Company's 
conduit. The total length of conduit line is abvut 
10,000 yards, six conduits being laid round the 
north half of the ring, and nine round the south. 
It is pointed out that wher these conduits are 
filled, the capacity of the system can be imme- 
diately doubled by laying a set of conduits dia- 
metrically across the area. The new low-tension 
feeder-mains have been supplied by the British 
Insulated and Helsby Cables, Limited. Few new 
low-tension feeders will be required for many years, 
as the old feeders, which used to carry current from 
the generating station right across the area, are being 
cut near the sub-stations and looped in. Each old long 
feeder becoming three short feeders, it will be possible 
to work at a much higher current density, and the 
energy-carrying — of the old copper will be in- 
creased nearly sixfold. is well illustrates the value 
of high-tension generation and sub-station distribution. 
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are now being quoted. We shall resume the publica- 
tion of our monthly diagram of metal prices in its 
complete form next month, when more figures will be 
available. 

The price of tin on the 2od ult. was-134/. per 
ton for Straits metal and 133/. to 135/. for English 
ingots, the former rising to 143/. on the 6th ult., and 
falling to 138/. 15s.-139/. 5s. on the 12th. The official 
closing quotations for fine foreign tin, which stood at 
130/. 158.-140/. 5s. on the 16th ult., fell to 136. 5:.- 
136/. 153. on the 19th, and gradually rose again to 
142/. 10s.-143/. on the 30th. Standard copper was 
quoted at 50/. per ton early ia the month, and rose on 
tne 13th to 51/, 12s. 6d.-51/. 17s. 6d. On the 16th ult. 
the official closing quotation was 52/. 15:. to 53/. for 
cash., while by the 24th the figure reached was 
55/. 12s. 6d.-55/. 17s. 6d. ; the price then gradually 
fell to 54/. 5s.-54/. 103., which was the quotation for 
the 30th ult. Antimony is scarce, and during the 
month the price of English metal bas varied between 
501. and 56/. ton. Only American spelter is on the 
market, and its price has risen steadily from 23/. 15s. - 
241. per ton on the 2nd ult., to 25. 15s.-25/. 17s. 6d. 


NOTES FROM THE NORTH. 
, Guascow, Wednesday. 
Glasgow -Iron Market.—Last Thursday morning the 
pig-iron market opened with a quiet tone, and 2000 tons 
of Cleveland warrants were done at 5ls. 34d. one month 
and 5ls. 9d. three months. Closing sellers quoted 
51s. 2d. cash, 51s. 5d. one month, and 51s. 104d. three 
months. In the afternoon there was nothing doing, but 
Cleveland warrants were firm, with sellers quoting 51s. 4d. 
cash and 51s. 7d. one month. On Friday morning astrong 
tone again prevailed, and Cleveland warrants, amounting 
to 300U tons, were put through at 51s.6d. cash and five 
days, and at 51s. 8d. December 23. The close was firm, 
with sellers quoting 51s. 64d. cash, 51s. 10d. one month, 
and 52s. 44d. three months. The afternoon session was 
easier, and only one lot of Cleveland warrants changed 
hands at 51s. 5d. cash, with sellers over at 51s. 54d. cash, 


Y | 61s. 84d. one month, and 52s. 3d. three months. Un Mon- 


day nomen the market developed strength, and Cleveland 
warrants advanced from 2d. to 3d. per ton. The turnover 
was 2000 tons at 5is. 7d. and 5ls. 74d. cash, and 52s. 3d. 
February 23, with closing sellers soning 51s. 8d. cash, 
5ls. 11gd. one month, and 52s. 5d. three months. In 
the afternoon the tone continued firm, and 1500 tons 
of Cleveland warrants were dealt in at 5ls. 11d. one 
month, and 62s. 44d. three months, and sellers’ closing 
prices were 51s. 9d. cash, 52s. one month, and 52s. 5d. 
three months. On Tuesday morning another rise took 
place in the price of Cleveland warrants, when 2500 
tons changed hands at 52s. nineteen and twenty-four days, 
52s. 1d. and 52s. 2d. one month, and 52s. 44d. January 29. 
The session closed with sellers at 52s. eash, and 52s. 24d. 
one month. The upward move made further progress in 
the afternoon, when 500 tons of Cleveland warrants were 
done at 52s. 5d. one month, with sellers over at that 
figure and at 52s. 14d. cash. When the market 

to-day (Wednesday) the tone was a trifle easier only 
a small business was put through, the turnover being 
1000 tons of Cleveland warrants at 52s. five and nine 
days. The ing prices were 52s. cash, 52s. 3d. one 
month, and 52s. 7d. three months sellers. The afternoon 
session was stronger, and 2000 tons of Cleveland warrants 
were dealt in at 52s. cash and 52s. 84d. three months, and 


— quoted 52s, 14d. cash, 52s. . one month, 
and 52s. 104d. three months. 


Sulphate of Ammonia.—On the whole there has been a 
better demand for sulphate of ammonia during the past 
week, and a satisfactory inquiry is also . The 
about 10/. 17s. 6d. to 

parcels 


current price for prompt delivery is 
or Leith, and for forward 


ll og ton, Glasgow 
111. 5s. per ton is men 
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OCTOBER. 


normal trading on the 16th ult., so that official prices | 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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NOVEMBER. 


Notr.—The London Metal Exchange reopened for | at the end of the month. The price of English lead 


rose from 18/. 102. to 18/, 15s. per ton on the 6th ult., 
and stood at the latter figure until the 23rd, when a 
further rise to 19/7. 10s. took place. On the 25th the 
rice was still farther increased to 19/. 15s., this tigure 
ing main tained until the 30th ult. Quicksilver is 
very dear, its price having risen from 10/. 5s.- 
102. 10s. per bottle early in the month to 111. 5s. on the 
10th ult., this figure remaining unaltered to the 30th. 
Tin plates have, however, rather declined in price 
during the last few days of the month. On the 2nd 
ult. their price was 12s. 74d. per box of I. C. cokes, 
and on the 9th the price was raised to 12s. 9d. This 
figure, which was maintained until the 24th ult., fell 
to 12s. 74d.-12s. 9d. on the 25th, and to 12s. 6d.- 
12s. 74d. on the 27th. 
The above diagram shows the prices of steel ship- 
lates and heavy steel rails, which are plotted to 
iddlesbrough quotations, and also gives the Glasgow 
settlement prices for warrant iron ; in both cases the 
prices are per ton. Lach vertical line in the diagram 
represents a market day, and each horizontal line 
tepresents 1/. in the case of sh ip-plates and rails, and 
ls. in the case of hematite, Scotch and Cleveland 
iron. 


i 
Ds) 


Scotch Steel Trade.—Considerable strei 
given to the Scotch steel trade position 


h has been 
y the recent 
placing of shipbuilding orders on the Clyde, and better 
conditions are general. The demand for ship and boiler- 
lates has improved, and a fair quantity of new work has 
Seon booked, while inquiries in circulation amount to a 
or tonnage. One of the little troubles having to be 
‘aced at the moment is the scarcity of skilled labour, as 
so many of the shipyard and steel workers were army 
reservists, and so many others among their mates have 
responded to the call for King and Country, and enlisted 
in the Army. These men’s places are difficult to fill, 
but quite a number of East Coast fishermen have 
lately found their way to some of the local steel 
works, and the gaps in the labourers’ ranks are now 
getting filled up. Works with Government contracts 
are running night and day, and a big quantity of 
material is being turned out. Makers of black sheets 
are a bit better, but could do with more prompt 
orders for the heavier qualities, whereas, on the other 
hand, there is an excellent outlet for the lighter material. 
Specifications all round for immediate lots are not too 
numerous yet, but an early improvement is certuin. The 
export trade is expanding very slowly, and the false war 
news ‘“‘made in any,” which has been circulated 
distant parts, about the early fall of Britain, 
has no doubt retarded business. As the truth is becom- 
ing known the overseas trade is improving, and the 
po Mn of the tt week show an increase. Prices are 
very firm, an early advance is not unexpected, as 
ed — fuel, and > ype = ~y —_ all —_— 
ip-plates are presently be per ton, less 
5 cent. for local delivery and 24 per cent. for export 
delivery; boiler-plates are 7/. per ton, less 5 per cent., 
and angles are round 6/. 12s. 6d., both for local delivery. 


Malleable-Iron Trade — The conditions in the malleable- 
iron trade of the West of Scotland are getting brighter, 
and the orders and inquiries of the past week show tha 
there is more disposition to secure supplies while the 

ice continues at 7/. 12s. 6d. per ton for ‘‘crown” bars, 
— the usual 5 percent. Works are better employed, 
both on Government and other home orders, but the 
export branch is still quiet. 


Scotch Pig-Iron Trade.—A much better demand for 
Scotch me has prevailed during the past week, 
showing the improvement in business, and buyers have 
been endeavouring to cover their requirements ahead. 
This has only been possible at the advanced prices now 
demanded, which are likely to increase still further, 
on account of the rise in freights. Hematite iron is al 
in better request by steel-makers, and the current price 
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is round 70s. per ton. The following are the market 
quotations for makers’ (No. 1) iron: yde, 68s; Calder, 
Gartsherrie, Summerlee, and —— 69s. (all shi 

at Glasgow) ; Eglinton, 63s., and Glengarnock, 70s. (both 
at Ardrossan) ; Shotts (at Leith), 69s.; and Carron (at 
Grangemouth), 70s. 6d. 


Scotch Shipbutlding.—The brightest and most interest- 

ing point in connection with the shipbuilding trade at 
present is the good number of orders booked during the 
month of November. It is some time now since any one 
month brought in contracts for close upon thirty vessels 
with an of from 150,000 to 200,000 tons, and that 
is approximately the new business reported for the past 
month. It is, no doubt, the increased freights, in some 
cases fully 100 per cent. up, which have induced ship- 
owners to place new as well as to buy up 
vessels at present under construction, and as the number 
of contracts on hand were getting well worked off, this 
new business has just come along at the right time. The 
output from the various Scotch during the month 
of November totalled eighteen vessels, of 39,645 tons, 
which was less than the monthly —- for the year. 
The figures were fifteen vessels, of 38, 
Clyde ; one vessel, of 400 tons, for the Tay ; and two 
vessels, of 350 tons, for the Dee. The Clyde total brings 
up the output for the year, to date, to 206 vessels, of 
440,764 tons, which falls a long way short of last year’s 
magnificent total of 628,816 tons for the same period, and 
it may.also be noted that on eight occasions since 1900 
the eleven months’ output has been higher than that for 
this year. We feel, however, that we are on the eve of 
a good run in trade, and shipowners realise that fact, 
and therefore they are preparing for the improvement in 
business which will follow the driving of the German 
army back to the Rhine. 


Increased Wages in the Iron Trade.—The following 
intimation has been made to Messrs. James O. Bishop 
and James Gavin, joint secretaries of the Scottish Manu- 
factured-Iron Trade Conciliation and Arbitration Board, 
by Mr. John M. MacLeod, C.A., Glasgow :—“‘ In terms 
of the remit, I have examined the employers’ books for 
September and October, 1914, and I certify the average 
net selling price brought out is 6. 15s. 6.32d. per ton. 
This means an increase of 24 per cent. in the wages of 
the workmen.” 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The shortage of wagons 
previously noted is becoming more 
result, producers have thought it ble to | 
output. The number of wagons in commission is sufficient 
to cover all deliveries, but delays on the railways are 
general. The house-coal trade continues good. Consumers 
in all parts of the country are taking fullsupplies. London 
has been an exception, but is now — for average quan- 
tities, The position with regard to hard steam coal shows 
practically no change. Cuvllieries manage to maintain a 
working week of from three to four days, and the bulk 
of the output is readily disposed of to manu- 
facturers and railway concerns. Very little is going to 
the ports. Prices are steady, with a stronger tendency. 
Another decided improvement is shown in slacks, there 
being quite a revival in buying from the Lancashire 
cotton districts. Coke shows no improvement. There is 
a small inquiry for blast-furnace coke at 10s. per ton on 
rail at the ovens. Quotations :—Best branch hand-pi " 
16s. to 163. 6d. ; Barnsley best Silkstone, 12s. to 6d.; 
Derbyshire best brights, 12s. 6d. to 13s. 6d. ; Derbyshi 
house, 10s. 6d. to 11s. 6d.; best nuts, 11s.; nuts, 
9s. to 10s.; Yorkshire hards, 10s. to 1ls.; Derbyshire 
hards, 9s. 6d. to 10s. 6d.; best slacks, 7s. to 8s.; seconds, 
4s. 9d. to 5s. 9d.; smalls, 1s. 9d. to 2s, 9d. 


Tron and Steel.—Producers of common irons have this 
week had less cause to complain of the flatness of the 
market, for both inquiries tions have 
more numerous. Coming after a quiet period, this little 
spurt of business has infused fresh h into values. 
Derbyshire foundry is offered at 54s., ire forge 
at 52s. 6d., Lincolnshire foundry at 55s. 8d., and Lincoln- 
shire forge at 54s. In each case these figures are below 
the official quotations of district associations, which are 
still regarded as nominal. Now that the deflation of 
values has apparently spent itself, consumers are also 
coming forward more freely with contract business. The 
peg —— influences - —* hematite quotations 

as been transitory. esb- sorts are stronger 
at 79s., and Kast Coast mixed numbers at 69s.—a rise in 
average selling prices of 6d. to 1s. Finished-iron makers 
maintain their basis price of 8/. 5s. for bars, an expansion 
in general business having improved the outlook. The 
benefit derived by them the diversion of German 
trade has not reached expectations, on account of the 
facilities for cheaper production in com: my eee 
but the large amount of Government work in district 
is helping to improve the appearance of order-books, 
especially as regards the requirements of horse-shoe 
makers. The steel trades are making satisfactory head- 
way, and while ‘‘ boom” conditions are confined to de} 
meuts dealing with Army and Navy work, mar ex- 
pansion is shown in general business with both home and 
overseas customers. If the expansion is i and 
a8 Many men continue to be on armament work, 
the labour is likely to @ very serious 
problem. One of the most striking features of local trade 
2 the ae eae in which ny ro ee are en- 

eavouring to eliminate ay of their past reliance 
upon Germany. This the Sheffield Chamber of 
Commerce has decided to communicate with the Associa- 
tions of Saw-Makers and Tool-Makers, urging upon them 


visable to lessen their 


tons, for the} Middles 


ronounced, and, as & | sid 





the advisability of taking this opportunity of discarding 
the use of the word ‘‘German” in relation to steel tools. 
At the moment steel tools are in enormous demand, not 
only by the British Government and home engineers, but 
by the Governments of Allied nations, and particularly 
by Russia. The activity of shipbuilding yards is pro- 
viding plenty of work in heavy forgings and castings. 
Respecting trade in steel billets, the pressure on acid 
sorts is unrelieved, but basic sorts are easier. Hard basic 
billets are quoted at 6/. 10s., and soft at 6/. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A good deal of business 
has been done in pig-iron, and values of Cleveland kinds 
are realising hig prices than have been obtainable 
since the latter part of A That there is confidence 
in the future is indicated by the fact that traders show 
disposition to enter into contracts on forward account at 
above current quotations. Speculative operations in 
brough warrants have i materially to 
advance prices, but the rise is also due to genuine im- 
a demand. Many home consumers of pig-iron have 
running “i Jow stocks, — they are ae ee 

to arrange supplies over periods next year. No. 3 g.m. 
Cleveland pig is 52s. 3d. f.0.b., whilst No. 1 has become 
54s. 6d.; No. 4 foundry, 5ls. 9d. ; No. 4 forge, 5ls. 3d. ; 
and mottled and white iron, each 503. 9d.—all for early 
delivery, 6d. above these rates being named on forward 
account. Buyers of East Coast hematite pig have been in 
evidence, and they now offer freely 65s. for this year’s 
delivery of Nos. 1, 2, and 3. Substantial business has 
occurred at that price, and a and 
some makers would still accept it, but must producers 
have sold as much as they care to at the foregoing quota- 
tion, and will not now name under 66s., whilst some firms 
put the price at 67s. 6d. Values of foreign ore are most 
difficult to fix. The state of the freight market has alto- 
gether upset business. Steamers can hardly be fixed at 
any price, and up to 8s. 6d. is asked for Bilbao-Middles- 
brough. Nominally market quotations for imported ore 
are on a minimum basis of 20s. ex-ship Tees for Rubio of 
50 per cent. quality, but many sellers absolutely refuse to 
quote, pointing out that the f.o.b. price at Bilbao is 
12s. 6d., and consequently they cannot do business at 
anything like 20s. here. Coke is steady and firm, and in 
—f request for local consumption. Buyers are 
less reluctant to pay the prices asked. Durham beehive 
blast-furnace coke of average quality, delivered at Tees- 
ide works, is 17s. 6d. There 1s still a good deal of com- 

paratively cheap Yorkshire coke on the market. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 105,291 tons. 
During the month of November 1433 tons of iron were 
sent into the stores. There are warrants in circulation 
for 92,700 tons of No. 3 Oleveland pig. Shipments of 
iron and steel from the Tees during the month of Novem- 
ber showed aslight improvement on those of the previous 
Grote san” Gag coameel S00 tos on onion 

& year ago. ey avi per 
day, total loadings being returned at 66,013 tons, 
60,098 tons of which went from Middlesbrough, and 5915 
tons from Skinningrove. In the previous month the 
clearances amounted to 56,406 or a daily average of 
2256 tons, and for the month of November a year ago 
the despatches were given at 93,413 tons, or an average 
of 3736 tons per working day. All iron cleared 
Skinni ve went to Scotland. Of the pig-iron 
~~ 42,087 tons went abroad, and 
i taly was the largest buyer with 
14,575 tons, and Sweden second with 11,277 tons. Scot- 
the largest customer, received 
6348 tons; 
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Finished Iron-Trade Wages.—The accountants to the 
Board of Conciliation and Arbitration for the manufac- 
tured iron and ateel trade of the North of England, in their 
report for the two months i October 31 last, 
announce i ance with the sliding-scale 

g 


o_ in 

t, there will be an advance of 3d. per ton on 

din aoe 0 pee ea ena coer s and mill | of 
ect 


jo to take e from the 1st inst. he average 





net selling price of manufactured iron for the past two 
months was certified at 62. 19s. 0.56d. per ton, against 
61, 14s. 2.15d. in the previous two months. 

Northern Shipbuilding Orders. —Several orders for cargo- 
steamers have recently been placed in the North. Messrs. 
_ ——, - an ane eee with LH 

under 1 ing Com y for a large tramp, 
Messrs. Wood, Stanner and Do, Bill Quay, have re- 
ceived an order for two large colliers from Messrs. Burnett 





a a FROM ea SOUEE WEST. 
if.—Large steams ti f 
but emalle, being sosroe, have shown fismness 


liery owners are looking for improved arrivals 


pmen’ 
more regular working at pits. In addition to numerous 
steamers which have boon oh y, vessels which 
have been delayed by stormy weather are now due. The 
es regards bunker descriptions test "Adenioelt 
as lescriptions. miralt: 
ay made 20s. to 22s.; best ualiti 18s 
to 19s.; other secondary descriptions, 17s. to 17s. 6d. ; 


5s. 6d. to 7s. 6d made 
198. to 20s, ; households have realised 17s. to 18s. ; 
No, 2 has been at 12s. 6d. to 14s. ; 
and No. 2 smalls have brought 6s. 6d. to 7s. ton. 


working of the i 
during the latter part of the half-year to be unremunera- 
tive. No interim dividend is proposed. 

Tin-Plate Shipments.—The tin-plate interest — 


for shipments to recently-prohibited coun weden, 
om lh ts e beens Got we aca 

consignments are ie, not manu- 
facturers, but individual merchants. lore any 


ite are i , Official inquiries are to be made as to 
ions and and the applicati will 
then be considered by a committee of Treasury. 
Newport.—Large descripti of coal have been eas: 
Saeco smalls have shown firmnens 
— Se Vein large has made 16s. to 16s. 9d. 
o estern V: have been quoted at 15s. 9d. to 
6s. 3d. ; and Eastern Valleys at 15s. 6d. to 15s. 9d. per 
ton. 


Welsh Collieries.—The ers in the United 


sharehold 
Wales, | National Collieries, Limited, and Burnyeat, Brown and 
proposals for the amalgama- 


Co., Limited, have received 
ion of the two i 


cent. 
nited National Collieries 
the S Collieries in the Rhondda, and the 

the -? concerns 





Enoineerinc Goops ror Avusrrauia.—Mr. G. T. 

i H.M. Trade Commissioner, at 81, Pitt-street, 
Sydney, desires us to state that for the purposes of refer- 
ence he would be glad to receive catalogues of engineer- 
ing firms. Duplicates should be sent to the Trade 
Commissioner at 


F 


Tue AvsTro-Hunearian Navy.—We read in the 
Revista Marittima that the time provided for the con- 
jimet ico Triestino of the 
new 24,500-ton battleships is only thirty months. Accord- 
ing to a table given in a ye the same review 
theee battleships are two in number, marked ‘‘ VIII.” and 
“TX.” ; one was commenced in A last, and the 
other last October. ne to be armed with ten 
350-mm. (13.8-in.) guns, ourteen 150-mm. (5.9-in.) guns, 
twenty 90-mm. (3.5-in.) guns, and four or six torpedo 
tubes. The 1914 naval programme provides for two 
further 24,500-ton battleships, marked “ X.” and “ XI.,” 
to be commenced in 1915, and completed in 1917. A 
contract has been given to the 
for the construction of forty 350-mm. 
and a number of small-calibre guns. 18,000 tons 

—s required will be cupglied by the Witkowitz 
or! 
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Exvecrric Suppty in Copgnnacen.— The city of 
Copenhagen is about to erect a large new electric 
central station near the Kallebodstrand waterway. The 
final plan has somewhat reduced the costs, which are 
now put at about 275,000/. 





Royat TxcunicaL CoLiEer, GLascow.—We have 
College a copy of the annual 
report for the 1913-14 session, which was the 118th 
session of the College. The numbers of day and even- 
ing students enrolled were 660 
both of which numbers are greater than the correspond- 
ing figures for the previous session. 


recently received from 


and 4342 respectively, 

















Fig, 83. Rear on Tenper SEcTION. 


satisfactory feature is, however, the great expansion in | M.Sc., F.R.G.S., has been appointed to an independent 
** student hours,” which for the day classes have increased | lectureship in Economic Geology. Numerous changes of a 


by over 15 per cent. The governors had intended to| temporary nature have been made in other departments. 


increase the staff in all the main departments in order | A new 5-in. centrifugal pump has been presented to the 
to provide further facilities for higher studies and | engineering department, and a central exhaust cylinder, 


research work, but the outbreak of the war has led to the | interchangea' 

tponement of their plans. A considerable section of | has been added to the large horizontal engine. The large 
Poth staff and students were connected with the Officers’ | plant for the treatment of sugar-juice is now in working 
Training Corps and Territorials, and a yy |order. The report refers to the works and Pa pub- 
many of whom received commissions, have ed | lished by past and present members of the 1 


ble with the existing high-pressure cylinder, 


ege, and 


up for service. In spite of the vacancies thus caused, it | also includes a financial statement. _Lists of distinctions 


is intended to carry on the work of all departments of | gained by students during the session, and other 


the College as usual. The department of mining and | ticulars of the students and their work, are given in a 


geology has been sub-divided, and Mr. E. J. Edwards, ' number of appendices to the report. 
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NOTICES OF MEETINGS. 


Tas Lxstrrution OF MRCHANICAL Enxenrerrs.—The “ 
ae Lecture. Mr. W. Bryan, Member, Chief 

of the -¥- Essex Water Perks, will deliver the above lecture 
(prepared b y his a the late Mr. William B. )». on 

* Pumping cad ether achinery for Water Works and Drainage,” 
as follows :—London, = the Institution, on Friday, December 4, 
at 8 p.m.; Manchester, in the Portico Library, Mosley-street, on 
Tuesday, December 8, at 8 p.m.; Birmin:; , in the Medical 
Lecture Theatre of the University, Edmui street, on Thursday, 
December 10, at 7.45 p.m. 

Tue JUuNtor INSTITUTION OF Enorneers.—Friday, December 4 

at oom. Mr. 8. z 


at 39, Victoria-street, Westminster, 8.W., 
Hutson, on “‘ A Reversible Turbine.” 

Tue Barrisa FounpRYMEN’s AgsociaTion : LANCASHIRE BRANCH. — 
Saturday, Ne eo 5, at 4 p.m., in the Munici School of 
Technol Manchester A paper wiil be given Mr. F. J. 

Cook, of irinleghene, entitled ‘* Carbon in Cast Iron.” 

Tue Royat Ixstervrion or Great Barrain.—Monday, Decem- 
ber 7. General meeting of the members at 5 o'clock. 

Tue Roya Society or Arts.—Monday, December 7, at 8 p.m. 

: “The History and Practice of the Art of Print- 
by Mr. R.A. Peddie (Lecture III). Wednesday, December 
at8p.m. “ Domestic Metal Work of the Eighteenth ae 
vase has. 2 A. Be p the Inwertal 0 F.R.S., F.LC., 

lessor of Metallurgy at the Im College of Seienes 
and Technology, will preside. 

Tar an or EvecrricaL Enciveers: Scorrisnh Locan 
np Spm. P mn The Mage Sabina oft. igh 

, at oan ‘aperon “‘ The net we ron at H 
Flux Density with Alternating Currents,” by Mr. J. 8. Nicholson, 
B.Sc., Amsouute Member. " 

Tus Royal Sanrrary Lverrrvrs.— —Tuesday, December 8, at 

: 30 p.m. Discussion on ‘‘ Preventive Inoculation,” to be 
Professor G. Sims Woodhead, M.D., F.R.O.P., F.R.8. in. 
chair will be taken by Sir Shirley F. Murphy, F.R.O.8. 

Tue Associ «TION OF ENGINBERS-IN-OHARGE —Wednesday, Dec- 
ember 9, at 8 p.m., at St. Bride’s Institute, Bride- rt Fleet- 

street, EC. A paper will be read by Mr. Frank B bent, 
M.LE.E., “Electricity in the Printi Office.” he R. W. 
Weekes, A ML Inst. C.E., M. 1. E.E., in the 

THE a oF AUTOMOBILE Eeoumnes.—Welnendeg, 
ember 9, at the Institution of Mechanical ——> 
Gate, St. James's Park, Pose at 8p.m. A paper will Rana 
entitled ‘ Benzol, Alcohol, and Mixtures of these Liquids with 
Petrol as Fuels for Internal- Combustion a, by Professor 
W. Watson, D.Sc., F.R.S., assisted by Mesers. C. W. Frost, W. 0. 
Lloyd, F. W. Richards, W. J. Stern, and H. Shaw. 

Tue InstirvtTion 4 ELECTRICAL Enemneers.—Thursday, Dec 
ember 10, at Sp.m. A paper on “ Automatic Protective Switch. 
Gear for ‘Alternating-Current Systems ” will be read by Mr. E. B. 
Wedmore, Member. 

Tue Inxstrrvrion or WaTER Enoinerrs.—Friday and (if neces- 
sary) Saturday, December 11 and 12, at the Agutmeats of the 

Geological Society, Burlington House, W. Proceedings will com- 
mence at 2 p.m. on Friday and 11 a.m. on Saturday. e follow- 
ing Fay dy be send endl diecussed ‘—(1) “ Notes on Scraping a 

ik Main at Batley,” by Mr. J. C. Barrowclough, Water- 
Works Engineer ; (2) ‘‘ The Whitton Ley “Station of the Ips- 
wich tion Water Works,” by Mr. C. W. 8. Oldham, Cor- 
onrveae ‘ater Engineer. 
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THE INFLUENCE OF BANKS ON 
INDUSTRY. 


Durine the last three months all financial 
methods have been subject to startling changes, | a 
and old-established precedents have been swept 
away one after the othe r until the entire financial 
world wears quite a new aspect. The outbreak of 
war caused a total collapse of the whole financial 
system, with the result that a complete ysis 
of the trade of the country immediately followed, 
and despite all the efforts which have been made 
and the remedies applied, the recovery of trade is 
still only progressing very slowly, save, of course, 
in those industries which are closely connected 


of | with the war. 


Under these circumstances, it is a matter of 
great importance to ascertain what financial facilities 
will be afforded to traders in order that they may 
continue to carry on their business as nearly as 
possible to the same extent as at the ning of 
the war, and in this the influence that 
673| banks will have upon industry is undoubtedly a 
most material factor. It will be admitted that the | u 
Government has shown great discernment and enter- 


e7¢ | Prise. both in the measures it adopted in the crisis 


and the manner in which it obtained the advice on 


ere which it acted ; but it is obvious that all these 


measures with few exceptions can only be tem- 
porary expedients, and it is hoped that the neces- 


680 | sity for their continuance may speedily vanish, and 


trade again resume its n course. 
Now that the crisis is passing away, it can be 


682! seen that conditions are very favourable for the 
6s1|resumption of the trade of this country. The 
or magnificent response to the war loan has shown 


the enormous strength of the capital reserves, the 
hable, our 
the countries 


export and also to manufacture almost as if no state 
of war existed. Further, the international =¥ | 
market is still domiciled in London in spite of 


difficulties, while cers ce we have a highly-deve- 
veloped banking system, and a c and elastic 
currency, thanks to the extensive use of cheques 
and the successful introduction of notes of small 
denomination. 

It is well known, however, that for years 
owing to the supineness of the nation, we have 
allowed other countries to enter into competition 
with us, which grew stronger and r, until 
eventually they captured large markets from us, 
and their commercial rivalry was beginning to 
be very severely felt. Although now our largest 
competitor has been for the time eliminated, it is 
certainly imperative for us immediately to take: steps 
to seize the opportunity offered, and by all means 
in our power endeavour to recapture the trade that 
has been taken from us. One of the principal ways 
by which our competitors have been enabled to 
undersell and drive out English goods has been by 
taking full advantage of the great financial facilities 
afforded to traders by the great foreign banks, who 
have certainly elevated trade finance to a science, 
and constant complaints have been made that the 
English banking system was much out of date, and 
far behind that adopted by foreign coun tries, who 
were able to stimulate and — the commerce 
of their countries to the highest degree by their 
methods. It is true that these methods largely 
fostered over - production, but the effect of this 
evil was infinitesimal compared with the benefits 
_| derived by the country as a whole. 

Until a comparatively recent period similar con- 
ditions poovledl | ed here, although, perhaps, not so 
highly developed, and the tremendous expansion of 
English trade was greatly helped by the fact that 
the local and provincial mM were able to assist 
and encourage traders and manufacturers by reason 
of their intimate knowl of their customers and 
their resources. But the passing of the Joint 
Stock Acts, together with several disastrous bank 
failures, decided the fate of —— banks. Imper- 
sonal transactions were substituted for personal 
relations, and these transactions were ified 
into figures far too large to be undertaken by the 
banks with their moderate capital. 

With the growth of joint-stock banking, it was, 
and still is, held by traders very s ly that the 
English banks are much too conservative in their 
administration, that they have become hidebound 
in their methods and do not move sufliciently with 
the times. Many of the exigencies of modern trade 
do not come within their purview at all, and the 
facilitating of trade is completely subordinated to 
the question of the safety of the banks, all of which 
facts are undoubtedly a great hindrance and dis- 
cou ent to the trade of this country, and 

y have had the effect of seriously endangering 
our ro tng 

One of the most frequent complaints made by 
traders against the banks of this country was that 
too large a proportion of their deposits was used in 
support of the money market to bolster up the 
Stock Exchange and in financing fo: -bill trans- 
actions, and there is much truth in this complaint. 
It has been ‘established on the highest ———- 
that bankers’ loans to the Stock Exchange reac 
the enormous total of 80,000,000/., a large portion 
of which amount, it must be remembered, will 
practically be locked up until the end of the war 
under the arrangements recently made. Again, 
owing to the tremendous activity in new issues that 
had recently taken place, large amounts had been 
sunk in these stocks owing to the general public 
not being able to absorb them, and consequently 
the banks, as underwriters, had had to take them 

thus rendering another large amount unavail- 
able for the benefit of trade. 

The complete breakdown of the foreign exchanges 
immediately war broke out was — significant of 
the fact that, instead of being founded on genuine 
trade relations, as they should have been, there 
had been tremendous speculation in foreign ex- 
change, and large sums that could have been used 
in trade to much greater advan to the country 
had been employed in these speculations. 
Another serious drawback to traders is the rigid 
rule among English banks that all applications 
for advances must be accompanied by the deposit 
of sufficient ‘‘ approved ” security to provide a sub- 
stantial margin over and above the amount of 
the advance. The in tion of the word 
‘* approved ” is most rigid, and the security which 
is oo ge proved may always be considered as 
ow this rule, of course, very 





ilt-ed, 
Cape upon the trader who has sunk all his capital 
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and personality into his business, and who would 
benefit largely if he could obtain reasonable advances 
to enable him to provide for his seasonal trade. 

Finally comes the most constant and growing 
complaint that English banks have no elasticity, 
and that their administration is simply a huge 
machine. This defect has been admitted by the 
banks themselves, and tentative efforts have been 
made to obviate this difficulty ; but the aggrega- 
tions of capital and power have attained to such 
enormous dimensions that the play of personality has 
been entirely prevented, and individuality crushed. 

These t faults, which indisputably exist, 
have healleweet the English traders in a large 
degree, but now that trade is slowly recovering 
and re-establishing itself, and the financial system 
is being recast, it is certainly the opportunity to 
so amend matters that facilities may be obtained 
which will stimulate and encourage trade and possess 
sufficient elasticity to allow the smallest trader to 
obtain as fully as possible the benefits desired, 
and also to enable the largest transaction to be suc- 
cessfully and completely carried out. 

The main lines which such amendments should 
take can certainly be indicated without much 
difficulty, and these would naturally be extended 
or curtailed as experience showed or caution dic- 
tated. But the first essential is that an institution 
be established whose whole resources should be 
devoted to the financing and assistance of trade. 
The methods of making advances should be so 
widened that assistance could be given to traders 
on the security of their business, by which is meant 
the whole of the assets of the business, including 
goodwill, book debts, and plant. The discounting 
of long-dated bills of exchange should also be under- 
taken, for by reason of a bill being based upon 
actual value, and the support of its endorsements 
in addition, it certainly constitutes a very 
security. Arrangements should also be provided 
whereby advances could be made against orders in 
hand, and every facility for assisting traders should 
be within the scope of the pro institution, in- 
cluding power to refer proposals to establish busi- 
ness to technical committees appointed by the bank, 
and upon their favourable report, after consideration 
of all the circumstances, to make advances to estab- 
lish the business, to subscribe capital, and appoint 
a representative of the bank upon the board of the 
company created under these conditions. 

A great recommendation for this innovation is 
that the bank, and therefore the financial world, 
would be brought into more harmonious relations 
with traders, and would, by reason of the knowledge 
thereby obtained as to the conditions governing 
trade, be able to give much more effective assist- 
ance when seqeined. There is no doubt that a new 
class of bank founded on the lines set out above 
would assist commerce in a wonderful degree, and 
thus enable the country to replace in some measure 
the enormous waste of capital now necessary, and 
in this way materially assist in bringing the war to a 
successful termination ; but the great difficulty is to 
discover the best method of establishment. It was 
felt that the nt banks would be most suitable 
agents for the economical establishment of such 
an institution, as their machinery would be invalu- 
able; but they were not prepared for such a develop- 
ment, and, when asked, refused to provide the faci- 
lities requested. Of course, industrial banks could 
be founded with the ordinary joint-stock company 
procedure, and if sufficient reserve capital were 
provided for, they would undoubtedly flourish. But 
a better scheme, in view of the urgency of the case, 
would be to follow the precedent recently set by 
the Government for the encouragement of the 
dyeing industry, and that is, to establish an indus- 
trial bank under the Joint-Stock Acts with a large 
proportion of the capital subscribed by the traders 
of the country, and then for the Government to 
subscribe for the remainder of the capital and 

uarantee a moderate interest on the share capital 
ora term of years. Under these conditions there 
is no doubt that capital would be easily obtained, 
for it must be remembered that there is a large 
reservoir of capital that has been slowly accumu- 
lating ever since the war began, owing to the fact 
that its investment has been stop by reason of 
the closing of the Stock Exchange and the difticul- 
ties and dangers of investing money abroad. 

As it is computed that the amount of English 
capital invested abroad reaches the tremendous 
total of about 10,000,000/. weekly, it will be seen 
that from this source alone there is an ample supply 
of capital available, and it would certainly be 


readily invested in a company formed under the 
wgis of the British Government. 

Admitting, therefore, that a case has been made 
out for the provision of fuller facilities for the 
financing of trade, it is felt that if the suggestions 
mentioned above can be carried out without delay, 
the difficulties of the present time will be tly 
minimised, and the rod of this country leat 
tually increase to even greater figures than it has ever 
touched before, for it was by such means that the 
trade of foreign countries was so greatly fostered. 





POWER-PLANT TESTING. 

Tue bonus and penalty clauses which are so 
often found in specifications for prime movers, 
particularly in those relating to electrical gene- 
rating units, are in every way just in intention. A 
machine using 0.5 lb., or whatever it may be, lees 
steam than was contracted for may well be worth 
its bonus. Contrariwise, a machine falling below 
the specified consumption may well deserve its 

nalty. These things are well known, and the 

muses and penalties are usually substantial 
enough to make their operation worth the serious 
attention of contractors. As a rule, the bonus for 
an improvement in consumption of, say, 0.5 lb. of 
steam will not, by a long way, equal the capitalised 
value of the resulting saving ; but if the sum at 
issue is large enough to make the contractor supply 
the best machine he is capable of building for the 
money he is likely to get, the object of the buyer 
will be achieved. 

The value of improved consumption in power- 
stations having a high load factor is so great that 
it might fairly be suggested that considerably 
higher bonuses and penalties than are now usual 
—_ be employed, with the idea of inducing 
builders to attempt to put forward still better 
machines. If, however, one is going to do this, or 
even if one is merely going to retain present prac- 
tice, it is clear that, in fairness to both buyer and 
seller, the tests by which the consumptions are 
determined should be carried out with t care. 
This statement will be generally assented to, but it 
is. doubtful if the logical consequences of that 
assent are altogether generally realised. Bonuses 
and penalties are often given and imposed in terms 
of consumption of one-tenth of a pound of steam 
per kilowatt-hour, which, in a turbine using 13.5 |b. 
of steam, is 0.74 per cent. of the consumption. 
Clearly, therefore, in fairness to both sides, the 
tests on which the money eT depend should 
aim at an accuracy also within 0.74 percent. It 
is probably impossible to obtain such an accuracy 
in practice, but that is no reason for being satis- 
fied with one of 4 or 5 per cent., which it is to be 
feared is often the sort of thing met with. When 
one finds an engineer, with special experience in 
this matter, stating that he has known of a case 
in which it was proposed to reject a turbine plant 
on results obtained by using the mean reading of 
three electricity meters which differed 7 per cent. 
among themselves, it is clear that in some quarters, 
to put it mildly, the importance of accuracy in 
these tésts is not properly appreciated. 

This 7 per cent. story was told by Mr. W. M. 
Selvey, in a paper read before the Institution of 
Electrical Engineers on the 26th ult. Mr. Selvey’s 
subject was that of this article, and his general 
case was the one we have attempted to make 
above. To point his moral, he took a numerical 
example. ing only in round and approxi- 
mate figures, he considered a turbo - alternator 
having a maximum continuous load of 10,000 kw., 
and a most economical load of 7500 kw., used 
on a system where, on the average, it was 
loaded to 7500 kw. for 8000 hours a year. It 
would thus generate 60,000,000 kilowatt-hours per 
annum, and a variation of 1 per cent. on this 
output, taking ccal at 0.15d. a unit, would be 
equivalent to 3751. a year. Mr. Selvey assumed 
eight years’ life in which the machine should be 
written off, and capitalising the 3751., obtained 30001. 
Hethenconsidered twocompeting machines, one with 
a steam consumption of 12.5 Ib. per kilowatt-hour, 
and the other with a consumption of 11.5 lb.—that 
is, 8 per cent. better than the first. Then if the 
12.5-lb. machine was offered at 25,000l., the other 
would be worth 24,000. more, although it would 
cost only some 20001. or 30001. more to manufac- 
ture. me of the detail figures of this calculation 
may be questioned, such as the coal cost of 0.15d. 
per unit, which is low for common practice ; but 





‘the general lesson of the example is clear enough. 





It shows the monetary value of small differences in 
consumption and the necessity, with a good load 
factor, of aiming at the best. It also shows how 
much may depend on the last half pound of steam 
and makes it clear how important is the greatest 
possible accuracy in the tests. 

As Mr. Selvey pointed out, if the last few tenths 
of a pound off the consumption are worth so much, 
it is clearly to the buyer’s interest to spend, if 
necessary, considerable sums on the tests to make 
sure that he is really getting those last few tenths. 
In many cases, of course, the testing is very care- 
fully carried out, but it is permissible to doubt if 
Mr. Selvey’s ideal of an accuracy within 1 per cent. 
is often attained. He did not suggest that this 
1 per cent. was possible, but thought it should always 
be aimed at. ‘Lo get this 1 per cent. he considered 
each individual measurement should aim at an 
accuracy of 0.1 per cent. Put in this way, it is 
pretty evident that the people who are carrying 
out the test should know what they are doing. To 
get anywhere near 0.1 per cent. in all their measure- 
ments they must be experts, and much is to be 
said for Mr. Selvey’s idea that, if possible, the 
work should be carried out by people who make it 
peculiarly their business. This is already done to 
some extent, but frequently the work is carried out 
by the consulting engineer’s staff, or even by the 
contractor’s men. The former method may be 
satisfactory, but hardly the latter. The contrac- 
tor’s engineers may be competent enough, but to 
set them to test their own plant on the customer’s 
behalf is to put them in a false position. It is in 
no way necessary to suggest that they will fake 
the results—cook the superheat reading, use an 
incorrect vacuum gauge, and afterwards ‘‘cor- 
rect” the results in favour of the plant, or play 
other tricks which it is difficult for the buyer's 
engineer to detect. But clearly it cannot be fair to 
either side that one party to a bargain should act 
as both client and judge. On the whole, Mr. 
Selvey’s idea of an independent testing firm is the 
best. It can accumulate more experience, and 
better watch for subtle errors, than any one else 
to whom testing work of this class is only incidental 
among other occupations. 

The major part of Mr. Selvey’s paper consisted 
of a series of notes'on methods of testing the 
various machines which go to make up a complete 
modern electric generating-station. We cannot 
deal with them seriatim in this article, but to illus- 
trate the careful methods proposed in order to 
approximate to the ideal acccuracy of 0.1 per cent. 
for every measurement, we may mention that Mr. 
Selvey considered all alternating-current meters, 
together with their transformers and leads, should 
be sent to a testing institution and checked before 
atest. The leads should be made of a length to 
suit the particular test, so that the meters cculd 
be mounted in a position away from heat and 
vibration. After checking, all terminals and leads 
should be labelled and brought back to the site by 
hand, not being trusted to ordinary forwarding 
arrangements. There is little doubt that mea- 
sures of this sort are necessary if the accuracy 
aimed at is to be obtained, but we fear such 
measures are not common practice. 

In connection with the actual carrying out of 
tests, Mr. Selvey remarked that the idea that any- 
one was good enough to take readings must be 
shondeuel. None the less, his experience was 
that practical men, such as first-class engine- 
drivers, made better assistants than many of our 
college graduates. For testing assistance, what 
was mainly wanted was sincerity, and the man who 
knew a little and used that knowledge was greatly 
to be preferred to the man who knew a lot and 
did not use it. In making a test, it was advisable 
to have full instructions typed out and handed to 
everyone engaged, and then to make sure that they 
were read. Sound si he had almost aban- 
doned in favour of lights, although a powerful 
hooter was a welcome assistant in a big station. 
It was his practice to take all readings in triplicate, 
and in important trials to have one power-station 
man and one contractor's man to check each set of 
readings in conjunction, so that any disagreement 
might be dealt with at the time and on the spot. 





THE CHEMICAL TRADE SITUATION. 

Tue much-discussed subject of the control by 
Germany of a large portion of the chemical indus- 
tries came before the Society of Arts on the two 
last Wednesdays in connection with two papers 
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read tively by Sir William Tilden and by 
Mr. W. R. Ormandy, D.Sc. Neither speaker took 
what we may briefly designate as the commercial 
point of view, nor did either enter into details of 
technical problems; Sir William Tilden gave a few 
statistics, Dr. Ormandy none at all. Both accen- 
tuated the general development of industry on 
methodical scientific lines, and as Dr. Ormandy 
adopted the more general and broader standpoint, 
we will begin with his lecture of last Wednesday. 
Lord Moulton, the Chairman, opened the proceed- 
ings by a few words, which made a deep impression. 


Speaking under visible emotion, and in terms which | tha 


would have commanded the respectful assent of 
men of any nationality, he said that he had had 
to investigate the question of the supply of certain 
chemicals formerly obtained from Germany, and 
the facts were a cause for sadness and national 
humiliation. The chemical industry, except those 
branches which required least knowledge, thought, 
and least study, had, for reasons, perhaps, of our 
manufacturers being too well off, or of sluggish 
intellect, been allowed to fall into other hands. It 
was not that England was incapable or unfitted 
for the industry. They had to look for some 
fault. in their national character or in their national 
behaviour, and they had to learn from the enemy. 
The most glorious moment in Prussia’s history 
had not been their military success, but the period 
of deepest distress following 1806, when men like 
Fichte had not spared them, but had told them that 
only self-discipline and recognition of their national 
faults could help them to regain their self-con- 
sciousness and honourable position. Our position 
was not that of Prussia after Jena, but it was grave 
enough. Something more than contemplation of 
immediate profit was required ; we had to rouse 
ourselves to save ourselves from German industrial 
domination, as well as from her military domi- 
nation. 

In commencing his remarks, Dr. Ormandy pointed 
out that when the introduction of the steam- 
engine as a means of power and transport had 
rendered industrial development on a -—_ scale 
possible, Europe outside the United Kingdom 
was in an unsettled condition, and this country 
could thus become the workshop of the world. 
British manufacturers paid low wages for long 
hours, and made enormous profits. Orders for 
steel and tools were given without much in- 
quiry about prices, provided quick delivery could 
be guaranteed. The < ne stone rapid develop- 
ment of foreign countries demanded capital for 
railways, shipping, mining, &c., and the best 
returns could be obtained from such ventures. 
English spinners and weavers were supplying the 
world with their products, while loom and mule 
machinery makers worked night and day to supply 
the infant foreign industries with the machinery 
necessary to compete with England in markets in 
which this country ‘had held a monopoly. The 
commercial life of Germany might be said to have 
commenced little more than a generation ago. An 
inland country, with little seaboard, few raw 
materials, no iron ores comparable to Cumber- 
land hematites, and rather poor coal in distorted 
seams, Germany had seemed at a huge disad- 
vantage. It was early recognised, however, that 
progress could not be left to individualistic effort. 
Too much credit could not be given to the far- 
sighted way in which problems of agriculture and 
industry were in Germany regarded from a national 
standpoint, whilst in this country individualism 
was running rampant. The very people whose 
fathers had sold land to the railway companies at 
absurdly inflated prices now complained that, owing 
to the high freights, they could not make adequate 
profits from the investment of the money obtained 
from the same railway companies by an earlier 
extortion. In Germany ientetien was com- 
pulsory ; enormous areas, fit for little mcre than 
potato cultivation, enabled Germany to produce 
glucose, starch, and alcohol for all Europe. The 
iron exports, twenty years ago insignificant, now 
exceeded the British exports by nearly 100 per 
cent. Realising that all industrial progress was 
becoming more and more scientific, and that the 
adequate utilisation of the by-products might settle 
the survival of the industry itself, by-product 
recovery coke-ovens, which also su plied. the raw 
material for dyes previously obtained from England, 
were installed in the immediate neighbourhood of 
the blast-furnaces, and the surplus gas from both 
was utilised for power generation. Favoured by 
Nature to an extraordinary degree as to pottery, 





English workmen had acquired a wonderful skill 
for the production of objects of art; but when the 
demand arose for complex porcelain castings of 
high-insulating capacity, Germany was able to 
secure that market. 

The lecturer then passed to other features. Some 
one said that a nation got the newspapers it de- 
served. Judging by what had recently pune 
in some portions of the daily Press u 
trade, it was devoutly to be hoped that the 
common-sense of the British nation would not be 
judged thereby. During the past ten years more 
n sixty millions of Germans had been fully 
occupied in industrial operations ; our own popula- 
tion had equally fully been occupied, and yet people 
wrote as though there were a possibility that a 
large proportion of the activities of the larger 
nations could profitably be undertaken in a smaller 
country whose own workpeople had for the most 
part been quite busy. 

Passing to the German willingness and ability to 
work in co-operation and to the great help afforded 
by banks to industry, Dr. Ormandy said that 
the heads of German banks were men of high 
technical kuuwledge, and not stockbrokers or 
retired colonels. These men were accessible to 
the inventor and ready to avail themselves of tech- 
nical experts of the highest class to investigate new 
processes. 

The other lecture upon ‘ The Supply of 
Chemicals to Britain and Her Dependencies,” which 
Sir William Tilden, D.Sc., F.R.S., delivered at the 
Society of Arts on Wednesday, the 25th ult., was 
more a plea for scientific research than a commercial 
review or a statistical compilation. ‘‘ There is only 
one road to permanent industrial success, and that 
is the way pointed by science,” was Sir William’s 
advice to the chemical manufacturer. It was the 
old story in a new garb: chemical industry—some 
branches of it, at least—had migrated from this 
country, its original home, to Germany, and the 
country was now, the ker said, in want of pro- 
ducts which it ought to uce itself. 

In his introduction, Sir William Tilden pointed 
out that Germany had contributed little to laying 
the foundations of theoretical chemistry a century 
ago. There had been no German chemist of the first 
rank, and only one fundamental German discovery, 
the discovery of isomorphism by Mitscherlich in 
1819. Liebig, born in 1803, was the first of the 
great German chemists. If Professor Tilden had 
gone three years further back, to the beginning of 
the century in 1800, he would not have overlooked 
the birth of Friedrich Wohler, a man whom chemists 
are justified in revering as one of the first men of 
his century and as the father of synthetic organic 
chemistry, in which, Sir William afterwards re- 
marked, ‘‘ the most remarkable successes have been 
won, though not wholly, as sometimes represented, 
by the German chemist.” 

Turning to the position of industrial chemistry, 
Professor Tilden quoted the report on chemical 
processes and pharmaceutical products and pro- 
cesses at the second International Exhibition of 
1862, by August Wilhelm Hofmann, then Pro- 
fessor of Chemistry at the Royal College of 
Chemistry and Mines: ‘‘The contributions of the 
United Kingdom have not only maintained their 
pre-eminence, but outdone their own admitted 
superiority on the corresponding occasion of 1851.” 
Of 762 exhibitors in the clase, belonged to the 
United Kingdom, 136 to the Zollverein, and 115 to 
France. The statistics of Allhusen and of Gossage 
showed that the production of heavy chemicals 
(alkalis, acids, manures, &c.) had nearly doubled 
between 1852 and 1862. Recent Board of Trade 
statistics proved that in these respects British manu- 
facturers had no need to fear German competition in 
the home market. But it was different in coal-tar 
dyes, drugs, antiseptics, essential oils, aromatic sub- 
stances, materials for photography, pure chemical 
reagents, and the many other indispensable products 
of modern chemistry. The sources of supply of all 
these materials in the United Kingdom was seriously 
inadequate. In alizarin, anthracene, aniline, &., 
dyes this country imported from Germany, in 1913, 
goods totalling 1,653,6001. in value, and, further, 
76,6811. worth of synthetic indigo. Drugs, in- 
cluding medicinal preparations, were imported in 
the same year to the amount of 1,302,860/., and 
more than one-fourth of these came from Germany, 
to which only 24,6901. worth of coal-tar products 
were exported. No figures were available as to 
fine chemicals for analysis, but he might safely say 
that there was no appreciable production of these 





things in Great Britain. If that statement were 
to be met by protests from manufacturers, it was 
only n to refer to the experience of 
analysts and directors of research laboratories, 
who had habitually to resort to German makers 
for their supply of trustworthy reagents. 

A chemical manufacturer, discussing the neglect 
of fine chemicals in this country, had recently 
remarked, ‘‘ What does it matter if we are making 
money?” ‘‘I venture to say that that view 
expresses neither patriotism nor common-sense,”’ 
was Sir William’s comment. German chemists 
were, indeed, attacking the market for heavy 
chemicals already. They, Sir William continued, 
exported three times as much sulphuric acid in 1912 
as the United Kingdom did in 1913, and they 
arrogated the whole field of scientific and industrial 
chemistry to themselves. In support of this state- 
ment, Sir William mentioned that Emil Fischer, in 
delivering the ina ion address of the Kaiser 
Wilhelm Gesellschaft zur Férderung der Wissen- 
schaften, had suppressed every foreign name except 
that of Perkin. That is not quite correct; Sir 
William was rather severe, and he might, we venture 
to suggest, have clothed his allusion to that institu- 
tion in such words as to further his own object— 
the promotion of scientific research. The facts are 
that large sums of money had been collected for the 
advancement of science ; German chemical indus- 
try, though prosperous, wanted her institution for 
chemical investigation ; the scheme became more 
and more ambitious, as money pases in, and 
to make further propaganda Emil Fischer traced 
in his address the relationship between science and 
chemical industry in Germany. It was a pro domo 
speech, not rich in names ; there was no particular 
reason for introducing foreign names; yet, we 
grant, Fischer should not have confined himself to 
Kelvin, Perkin, Dewar, Berthelot and Baekeland. 

In recalling the circumstances which had led to 
the gradual transference of the colour industry 
from ay vag to Germany, and to the failure to 
establish here an ya eg production of syn- 
thetic drugs and chemicals, Sir William Tilden 
regretted that A. W. Hofmann was allowed to 
return to Germany, where a Chemical Society was 
only founded in 1867, whilst the Chemical Society 
of London dates from 1841, and he blamed the anti- 
scientific spirit and the neglect (up to 1885, at any 
rate, when Sir William Perkin commented upon it) 
of research by the old universities of this country. 
That had quite been altered since then ; yet it was 
necessary to insist that no man should be appointed 
a professor of natural science who had not shown 
his ability by original research, and the professor 
should have a sufticient staff of properly-trained 
assistants to enable him to pursue a promisin 
line of investigation. Forty years ago Britis 
chemical works had no qualified scientific chemists ; 
in the palmy days of colour-making hardly any 
British manufacturers probably had ever heard of 
Kekulé’s benzene-ring theory, to which German 
chemists primarily ascribed their prosperity. Ger- 
man indigo had almost driven the Indian planter 
from the field ; the value of natural indigo from 
India imported into this country had fallen from 
124,112. in 1909 to 48,2081. in 1913, whilst 76,8611. 
worth of synthetic indigo had been imported from 
Germany in 1913, as mentioned above. ‘‘ The 
strength of our competitors is in their. labo- 
ratories, and not, as here, on the Exchanges,” 
Professor Meldola had said. The maxim which we 
—— in our first lines was indirectly suggested to 

ir William by a lecture, delivered by H. Brunck, 
on ‘*The History of the Development of Indigo,” 
at the Hofmann House in Berlin in 1900, which 
lecture, Sir William said, ‘‘ might be regarded as a 
sermon preached to British manufacturers.” 

In order to render the Empire independent of 
supplies from foreign sources, Sir William stated 
the industry wanted many first-rate chemists, a 
few engineers, plenty of capital, and some 
men of business. It was right to learn from 
the enemy. British universities could supply the 
chemists if manufacturers would treat them more 
reasonably and liberally. The German large 
works took young university men on the recom- 
mendation of the professors, placed them under 
the chief chemist of the department in the 
research laboratory, and paid them a salary suf- 
ficient to live modestly ; their future depended 
upon their ability. The engineer war, of course, 
eae, As ildings, structures, 
supplies of water, fuel, power, and electricity, the 
engineer had the field to himself ; but the chemist 
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ought to be supreme as to chemical operations, and 
in the dye manufacture, e.g., the chemist at present 
her 4 little assistance from the engineer. We 
should submit, however, that in the practical adap- 
tation of a process success will much depend upon 
the engineer. It has been acknowledged that 
Knietsch finally was able to make the contact 
sulphuric acid process a success because he was a 
first-class engineer as well as a chemist. 

Sir William, in concluding, said that the estab- 
lishment of what would practically be a new industry 
(after the war) would require State aid, and that 
aid had been promised to the dye industry ; it 
would have to be extended to those chemical pro- 
ducts on which the dye manufacturer depended. 

In inviting discussion of the paper, Sir William 
Ramsay, the Chairman, in strange contrast to 
Lord Moulton, said that the Germans organised 
a chemical trade campaign as they organised a 
war. Expert committees looked out for new 
markets and raw materials, created a demand for 
them, had agencies all over the world, advised as 
to loop-holes in patents, and framed the patent 
laws so as to exclude the foreigner, all this with 
State aid bounties, export duties, &. Some 
British works were, of course, quite as splendidly 
equi as German works ; but the small manu- 
facturers had to be protected by organisation, lest 
they cut one another's throats. 

Professor James J. Dobbie, of the Government 
Laboratory, agreed with the lecturer, and referred 
to one point, the unreadiness of the British chemical 
manufacturer. Professor A. G. Green, of Leeds, 
said that the question was simply one of know- 
ledge ; the Germans considered it worth while to 
pay for it, over here we did not. He would givea 
characteristic case. A firm peeyens | to take up a 
new explosive advertised, not for a chemist, but for 
a workman acquainted with the process ; they got 
one formerly with a rival firm ; he wanted fuming 
sulphuric acid, and the firm again advertised for a 
workman. Dr. Chapman pointed out that in the 
science of brewing England was certainly in the fore- 
front, to which the lecturer readily assented; he had 
deliberately omitted reference to brewing. Mr. 
Walter Reid complained that the British inventor 
had to go abroad to get his invention worked. He 
had made the first smokeless powder, and offered it 
to the Government, but his offer had been declined 
because they would have had to change their rifles. 
The British manufacturers were an untrained mob 
against an organised army. He had his doubt about 
Government factories ; the Board of Trade should 
really do something for trade, and be an advisory 
body : the success of the National Physical Labora- 


tory was largely due to the guidance it received 
from the general board, on which practical men had 
seats. r. OC. E. Cassal, of London, stated that 


if chemists were advertised for at 65/. annually, 
and Honours men were offered a final maximum of 
1501. or 2001. as chief chemists, nobody could expect 
able men to select the chemical profession. Sir 
William Tilden, in his final brief reply, repeated 
that the German works did not offer their staff more. 
Those men came direct from the universities, and 
had to learn their business first ; no college could 
teach industrial chemistry. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 

In view of the present conditions it is in no 
way surprising that the limited list of sehemes 
d'utilité publique, announced during recent years in 
the November (azettes, is on this occasion still 
further curtailed. Moreover, hardly a single 

ject amongst the lot is of more than of very 
imited and local interest. The railway companies 
have long since ceased to fight inter se, and in 
place of one company trying to monopolise the 
railway developmentof a new area, which generally 
led to a rival scheme being simultaneously pro- 
moted by a competitor, old-time rivals now in 
similar circumstances promote a Bill for the joint 
construction and control of the new lines. In 
certain quarters this cessation of aggressive com- 

tition is deplored, but so far the main sufferers 

ve been the members of the Parliamentary 
bar. Indeed, of recent years, the companies 
have had enough to do with fighting the class of 
politician which threw out a Great tern Bill, 
greatly to the public disadvantage, because a 
trade unionist was dismissed from a post to which, 
in view of his antecedents, he should admittedly 
never have been appointed. Of course, in the long 





run, the public suffer more than the companies from 
such tactics, just as it was the citizens of East 
London, and not the East London Water Company, 
which suffered most from the successful Parlia- 
mentary opposition to the timely construction of 
the additional storage reservoirs needed. During 
the next session, however, the class of politician 
concerned will have little opportunity for the dis- 

lay of his peculiar obstructive proclivities, although 

e may find his chance in connection with the 
Metropolitan Electric Power Bill promoted by the 
London County Council. 


RalLways. 


The Great Eastern is alone amongst the principal 
English railway companies in seeking power to exe- 
cute work of a heavy character. The company asks 
permission to construct a number of widenings on 
the Colchester main line, some portions of which will 
be very expensive. In the Mile End Old Town this 
line is to be widened near Devonshire-street Station. 
A new line, including a bridge over the River Lea, 
is to be constructed in Poplar. A further widening 
of the Colchester main line, including a bridge over 
the Copper Mill River, will be made in egies and 
West Ham. At Romford the line will be widened 
between Romford Junction signal-box and Romford 
Factory signal-box : and further widenings are pro- 
posed at Ilford and Billericay. In Chelmsford it 
is proposed to construct a new branch between the 
company’s River Chelmer goods yard and the Col- 
chester main line; whilst at Ipswich there is to be 
a widening of the main line. 

The Bill promoted by the Metropolitan District 
Railway gives notice of a projected widening of 
that company’s line near Hammersmith Station. 

The South Yorkshire Joint Lines Committee ask 
leave to construct a light railway from Tickhill, in 
the West Riding, to Carlton, in Nottinghamshire. 
In the same neighbourhood, a new company is 
seeking powers to construct a railway, about 
12 miles long, from the Great Central metals at 
Shireoaks to a junction with the Great Northern 
main line at Bawtry. At intermediate points, 
there will be junctions with the Midland at Wood- 
end, the Great Northern authorised Harworth 
branch at Blyth, and with the North Eastern 
authorised line at Styrrup. 

The leading English companies are not even 
promoting omnibus Bills. 

In Scotland, the only important proposals are 
those advanced by the Highland Railway, to 
widen their line in Inverness betweeen Clachna- 
harry and Clunes, and of the Great North of Scot- 
land Railway to widen their Formartine and Buchan 
line from Dyce to Ellon, a distance of about 11 
miles. The principal interest in the Bill promoted 
by the Caledonian Railway Company consists in 
the number of proposals to stop up and abolish 
existing level crossings. 

In Ireland there is a proposal to construct a new 
line, about 23 miles long, from the Midland and 
Great Western metals at Mullingar to Kells, where 
there will be a junction with the Great Northern 
(Ireland) Railway. The route followed will pass 
through Castletown-Delvin. 


Tramways, Motor-Busgs, anp RarLugss 
Traction PRoposaLs. 


The vogue of the trackless trolley appears to be 
waning, as little reference is made to it in the 
various schemes to be dealt with in the next 
session of Parliament. On the other hand, many 
tramway authorities are taking powers to run motor- 
buses, and certain local authorities are claiming the 
right to tax and toll all privately-owned omnibuses 
passing over their streets. 

The Sheffield Corporation are seeking powers to 
extend their lines to a junction in Tinsley with the 
tracks of the Rotherham Corporation, and to 
acquire from the latter such portions of their lines 
as lie within the Sheffield boundaries. On the 
other hand, the Rotherham Corporation seek 

wers to prohibit the passage over roads occupied 

y their tracks of omnibuses owned by the Sheffield 
Corporation. They also propose to construct a new 
branch line to Maltby. Other clauses in their Bill 
sanction the exercise of running powers over some 
of the Sheffield Corporation tracks, the latter 
being _— a similar concession over parts of the 
Rotherham undertaking. Protection is demanded 
against possible claims 4 the West Riding County 
Council for damage due to extraordinary traffic by 
the Corporation’s omnibuses and trackless-trolley 
vehicles. It is also sought to modify the provi- 





sions of the Corporation’s Act of 1911, prescribing 
the payments to be made to local authorities for 
road damage done by the Corporation’s vehicles. 

The London County Council propose to lay a 
few chains of new line in Farringdon-road, from 
the Charles-street to Charterhouse-street junctions. 
Another new line is projected from Aldgate to 
Mark-lane, whilst on the northern section a new 
line is pro; from Crouch-hill to Seven Sisters- 
road, and from Mare-street to Terrace-road and 
Church-crescent. In East London there is to be a 
new line from Shoreditch High-street to Cam- 
bridge-road. Another clause sanctions a line from 
Tower Bridge-road to Lower-road, Rotherhithe. 
The projects, it will be seen, are far from ambitious, 
and in this the Council shows great wisdom, since 
although the commandeering of a very large number 
of motor-buses for war service has necessarily had 
a favourable effect on the tramway receipts, this 
relief will be but temporary, and the competition 
will soon be keener tlian ever, since the continuous 
improvements in its design will steadily reduce 
the working costs of the motor-bus. It is not 
to be expected that Parliament will consent 
permanently to bind down the community with 
a highly obstructive transport system by prohibit- 
ing omnibus services in streets trave: by the 
tramways. Incidentally, it may be pointed out 
that the refusal of Parliament to entertain in the 
past tentative suggestions of this kind has proved 
of enormous benefit to the country, as it made prac- 
ticable the construction of the enormous fleet which 
is now engaged in military transport service. 
Between three and four miles of new line are to 
be laid by the Edinburgh Corporation in Colin- 
town and Corstorphine, being branches in extension 
of existing tracks. The Dunfermline and District 
Tramways Company seek powers to extend their 
existing lines in Dunfermline and Inverkeithing. 

The Stalybridge, Hyde, Mossley, and Dukin- 
field Tramways and Electricity Board propose to 
construct a number of new lines in Saddleworth, 
Matley, Glossop, and Mottram. The Board also 
seek to establish motor-bus services. 

Many new lines are proposed by the Halifax 
Corporation, much of the work proposed having 
reference to the doubling of existing lines within 
the town and its vicinity. Powers are also sought 
to carry minerals and goods over all lines, and 
to run trailers. Powers are also taken to lay 
a third rail on certain routes. The area covered 
in the projects of the Corporation extends out 
to Hipperholme and Shelf on the east, to Stani- 
land on the south, and to Sowerby on the 
west of the borough. The Corporation of Bury 
have a proposal for laying within the borough 
two new lines, ting about a mile in all. 
The construction of some new lines in Sculcoates 
is pro by the Corporation of Hull, and at 
South Shields the Corporation ask powers for about 
half a mile of new line. In Wales, the Aberdare 
Urban District Council seek powers to lay a new 
line along the Cardiff road, abandoning at the same 
time powers now held for a trackless trolley ser- 
vice along certain routes, but proposing to adopt 
this system for operating other routes. Powers 
are also sought for the running of motor-buses. 
The Rhondda Urban District Council propose 
extensions in their district, involving the con- 
struction of about 1} miles of new track. 

The Lincoly Corporation seek to establish rail- 
less traction and motor-bus services, both within 
and without the borough, to Greetwell. A clause 
gives powers for using these vehicles for the 
carriage of goods and parcels. Other Corporations 
anxious to establish motor-bus services are those 
of Plymouth, Dewsbury, South Shields, and 
Smethwick. The Bill promoted by the latter 
authority also takes powers to tax or toll motor- 
buses run by competitors, ‘in compensation for 
consequent wear of roads. 


Execrric Licut anp Powgr Provects. 


S king generally, the electrical projects set 
forth in the Gazettes are of a very commonplace 
character. The time has not yet come for such 
vast schemes as those suggested some little time 
ago by Mr. Ferranti, in his presidential address 
to the Institution of Electrical Engineers. The 

blic will have much both to learn and to unlearn 
Gdns it will be possible to persuade Parliament 
to permit our engineers to effect the immense 
improvement in the amenities of life which would 
follow from such a cheap and cleanly supply of 
energy as was foreshadowed by Mr. Ferranti. 
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The prejudice hitherto entertained in Parliament 
against efficient power-distribution schemes is well 
exemplified by the fact that the Yorkshire Electric 
Power Company are precluded from supplying 
current for lighting in many parishes trave: by 
their mains. They are now promoting a Bill to 
remove this disability, which has been equally 
disadvantageous to the public and to themselves. 
It is the rural districts in particular which are most 
affected by the existing restrictions. Local inde- 
pendent supplies can in such cases only be 
vided for at prohibitive rates. Another Bill which 
recalls the opposition of certain municipal autho- 
rities to any effective scheme for cheapening the 
supply of power is that now being promoted by the 
County Council. The proposals here embodied 
form a compromise between the views of those 
who are convinced that in the future, as in the 
past, the public management of trading concerns 
is 2 ily inefficient, and of those who are in 
favour of municipalising such services, whatever 
the consequent cost to the consumer or ratepayer. 
A striking instance of the, in practice, unavoidable 
waste attaching to this policy came to light during 
the recent municipal strike at Leeds, where it 
turned out that the city services were overmanned 
by no less than five hundred men, involving a loss 
in wages of 36,0001. per annum. The new County 
Council proposals have already been discussed at 
length in our columns, and it will be sufficient there- 
fore to recall that they provide for the works being 
financed by the Council and operated by a private 
company. The area included in the scheme covers 
the whole of Middlesex, and extends into Essex as 
far as Grays Thurrock, Romford, and Waltham ; 
into Hertford as far as Barnet and Watford ; into 
Kent as far east as Gravesend, and as far south as 
Sevenoaks. In Surrey the boroughs of Croydon, 
Kingston, Richmond, and*Wimbledon are included 
within the limits, which extend also to the borders 
of Reigate on the south, and to Walton-on- 
Thames on the west. The Bill includes a clause 
restricting the extension or improvement of exist- 
ing generating stations within the area scheduled. 
The new generating stations are to be at Barking 
and at Erith. At both places there will be an ample 
supply of condensing water, and in all probability 
it will prove possible, by installing very large 
units and adopting high superheats, to generate 
current for a steam consumption in the neighbour- 
hood of 10$1b. per kilowatt-hour when working 
at full load and unity power factor. 

In another Bill, in which the name of the pro- 
moters does not appear, powers are taken to form 
an operating company to take over the working of 
the County Council scheme. The same promoters 
apparently have another Bill incorporating a com- 
pany to take over practically the whole of the elec- 
tricity supply powers now exercised within the 
Metropolitan area. Further powers are sought to 
extend the limits of supply as far as Tilbury on 
the east and to Windsor on the west. Clauses 
restrict the extension or improvement of existing 
power-stations. The County of London Electric 
Supply Company, Limited, seek powers to supply 
Buckhurst Hill, Chingford, Loughton, Wanstead, 
Woodford, Chigwell, and Epping. Other private 
undertakers seek Provisional Orders for Teign- 
mouth, Selby and District, Stanley and District, 
Andover, Henley and Wokingham, Combe Martin, 
Boston and District, Glastonbury, Wells and Dis- 
trict, Chipstead and District, Aughton. 

Applications for Provisional Orders are made by 
the local authorities at Knaresborough, Clifden, 
Connah’s (Quay, Litherland, East Grinstead, Tenby, 
Normanton, Irlam, Skipton, and for the whole of 
the Dearne Valley by the local Councils of Wath- 
on-Dearne, Bolton-on-Dearne, and Thurscoe. 

_ Purchase Bills are promoted by the local authori- 
ties at Ystradgynlas and at Glossop. by the Staley- 
bridge, Hyde, Moasley, and Dukinfield Tramways 
and Electricity Board. On the other hand, the 
Ryde Corporation propose to hand over their 
present powers to the Isle of Wight Electric Light 
and Power Company. 


At Warrington the Corporation seek to include 


scheme is not acceptable to Knaresborough, which, 
as already mentioned, is asking for a Provisional 
Order of its own. The Corporation of Tunbridge 
Wells are promoting a Bill authorising supply 
within their 3-mile radius. 


Gas. 

No important proposals are advanced in respect 
to gas distribution. Extensions of existing limits 
of supply are sought in the following localities :— 
Ormskirk, Warwick, Brighton and Hove, Melton 
Mowbray, Oakham, Lincoln, Staveley, Dewsbury, 
Liverpool, and Guildford. Purchase Bills are pro- 
vided by the local authorities at Port Glasgow 
(where it is sought to take over the works of the 
Langbank Gas mpany), at Lurgan, Chelmsford, 
and Skegness. e tendency to substitute a 
calorific instead of a candle-power test continues to 
be marked, and a large proportion of the Bills 
submitted embody a clause authorising the change. 


Water Suppty. 


The most important of the water proposals is 
that set forth in a Bill submitted by the Glasgow 
Corporation, which seeks powers to impound further 
supplies by constructing a dam 282 yards long 
across the Turk at Callender. The water thus 
captured is to be led by an aqueduct to Loch 
Katrine. An addition of 15 million gallons day 
to the existing supplies of the city will thus be 
effected. The new reservoir, to be formed as stated, 
will submerge existing roads, and the Bill accord- 
ingly makes provision for the diversion of these. 

The Irvine and District Water Board are pro- 
motiag a Bill for the construction of new intakes 
on the Stock Burn and on the Caaf Water at 
Dalny, and to construct adam at the same place 
over the Drum Burn. The County Council of 
Clackmannan are bringing forward a scheme to 
supply Alloa and Tillicoutry by raising the level 
of their existing reservoir on the Craigencash Burn 
at Logue. The Bill promoted by the Lanarkshire 
County Council has reference mainly to the con- 
struction of two lines of railway from Crawford, on 
the Caledonian Railway, to the site of the reservoir 
now in progress of construction over Campswater. 
It includes, however, provision for building a new 
service reservoir at Cambernauld and appropriate 
pipe-lines. 

e Metropolitan Water Board have a Bill 
authorising the construction of a new reservoir 
adjoining the existing Bourne Hill Reservoir at 
Southgate. The principal proposals have, how- 
ever, reference to the improvement of the supplies 
on the southern side of the Thames, where it is 
intended to provide a new reservoir at Eltham 
adjoining that at present in use, two new reservoirs 
at Bromley, another at Farnham and at Shore- 
ham (near Sevenoaks). The water required to fill 
these will be taken from the Thames at Walton, 
where filter-beds will be laid down. A very power- 
ful pumping plant will also need to be installed 
which will deliver into a new 42-in. main, 194 miles 
long, extending from Walton to Honor ak. The 
cost of this main is estimated at 309,0001., but the 
engineers report that, in view of the many obstruc- 
tions now to be met with in the highways, it is 
impossible to give a really close estimate. 

The Sheffield Corporation are promoting a Bill 
for a reapportionment of the expenditure of the 
Derwent Valley Water Board. A new pumping- 
station is to be constructed by the Wolverhampton 
Corporation at Ivelsey, with a service reservoir near 
Boscobel House, Brewood. In the same area the 
South Staffordshire Water-Works Company ask for 
an extension of their present limits of supply so 
as to include the Cannock district, and ~s also 

wers for two new wells and pumping-stations at 

rewood. The Weardale and Consett Water Com- 
pany propose the construction of a new impounding 
reservoir at Stanhope by a dam across the Burn- 
hope Burn. New intakes and weirs, together with 
& pumping-station, are to be provided at White 
Kirkley, the water being drawn from the Bollihope 
Burn and from the Thornhope Beck. Another 
new pumping-station is to be erected at Healey- 

eld. 


within their limits of supply the rural districts of | field 


Runcorn and Warrington. The Keighley Corpora- 
tion have a Bill permitting supply to Oxenhope, 
Haworth, and Oakworth. Hull wishes to include 
Hesle and Southampton Bitterne within its autho- 
rised limits of supply. The te Corpo- 
ration seek powers to supply Knaresborough and 
District, Wetherby and District, and the ateley 
Bridge and Wharfedale District. Apparently this 





The Sutton District Water Company are pro- 
moting a Bill authorising a new well-pumping 
station and reservoir at Cheam, and the Frimle 
and Farnborough District Water Company see 
powers to abstract more water from their existing 
well at Cheam. A large number of new pumping- 
stations to be situated, ively, at Hullbridge, 
Hockley, South Fambridge, Canewdon, Paglesham, 





Holehaven, and Leigh Beck are to be established 
by the Southend Water Works Company. The 
Ashington Urban District Council ask leave to 
construct further pipe-lines and a service reservoir, 
whilst the Barnoldowick Urban District Council 
wish to construct a new impounding reservoir at 
Elslack, by damming the Elslack Beck, and a new 
service reservoir at Barnoldswick. An extension 
of time for the construction of the new Hull 
Reservoir and the Scout Moor Reservoir, works 
authorised in 1903 and 1908, is sought by the Bury 
and District Water Board. 


Harsours, Prers, anp WaTERWAYS. 


There does not appear to be a single application 
this session for powers to construct pleasure piers, 
the whole of the work foreshadowed being of a 
strictly commercial character. The Blyth Harbour 
Commissioners ask in their Bill for powers to con- 
struct about 36} chains of new breakwater, in 
addition to two jetties, each about 6 chains long. 
The work proposed will be in extension of the 
existing south breakwater. Another Bill pro 
to transfer to a Board of Trustees the existing 
harbour at Portmadoc, and will confer powers for 
the construction of three new training-walls there. 
A Bill is promoted by the Corporation of Notting- 
ham to acquire part of the undertaking of the Trent 
Navigation Company, though a clause reserves 
powers to contract with that company for the 
working and maintenance of the section taken 
over. This stretches from Trent Bridge, in Not- 
tingham, to Averham Weir, just outside Newark. 
The arrangement will facilitate the provision of 
the money needed for the locks at Stoke Bardolph, 
Gunthorpe, Hazleford, and Holme Pierrepoint, 
authorised in 1906. 


DRAINAGE AND SEWERAGE. 


Powers are sought by the Lanarkshire County 
Council, the West Kent Drainage Board, and the 
Corporation of Dewsbury to restrict the admission 
to the sewers of trade refuse, petrol, or other 
deleterious matters. The Eastern Valleys (Mon- 
mouthshire) Joint Sewerage Board propose the con- 
struction of an intercepting sewer at Blaenavon 
and to lay down and maintain there purification 
works. A clause in the Bill restricts the admis- 
sion of trade refuse and the like. In Carmarthen- 
shire the Ammanford Urban District Council 

ropose to construct a long e of new sewers in 
ws, the sewage to be finally delivered to, and 
dis of by, the Amman Valie Joint Board. 
n Lincolnshire a Board of Drainage Trustees 
seek to improve the waterways of the River Glen 
and the Deeping Fen in the neighbourhood of 
Spalding. 





NOTES. 
Propuction or Hien Vacua. 

Tue production of high vacua by means of char- 
coal, cooled by the aid of liquid air, is now in so 
general use, and air-pumps themselves have been 
so much perfected, that little attention is paid 
to other means of removing or absorbing gases. 
Yet there are ways which do not require the use of 
either expedient, and liquid ai» and high-class 

umps are not always available. Soddy observed, 
in 1907, that calcium vapour, produced by heatin; 
calcium metal, absorbs gases, with the exception o! 
the monatomic gases of the helium group, so that 
these can be purified by this method from 
diatomic Gehlhoff found that potassium 
vapour will answer for the same purpose, when the 
discharge of an induction coil is sent through 
the vapour, and Pfund observed ae y 
that the electric discharge will render charcoal 
highly absorbent, even at ordinary temperature. 
According to a communication sent to the Chemical 
Society this spring by T. R. Merton, of London, 
finely -divided copper can likewise be util sed 
in a very simple manner. This copper is a 
brown-black powder, which is prepared by reducin; 
copper salts (by means of hydrogen?) and so 
commercially as ‘‘ precipitated copper.” The pro- 
duct is not pure, and contains water in addition to 
occluded gases; the impurities are removed by 
heating the copper, which’ is then kept sealed. 
When wanted, a few grammes of the substance 
are placed in a glass bulb, which is joined to the 
vessel to be evacuated; in most cases an air- 
pump is first worked, during which iod the 
copper is heated to 250 deg. Cent. e cooling 
copper afterwards absorbs gases readily, and gives 
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them off again when more s y heated. Care 
must, however, be taken not to heat ii too highly, 
lest the copper lose its effectiveness as an absor 
ing agent; the glass of the bulb should not be 
allowed to impart a yellow glow to the gas flame. 
Contact with mercury vapour must also be avoided, 
because mercury is a poison to the copper in this 
respect. The copper becomes fatigued after pro- 
longed use. When the absorption of gases is 
watched with the aid of a spectroscope, the 
carbon bands disappear first, afterwards the nitro- 
gen and Spd theese helium is not absorbed, 
as it is not in the other cases. As the gases 
are 80 easily expelled again, chemical compounds 
do not appear to be formed. When the expulsion 
is performed for the first time, the gas is given off 
with such energy that copper particles may be 
carried over into the pump. For this reason the 
glass bulb into which the copper is charged should 
not be filled to more than one-third of its height. 
The communication in the Journal of the Chemical 
Society reads like a preliminary notice, and does 
not give further particulars. 


Resvuitoine THR Marinyrnone River Briveg, 
Victoria. 


An interesting example of the replacement of an 
old bridge by a modern one without interfering 
with heavy railroad traffic is recorded in a recent 
issue of the Commonwealth Engineer. The bridge 
in question was one over the Maribyrnong River, 
between South Kensington and Footscray, Mel- 
bourne, over which 320 trains every week day 
and 100 on Sundays. The old bridge was erected 
in 1857, and consisted of three main box girders, 
14 ft. 6in. in height, the centre one being 4 ft. 7 in. 
wide, and the outer two 3ft. 6in. COross-girders 
were riveted between the main girders, just above 
the bottom flanges. The bridge weighed about 
460 tons, and accommodated two lines of road. It 
has been replaced by a lattice bridge of two main 
girders. The new structure weighs 345 tons, and 
will carry, with the same factor of safety, loads 
twice as great as the old one. About nine years 
ago it was necessary to assist the bridge by 
P acing under it timber trestles, one larger opening 

eing left for the e of boats. In 1911 
it was decided to replace the old bridge, but, 
on account of certain delays, the work was only 
recently completed. In the act of replacing 
care was first taken to make sure that the trestles 
all took a reasonable load, and special supports 
were added. Sighting-boards were alle. on 
each trestle, so that any subsidence could be 
immediately checked. The next step was to build 
a gantry for overhead travellers. This was erected 
on the two out-ide girders, high enough to provide 
a platform clear of the final loading-gauge limits 
and capable of supporting two 5-ton travellers. 
The latter ran on rails on the top of the gantry, 
and projected outwards on either side of the bridge 
10 ft. This was to enable material to be picked 
up off pontoons. By means of these cranes a 
number of rolled-steel joists were then inserted 
above the trestles and under the original cross- 
girders, so as to support the tracks, and the central 
box-girder was then cut out by the oxy-acetylene 

rocess, to a line*just above the cross-girders. This 
eft a clear platform on which the two tracks were 
raised on timbering. The new height of the rail level 
was 5 ft. 3in. above the old, and the tracks were 
brought closer together. The raising was done in 
three lifts, between 1.0 a.m. and 8.30 a.m. on 
Sundays. Gaps had to be left in the timbering for 
the new cross-girders, which were 5 ft. deep. After 
these were placed in position the centre bay was 
completed with top and bottom flanges, verticals, 
diagonals, &c. Work wasthen carried on from the 
centre towards the ends. The lattice girders had 
a depth at centre of 37 ft, and they were built 
inside the two old outside girders. The old 
outer box-girders, the old decking, &c., were then 
removed, leaving the new bridge in position. Mr. 
F. K. Esling, of the Victorian Government Rail- 
ways, was in charge of the reconstruction, assisted 
by Mr. G. S. Luttrell. The bridge was designed 
by Mr. A. G. Goudy, under the supervision of 
Mr. J. H. Fraser, Chief Engineer of Way and 
Works, Victorian Railways. The steel-work and 
riveting up were executed by contract. The erec- 
tion and bolting up was done by the railway de- 
partment. The new bridge was badly needed, and 
its erection without interference with the very 
heavy traffic on the line is highly creditable to the 
engineering staff of the railway. , 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. XIV. 


By Freperick Wii11am Lancuester, M. Inst. C.E. 


NEED FoR AN INDEPENDENT COMBATANT 
Ar FLEet. 


Tue subject of aeroplane tactics, or air tactics, 
is one which lies wholly with the future. Hitherto 
the aeroplane has acted in its combative capacity 
as an individual unit ; there has been no systematic 
co-operation between a number of machines for the 
organised destruction of the enemy aircraft, such 
as could be described as tactics in the military 
sense. 

Before we can usefully discuss the present branch 
of the subject we must look forward to the time 
when air fleets or squadrons will be organised for 
the purpose of operating together according to some 
well-understood, or prearranged, scheme as com- 
batant units. We have already defined the duties 
of attack and defence by air against the air forces 
of the enemy as constituting the secondary func- 
tion of the Aeronautical Arm. Taking this as 
the mainspring from which the tactics of the 
air must derive its motive, we require to take 
for our foundation the material provided by our 
previous consideration of the primary function 
of the Arm. The initial condition of the problem, 
then, is that both combatant armies are provided 
with reconnaissance machines of two types, namely, 
the long-distance or strategic scout—an unarmed 
machine built for s and endurance, and the 
tactical scout, probably mounting a machine-gun, 
and protected by light armour from attack from 
below. Beyond this there is possibly a type, 
which must be taken into account, more essen- 
tially designed for taking a hand in support of 
ordinary military operations on the lines already 
foreshadowed, protected beneath by heavier armour 
or by point-blank-proof shields, and mounting a 
multiple machine-gun, or a mitrailleuse having three 
or four barrels, and capable of firing 2000 to 3000 
rounds per minute. Further than this, there will 
doubtlessly be machines expressly constructed 
for bomb-dropping, in addition to specialised naval 
types. These latter, however, do not require par- 
ticular consideration, since, in view of the weight 
they have otherwise to carry, their power of offence 
against hostile aircraft (as measured by their gun- 
power) will of necessity be feeble. 

In the absence of any organised air fleet intended 
for the destruction of the types as above defined, 
there will doubtless take place, indeed as is already 
the case, a certain amount of desultory fighting of a 
local character ; at one point the aircraft of one 
belligerent will secure the advantage, and at some 
other point the reverse may be the case. So long 
as neither air force possesses any marked supe- 
riority in the matter of speed, and so long as 
neither army has at its disposal more machines 
than are reasonably necessary for the reconnaissance 
and other services mentioned, we cannot anticipate 
that the results of such aerial combat will be 
decisive in any sense. We may assume that num- 
bers may combine in order to overweight the enemy 
locally, and drive him out of action; the advan- 
tage obtained, however, would only be temporary. 
In such desultory air warfare there will be a 
continual wastage of men and machines, but 
these losses can be made good by new units and 
new formations. In order to effect anything 
decisive, an organisation of an entirely new 
character is required: an air fleet absolutely free 
from any routine or other set duties, whose one 
and only object is to seek out the enemy’s aircraft 
wherever reported, and effect their destruction 
with the utmost swiftness and despatch ; in brief, 
an independent air fleet, whose unchallenged exist- 
ence alone stands for the command of the air. 


Tue INDEPENDENT Arr Fieer. Are Tactics. 


It may be laid down that the independent air 
fleet, in order that it shall be capable of fulfilling 
the duties assigned to it, must be strong by virtue 
of numbers. order to destroy—i.e., not merely 
to drive away—the active aircraft of the enemy, it 
must be of decisively higher speed, so that the 
enemy, whether reconnaissance or fighting machines, 
will be compelled to surrender or give battle. An 
exception may be made in the case of the strategic 
scout, which, being designed purely for speed and 
being burdened with neither armour or armament, 
may be taken as, within reason, faster than anything 
that can be brought against it. This need for 





superiority in the matter of speed means evidently 
that the air-fleet type must suffer in some d 
in the matter of armament ; alternatively it must 
be a heavier type machine for machine. Closely 
allied to the question of speed is that of climbing 
power. Other things being equal, whether for 
increased speed or for increased climbing power, a 
— horse-power per unit weight is necessary. 
f we assume some given value for the horse-power 
per unit weight, then a machine may be designed 
either to develop the highest flight speed possible 
or to obtain the greatest rate of altitude increase 
—i.e., vertical velocity. Any actual design is of the 
nature of a compromise; maximum flight speed is 
kept as high as possible consistently with obtaining 
a sufficient rapidity of ascent. The independent 
air fleet must o without question, the master of 
the service machines whose destruction it is required 
to encompass, both in the matter of speed and 
climbing capacity. Thus it will require to possess 
a considerable superiority in the essential matter of 
horse-power ; it must be made im ible for its 
prey to escape either by horizontal flight or by 
putting on altitude. 

This question of altitude is one of really vital 
co uence in connection with the tactics of the 
air. e service machine designed to fulfill the 

rimary function of the Arm must evidently carry 
its protective plating or armour distributed in such 
manner as best to resist gun-fire from below. Also 
the armament is necessarily directed mainly to the 
downward projection of missiles, by gun-fire or 
otherwise. Hence to obtain the ‘‘ upper berth ” 
in an air-fleet action is at the outset to secure a 
great tactical advantage. It might be supposed 
that these considerations will lead to an increase in 
the protection accorded—that is to say, that the 
service fighting-machine will be fitted with a com- 

lete panoply of steel plate, above as well as below. 
is, however, is improbable, since any such mea- 
sure would, by reason of the additional weight, so 
reduce the general mobility of the machine as to 
constitute too serious a handicap. It would appear 
to be only possible to ameliorate the conditions 
under which a machine will have to fight when re- 
sisting an attack from above by arranging the gun 
armament with as great a capacity for upward fire 
as possible. A further advantage in the possession 
of the upper berth or ‘‘ gage’”’ lies in the fact that 
the potential energy, represented by the difference 
of altitude, may, at any time, be used to augment 
the velocity of flight above normal, a power which 
cannot fail to be of potential tactical value. 

It is a fact which cannot be too strongly stated 
that the independent air fieet must be homo- 
geneous. It must be composed of units of approxi- 
mately the same capacity of speed and climbing 
power ; the range of its weapons also should be 
the same. As a counsel of perfection, the fleet 
should be of one design, mounting one standard 
type of gun, using one kind of ammunition. Owing 
to the need for aeronautical ascendancy, we have 
seen that the armament cannot be of the heaviest ; 
it may more often than not be individually less 
powerful than that of its opponent. The indepen- 
dent air fleet must therefore base its strength on 
its numerical superiority. It is precisely here that 
the need for homogeneity becomes manifest. Pro- 
perly to assert the power of numbers, the whole 
fleet must come into action as nearly as possible 
as a single unit ; in brief, it must concentrate the 
whole power of its combined fire on the numerically 
inferior enemy, and so take full advantage of the 
n-square law. No fleet can accomplish this unless 
its components are able to move and act in concert ; 
thus the slowest vessel in a fleet must regulate its 
speed, and that which has the weakest armament 

e battle range.* In the case of the air fleet also 
we have the slowest climber determining the rate 
of ascent. 


Are Tactics. Formation Fiyrine. 


In order that the air fleet shall be brought into 
action as a single unit, it is not only necessary that 
it should be in its constitution homogeneous, as 
already pointed out, but it must also be handled 
in some definite formation. Where the numbers are 
moderate, as, for example, in the handling of a 
single squadron, the formation a may evi- 
dently be fairly elastic, and there will be no difficulty 
in bringing the tail of the formation promptly into 
action. When, however, as we may suppose will 


* The of the ornament is mainly a question of 
muzzle vieihe, not calibre, 
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some day be the case, the numbers become great 
the whole question cannot fail to become one of the 
first itude. The actual importance will again 
be pee increased when air fleet meets air fleet, 
for in view of this eventuality, numbers will be 
augmented to an extent that we have as yet no 
means of gauging, perhaps beyond anything that 
we can at present imagine. 

It would not serve any useful p e in the 
present state of knowledge and dounlegsiont to 
attempt to discuss too closely the types of forma- 
tion that may or may not be found suitable. We 
have the same, or an analogous, tactical problem in 
each of the older arms of the military o: isation, 
and in the Navy, and in every case, in spite of 
the store of practical experience available, there is 
still a deal of controversy, different ideas being 
represented by different ‘‘ schools” of thought ; 
even in the case of the infantry there is no 
unanimity of opinion. This being so, it would 
clearly be futile to attempt to lay down any scheme 
for an arm that cannot yet be said to exist. How. 
ever, in spite of all this, there are certain out- 


standing facts that cannot fail to have some 
bearing, and will assuredly act as controlling 
influences. 


When the numbers become great a point will 
inevitably be reached when the accuracy and close- 
ness of the formation will be a matter of first 
importance to the tactical scheme, since the only 
way in which the whole force can be brought to 
bear at once will be by a studied plan, in which 
each machine will have its allotted place. In other 
words, the number of machines from the point of 
view of the n-square law will no longer be the 


number brought into the field by the strategic plan, | til 


but rather such portion of it as can be brought to 
bear simultaneously on the enemy ; it will become a 
battle of airmanship. One of the difficulties that 
exists to-day, and probably will always bea matter 
of anxiety, is that of signalling ; and to whatever 
extent this remains a difficulty, the flexibility of 
the formation will be impaired. The air fleet with 
the most perfect system of signalling will be the 
best able to take advantage of any opportunity 
that may arise in the course of an engagement 
by adapting its tactical scheme to the needs of 
the moment. In order to render it possible to 
control large numbers, it would appear to be 
evident that the unit command will be a small 
group, or what is at present termed a “flight” 
(some four or five strong), and that the individual 
machines will act on the plan of follow-my-leader ; 
in other words, they will have instructions to 
keep station. It may be found desirable to extend 
the same system to larger units, as tending to avoid 
possible confusion. 

There is a point in connection with the pattern 
or character of these unit formations that may turn 
out to be of importance. It has for long been 
observed that certain birds, flying numbers strong 
(as in migration), are in the habit of assuming 
definite formation, and that this formation is of 
the shape of a letter V travelling point first ; 
each bird, besides being some distance behind its 
leader, is also somewhat on one or the other flank. 
The reason for this is almost certainly one of aero- 
dynamics ; the air immediately in the wake of a 
bird in flight has residuary downward motion, and 
80 is ‘‘ bad” air from the point of view of the bird 
following. On the other hand, the air to the right 
and left of the leader has residuary upward motion 
owing to the vortical character of the wake dis- 
turbance, and so is “*good” air; consequently 
the V formation arises naturally from each bird 
seeking the air which gives the best support, a 
matter in which most birds show consummate skill, 
There is very little doubt but that by this manner 
of flight, formation flying in fact, a flight of birds 
is able to cover the ground with a material saving 
of work done. If the point in question is as im- 
portant as it appears, it will certainly have to be 
taken into consideration in connection with aero- 
plane tactics, and more particularly formation 
flying. The follow-my-leader formation will evi- 
dently be on a V or diagonal plan rather than in 
line ahead. 
Whatever formation plan be adopted, it is evident 
that provision must be made for machines that are 
disabled or shot down being able to leave the lines 
without creating confusion ; evidently the closer 
the formation the more danger there will be of a 
real mix up and débacle in case of any confusion 
arising. Similarly, it is important that the enemy 
shall not be able, by ramming tactics or otherwise, 





to throw the formation out of gear; once more the 
“upper berth ” clearly has every advantage. 


Conpitrons in AERIAL AND Navat Tactics 
CoNTRASTED. 


The conditions, both as to armament and other- 
wise, which obtain in the Navy and in the Air Fleet 
offer many striking contrasts, and are such as 
should prevent too much reliance being placed on 
analogies between the Services, except where the 
issues under consideration are of the broadest 
description. 

The range of the gun-fire of an aeroplane (or 
other aircraft) is less a matter of the ultimate range 
of the’ gun employed than it is of the angular mag- 
nitude of the objective and of those other factors, 
such as speed and light, which contribute to render 
accurate shooting more or less difficult. In this the 
conditions differ remarkably from those which obtain 
in the Navy, where the useful rangeis, roughly speak- 
ing, the ultimate effective range of the weapon em- 


loyed. Thus in air warfare the craft pape! don the 

eavier guns will in nowise possess the a vantage 
that accrues in the corresponding case in the N. avy. 
To a certain degree the larger aeroplane (or airship) 
will be penalised by the fact that it offers a target 
of greater area, and hence it will be more vulner- 
able. It may therefore be anticipated that the 
trend of design in the fighting-machine will not 
be im the direction of very heavy units analo- 
gous to the battleship, but rather in the con- 
struction of machines of moderate size and weight, 
with the maximum possible rate of fire. As 
pointed out in one of the earlier articles, this rate 
of fire will be measured by the number of projec- 
iles per second, rather n by their weight or 
striking energy. Whilst pointing out that the 
large aeroplane does not the striking ad- 
vantage over smaller aircraft that has led in the 
Navy to the development of the Dreadnought and 
the super-Dreadnought, the writer does not wish 
it to be inferred that his opinion is against the 
reasonable development and growth in the weight 
and dimensions of the fighting-machine. It may, 
indeed, be found when the size of air fleets becomes 
great, that, owing to the numbers becoming un- 
wieldy, the only way in which the fighting strength 
can be increased will be by increasing the power of 
the individual units—that is to say, by employing 
larger machines, mounting more guns. 

Again, the larger machine, owing to its less 
relative body resistance and other well-understood 
causes, has a lower coefficient of traction, and so, 
where the speed is important (as we ma always 
assume to be more or less the case), the vantage 
is with the larger machine. Alternatively, the 
larger machine, speed for speed, will, with equally 
good design, be the better climber ; these points 
have already been discussed to some extent. It is 
only n here to draw attention to their 
influence. It would thus appear that there is 
nothing to be gained at the present time by 
attempting anything heroic in the direction of 
aeroplane design ; the large machine will come (if 
it does come) by a natural process of evolution. 

In contrast to the large machine the present 
writer has frequently expressed the opinion that 
the single-man machine for many purposes would 
be able to effect all that is required of it (chiefly 
reconnaissance), and in this he has found himself 
absolutely opposed by the official views and specifi- 
cations of the Departments concerned. However, 
the experience of the present war seems to indi- 
cate that there is something in this view, and it is 
more than probable that in the future the single- 
man machine will be a recognised type for military 
purposes. The advantage of the single-man type is 
that the machine can be altogether smaller and 
more compact, it can be designed to , 8 
for speed, a higher degree of inherent sta 
and so will fly itself, leaving the pilot quite free 
to make observations and notes. Beyond this it 
is more difficult to hit and may more easily escape 
observation ; it is also better to manage when it 
comes to alighting in a difficult situation. Needless 
to say, the single-man type is not a fighting 
although for bomb-dropping and such like duties 
it seems clear that the weight of a second man in 
extra bombs would be of far more value than the 
man himself. 

Aeronautical tactics will present many fasci- 
nating problems and opportunities to the air-fleet 
commander of the future, entirely without parallel 
in the pre-existing Arms of the Service, and there 
will be ample scope for originality and resource. 


ity, | this 





Take, for example, the o tions of aircraft in a 
mountainous country ouch as the Alpine regions of 
Europe; the selection of aero e stations or 
bases at high altitude, and their employment to 
determine an ascen over an enemy less 
fortunately situated ; the utilisation to their full 
extent of air-currents, &. It must be remem. 
bered that an advantage in altitude can be always 
turned to account to give a tempo advantage 
in speed, as in the swoop of a bird of. y. We 
may look confidently to the wide em ioyment of 
such swooping tactics in the future of aerial war- 


fare. The advan possessed by an air fleet 
having its base at Ek h altitude, sometimes even 
some 6000 ft. or ft. above sea-level, will be 


very great; it will have the initial advantage of the 
upper berth, and under some circumstances may 
result in the enemy fleet, or sections of it, being 
—_ flying for long periods together at high alti- 
tude in order to avoid the possibility of being 
engaged in action at a disadvantage. Such a 
process might conceivably result in the wearing 
away of a hostile air fleet to such a degree as to 
determine its ultimate defeat. 





Tue Manuracture or State Penciis.—The Com- 
mercial Intelligence Branch of the Board of Trade, 73, 
Basinghall-street, E.C., would like to get into touch with 
& firm capable of supplying a machine for the manufac- 
ture of solid, uncovered slate pencils, or with some person 
with practical knowledge of the details of the manufac. 
ture of such pencils. These pencils have hitherto been 
supplied from Germany. The opportunity now occurs to 
in uce their manufacture into this country, but the 

of Trade has found difficulty in getting into touch 
with pereons or firms having the requisite detailed know- 
ledge. Anyone capable of supplying the necessary 
machinery, or the information t, is requested to 
communicate with the Commercial ntelligence Branch 
of the Board of Trade at the address given above. 


Tue Lonpon Soctety.—Probably there are v few 
who realise that during the terrible period of the French 
Revolution, 1793, when work was practically at a stand- 
still, and horrors of every sort were being committed 
in Paris, a committee of artists was formed, who pre- 
pared a scheme for the future improvements of Paris, 
a scheme which has been the basis of the various street 
improvements carried out from time to time. On the 
original plan can be seen the suggestions for many of the 
streets so familiar to us at the present time—the Rue de 
Rivoli, the Rue Castiglione, the Rue de la Paix, and 
many others. Stimulated by this example, the London 
Society has appointed a committee of experts to consider 
the problem of preparing such a plan for London, the 
need for which is apparent in the disjointed manner in 
which improvements in our city have been carried out in 
the past. With funds at its disposal the committee hopes 
to be able to obtain the services of men, well known in 

ir professions, who are keenly interested in the subject, 
and who, in normal times, in consequence of their 
tice, would have been unable to devote their energies to 
the task. It confidently appeals to the public to enable it 
to engage in the preparation of a plan which would show 
how London could become a great exampie of the economic 
value and beauty which skilful town-planning extracts 
from every yard of a great city, while incidentally dealing 
with the relief of distress amongst others than the work. 
ing classes. It is stated that the problem is exercising the 
minds of the Executive Committee of the Prince of 
Wales’s Fund and all philanthropic people. 


Tue SHortacr or AvTomosite Parts Dux 
Wak.—The difficulties, which now confront the auto- 
mobile industry through their past reliance on the Conti- 
nent for much of the material of which their cars are 

ted, are now enhanced by the fact that all the 
big steel-makers in this country are inundated with 
orders for war materials, which naturally must take 
precedence over all others. The automobi engineer 
must, however, obtain steel boom oh ings, stam pi 
and other accessories, in order to be able to cn be 
business at all, and he is therefore obliged to look for 
some new source of supply. What that source shall be 
is the immediate difficulty which the Institution of Auto- 
mobile Engineers is making ev endeavour to solve, 
The first step taken towards a solution of the problem 
was the reading of a paper by Mr. L. H. Pomeroy, of the 
Vauxhall Motor Company, in London, on October 14 ; but 
paper, though it provoked a great amount of interest 
in the subject, did not actually provide a solution. Mr. 
Pomeroy has now been deputed uy the Council to read a 
second paper on similar lines in Birmi in Decem 
A large number of firms connected wi 
have been invited by the Council to 
meeting in order that they ate hear 
t 





TO THE 


au ile engineer, and pu 
or suggestions. It is hoped that a large 
mo manufacturers will also be present, so 
whole subject may be thoroughly thrashed out from the 
two points of view. There is no doubt about the urgency 
of the matter at the present time, and the Council would 
urge all those who are interested, either from the seller's 
present. Fall Point of view, to do their utmost to be 


present. Fall particu meeting and copies of 

of the Taeultchion of Aurela ain, he Secretary 
nstitution u ictoria- 
Westminster, London, 8. W, 
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COMPOUND ARTICULATED 2-8-8 8-2 TYPE 
LOCOMOTIVE FOR THE ERIE RAILROAD. 
(Continued from page 630.) 

Havixe dealt with the steam-generating plant of 
the large articulated compound locomotive for the Erie 
Railroad, built recently by the Baldwin Locomotive 
Works, Philadelphia, Pa., U.S.A., we will now proceed 
to the frames and system of articulation. In this con- 
nection we give a series of illustrations on our two-page 
engraving, Plate XLILL., with this week’s issue, and 
also on 674, 682, and 683. The views, Figs. 81 
to 83, show the three sections of the machinery of the 
locomotive at different stages of construction. Fig. 81 
shows the front articulated section, and as far k 
as the second, or high-pressure, psir of cylinders on the 
central section. Fig. 82 shows: the second, or central, 
section, with the rear articulation. Fig. 83 shows the 
tender or rear section. In this view may be seen the 
ae feed-water heater previously described, placed 
underneath the tender tank, and fed by the exhaust 
of the rear pair of cylinders. Together with the 
frames, typical drawings for which are given in 
Figs. 84 to 87, Plate XLIIL., it will be convenient to 
deal with the saddles, radius-bars, &c., all of which 
are illustrated in Figs. 88 to 113, on Plate XLIII., and 
Figs. 114 to 131, on the present and — page. 

The frames for all three sections of the locomotive 
are vanadium-steel castings. Figs. 84 to 87 illustrate 
those of the front section. They are 6 in. thick and 
7 in. deep over the boxes. At the front end there 
are no splice-bars, the frame, instead, taking the form 
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of a slab 6 iv. thick and 11 in. deep at the 
cylinders. The estals or horns are 
provided with shoes ; behind the shoe of 
the rear pedestal of each pair is a wedge, 
tapered to 1 in 12. ‘The horn-stays or 
pedestal-braces fit over lugs below the 
pedestals, also tapered to 1 in 12. All 
pedestal-bolts are 1} in. in diameter ; the 
other frame-bolts are finished to a standard 
taper fit. The cylinders of the front sec- 
tion are attached outside the frames at: the 
front end. Between the frames is a cast- 
| steel saddle, shown in Figs. 88 to 95, 
| Plate XLIII., and Fig. 128, page 683. This 
saddle is bolted to each frame by eight 
1}-in. bolts. The cylinders are bolted to 
| the saddles, but not to the frames. In 
| addition, however, each cylinder is keyed 
to the frame-seating by wedges at the 
front end. The saddle is cored with steam- 
for the supply to, and exhaust 

m, the front pair of low - pressure 
cylinders. The low-pressure steam is 
brought to the back of the saddle to a 
10-in. circular opening. This forms part 
of a bifurcated right-angle bend, so that the 
one circular opening develops into two of 74in. diameter 
on the upper side of the saddle. From these, steam 
is taken through elbow-pipes to the cylinder steam- 
chests, there being, therefore, no live-steam joints 
directly between the saddle and cylinder castings. The 
| connecting elbows may be seen in Fig. 6, Plate XL. 
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ante. In addition the front saddle contains a aot 

this being for the exhaust from the cylinders 
on either side. The exhaust enters the saddle through 
rectangular openings in the side, 10in. by 6 ia., ’ 
combining, leaves by way of the top through a circular 
opening 104 in. in diameter. Thence it is carried to 
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the smoke-box through a large swivelling pipe. The 
lower part of the saddle contains a large vertical 
opening for the equalising-beam connecting the spring 
rigging of the two-wheeled truck with that of the driv- 
ing-wheels. These various features will be clear on 
reference to Figs. 88 to 94, of which Fig. 88 is a plan of 
the saddle. Fig. 89 is a horizontal section through 
steam-passages at AB, Fig. 93. Fig. 90 is a hori- 
zontal section taken at C D, Fig. 93, through the 
equalising-beam opening. Fig. 91 is a half elevation 
of the front of the saddle, and Fig. 92 a similar 
illustration of the back of the casting, which is shown 
also in the view, Fig. 128. A side elevation is 
given in Fig. 93, which shows the exhaust opening 
into the saddle from the cylinders ; it also shows the 
housing of the equalising-beam and the three fulcrum 
points for this beam. These are shown more clearly 
in the longitudinal section, Fig. 94, taken vertically 
down the centre of the casting. The a 
is also shown in the Jatter figure. A detail of the 
attachment for the radius-bar pivot for the front 
truck is shown in Fig. 95. The pivot consists of a 
2}-in. pin. It is held in place in a casting bolted to 
the under side of the saddle casting at the back end. 
In addition to other cross-bracing, the frames of 
the leading section are held together by a steel cast- 
ing which forms an integral part of the front 
articulation. Figs. 96 to 113, Plate XLIII., and 
Figs. 126, 127, and 131 relate to this connection. 
The steel radius-bar cross-tie, illustrated in Figs. 109 
to 113, is fixed to the rear end of the frames of the 
front section. Figs. 109 and 110 are respectively half 
elevations of the front and back of this casting. 
Fig. 111 is a side elevation ; Fig. 112 is a half view of 
the under side, and Fig. 113 a half plan of the upper 
side. The casting fits between the frames with flanges 
on the upper side which fit on the top rails. On these 
flanges are bearings for a spring-hanger (Fig. 109, and 
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to the left in Fig. 111) and for the reversing shaft 
(Fig. 110, and to the right in Fig. 111). These are 
shown in plan in Fig. 113. This croes-tie casting 
houses a 5-in. steel pin, which extends also through 
holes in bosres at the rear of the f:ames (Fig. 85). This 
horizontal drag-pin is held in the cross-tie casting by 
two j-in. bolts. 

Working on this drag-pin is the radius-bar shown 
in Figs. 105 to 108. This is coupled at the other end 
to the saddle casting of the central section. The 
radius-bar is a steel casting of YW form. At the open 
end it has bosses, through which passes the 5-in. steel 

in in the cross-tie. These bosses have }-in. steel 
ushes. At the rear end of the casting there is a 
ball-and-socket joint. This is composed of a case- 
hardened ball and bushing. The bushing is split on 
the line A, B, Fig. 105. It is fitted with match 
dowel-pine, shown in Fig. 108, and is held in place by 
six 3-in. dowel-pins screwed in. The ball of the 
radius-bar contains a 6-in. hole, in which fits the 
hinge-pin housed in the saddle of the middle section 
(Figs. 96 to 104), and provision is thus made for 
relative movement of the two sections, both in a 
horizontal and vertical direction. The radius-bar and 
cross-tie are shown in Fig. 131. 

The saddle at the front of the middle section is 
illustrated in Figs. 96 to 104 and 126 and 127. It is 
composed of two steel castings. The upper forms 
a support for the boiler-barrel, to which it is riveted. 
The lower contains exhaust pasrages from the high- 
pressure cylinders outside the frames. e frames 
are similar in general character to thore of the 
front section, shown in Figs. 84 to 87, except for a 
slight modification at the front end. The saddle is 
shown in side elevation in Fig. 97, and in half 
elevation, front and back, in Figs. 98 and 99. A 
half vertical section through the centre ie given 
in Fig. 96, Fig. 10} is # horizontal section on A B, 





Fig. 131, 


Fig. 97, through the steam-passages. Figs. 100 and 
102 are plais of the flange riveted to the boiler- 
barrel, and Fig. 103 of the flange on the top side of 
the lower casting. A part horizontal section on C D, 
Fig. 97, is given in Fig. 104. Front and back views 
of this dle are shown in Figs. 126 and 127, 
annexed. The high-pressure cylinders are attached to 
the saddle outside the frames at the front end of the 
centre section, and exhaust into separate peeengee- 
They are keyed to the frames. The right-hand cylin- 
der exhausts into a rectangular opening in the saddle, 
leading to the right -angle bend facing forward 
(Fig. 101) . To this is fitted a large steam-pipe, held 
in a gland fitting and leading to the front pair of low- 
pressure cylinders The exhaust from the left-hand 
cylinder passes through a bend to a 10-in. circular 
opening in the back of the casting, to which is bolted 
the pipe carrying the steam to the rear pair of low- 

ressure cylinders. In the lower part cf the saddle is 
Consed the hinge-pin for the front articulation. This 
is a 6-in. vertical steel pin, held top and bottom in 
}-in. steel bushings, ond boon in position by a 1}-in. 
tolt passing through lugs underneath the casting. 

The rear articulation is composed of two parte only, 
instead of three, as in the case of the front one. There 
parts are illustrated in Figs. 114 to 125, page 682, and 
in Figs. 129 and 130, sbove. The radiure-bar forms 
part of a cross-tie, which extends between the frames 
at the back end of the central section. This cross-tie 
is of cast-steel. Itis shown in half elevation from the 
front and back respectively in Figs. 121 and 122. A 
side elevation is o in Fig. 123, a plan in Fig. 125, 
with a detail of the ball-and-socket joint in Fig. 124. 
To the vertical flange on the top of this casting, spreed- 
ing across the frames, is bolted the buckle-plate 
ee at the rear end of the fire-box. The ball and 
bushing details are similar to those already dealt 
with in gopnection with the fropt articylation, The 
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non ot is housed in the saddle casting of the 
tender section. This is shown in Figs. 114 to 120 and 
Figs. 129 and 130, page 682. This saddle is of cast 
steel, aud contains at the front, Fig. 129, a gland 
connection with the exhaust-steam pipe from the left- 


hand en aerage | 2 enone = lying it. The steam 
entering through this large opening passes into a 
9-in. passage, abe which biturcate eos tend, ending 


in 74-in. openings, connected by flan bends to the 
cylinders, as in the case of the leading pair of cylin- 
ders. This a ment is clear in Figs. 20 21, 
— = — ve exhausts voy ro Steen on 
either side are brought together in a Y/-s » 
Fig. 115, and out of the back of the casting, Fig. 130, 
where & cynnection is made with a steam-pipe illus- 
trated in Figs. 63 to 66 ante, and leading to the exhaust 
feed-water heater. Of the illustrations of the rear 
saddle, Fig. 119 shows a side elevation, and indicates 
the position of the 10-in. by 6-in. exhaust- from 
the cylinders. Fig. 117 shows a half elevation of the 
back, and Fig. 118 of the front, of the casting. 
Fig. 120 is a vertical longitudinal section down the 
centre of the saddle. Fig. 115 is a horizontal section 
throuvh the pay eam a while Fig. 116 is a plan 
and Fig. 114adrawing of the under side of the saddle. 
The hinge-pin is similar to that at the front articula- 
tion, and is likewise held in steel bushes, &c. 

The frames for the rear section are of a character 
similar to those of the other sections to a point 
just behind the rear pair of coupled wheels. Here 
there is a splice and a steel cross - tie, beyond which 
the frames are continued in the shape of slabs, 2} in. 
thick and 134 in. and 16 in. deep. This is the 
usual design adopted when a two-wheeled Cole 
pattern trailing truck has to be arranged for. At 
the trailing end of there slab-frames there are large 
transverse steel-casting brackets, which take e 
back end of the truck-springs, and a housing for the 
draw-gear. These are shown in Figs. 4, 26, 31, and 
32 ante. All sections are provided with further cross- 
ties, which, however, space will not admit of being 
dealt with. We shall, however, describe and illus- 
trate the two most interesting in a future article. 


(To be continued.) 





SOME POSSIBILITIES IN VENTILATION.* 
By A. H. Barxer, B.Sc., B.A. 


No person who has carefully studied the problems of 
ventilation from the scientific standpoint can fail to 
have asked himself the question whe the theory of 
ventilation, as the ventilating engineer now knows it, 
can properly called a science, Is there sufficient 
information on the subject of ventilation to make the 
application of that word to this knowledge appropriate? 

odern aaa science is nothing if it does not imply 
more or less exact knowledge. Some so-called sciences 
of the philosophical or metaphysical order appear to 
consist very —~-_ theories which never can be brought 
to exact tests. These are doomed by their essential 
nature to be what they are—namely, speculations more 
or less interesting and more or less probable, but always 
matters of opinion. 

These, however, are not sciences as the term is under- 
stood by the engineer, but philosophies. They do not 
consist of exact experimental knowledge, but of intel- 
lectual theories. true sciences in the i 


8 sense 
in their initial stages probably pass through a period in 
which they consist largely speculation and theories, 


some of which may or may not be borne out by subsequent 
experiments. Some of these sciences, such as chemistry 
or physics, at first consist of theories originally evolved 
in the effort to explain objective facts. If the facts are 
onl — observed, understood, orknown, the theories 
will probably be erroneous. As the scientific world 
becomes better acquainted with the facts as they actually 
we. — are — A 4 the known facts. 
ey can tested by specially-designed exact experi- 
ments. When, by a process of trial and error, theories 
are eventually evolved which will stand all known tests, 
some totally different in principle from others, and when 
the existence of facts previously unknown may be cor- 
rectly deduced from the assumption that the theories 
are true; then, and not until , can the science of 
which they form a part be said to be on a sound basis. 
There are other branches of science in which the theories 
cannot be put to exact tests, though their substantial 
= obvious from es a yep 
sciences partic y applicable to engineeri 
work are based on exact mB em science, though 
the conditions of practical app.ication are such that it is 
in most cases impossible in —_— to prove the accuracy 
of the theories on which they are based. Other experi- 
mental sciences, such as physiology, deal with susiliine 
of such extreme complexity that, though they are theo- 
retically capable of investigation by exact methods, yet 
their com ity, and the number of known, un- 
controllable, factors are so great, and the num 
unknown factors so doubtful, that it is difficult to obtain 
self-consistent experimental results to anything like the 
degree of accuracy which is considered necessary in other 


sciences. 
The science of ventilation, such as it is, partakes, to 
certain extent, of all these characteristics. Its theories 


. * Lecture delivered at University College, October 13, 
914, 





of | health 


are at present in pretty much the same condition as were 
those of o at the time of Newton. The number of 
uncontrollable factors is very great, greater than in most 


other branches of . The number of unknown 
factors is probably considera’ The results which can 
be secured do not therefore approach in accuracy ; 


which can be obtained in many other branches of 
noatien. All who have been tically engaged i 
difficalt task of securi y satisfactory ventilation 
in occupied buildings know that it is impossible to lay 
down in exact terms the physical conditions which are 
required to be secured. Most of us could quote examples 
of buildings on which large sums have been spent in the 
effort to secure good ventilation, which, from the point 
of view of the comfort secured have been total failures. 
i reasons for these failures are not always easy to 
ne. 

The science of ventilation, properly so called, has as its 
first duty to elucidate all such matters. Allof those who 
have thought on the subject, and have had some practical 
experience, have their own theories. The pecu- 
liarity of this branch of engineering is that it is ex- 
ceedingly difficult to bring any of these theories to a 
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Fig. 3. DIAGRAM SHOWING APPROXIMATE EFFECT 
OF PURE UPWARD VENTILATION AT THE 
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crucial test. It is the first duty of the science to overcome 
this difficulty, which is partly inherent in the subject 
itself, and partly arises from the fact that the criterion of 
success is at present very indefinite. The only object we 
can aoaty at Panne is to produce feelings of comfort 
and a healthy te. We cannot at present lay down the 
conditions conga, dag secure this end in terms of physics 
and chemistry. knowledge is only general, not 
exact ; qualitative, not quantitative. How can one get a 
measuring instrument which shall indicate, for instance, 
the feeling of comfort, especially having regard to the fact 
that what is one person’s comfort is another’s discomfort ? 
A refreshing breeze to one man is an ear-aching draught 
to another man. A bald-headed man is not on the same 
basis asa person with a shock of bair. Still more difficult 
is it to i on the effect of different conditions on 
alth. result, experimentally observed, does not 
perhaps for several years after the experiment is 
made, and it is complicated by the existence of a large 
number of other conditions which have a decided effect on 
the total result. ~~ difficulties always must occur in 
any experiments on a human being. 
i wish to consider the he | ) 
theories on these subjects, and the character of the in- 
vestigations which we have in view for this year in this 
department for the purpose of putting some of them to 





those 
n the 





the proof and the effect they must have on current 
practice if they are established. What are we really 
trying todo? What means are we adopting to enable us 
to do it? 

In the first place, so it seems to me, the science must 
direct itself to the investigation of the fundamental 
question, which is as yet far from being decided. How 
can we lay down quantitatively in terms of physics and 
chemistry the objects for which we are striving? It is 
only recently that it has been borne in upon us that all 
the old-fashioned theories about carbon-dioxide, organic 
poisons, and the like, have been blown to the four winds 
by such experimentalists as Dr. Leonard Hill and Dr. 
Haldane. In place of them we have had theories 
of ventilation, according to which its function has prac- 
tically nothing to do with the elimination of carbon- 
dioxide and the chemical purity of the breathing air. 
Instead, its object is said to be to remove heat from our 
bodies, and water vapour which we have breathed out; in 
general terms to prevent us from getting too warm. 

That is one group of questions which must be settled 
definitely—to what extent efficient ventilation consists 
merely in the adequate removal of heat from our bodies 
and organic smells and water vapour. _ : 

T do not think it is possible for any impartial person, 
who has critically studied the mass of experimental 
evidence in support of this view, to avoid the conclusion 
that if it is not the whole truth, it is, at any rate, very 
largely true that what Dr. Leonard Hill calls ** heat 
stagnation” is responsible for many, or, perhaps, most, 
of the effects to which we have been accustomed to refer 
as those of defective ventilation. 

For my own part I am, however, equally sure that this 
fact cannot be the whole truth—that there is something 
in ventilation over and above the loss of heat and the sup- 
i I am quite convinced that all air of the 
perature, pressure, humidity, and velocity, has 
not the same effect on the human organism. That there is 
some quality other than temperature, humidity, and velo- 
citv, in the air itself which makes some air different in 
effect from other air. What it is can at present on'y be 
conjectured. I shall refer to this point later on. From 
experience I believe that air loses that quality, whatever 
it 1s, which, with t knowledge, we can voce Ay sang 
as “crispness,” when it passes over accumu irt, or 
into close contact with metal, or through a long under- 
ground pipe channel, or when it is heated by hot surface, 
and that this quality of crispness is not merely a matter 
of temperature, humidity, smell, or velocity. Invalids 
feel the air of one place has a different effect on them 
from that of another place. If it were not so there would 
be no justification for sending people away to a special 
climate. It is important, however, not to lose sight of 
the fact that one cannot draw definite scientific conclu- 
sions from the sensations of any person, especially an 
invalid. Many of the sensations of every person are due 
to imagination and chological influences, and not to 
objective facts, and these are most unreliable as a guide. 
There are persons not unduly sensitive, imaginative, or 
susceptible to differences of climate, who find certain 
places or certain buildings of which the air, hot or cold, 
damp or dry, moving or at rest, bas a stimulating effect 
on them, and other places or buildings which have the 
reverse effect. So far as it is possible to tell, this is not 
a subjective effect at all. Iam sure from observations I 
have 'y made that such differences are not merely 
due to differences in temperature, humidity, or velocity. 

Leaving out of count, however, for the moment the 
question whether or not it is the whole truth, I think we 
may provisionally accept the theory that temperature, 
humidity, and velocity of air in a room are points of a 
very great importance in ventilation, of far greater im- 
portance indeed than chemical composition, and that 
one of the chief, but not the only, reasons for this import- 
ance is that they determine jointly the rate of heat loss 
from the body. 

Let us consider where the acceptance of these facts 
leads us to in ice. If we accept the view that the 
object of controlling the temperature, humidity, and velo- 
city of air is solely to regulate the rate of heat loss from 
the body, it will be evident that the only instrument we 
require to measure the effect of ventilation is one which 
will enable us to determine the joint effect of these three 
factors so far as they affect the abstraction of heat from 
the body. On this assumption the possession of such an 
instrument at once raises the science of ventilation to a 
higher plane, for it enables us to measure the success of 
a scheme of ventilation objectively. At present we rely 
on the expression by individuals of subjective sensations. 
Up till recently no instrument has been available which 
enables us to measure this illusive quantity objectively. 
Air analysis is well known to be most fallacious as an 
indication of the feelings of comfort. Professor Hill 
himself has devised two instruments, which have for 
their object the determination of the degree of joint 
influence of the surrounding conditions in abstracting 
heat from a surface as nearly as a approximating 
to the condition of the skin of the body. The simplest 
of these, which Professor Hill calls the “ katathermo- 
meter,” is in eseence a delicate calorimeter consisting of 
a thermometer with a large bulb. The instrument is 
read by noting the rate at which it falls when it is raised 
approximately to the temperature of the human body 

placed in the conditions or surroundings which it is 
desired to investigate. This instrument appears to con- 
tain the essential principle of what is required. although, 
so far as I can judge from the little experience I have had 
of it, the theory of the instrument needs to be worked out 
more fully than it has been up to the present. 

The second instrument is the joint invention of Pro- 
fessor Hill and Professor Griffiths, to which they have 
given the name of the “‘caleometer” (Fig. 1). It isan elec- 
trical instrument, the object of which is to determine the 
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amount of electrical energy required to maintain a coil 
of wire at the temperature of the human body in the 
given surroundings. Fundamentally this instrument has 
essentially the same object as the katathermometer. 
Both of these instruments will, I think, need careful 


calibration; and perhaps development in some details | d 


before they will be 
profession. It will be necessary to make 
easier and more direct, to ascertain by experiment what 
are the respective effects on the readings of the instru- 
ments of variations in each of the factors separately ; 
further, to investigate the question what relation the loss 
of heat from the instrument bears to the loss of heat 
from the body, and to the sensations of comfort. All 
these are points of fundamental importance. Ib is, for 
instance, the mt custom to note with a stop-watch 
the time which the katathermometer takes in particular 
surroundings to fall from one temperature to another. 
The reading is the inverse of that which is required. 
Before this conveys anything very definite to the mind it 
is necessary to deduce from this observation a figure 
ro ional to the positive rate of heat loss; and, 
urther, to determine a coefficient to be provi 
with each instrument which will enable the indica- 
tions of the instrument to be transformed into heat 


Fig. 4. 01AGRAM 
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units per square foot, or some other unit which is under- 
stood by the craftsman, and which will reduce separate 
instruments to the same scale, and which will enable the 
readings of the katathermometer to be co-ordinated with 
those of the caleometer. No man can think ly 
when he is standing on his head. It would, I think, be 
better to determine by observation the number of degrees 
the instrument at a given temperature falls in, say, one 
minute—that is, the rate of fall. I am not sure, too, 
whether the readings of the wet kata and the dry kata 
should both be necessary, nor what they respectively 
indicate. This point further elucidation. A man 
of ordinary ability cannot grasp the meaning of two 
readings at once. 


At any rate, the invention of these instruments is 
manifestly an event of the utmost importance in our pro- 
fession. If the control of heat-loss is the sole object of 


ventilation—a theory which, as I have said, I do not 
myself accept—then a modified form of these instruments 
is all that is needed to show w @ room is well venti- 
lated or not. We do not need any chemical analysis. 
According to my own view, so far as present knowled 
goes, we need at least, in addition, to determine t 
velocity of movement at all of the room, also what 
I have called in previous publications the ‘‘radiant tem- 
perature,” and the absolute temperature of the air itself, 
the amount of dust, and perhaps, also, the amount of 
organic products in the air when the room is crowded. 
I have on the table instruments, mostly of our own design, 
for making all these determinations, the principle of 
some of which I have already explained in a paper read 
before the Institution of Heating Engineers in early 
part of this year. 

I believe, too, that when further know of the 
functions of ventilation is available we s' need at 
least two other determinations, of which I shall speak 
later. These further requirements are obviously suf- 
ficiently formidable. 

ey | all these latter factors out of count for the 
moment, let us consider for the present only those factors 
which have an obvious effect on the heat lost, although 


with the reservation that the joint effect of the three | This 


factors in lating the heat lost is probably not the 
only effect of importance which the individual factors 
nore A... cannot onan ae cmtesien ww Loge 5 
of air has a pronou effect, quite indepen of its 
effect in promoting loss of heat, “ 

Let us examine the physical effect of different volumes 
of air in cooling one individual. An ordinary human 
body mang, Perhaps, be taken to give off heat at the rate 
of 350 B.T.U. per hour. Of this total quantity some- 
thing like 200 B.T.U. is given off in the form of radia- 
ion and convection together, and 150 B.T.U. in evapori- 


the readings | definitely kno 











sation from the surface of the skin and from the lu 
If, therefore, we rely on the passage of air over the body 
to remove this heat and this va , we must examine 
the effect of these quantities on different volumes of air 
at, say, 60 deg. Fahr. and 65 per cent. humidity. The 
jiagram shows the effect (Fig. 2). It should be noted 
that this is a purely physical result, dependent on 
itely wn, though somewhat variable, factors. It 
will be noticed that I have included the heat radiated 
from the body with the total heat. In fact, some of this 
radiation will be absorbed by the walls, and will not be 
communicated to the air. The amounts are difficult or 
impossible to determine. I have therefore thought it 
best to include the whole of the radiated heat with that 
convected, so that the diagram shall indicate the maxi- 
mum possible effect. From these diagrams it will be 
evident that if we fix as an arbitrary limit a rise in tem- 
ture of 3 deg. and a rise in humidity of Tt cent., 
above our arbitrary standard, we shall find that not 
less than 3500 cub. ft. of air per hour per head must be 
supplied as a minimum for satisfactory ventilation on 
this basis, or roughly 1 cub. ft. per second per head 


ied | Let us take this as a provisional value for satisfactory 


ventilation. It is at least three or four times as much 
as is commonly now considered tolerable ventilation. 





Taking bis own mean cross-sectional area as 1 sq. ft. this 
leaves 5 sq. ft. for the passage of the air. mean 
upv cduaity af the air over this space will be about 
2} in. per second. The air in actual contact with his body 
entangled with his clothes will have a considerably 
velocity than the mean. The heat from the bod 
may cause & local circuit similar to a vortex-ring (Fig. 4 
but in any case the velocity of the air close to the body 
can never exceed a very few inches per second if the 
direction of the ventilation is either upwards or down- 
wards. As this is absolutely insufficient, it is my own 
belief that geet gee Se ae re downward 
ventilation is desirable ; and this was the point of the 
chief criticism of the present ventilating arrangements 
of the House of Commons which I made recently before 
the Ventilation Committee. Neither the one nor the 
other represents Nature’s method of ilati 
human body. This is in all cases done by a horizonta 
velocity of wind. My own view, which I hold very 
strongly, is that a horizontal velocity must also be pro- 
duced indoor ventilation can be regarded as satis- 
factorily accomplished. 
‘or one ® vertical current does not admit of a 
sufficiently high rate of heat removal. It does not pre- 
vent the heat from stagnating round thebody. I believe 


Fig. 6. DIAGRAM OF PURE HORIZONTAL VENTILATION WITH RE-CIRCULATED AIR FRONT TO BACK 














: 
N 
r 
Hl 








e 
































lh 

















(4198.£) 


9.7. DIAGRAM SHOWING AM. 
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Fig |. 9. DIAGRAM SHOWING METH RECIRCULATING 
AIR WITH FANS ABOVE CEILING. 
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Let us now vonsider the possible different ways of in- 
troducing the air. 

lt may bs imagined to be introduced in a vertically 
upward direction, the fresh air coming in uniformly 
round the persun’s feet and b-ing removed at the ceiling. 
That is a state of things which 1s described in my book 
as being pure upward ventilation. There are very few 
buildings ventilated in this manner. The best-known 
example is the House of Commons. In spite of the 
enormous volumes of air passing through that chamber, 
the bad ventilation is notorious. It is clear that the 
effect of this method of introducing the air must be to 
drive the heat and vapour given off by a man’s body up 
into his face, so that his face gets the hottest and most 
humid air, and his feet the coldest and driest Fig. 3). 
is condition is the exact opposite of a i state 
of things. I believe that physiologists are all agreed that 
the rate of loss of heat from the face and hands ought to 
be far greater than that from the feet. This would seem to 
indicate that from this point of view downward ventila- 
Cm, eee po pd and it has — ey Sone 
my experience t ~~ systems 0 
ventilation cause less trouble and complaint than do 
those in which the direction is upwards. 

But let us consider the effect of passing this quantity 
of air vertically in either direction over a man’s — 
Suppose man occupies a floor space of 6 aq. ft, 
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also that some horizontal velocity of the air is necessary, 
Sher sacealel oeaan ake talaga ed te 
other physio purpose, quite inde ently of the 
loss of heat from the body. the reason is, of course, a 
question of physiology. Of the fact itself I am quite 
sure as a matter of experience—namely, that a gaenty 
satisfactory draughtless ventilation is a contradiction in 
terms. 


If it be granted that a satisfactory feeling of freshness 
cannot be secured without some horizontal movement of 
the air over the face, the question at once arises—what 
movement of air is ? If we are engaged in the 
difficult task of ventilating big spaces where a large 
number of people are crowded, and where the air is very 
hot and moist, what velocity of air are we to aim at pro- 
ducing? As practical persons we can only answer this 
question by laying down that it is to be not greater than a 
velocity that all people will endure without complaining. 
If we produce a greater velocity than this, then sensitive 
persons will complain of draught, and we shall find our- 
selves in trouble. We must therefore find by par mean 
what is the maximum velocity which le will endure. 
That question can only be decided by elaburate experi- 
ment. We have devised some experiments which 
we intend vgn Fi cciggeen this year on the effect of 
different air velocities under different conditions on 
human beings. These —e are of very great 
difficulty because of the t that the only observing 
instrument which can, in the nature of thi Lomugleped 
are the sensations of the human body. is is a very 
mutable mechanism which, considered as a measuring 
instrument, is not itself constant. 

_ What one wane Soe to be ye do in this —— 
tion is to prove by experiment, for exam ta 
certain person (A) could endure without nl in 
humidity conditions represented by, say, 65 per cent., an 
air current oe ee of, say, 60 deg. and a velocity 
of 18 in. per , but that a current at the same tem- 
perature and humidity, with a velocity of 22 in. 
second, would in to be felt as an uncomforta 
draught. This condition would represent that person’s 
maximum. The same person in the same conditions 
might find a velocity of 12in. per second perceptibly 
reshing, whereas a velocity of 9 in. per second would 
begin to be felt as rather stagnant and stuffy. This, 
therefore, would represent that person’s minimum. 
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It will be evident that as these figures merge into 
another by imperceptible degrees, and as the only 
measuring device is the sensation of the 2 
test, a correct determination will be of extraordinary 
difficulty. Such figures obtained from one person would 
not be sufficient. It would be necessary to subject as 
large a number as possible of persons of different 
_— to the same experiment, and take as careful 
note of the effect in each case as possible. By this means 
we may conceivably arrive at a certain medium velocity 
of air of suitable temperature and humidity, which should 
not be perceptible to anyone as an uncomfortable 
draught, while in all cases it produces a feeling not of 
cold, but of re ment. This is the velocity of air 
which the ventilating engineer should aim at producing. 
This velocity must a to some extent, both on the 
temperature and the humidity of the air. For instance, 
a velocity of 18 in. persecond, which, for want of a better, 
we may take as a provisional standard, would produce 
quite a different effect when the air was at 60 deg. and 
the humidity at 65 per cent. than when the temperature 
was at, say, 65 deg., and the humidity, say, at 80 per 
cent. To mke our experiments complete, we should 
have to develop a set of equations showing the relation 
hetween the value of the three variables in respect of 
their effect on the sensations of the human being. For 
instance, possibly it might be found that an increase of 
2 per cent. or thereabouts in the relative humidity might 
approximately neutralise a dtép in temperature of 1 deg. 
at or about the standard temperature. I have no doubt 
that if such experiments were carried out it would be 


found : ~_ all pase se ery yoy 2 air 
i in. per second freater at eg. an per 
cots en at 60 deg. and 65 per cent. 


In determining, therefore, what is the desirable air 
velocity in a room, we must take count of the existing 
conditions of temperature and humidity. kind of 
information that we require is that given on the diagram, 
Fig. 5, on the preceding page. This di represents 
about what one would expect to find, and not the results 
of experiments, which, as I have said, have not yet been 
carried out. These curves, which I have called by the some- 
what awe-inspiring name of ‘‘ isokatathermocalorimetric” 
curves, are really very simple in principle. Each curve 
indicates a set of conditions which would have the same 
effect on the katathermometer and on the human body 
respectively. 

suggest that the effect on the katathermometer of 
change of conditions is not, and cannot be, the same as 
on the human body, use, for one reason, the body is 
supplied with automatic self - regulating mechanism, 
whereas the katathermometer is not. Therefore it ap- 
obvious that the isokatathermocalorimetric curve 
or the instrument must be less steeply inclined than the 
curve for the buman body, or, in other words, the body 
in a constant current of air will maintain uniform heat 
loss under severer changes of temperature than will the 
katathermometer. In so far, therefore, the indications 
of the katathermometer may be misleading. is is, 
pues an unsuitable subject for discussion in a public 
pee wr so I will resist the strong temptation to discuss it 
urther. 

Let us then assume the following rule for satisfactory 
ventilation so far as such can be secured by the con 
of these three conditions: That the air temperature 
should be, say, 60 deg. Fahr., and the humidity 65 per 
cent., and the general horizontal velocity should not be 
far from 18 in. per Present knowledge properly 
applied would enable us to ensure that the first two of 
these conditions — maintained— * 4d p ony, : en 
petent person cou esign a plant w should deliver 
any desired supply of air at 60 deg and 65 per cent. 
humidity. We have now to inquire how far it is possible 
to secure the third condition—namely, that the horizontal 
velocity should not be far removed from 18 in. per second. 
In what way can this horizontal velocity be secured in 
cl Sy 

We may imagine air driven over the audience from 
front to back or from back to front, or from one side to 
the other {Fig. 6). My own view is that the best method 
would be from the front to the back. (Diagramsshowing 
all these directions are to be found on the preceding 


page, Figs. 7, 8, and 9.) 

Tt is the view of Dr. Hill that whatever the ventilation 
may be it ought not to be uniform—that is to say, that if 
at one aes —— is from 9 = nny at a 
time it ought to reversed, if possi’ 
driven occasionally from side to in. This condition 
would, of course, greatly complicate the flues and 
apparatus necessary to produce the result, and it seems 
to me that as a practical proposition it would be im- 
possible to carry out without very great expense. But it 
also seems to me that a current in one general direction, 
which would in practice be somewhat variable in velocity 
and direction, might provide by its variations for all the 
changes ealled for by Dr. Hill’s requirements. It will be 
clear that if all parts of the room are to be equally satis- 
fac to inhabit, this velocity must be maintained over 
the whole of the audience. It will not do to maintain it 
over a certain portion and keep the rest of the air 
stagnant We must havea ral sweep of air over the 
whole. If there are local velocities of greater magnitude, 
then sensitive persons sitting in the path of these currents 
will complain of draught ; if less, of stvffiness. It is clear 
that no system of rotating-fans fixed (Fig. 7) in the room 
itself is admissible In the first place, such fans could 
not produce a uniform result, in the second place, 
with our present ideas, it is not possible that any audience 
or any speaker would endure the of rotating-fans 
ina —— building, which wou!d distract the attention of 
the audience from the speaker. At present any visible 
rotating-fan, even in a restaurant, always gi i 
gomplaint, This, of course, may be a 


gives 
matter of 


rise to 
habit, 


but it is certain that with present ideas such a proposal 
would be wholly out of the question. We are driven 
then to introduce the air through gratings in the wall 
(Figs. 8, 9, 10, and 11). 

t is a general maxim that fresh or cold air must be 
introduced at a certain height, say 8 ft. or so above the 
floor. Even on this we are not agreed. are persons 
who do not approve of the introduction of air overhead 
for fear of ucing what is called a ‘“‘down-draught” 
on 8 + there is something in this view 
cannot be denied. If one chief function of ventilation is 
the removal of heat and moisture, then it is clear that 
we can only ventilate a room by introducing air colder 
and drier than the average air of the room. body 
of each present in the room is continually warming 
and moistening the air, and this heat and moisture must 
be dispersed by the introduction of co'der and drier, and 
the drawing-off of warmer and more moist, air. But air 


Fig.10. 


COMMONS 
Loaesgy 


(4198.1) 


Fig. 


Pe 


MEMBERS 












Lj 


——._,§ 


Sz, 


(4198.6) 


which is warm and moist. It therefore follows as a 
mathematical certainty that if cold, dry air is introduced 
overhead it will fall to the floor so soon as it is free, and 
is surrounded by air which is warmer and more moist. 
In other words, it will produce a down-draught. This 
would only be tolerable if it were practically imper- 
ceptible. It could only be imperceptible if it were intro- 
duced not in a mass but in finely-divided streams. Thig 
implies that at least a part of the wall through 
which it is introduced should consist of gratings. Any 
air which we introduce overhead must be at such a 
temperature and humidity that it does not cause a current 
round people’s heads greater than the allowable maximum. 
We ought, therefore, to be informed under what precise 
conditions cold air can safely be introduced overhead. 
This is a matter — capable of exact investigation, and 
we ought not to be compelled to rely on guesswork as we 


are at present. 

Let us consider then the practicability of a scheme for 
Getving the siz from the front of o room to the bed 
(Fig. 6). I will take a concrete case of a room in the) 
country in which I was lecturing some time ago contain- 
ing about 100 persons. The size of the room was about 
20 ft. wide by 40 ft. long and 11 ft. high. This allows 
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which is cold and dry is of necessity heavier than that | 


about § sq. ft. of floor space and 88 cub. ft. of air space | 
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per person. 1» would not be possible in practice to cause 
a horizontal current to occupy a shallow layer just over the 
heads of the audience, and keep the air more or less 
om at a higher level, where, of course, the current is 
ess as far as its direct effect on the audience is con- 
cerned. Wecan only assume that the current must occupy 
| the whole of the vertical cross-section of the room between 
the heads of the audience and the ceiling. If we are to 
imagine that a uniform current of 20 in. per second is 
| maintained over this audience over the whole cross- 
| section from front to back, the amount of fresh air called 
| for even in this low room would be about 1,320,000 cub. ft. 
| per hour, or about 150 interchanges per hour, or 13,200 
cub. ft. per head per hour. 
| Such prodi ventilation is practically unknown. 
' There are probably not half-a-dozen rooms in the United 
Kingdom to which air is supplied at that rate. Com- 
pared with the size of the room the cost would be very 
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oe? It would require a multivane fan about 8 ft. 6 in. 
igh. The cost of the fan and motor alone would be 
about 150/., and the whole of the apparatus not less than 
9001. The horse-power required would be 4 brake horse- 
power. The amount of fuel used if the air were warmed 
through 30 deg. would be nearly 1 cwt. per hour for 
warming the air only. It will be seen, therefore, that 
such requirements as this will be very expensive. 

There are few persons who would advocate the spend- 
ing of this amount of money in order to secure theoretic- 

Y perfect ventilation for a room of this size, and I am 
sure there is not an architect in the world who would 
willingly consent to the whole of the front of the room 
being occupied by gratings in full view of the audience. 
Of course, if the audience were larger, the requirements 
would be pro; i y heavier. An audience of 2000 
persons require at least ten of the largest size of 
multivane fans now catalogued by makers, each standing 
12 ft. high. The total power required to work the fans 
would in this case be not less than 80 horse-power. The 
fan- would, of course, be required whether the air 
supply were all fresh or were recirculated. If we are to 
imagine the air recirculated, it is clear that, in order to 
keep the humidity down, it would have to be de-humidi- 
fied as it whee the underground trunk. | 
The only practical way of de-humidifying the air to an 
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exact value at t known 18 to cool it to such a point 
that, when it is absolutely saturated at that point, it 
contains the requisite amount of absolute humidity. It 
is then warmed up to the desired temperature. 


ow, 
the plant for this apparatus would be v expensive 
indeed. In order to kill the possible of human 
beings in the air, it would be not only to de- 


humidify, but also to pass it through a spray of dis- 
infectant, such, for instance, asa solution of be 
of potash, which would probably kill all the smell. 

I think this analysis is sufficient to show that the new 
theories of ventilation, if they are carried into ice 
on & scale, will greatly increase the expense both of 
construction — of ao, I think ee too, 
that a system of re-circulating air is impractica! as 10 
would be cheaper in all cases to take fresh air from the 
outside, and bring it up to our standard requirements of 
temperature and humidity, and discharge the slightly 
vitiated to the outside. At any rate, it appears certain 
that the new theories do not by any means lighten the 
task of the ventilating engineer. I have not considered 
in detail alternative methods of passing the air over the 
audience. Iam at present engaged in experimenting on 
a method which would probably minimise the expense, 
ad, at the same time, produce a certain movement in 
the air ; but it would not be ible by any other means 
than those I have sugges to secure that uniformity 
which is Comes, even necessary, if we are to 
able to guarantee the ventilation of the whole of any given 
room on the lines I have proposed. ; 

We have now to inquire whether — smaller 
ments would serve the purpose. It will be rememb 
that, calculating from a certain arbitrary allowable rise in 
the tem: ture and humidity, we deduced the allowance 

r ol ae hour as 3500 cub. ft., whereas calculating 
rom an arbitrary velocity over the audience in a room 
11 ft. high, we arrived at 13,200 cub. ft. per hour. If we 
could — i height of o stratum of moving poe, a 
could reduce t! uantity of air in proportion, i 
maintain the standard vend But it is im ible to 
conceive a large room for 100 persons less than 11 ft. 
high. If we havea higher room—su sh, for instance, as 
the Albert Hall or the House of mons—even such an 
allowance as 13,000 cub. ft. per head hour would of 
necessity be quite lost if we attempt’ pure horizontal 
ventilation. The main stream of air would follow the 
line of least resistance, as shown in Figs. 10 and 11. 
In ventilating a room of this kind, therefore, it seems 
that the only practicable solution is a combination of 
horizontal and downward ventilation when such is attain- 
able, so as to pull the main stream of air into contact 
with the audience; otherwise it will be lost above the 
heads of the audience. 

This was my main proposal to the Committee for 
Improving the House of Commons Ventilation. To 
carry it out it would be necessary to have one or more 
large gratings in the floor and a system of trunks for 
drawing air through them, whether or not the air were 
subsequently re-circulated or discharged to the epen air. 

I have dealt very briefly with the chief outstanding 
difficulties in adapting the modern ideas. in practice 
which relate to the provision of the necessary quantity of 
air. There are other possible explanations of the diffi- 
culties of producing a satisfactory result, most of which 
are only speculations of my own. For instance, do we 
know everything of importance about the composition of 
our atmosphere’? It is somewhat disconcerting to reflect 

that it is only a few years ago that the very existence of 
several important constituents in it was revealed for the 
first time by the investigations of Sir William Ramsay of 
this College. Are there any other constituents or con- 
ditions in the atmosphere which we do not know, the 
existence of which may have a great deal of effect on 
ventilation ? ‘ 

There is one physical fact, very real and very difficult 
to observe, of which I have never heard it su ted that 
it has any connection with ventilating problems, but 
which, so it seems to me, may have, and we must 
have, some effect, great or small—that is, t the 
electrical potential inside a closed conductor is uniform. 

The potential outside a conductor is not uniform. The 
potential in the open air increases by about 100 volts for 
—— yard above the ground. Has this factany relation 
to the difference in our feeli between outdoors and 
indoors. Consider a room having a large open window, 
on a hot summer’s evening. air outside being so 
still that hardly any known test will indicate any move- 
ment in it at all. e hangs a thermometer in the room 
and in the garden. The reading is the same, One 
into the room and finds it feels stuffy and stifling. One 
goes into the ae “rd and even when it is very hot one ex- 
Periences @ ~ my Re freshness and vitality which is 
totally absent in What is the reason for this 
difference? It cannot be any difference in tem re 
or composition of the air. It may be partly a difference 
in what I have called the radiant temperature. Is it in 
any degree connected with the fact that in the room one 
is surrounded on all sides by what is in effect an elec- 
trical conductor, which produces the effect of constant 
potential well known to the physicist. In the open air 
there is a considerable difference of voltage between our 
heads and our feet. No such difference is observable in 
the interior of a room in which the walls form a practi- 
cally continuous conductor. To determine whether there 
is anyt in this, we have to investigate the question, 
what is the effect on the sensations of a difference in 
voltage between the head and the feet? If there is 
any effect, it is possible that the electrification of some 
large sheets of insulated metal in the ceiling of a room 
might produce a good effect on the ventilation. Again, 
18 1t possible that the tonisation of the air has es 

between fresh an 


uire- 


to do with the difference in feeli 
stale air? I am inclined to believe that it has. We have 









commonly 
may have the effect of causing the ionisation of the air. 














initiated some experiments on this matter, but are not 
sufficiently forward to enable me to speak on the subject 
with any confidence. Judging 

its chemical character, it has 
ozone, as such, is of no value at all as a constituent of 
ventilating air. 
pa oy that the ozonisation of air has a perceptible 
re 


from what is known of 
ways seemed to me that 


I have certainly heard responsible 


ng effect. The method by which this ozone is 
uced, by high-tension electrical discharge, 


It may be that this has a freshening effect on the nerves. 


Ozone itself is, in my belief, only a sort of undesirable 
by-product of the electrical discharge. I believe that if 
ozme itself 


were manufactured chemically and discharged 
into the air, it would be i e the vile and 
eae a that it really is, but being accompanied 

y ionisation of the air, it has I believe the effect of 
f ng the “feel” of the air. If this effect were pro- 
duced without at the same time producing ozone—as, for 
a by the action of X rays—I believe it would be 

@ne of the main effects which the modern theories of 
ventilation will have on our practice, if they are carried 
i will = . ——- a —. so of 

ween physiologist an eating engineer in 
regard to the method of heating by means of hot radia- 
tors and pipes. The main effect which radiators and hot 
surface generally have on the condition of a room is to 
raise the temperature of the air, and, worse than this, 
ae make the upper strata of air warmer than the 
lower. 

The modern view which physiologists take of this 
matter is that the breathing of hot air is distinctly 
d i in that it causes membranes of the nose 
to get into such a condition as easily to absorb yeh my 
which produce the disease known as cold in the head and 
other diseases. Within limits, the cooler the 
air , the better it is from the point of view of 
pure hygiene. Physiologists also take the view that it 
1s extremely undesirable that the temperature at head 
level should be higher than at foot level, since it causes 
certain movements of the blood in a contrary direction 
to what is desirable. It is quite obvious that since warm 
air is lighter cold air, there cannot fail to be a 
a the temperature at high level to be greater 
than at low level when the heat is introduced by warming 
the air. This effect is always found in a radiator-heated 
room. From this point of view, radiator-distributed heat 


may be regarded as undesirable from the ge of view 


of hygiene. The effect is well known to 
very 


ro 


in the room. 


influenced 
6 temperature 


The distribution of heat by radiators is, however, so 
convenient that it is impossible as a practical proposition 


to recommend its abandonment whether or not it con- 


forms strictly to the requirements of hygiene. It is for 
this reason very desirable that the necessary amount of 
heat should be communicated to a room by large radiators 
at a low temperature, rather than by small radiators at 
It is also necessary that the feeling 
of warmth in a room should be properly maintained, but 
it is also very desirable in the interests of the individual 


a high temperature. 


that he should accustom himself to living in a relatively 
low temperature. 


the amount of | 


in radiant form passing through 
the room. This 


iant energy is always i 


ex ve to 
maintain, firstly, because a large part of the , t given 


ea 

off from a radiant body is always convected heat, and 
because a large part of that which is given off as radiation 
at once passes away through the window glass and the 
cold walls of a room, and is thereafter largely lost, so far 
as its effect on the inhabitants is concerned. On the 
other hand, heat communicated to the air of a room is 
not only easier to produce but also remains in the room 
as heat fer a much longer time. This is one reason why 
an open fire is so extrav: t, desirable as it is in many 
ways. A large part of its heat is sent up the chimney as 
hot air. That part of the heat which is given off as 
radiation, unless it impin; on the body of the person 
in the room, is immediately lost, either by al 


ion or 
transmission through the window glass. It is difficult 
or impossible to obtain a correct balance-sheet of the heat 


given off when coal is burnt in an open fire, for the reason 
that the heat radiated is so illusive that it cannot easily 
be measured without very elaborate appliances such as 
we have just erected in the laboratory for this very 


purpose. 

It will be seen therefore thas the modern theories 
of ventilation, which at first sight appear to render 
ible a reduction in the heat cost of ventilating a room, 
in reality have a very marked tendency in the opposite 
direction. They increase to a very hase extent the 
practical difficulties, the amount and expense of the plant 
required, and they increase also the cost “—. If 
they are to be carried into practice they 1 for 
something like a transformation in methods of building, 
and they will certainly be regarded with acute disfavour 
by every architect who is interested in the interior 
appearance of a large room. 


to me to be necessary in order that we may get a complete 
idea of the state of the ventilation of any given room. 
We must have the wet and dry katathermometer 
readings. We must know the absolute temperature 
of the air, and the mean radiant temperature, as given 
by my instruments. We should have readings indicating 

velocity of the air at all parts of a room when the 
room is full, as given by my micro-anemometers. We 
should have also the ysis of the air, and particularly 


occupied, but it merely shows what a 
subject we are os with, and how little anyone would 
uding tha: 





5! by the a of the radiator. The 
the radiator the greater is the 
ce between the upper and the lower layers of air 










The only means whereby this feeling of warmth can be 
secured apart from the warming of the air is by increasing 


I will summarise now the observations which appear | Rai 


in the room, 


know what amount of o ic products and dust exist 
We should take the electrical readings, 
and determine the 


degree of ionisation of the air of tne 


room. 
It will be seen that this is a sufficiently formidable list. 


It would not be possible’ for anyone to take all 

with any sort of care even for a small room 
under a couple of hours hard work. He should also 
be provided with very expensive and elaborate apparatus. 
I am not of course suggesting that such a series of obser- 
vations would be possible in practice when a room is 
very extensive 


be justified in concl t the subject of ventilation 
can be treated in a cut-and-dried manner. What is the 
physi ical effect of each of these factors on the human 
io not think even Professor Hill himself would 
care to say at the present moment without a great deal of 
further investigation. It is essentially a matter for 
Sa and those experiments will be expensive, 
ious, and difficult, and it must be many years before 
they can be com > 
Our chief necessity in this department is for the 
requisite help to enable us to carry on this campaign of 
investigation Bn ng We have all the plant and 
instruments y, but are badly off for persons qualified 
to operate it and obtain the results. For that reason we 
have this year decided that every person who attends the 
course of lectures also have the opportunity of 
carrying out laboratory work after the lecture and at 
other times, in the hope of finding recruits who are able 
to take very interesting observations with intelli- 
gence and accuracy. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
forei ne | projects, taken from the Board of 
Journal, Further information concerning these 
jects can be obtained ftom the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, London, 
South Africa ; The office of H.M. Trade Commissioner 
soporte that tenders are invited by the Johannesburg 
anicipal Council for the supply of renewals and spares 
for tramcar-motors, controllers, bogie trucks and brakes, 
also trolley and car fittings, &c. Sealed tenders; on the 
proper forms, will be received by the Town Olerk, Muni- 
cipal Offices, Plein Square, Johannesburg, up to noon on 
January 5, 1915. It will be observed that the time for 
the receipt of tenders is limited, and owing to forms 
having to be obtained from South Africa, this intimation 
will be of use only to firms having agents in the Union 
“Reus peEawatorial fries). The Journal Officiel, Bor 
] rica) ou i " 
deaux, publishes a Decree authorising the tasisiolon of 
ic communications in French Equatorial Africa. 
A total sum of 760,000 francs is allotted for the construc- 
tion of wireless stations at Oubangui (355,000 9 
Alima (130,000 francs), and Brazzaville (170,000 francs), 
as well as a telegraph line from Alima to Haut-Ogovué 
at a cost of 105,000 francs. (25 francs = 1/.) 
Spain: The Gaceta de Madrid notifies that tenders 
were to be received at the offices of the Compafiia del 


-Ferrocarril del Tajufia, Calle de Jorge Juan, No. 35, 


Madrid, up to noon on November 30, for the supply of 
125,000 bolts for fish-plates, and 755,000 d ikes re- 
quired for the secondary railway from Orusco to Cifu- 
entes. This contract is reserved to national firms, but 
should tenders prove unsatisfactory, a second call for 
tenders will be made, in which Saage on tition will 
be invited. The Gaceta also publishes a al Decree 
authorising the Junta de Obras del Puerto, of Ferrol, to 
carry out dredging and other improvement works at that 
port, at an estimated cost of 355,708 pesetas (about 
— ) 


‘colombia : The Diario Oficial, Bogota, publishes a law 
authorising the Colombian Ministry of Public Works to 
with the construction of a railway starting from 

inal or Girardot to connect Bogota with the territory 
of ueté way of the town of Neiva. When the 
line reaches Neiva arraugements will be made for its 
continuation in a southérly direction to the v of the 
Cauca, where it will be linked up with the Pacific Rail- 


way. 
Ponseute: The Gaceta Oficial, Caracas, containr the 
text of a contract entered into between the Venezuelan 
Ministry of Public Works and Senor W. A. Littell, of 
Valencia, State of Carabobo, for the construction of an 
serial cable railway from Valencia to Nirgua. Work 
must be commenced within a year from the date of the 
approval of the contract, and completed within a further 
period of two years. All cables, standards, cars, machi- 
nery, &c., required in connection with the work, 
which it may be necessary to obtain from abroad, will be 
exempt from im duty. 

Senen egpeael “the plans Shanissed ty’ the Reapeses 
a approv submi 
de los Ferrocarriles de Entre Rios, for the construction 
of arailway, about 284 km. (174 miles) from Sauce Grande, 
to link up ‘with the main line of the Central Cordoba 





ilway. The same Boletin contains a decree authorising 
the Empresa del Ferrocarril Oeste de Buenos Ayres to 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on November 13, 1914, at the 
Tmperial College of Science, Dr. A. Russell, Vice- 
President, in the chair, a paper on “A Bridge for the 
Measurement of Self-Induction” was read by Mr. D. 
Owen. B.A., B.Sc. . 

1, An alternate-current bridge method is proposed for 
the determination of self-induction in terms of capacity 
and resistance. The inductance L is given by the rela- 
tion L = K, r, R; in addition to which it is also neces- 
aad rl ange of the bridge to satisfy the condition 

3) = To. 

2. The two conditions of balance may be secured in 
practice without mutual interference. The end point is 
therefore rapidly attained. The possibility of effecting 
a balance is unlimited by the value of the unknown L. 

3. The method is independent of frequency. This has 
ae se ~~ = anor ho 
employ @ pure sine voltage. ery results may 
attained with a as source and a tele receiver 
as detector at, say, 500 periods. ? 

4. The dependence of sensibility of the bridge on the 
frequency is a and ad cas wn on one a wide 
range (say, 100 to i sensibility is high. 

6 T T sfleote of reudual inductance in ‘he ee 
coils and leads, and of a tion in the condensers, may 
be simply and correctly allowed for, the formula then 


becoming 

L = Ky 7, (R — Ro). 
This fact is of especial importance in the accurate deter- 
mination of very small inductances. 

6. Tests are quoted showing that with the same pai 
of condensers measurements over the full range from 
1 microhenry upwards may be made. For inductances 
of the order of 10 microhenries the error may be kept 
within a few parts in 1000; whilst if the inductance is as 
high as a few millihenries, the error of any measurement 
may be reduced below 1 part in 10,000. 

7. The application of this bridge to the determination 
of capacity in terms of self-inductance is discussed, and 
an example is given of a test of the temperature variation 
of ny 4 a standard mica condenser over the range 
0 deg. to 80 deg. Cent. 


Discussion. 


Mr. A. Campbell ulated the author on his clear 
treatment of the ge case. His method had several 
advantages, the most im t of which was that he 
took a zero reading to eliminate the inductance of the 
leads by substituting a non-inductive resistance for the 
inductance to be measured. There is, of course, a diffi- 
culty in all such methods in obtaining a non-inductive 
resintance ; but this can be got over using a small 
inductance, of which the value can be p & » , such as 
& pair of lel wires. He could not say how far the 
terms in equation 12 could always be eagiosted, as done 
by the author, with frequencies greater than 1000. 
Particular cases could be tried to see how far this was 
permissible. Among the disadvantages, he instanced 
the use of standard condensers in place of standard 
inductances. The latter could be obtained at less cost 
and of greater accuracy than condensers. Moreover, the 
values of condensers varied more rapidly with tempera- 
ture and frequency than did those of inductances. The 
former defect was aggravated by the time required for a 
condenser to take up a steady temperature. The usual 
ee was to keep it ata given temperature for twenty- 
our hours or more in measuring to tenths or hundredths 


condenser to come to agiven temperature. In ordi 
use, as the daily range was not more than 3 deg. or 4 deg. 
Cent., and as 1 deg. only introduced an error of 1 in 10, 
thought the trouble would be inappreciable. He 


per Ci j 

Solutions” was read by Mr. B. W. Clack, B Sc. 
The paper details modifications made in the appa- 
ratus previously described (Proceedings of the Physical 
Society, XXIV., December 15, 1911) to determine the 
value of the coefficient of diffusion of salts through water, 
by means of which the steady state is hastened, and | 

ite 





° more quickly. 
The single wide tube previously emplo is replaced | 
by a battery of shorter and narrower tu The error 


due to end-correction is investigated, and results are | 
given for the salts KCl, KNO;. and NaCl for various | 
concentrations down to very dilute solutions. 


Discussion. 

Dr. Griffiths said that he wished he could detect some | 
flaw in Mr. Clack’s methods, as he had always got higher | 
results than those of the author. It appeared, however, | 
to be much easier to get results too high than toolow. | 
Mr. Paterson did not see why, in a * gy 


arrangement, such as the diffusion-bulbs used by 


author, the siphoning on which the maintenance of the | 3 


concentration of the lower end of the diffusion-tube 
de led should take place. 
r. F. E. Smith wicked to know if the author’s method 


would be suitable for measuring the rate of diffusion of thei: 


one solution into another of very nearly equal concentra- 
tion and density. The problem war met with in standard 
cells. There was a slight difference in composition of 
the liquid throughout the cell, and this appeared to 
become practically constant after some years, as though 
diffusion had ceased altogether. 

Dr. Russell congratulated the author on having com- 
pleted such a thorough investigation. When G Ww 
University was removed to its new buildings at Gilmore- 
hill in 1871, Lord Kelvin set up many long tubes con- 
taining liquids with the idea that the progress of 
diffusion might be noted not only after years, but after 
hundreds of $..- Although the author’s earlier ex- 
periments had lasted months in some cases, he was now 
able to complete them in a few days. , 

The author, in reply, thought it was an accident which 
way siphoning started, bub when started it would 
obviously go on. It would be difficult to apply the 
method to solutions of nearly equal concentration, 
although it would measure the diffusivity of a strong 
solution with respect to a weaker one of the same salt to 
the same degree of accuracy, as it measures that of a 
dilute solution with respect to water, the difference of 
concentration being the same in each case. 





CATALOGUES. 
Electric Motors.—A price-list giving full 
continuous-current motors of the protec 
50 horse-power has been issued ty Stonme. 
Co., Limited, of Chelmsford. 


ticulars of 
type up to 
Crompton and 


per cent. Another difficulty in bridge-work with con-| Fire-Bricks and Fire-Clay Goods. — Messrs. J. H. 
densers is caused by earth capacities. If the point of | Sankey and Son, Limited, of Essex Wharf, Cannin 
earthing be altered, different results may be obtained. | Town, E., have sent us a 


He ease that the galvanometer and battery might 
profitably be interchanged. The position described in 
the paper was the worst for disturbances due to earth 
capacities. 

r. ¥. = Se weet that in Rosa and Grover’s 
paper, quo’ y the author, a figure practically identical 
with Fig. 3 in Mr. Owen’s paper appeared. fone of the 
equations, also, were very similar, but Rosa and Grover 
had, a tly, overlooked the fact that by making one 
of the R’s and one of the L’s zero the bridge could be 
used ~ = 7 of a He was 
surprised that Mr. Owen appeared to er the telephone 
to the vibration | mt gry in many quate. He a 
have expected the latter to give more satisfaction in 
almost all cases. With to the di y found 
by the author in the temperature curve for his condenser, 
he might say that in the case of paraffin-wax condensers 
it was always dangerous to cool to0 deg., asa c 
occurred in the wax which introduced trouble. Curtis 
nad qute into the matter of changes in the resistance of 
the old B.A. resistance coils when cooled to 0 deg., and 
had shown that these were due to changes in the wax. 

Dr. Russell said that he had used Mr. Owen’s method 
of measuring inductance in his laboratory and had found 
it —_=" accurate, and ms satisfactory. —— ordi- 
nary alternating-current supply was available, 
results were obtained either The or & Vi 
tion galvanometer. The theorem on which the method was 

sed was extremely interesting from the theoretical 
point of view, and several curious results followed from 
it, Mr. Owen’s method of proof was well adapted to the 
needs of electrotechnical students, but he preferred the 
analytical methods as they were more ri 

The author, in reply, referred to variation of 
capacity with frequency. This was most marked at 
low freq and as, to get sensibility, the bridge 


uencies, 
had to be used at frequencies of 100 or one was 
working outside the most d region. With regard 
to the temperature variations, he pointed out that the 

be Hp my ®& standard 
e had allo four hours for his 


condenser could always 
inductance if need be. Hi 


copy of their latest catalogue o 
fire-bricks, lumps, tiles, boile 
and other fire-clay goods. 


Fans.—We have received from the James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
E.C., a booklet relating to Keith centrifugal steel-plate 
fans. These fans are suitable for delivering or exhausting 
large volumes of air through the resistance of pipes or 
flues for ventilation, induced and forced draught, dust 
removal, &c. The construction of the fans is fully 
described, and dimensions, capacities, and other parti- 
culars are given of fans in which the size of the outlet 
hes 5 in. by 4 in, to 5 ft. by 4 ft. Illustrations 
in booklet show the fans arranged for belt-driving, 
and also directly coupled to steam-engines or electric 
motors. 


er-seating blocks, flue-covers, 


Allen and Co., Limited, of Im- 


Steel.— Messrs. Edgar 
hange | perial Steel Works, Sheffield, have issued a ca 


jimary | is very nicely got up, and the 
sathoguneed 


the | two piers placed at the extreme en 


matter is written in a style 
likely to a; ral public, so that good results 
may be expected from its distribution. 


Locomotives.—Record No. 79, from the Baldwin Loco- 
motive Works, of Philadelphia, Pa., U.S.A., relates to 
locomotives of the Pacific (4-6-2) type, and illustrates a 
number of engines of this type recently by 

firm. In an interesting introductory article the 
special characteristics of the Pacific type are pointed out, 
and a comparison is drawn between the hauling powers 
of engines of the 4-6-2 and 4-6-0 types. A di shows 
that at starting speeds both types are practically equal in 
hauling power, but at higher speeds the superiority of the 
Pacific type is very apparent. The record then illustrates 
and describes seventeen Pacific-type engines, mest of 
which are used for fast and heavy 
American lines. This type of engine is, however, being 
used to a large and increasing extent for fast freight 


service. 
Ozone Production and Utilisation.—A pan re- 
uction and utilisation of ozone has been 


lating to the 
iss bi Ozonair, Limited, of 96, Victoria- 
street, Westminster, S.W. One of the most important 


| a plications of ozone is its use for air purification, and 


is subject is fully dealt with, the firm’s well-known 
—— and fans being illustrated and described. 
entilation plants using ozonised air are also illustrated. 
Ozone is also used in connection with therapeutics, water 


| purification, food preservation, copra drying, brewing, 


the treatment of oils and fats, and the conditioning of 
textile materials. All and other ——- are 

iscussed in the pamphlet, and a long list of users, 
together with a number of testimonials from them, is 
printed. It is suggested that the pamphlet might be 
— to central-station engineers desirous of increasing 
r 


Fire Cement.—A pamphlet giving particulars of ‘‘ Py- 
ruma” fire cement has been issued by the makers, Rester, 
J. H. Sankey and Son, Limited, of Essex Wharf, 
Canning Town, E. This cement is claimed to have the 
fire-resisting properties of the best fireclay combined 
with the setting qualities of Portland cement. It is 
very adhesive, to prove which the firm reproduce a 
photograph showing five firebricks cemented together, 
end to end, with “‘ Pyruma,” and sup as a beam on 
of the row. The 
cement is used for setting firebrick work, and as a wash 
for coating the walls of furnaces. It is also suitable for 
repairing all kinds of retorts, kilns, furnaces, &c., and 
may be applied while they are red-hot. For firebrick 
work in locomotives and torpedo-boats, where the vibra- 
tion is excessive, or in kilns, where the dislodgment of 
@ firebrick might do considerable damage to valuable 
pottery, this cement is especially recommended. Ordi- 
—7 reclay may be made to set as hard as cement and 
still retain its heat-resisting properties if mixed with 
‘*Pyruma” cement. The latter is soldin 7 lb., 14 lb., and 
28 lb. tins, and lewt. kegs. 


Roller- Bearings.— A copy of the latest edition of a little 
booklet relating to ‘‘ Timken” roller-bearings has come to 
hand from the Electric and Ordnance Accessories Com- 

y, Limited, Warwick Chambers, Corporation-street, 
irmingham. These bearings, it will be remembered, 
consist of a number of tapered rollers running between a 
ir of conical surfaces, and their two most important 
rare are that they support end thrust as well as radial 
loads, and can be adjusted as wear takes place. They are 
thus especially suitable for use on motor-cars, and, if 
properly mounted and given a reasonable amount of 
attention, they 2 be depended on to last for the whole 
life of the car. -bearings, on the other hand, must be 
replaced as soon as they become slack, as the wear cannot 
be taken up. The booklet explains the principles of the 
Timken bearings, points out their advantages, and illus- 
trates their ype to the different parts of a motor- 
car. It also deals with their manufacture, and explains 
what must be done to obtain the most efficient service 
from them. The reading matter is clear and caeesting, 
and the free use of illustrations makes it comprehensible 
to persons entirely devoid of mechanical training. Al- 
though the booklet deals only with the application of 
Timken ings to motor-cars, they are largely used on 
horse-drawn vebicles, as well as on electrical and other 
machinery. 


Lifting Appliances.—We have received from the Yale 
and Towne ufacturing Company, of 9, East Fortieth- 
street, New York, U.S A., a catalogue giving full par- 





iving particulars of some of their products, which include 
igh-speed steels and several classes of water-hardened 


carbon tool-steels. These steels are supplied in various | 


special sections for convenience in tool-making. Other 
products of the firm are iron-fibred mild steel (which is 

specially suitable for making machine parts subject to 
vi ion and iden ), Special steels for motor-car 
construction, steel castings, and castings, forgings, sheets, 
bars, rails, and other sections in manganese steel. They 
also make circular saws, files, hammers, shovels, twist- 
drills, milling-cutters, and other tools. 


Electrical Goods.—We have received from the Edison 
and Swan United Electric Light Company, Limited, of 
Ponder’s Ead, Middlesex, the first copy of a little booklet 
entitled ‘* Ediswan Electric Service,” which they intend 
to issue periodically. Its object is to record the progress 
of the company, and to call attention to their products. 
The first issue deals briefly with the early hi of the 
incandescent lamp, and traces its develo; t down to 
the introduction of the half-watt lamp. It also contains 


ticulars, with prices, of the various lifting appliances 
manufactured by them. Yale triplex blocks are first 
|dealt with. Their construction is illustrated and de- 
scribed, and prices are stated for blocks suitable for 
loads ranging from } to 20 tons. Duplex blocks for 
loads up to 10 tons, and differential bl for loads up 
to 3 tons, are also listed. Uverhead runways, or trolley 
hoists, are next dealt with, full Fenty being given 
of trolleys, blocks, track, turntables, switches, and other 
accessories. We then come to overhead travelling-cranes 
uipped with triplex blocks. These cranes are composed 
de rolled-steel joist with cast-steel truck-frames at both 
ends. They are listed for loads up to 5 tons, and for 
spans up to 36 ft. Particulars are also given of double- 
hft hoists, crabs and winches, and electric hoists ; nume- 
well printed 
ilkely to 


ustrated, and it gives all the information 


be uired by users and prospective users. A parti- 
eutuly quate Weatune is the price-lists of spare parts of 
blocks, &c. All the parts are numbered illustrated, 





articles on electric fans, electric-light fitti and 
electrically-heated irons for Seva tan The booklet 








so that no mistakes are likely to be made in ordering 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFTI- 
CATIONS UNDER THE ACT OF 1907. 
The number the Dra stated 
ine A thes = given = nner my wings is —_ 
Where inventions are communicated from abroad, the Names, &c., 
band Communicators are given in italics. 
“Branch 0, Yee may be cbtained at the Patent Office, Sales 
am og Buildings, Chancery-lane, W.C., at 


Bg a nee of a Complete 
See is, in each case, given after abstract, unless the 
‘atent haz been sealed, when the date of sealing is given. 

—- may, at any’ time within two months from the date of 

advertisement of the ac 


ee ee Se atent Oflce of opposition to the prant © of a 
‘atent on any of the grounds mentioned in the 


ELECTRICAL APPARATUS. 


20,821/13. E. E. Darmois and M. A. E. Leblanc, 
Suresnes, France. Seveurr veneer Lamps. [6 Figs.) 
September 15, 1913.—This invention tes to mercury-vapour 
lamps in which the positive and —- electrodes are electrically 
disconnected when the ap is inoperative, the canting 
operation being effected e' wholly or partly by heating the 
bodies of vapourisable material constituting the two electrodes. 
According to the present invention, the heat device or its 
equivalent is — - be so controlled that its operation to 
raise the f the electrodes, when the necessary elec- 
tromotive force is capied to the terminals of the apparatus, is 
retarded or prevented so long as the temperature of the 
is above the temperature (lower ro e normal = tem- 
perature) at which restarting of the Sn 
after a temporary interrupiion is possible. A lam ¥ is shown 
provided with a heating coil 2and an automatic switch 8 for con- 
trolling the circuit of the wipe ee coil 2. The automatic switch 3 








is provided with a stationary contact 4 and a movable contact 5, 
the latter of which is arranged to be held out of e nt with 
the stationary contact 4 by means of a spring 6. e movable 
contact 5 is arranged to into engag t with the 





stationary contact 4 by A.4. of a wire 7 com 
having a suitably high thermal coefficient had expansion, the wire 
7 being located adjacent to the heated jion of the lamp 1. This 
form of the invention operates in the following manner :— When 
the lamp is started into operation from a cold condition, the wire 7, 
being cold and therefore con » maintains the two contacts 
4 and 5 of the automatic switch 3 in engagement with each other, 











Fig.7., Fig. 2. 
7 ad 
7 5 é id 
0824 


and upon the necessary electromotive force being impressed upon 


acen' a roller is screwed 
at ends for reception nuts b,b. On the 
spindle a A you #H- a rin, —— C, ¢, poms 
together ax te JY conjunction wit! 
eS d. at hetersng to ee eae 
roller, the nym hag AS lly with it a 
dae a ae ej agaet which the lamin ¢ ha Ange ps y 
the nut b. The spi pi di pref ly cy! ~ leg y = 





the 
easily altered or tampered with by u or unauthorised 
workmen. The invention comprises the ae of a spindle 
}arvte J inner een m8 pressed thereon, races formed 
= with ag a houing. fixed or adjustable s — 
wi housing, outer bearin against such 
shoulders, a pany by into + 4--- 


the outer bearing-ri the said chouldere’ and means for 
positively locki = es gy 80 that no cendjustmnent of the bearing 








can be made without destroying the locking means. The —— 
rings a of the bearings are pressed a < tl a b 
locating shoulders }!, or the parts a _— with 
the 5) le b. The outer rings c are he ark om Le, in which 
loca shoulders d! are also provided, and against which the 
are held by rings or nuts ¢ screwed into the ends of the housing d, 





the terminals of the a us, current will flow th 
circuit of the heating device 2, which is closed by the automatic 
switch 3. As soon as the apparatus attains its normal —- 
temperature, the wire 7 located adjacent to the apparatus be- 
comes heated and expands, thereby permitting the spring 6 to 
move the contacts 4 and 5 of the automatic switch away from one 
another and —e the circuit through the heating device 2. 
—- the lamp is operating under normal conditions, the 
temporary cessation of the flow of the electrod 

will not immediately cause the automatic switch 3 to be closed, 
since this cannot occur until the wire 7, and consequently the 
container of the apparatus 1, has cooled below a certain tempera- 
ture. In cooling to this temperature, the apparatus will in all 
[ney seeny 4 restart spontaneously if the impressed electromotive 
force has been restored after only a short interruption ; and since 
the heating device is inoperative until the lower temperature 
above referred to is attained, ~ cooling of the apparatus neces- 
sary to effect such estarting j 8 freely permitted. Referring now 
to Fig. 2, a modification is illustrated in which the movable 
member of the automatic switch 3 is —— _by a spring-con- 
tact member 8 composed of two materials having different co- 
efficients of expansion, this member being located adjacent to 
the container of the lamp 1, and its component elements being so 
arranged that so long as the container is at a temperature above 
that n to permit spontaneous ing, the contact- 
member 8 of the culeustio switch 3 is bent away from ite fixed 
contact 4 and the circuit of the heating device 2 is interrupted. 
(Accepted September 16, 1914.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


20,561/13. S. Z. de Ferranti, Baslow. Roller-Bear- 
ings. [2 om) September 11, 1913.—This invention relates to 
rolier-bearings, and especially to the construction of the rollers 
themselves. In order to overcome certain difficulties in the 
working of roller-bearings, believed to be due to abrasion or 
other effect caused by the action of steel on steel under concen- 
trated loads, it has been proposed to construct the rollers of 
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other materials of a non-metallic character, andit is the object 


of the present invention to a a form of roller specially 
suitable for such materials, b licable with advantages in 
certain cases to steel also. With ¢ is object the invention con- 
sists of a roller for the purpose i of a number | links 


wdicated, constructed 
of lamine or thin plates of a metallic or non-metallic material 
held together axially under considerable pressure. In carrying 





the fae | bey ay locked. The correct adjustment is 
& process of measurement and trial, the distance 
between we locating shoulders d! in the housin being gradually 
reduced until the bearings run satisfactorily. The nuts ¢ are pro- 
vided wae Sunaee ©, and, having boon Santeand _—_—_ 
drilled through the flanges ¢! into the housin ins are then 
— Aight into the ~— and are filed off a with the outer 
nuts ¢«. A space is left between each flange e! 
~- the end of the housing d to enable the pins to be sawn 
through when it is desired to readjust the bearings or take them 
apart. (Accepted September 16, 1914.) 


MOTOR ROAD VEHICLES. 


15,158/14. H. 8. Yoxall and J. J. Richardson, Bir- 
Motor -Cycles. (2 Figs.) June 24, 1914.— 
This invention comprises in:provements in ing forks for motor- 
cycles, and refers to that class of such which are known as “‘ link 
forks” —i.¢., in which the fork is connected to the steering- 
by links in ‘such manner as to —, the fork to rise fall 
relatively to the steering-post. In - of fork it has been 
the practice to connect the fork to the post 7 ozer oe, one 
on each side, long spindles being provided which pass h 
the links and through a tubular part of the fork, and a simi 














long bearing carried by the 
this invention, the spindles are screwed with a a —_—— cnc hand thrond 
at one end and a left-hand thread at the other end, the links 
being similarly screwed to en the extremities of the spindles, 
80 that by a spindle the two links are positively drawn 
nearer to each , or further from each other, in order to 
finks, making i Itpeestie tor the 
inks, it im lor 
aare of the usual form, bus ase grocwtheentied, one fiek 
being screwed right hand, whilst the other link is screwed left 


hand. The spindles } are similarly screwed right and left hand to | for 


689 
engage with the links, these ndles bei) ided with 
— or yg = eye aa p-Tyny Jaap we rotated 

w the 


spindles pass 
ns marked ci and d!, bei vided with lock-nuts 
and ys Tt will be obvious that the twolinks cannot laterally 
sible for such the spindle is rotated, and it is practically impos- 
Apt in use, particularly if 9 lavolantarily yes RY 
ly e nuts wed 
| Be (Accepted September 16, 1914.) ga a ~~ 


4645/14. 
> /14 Societe des Antomebtlcs U 


teaux, 
—_ —The present invention relates to aul - 
i on = Joy. univ exible coup: 


according to which each of 
tubular member is replaced by a pair 
are separated from each other by — 


of inte washers, which vent friction, and 
wear, between them, the tu r member connecting the pairs net 
rings being su; ab cach ond by manne of ¢ seubted anbe 


pported 
integral with or fixed to the driven or driving-shafts respectively. 





The invention is described with reference to the drawing, which 
is @ part sectional plan of the improved coupling. In the 
drawing, a is the driving-shaft or change-speed gear box-shaft ; 
b is the driven shaft. d, d constitute one pair of rings, which 
are of a su le nature, and are kept apart by means of 
washers ¢ of suitable material, and are connected to the shaft a 
by the arms c. The driven shaft b is similarly connected to the 
discs D, D, separated by the in washers E. The tubular 
coupling member / is connected to the rings by means of the 
flanged sleeve-pieces f and F, which are secured in suitable 
manner to the member /, and bolted to the rings and yr! 
washers. The member / rests with its ends on balls 

integral with or fixed to the shafts a and } Ad. TR. te 
— — of ball-jointed movements. (Accepted September 16, 


9845/14. Societe Th. Schneider et Cie., Bo 
France. Motor Road Vehicles. [1 ig.) June 30,19 -~ 
This invention relates to the method of connecting the rear axle 
to the chassis in motor road vehicles employing a Cardan shaft 
mounted in a tube fixed to the casing which enc the gear on 
the live axle. In Specification No. , Of 1911, is described a 

of mounting consisting in u tilising the Cardan shaft iteelf 
for the purpose of transmitting the 6 thrust of the ome. wheels 
and compensating the reaction of the motor cou -y~— t = 
suspension ‘springs absolute freedom to fulfil their ——. 

According to t invention, both the Cardan 
=! tube Ai. it receive the thrust of the dtie “iriving-wi ~~ 

and balance the of the driving couple while still leaving 
cmmudie: springs free to fulfil theirfunctions. ais the gear- 
box casing, or some other part immovably fixed to the chassis, 
and supporting the shaft ), at the extremity of which the Cardan 
joint cis situated. d is the Cardan shaft, which is guided in a 
tube ¢ rigid with the rear bridge /. The thrust of the —- 
wheels is transmitted to the rear ge f, and consequently to 
the tube e¢ rigid therewith ; this thrust is received by a ball- 
bearing g ted freely between two shoulders integral with 
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(4848) 
the tube ¢, and em we with the bridge / and two shoulders 


integral with the shaft d. In this manner this bearing is housed 
in a cage slightly larger than iteelf in such a manner that it is 
able to bear w one or other of the four shoulders that 
surround it indifferently. This arrangement renders it possible 
to transmit through a single bearing both the thrust and trac- 
tonal strains, and thereby serve the same purpose as two ordi- 
bearings with —— actions. The thrust of the Cardan 
Ty) tranemitted y the joint ¢ to the shaft b, and by the 
latter to the gear-case or the frame rigid with the chassis by the 
intermediary of a ball- TY h mounted and acting in the seme 
manner as the bearing reaction of the axle r — 
which would tend to pA it to ee in the opposite d 
to the driving-wheels, is balanced by the Cardan shaft d ~~ the 
tube ¢ rigid with the bridge, whose extremity is provided with a 
plain or ball-bearing «. This method of mounting the rear bridge 
amounts to jointing to the chassis at a single fixed |p which 
is the centre of hs Carden jomt The >ridge is thus free to 
oscillate in all directions around this point, as the suspension 
— = mounted Py a double shackles - = ¥ way impeded in 
ecepted September 16, 1 


PRINTING AND yoy on 
20,587/13. Mochinery, Wee 


London, and J. 
graphical Machines. igs.) je ll, ge ~5 
machines, such as those known 


eaten relates to t; 
po A ag trade-mar erapial and others of e kindoed 
ey to the devices known as separator- 
the successively leading matrices of a line or 
plurality of matrices descending by groves down inclined guides 
are, by a pair of ee dogs, separated from the 
immediately following matrix to their being engaged 
by the distributor mechanism w! delivers them each into its 
ve magazine channel. The invention comprises the com- 

z and means for 


with matrix-separating 
The | them for effecting such separation, of devices ac by the 


eee Gn Se ee 





a ere 
dogs shall be operated only when are presented to 
separation. 1 is the t wall, and 2 the back wall of the 
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se) -box, which is of ordinary well-known construction, and 
which, when hereinafter referred vo as a whole, is identified by 
the numeral 1. The walls 1 and 2 are with the usual 
inwardly-facing inclined quite 8, which serve as tracks along 
which lugs of the ices 4 travel di the descent of the 
latter to the vertically reciprocating dogs 5, 6, these dogs serving, 
as ordinarily, to separate the su matrices of 
cake: Gi apes 
guides ; ion is a step 
being engaged by that part of the dletelt 
delivers them each to its respective magazi' 

dogs 5, 6 are reciprocated in alternation, as ordinarily, means 
of a cam 7 and spring 8 acting antagon' to other, 
the cam being directly by one of the jbutor-screws 
or by other convenient means. cam 7 acts upon a lever 
or arm 9, and serves to move it in one direction, while the 
spring 8, attached to the said cam-lever, serves to move it in the 
Cppents direction and, during the —— of the dogs 5, 6, to 
maintain the engagement between lever and the cam. The 
two dogs 5, 6 are both connected to the same lever or levers 10, 
which, as ordinarily, are rocked about the pivot 11 by the cam- 




















lever 9. For the purpose of preventing the operation of the parte 
5, 6, 9, and 10, in accordance with the t invention. there is 
provided a trigger or detent 12 which is capable of engaging with 
a stud or — 18 on the cam-lever 9 to hold that lever out 
of reach of the cam 7, this condition of en t being that 
which obtains when there are no matrices to ewe oy the 
dogs 5, 6, and consequently when there is no n ity for the 
latter to be rated. The trigger 12 is pivoted tothe wall 2, and 
is provided with a tail 15 extending into the path of the descend- 
ing matrices 4, and the weight of the trigger and tail is so distri- 
buted as to present a preponderance on its lever-engaging end ; 
this preponderance, however, is only such that the weight of the 
lightest matrix will serve to tilt the trig, 12, and thereby 
cause it, as shown in dot-and-dash lines in Fig. 1, to release the 
cam-lever 9 which thereafter, in the known manner, is recipro- 
cated by the cam 7 and spring 8, this operation continuing only 
80 long as the on-coming matrices retain the ger 12 out of 
engagement with the cam-lever 9, the cessation of the supply of 
such matrices allowing the trigger to again es into engagement 
with the stud 13 and hold the cam-lever 9 out of operative contact 
with the cam. (Ac September 16, 1914.) 


114/14. E.J. Smith, London. ting-Machines. 
(2 Figs.) January 2, 1914.—In im linders of extreme 
length, particularly in those running at a high speed, it is un- 
desirable to make the gap wherein the blanket is secured extend 
in a straight line from end to end of the cylinder. It is usual, 
therefore, to make two slots or gaps extending from the ends 
of the cylinder up to the middle thereof, the slots not being in 
the same straight line. According to this invention, the prin- 
ciple of breaking the continuity of the straight line of the gap in 
impression-cylinders is adhered to, but sideway drag on the paper 


Fig A 

















cl 


ane 


and vibration are avoided by so arranging the gap that it 
occurs symmetrically of the width of the web. Fig. 1 isa plan 
view, and Fig. 2 is an end view, the gap is in three symmetri- 
cally arranged parte. a and b are two end parte placed in a 
straight line and extending each from the ends of the cylinder 
for about a quarter of its length The middle of the 
cylinder has a gap portion ¢ placed in a line 1 to the line 
of the a@and b. With this arrangement the web, when 
rel from pressure at the sides, will be drawn by the middle, 
and vice versed, so that there will be no lateral drag. (Accepted 
September 16, 1914.) 


extending between the 
lower wings, and adjacent 


the stru employed for the 
oh t deduite ditanse apart when 


rear spars 
to the h thereof, 
re’ the spars 
wings are removed from the 


central frame. 1 and 2 are respectively the upper and lower rear duct or introductory means, and suddenly only after combus- 
tubular of the central frame, which each support the rear of tion of a considerable portion of the combustible mixture has 
a central fixed wing . The frame spar 1 is supported from been completed. Fig. 1 is a vertical section, and . 2 a half- 
the top rail 3 of the by means of a vertical strut 4, while _ plan view of a heating or melting furnace provided a combus- 
the lower frame spar 2 is supported from the bottom rail 5 of the tion-bed in this invention. 1 is the main struc- 
fuse’ by a suitable bracket 6, so that by the fuselage frame | ture of the furnace enclosing or containing the tank or receptacle 
and central frame are heated. 


+ 
upper spar 


4 


strut 4 the vapor and 


on 


strut 4, by which means the said upper e 


apart. The outer end 7 of each | 
spar 1 and 2 is preferably formed thickened, and may be sweated | 

into a tube of larger diameter, whereby the thickness is increased, 
The | the said tube, in the case of the 
nected to, or formed in one with, 


2 intended to contain the body, liquid or solid, to be 
The furnace-structure 1 is provided at ite lower part with a 
deeply recessed portion 3, which may be circular, 
in plan, oe be otherwise—for instance, 


This 

upper spar 1, being rigidly con- filled with bricks, or oth 
the upper end of the vertical | bodies of refractory material 4, and these bricks 4, which may be 
of the strut is formed | loose or fixed, are so disposed and arranged ducts or pas- 


, the cross-piece of which extends coaxially with the 
1 of the central fram ——_ 
the plane containing the vertical strut 4, while the thick- 
ened end of the lower spar 2 also extends in 
tion and likewise beyond the vertical plane containing the 
— strut ." ve — go ends 7 
jower spars 1, 2 are form rectangu’ 
semi-circular in plan, the said ends entering, when the wi are 
in tion the machine, between upper and lower 
walls of hinge-boxes 8, one of which latter is fixed, as by ears 9, to 
the inner end of each of the rear s 
lower hinged wing portions. The 
formed in the upper and lower walls of each hinge-box 8 and 


2p? 2 


e and outw: ly 
of the upper and 
cross-section and 


lar in 


10 and 11 of the upper and | 
it 12 passes through apertures | 


1 5 a ne Coe or passages A. 

therebetween, such ducts or ag, oe Open on one side. 
In the example now being described, t 
sages 5 extending ly. The ducts or passages 5 are connected 
together by the subsidiary ducts or passages 6, and these ducts 
or passages 5, yy be likened unto a main or backbone and ribs. 
7 is refractory material conveniently in granular or fragmentary 
condition, and this refractory material may be Poy or arranged 
above the combustion bed and in relation to the tank or recep- 
tacle 2 so that the products of combustion will pass thereamongst 
and accelerate the transmiesion of heat contained in the products 
of combustion tothe body, liquid or solid, contained in the tank 
or receptacle 2. Combustible mixture is introduced through the 
inlet means 8 and passes along and burnsin the ducts or passages 
5, and from these ducts or es 5 into the subsidiary ducts 


the same direc- 








Y 


4 








or passages 6. 9 is a lighting orifice communicating with the 
= | ducts or e8 with the exterior of the furnace. This 
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r and lower | 


16, the ends of the 


device, such as a bolt an 
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16, the 
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passay' 1 

orifice is normally closed by a plug. The combustible mixture 
introduced through the inlet means 8 is ignited by a torch 
through the orifice 9, and surface combustion takes place on or in 
the neighbourhood of the containing-walls of the ducte or pas- 
sages, and the burning combustible mixture, or rather the heated 
products of combustion, from the ducts or passages to the 
re’ material 7, when employed. The combustion of the 
combustible mixture on or in the neighbourhood of the con- 
taining-walls of the ducts or paseages is not accelerated to the 
same extent as re, and is 8 »along the ducts or pas- 
sages for a considerable distance from the inlet means 8, with the 
result that the maximum local temperature is not so far in excess 
of the temperature of the furnace as a whole as heretofore. 
(Sealed November 26, 1914.) 


20,660/13. J. A. Prestwich, London. Gauging- 
Instruments. [4 Figs.) September 12, 1913. —This invention 
relates to gauging apparatus, and comprises an indicating-tube, 
which is in communication with a chamber having a flexible dia- 
phragm, the said chamber being provided with a micrometer- 


jf screw and carried on a bracket or arm so as to be adjustable to 





and from a member which, when the gauge is in use, is normally 








stationary. In the construction shown, a circular vessel a is 





through vertical holes formed in the rectan 
the central frame spars 1 and 2, upon which bolts 12 the wings 
ted to be turned. The bolts 12 are each formed at one end 
with a plate 13, which, besides performing the office of the bolt- 
head, provides means for attachment of tensioning wires 14. 
Each hinge-box 8 is at its rear wall cut away as shown, while the 
forward wall extends to such a distance inwardly beyond 
hinge-bolt as to form an abutment to contact with the forward 
hinged 7 “ne at —y- > bes nded to their flying posi 

when the wings have nm exte to their flying - 
tion. A lug 16 is formed on or attached, in any suitable manner, 
to the outer end of each hinge-box 8, the lug 16 on the hinge-box 
of the upper spar 10 projecting downwardly from the bottom wall 
of the said hinge-box, while the lug 16 on the hinge-box 8 of the 
lower spar 11 projects upwardly from the upper wall of the said 
A temporary strut 17, show: 
, the opposite ends of which are ad 


spar, to which the said box is 


n in dotted lines, is 
et tons, Se 


pted to contain fluid, in communication with which vessel is 
a transparent indicating-tube b of ll cross - section. 
apparatus is carried by an arm c, which is adjustably mounted on 
a vertical standard d fixed to a base-plate ¢. Immediately under 
the fluid-containing vessel a is a fixed abutment e!, fastened to 
the base-plate ¢, and the under-side of the fluid-containing vessel a 
is formed of a partially flexible diaphragm a!, which diaphragm 
is on A page with a suitable projection a” at its centre. 
It is prefe: to graduate the upper surface of the circular liquid- 
containing vessel a, and means are provided for adjustment to 
and from the fixed abutment ¢! on the base-plate e by a screw a? 
working in the arm c, which carries the vessel a, a fixed pointer 
being situated adjacent to the graduations. A scale may also be 
provided on the indicating-tube. In proximity to the indicating- 
tube d is preferably provided a device comprising a rod f, which 
is arranged parallel to the indicating-tube, and upon which screws 
a series of pointers which extend to the indicating-tube b. There 


lar tubular end 7 of 


the 





47 P. St. G. Kir d Bonecourt Surface 
Combustion, Limited, London, 


Heating 
mber 10, 1913.—This invention of improvements 
in or in connection with the combustion of combustible mixtures 
has reference to that process of combustion wherein use is made 
of the accelerating influence which hot surfaces exercise on com- ' 
reference to that process of combustion Hl 
which is known as surface combustion. For the pu’ 
invention, and in accordance therewith, a combustion-bed is so # 


said strut 17 being of such a 
in position, and the wings are removed 
the machine, the inner ends of the rear spars 10, 11 are 
vented from movement towards or away from one another. 
‘or the purpose of readily connecting the said strut 17 to the lugs 
said strut are formed with holes which are 
rresponding holes formed in the lugs 

which istering holes any suitable fastening 
nut may be passed. (Accepted Sept- 


Apparatus. 
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to those | ever formed and supp! 
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that the mixture of fuel and air, how- 
to the combustion-bed, enters a passage 


of a cross-sectional 






















































with or in the neighbourhood thereof. The combustible mixture 
or duct, and the direction of flow is 
portions at a time if near the inlet- | 1 
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are three of these pointers, which are both se tely adjustable 
and also adjustable altogether. The rod f ies a screwed sleeve 
fo which are screwed three nuts g*, g°, and g®, to which are 
at the pointers. In using the apparatus as a gauge, the 
lowest pointer is set to indicate the level of the liquid in the 
tube 6, and the apparatus is then adjusted with an article of 
correct size between the diaphragm and the fixed abutment, #0 
that the diaphragm a! is pressed upwardly and the level of the 
liquid rises in the tube 5. The other two pointers are then 
moved so that one is above and the other below the level of the 
liquid, each being at a suitable distance therefrom, which dis- 
tance di upon the limits to which it is intended to work. 
If the total volume of liquid in the apparatus should be decreased 
or increased by leakage, evaporation, or variation of temperature, 
the inters are lowered or raised ther, so that the 
as Te a the level of 5 —_ when be dia- 

ragm not being pressed. When using the apparatus as 
&@ gauge, the Suid-containing vessel a is adjusted at a distance 
from the fixed abutment ¢!, such that when an article of the 
correct desired dimensions is placed in position on the fixed 
abutment, it will cause by deflection of the diaphragm on the 
vessel the liquid to rise to 7 in the indicating 
tube. Each su uent article it is desired to gauge is now 
maps | on the abutment, and the accuracy of its dimensions can 

= from the level in which the liquid rises in the indicat- 
ing-tube. The fixed abutment may be shaped in any desired 
ee ee (Accepted September 23, 
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THE BRITISH ASSOCIATION IN 
AUSTRALIA. 
(Concluded from page 667.) 

SECTION B.—CHEMISTRY—concluded. 
NaTuRAL CLASSIFICATION OF THE ELEMENTS. 


In introducing his paper on ‘‘ A Device for the 
Representation of the Natural Classification of the 
Elements,” Professor Orme Masson, F.R.S., 
remarked that he would hardly call his communi- 
cation a paper. It merely concerned a device 
he had resorted to in exhibiting the periodical 
table (after Mendelieff) to his students in Mel- 
bourne. 
fusing, because manganese came, in the same 
column, between chlorine and bromine, and chro- 
mium between sulphur and selenium, &. To 
render the classification clearer he had attached a 
folded flap, printed with names like the table, to 
the centre of the table: turned to the left the flap 
would cover certain elements in the larger lower 
half of the table; it would cover other elements 
when turned to the right, whilst it left the table 
unchanged when standing out at right angles. The 
advantage was that no sharp break then occurred 
in the natural sequence of certain horizontal series, 
that metals and metalloids appeared duly sepa- 
rated, and that crystallised and gaseous ele- 
ments fell into line. He also placed hydrogen at 
the head of the halogen column, not above the 
alkali metals ; and he had a special flap for the rare 
earths which seemed to be a new departure of 
Nature. During the discussion by Professor Pope, 
Dr. Holt, Mr. ‘Tizard, and others, it was acknow- 
ledged that such devices which might appear trivial 
were of considerable assistance to the teacher. 


Spreciric Heat or Liquips. 


Mr. E. J. Hartung, B.Sc., described ‘‘A New 
Method for Determining the Specific Heat of 
Liquids,” a modification, suggested by Professor 
Orme Masson, of the usual method of mixtures. 
The calorimeter was a thin glass vessel of 100 
cub. cm. capacity, supported inside a Dewar flask. 
The ice-vessel was a thin glass cylinder, sealed, 
containing a definite amount of distilled water, and 
as much silver gauze as possible, both for ensuring 
rapid heat conduction and for making the bulb 
sink in the liquid. The liquid was introduced into 
the calorimeter by a pipette, and the ice-bulb was 
frozen in a mercury bath. The method was simple, 
rapid, and accurate, though not, so far, suitable for 
viscous liquids. The results of experiments made 
with water at 25 deg. Cent. had agreed within 
0.4 per cent. 


DETERMINATION OF VAPOUR PRESSURE. 

The apparatus which Mr. F. H. Campbell, M.Sc., 
of Melbourne, described in a paper on ‘‘ A New 
Method for the Determination of Vapour Pressure 
and an Examination of a Source of Error in Certain 
Dynamical Methods,” was based upon the principle 
that a liquid, saturated with a suitable gas (usually 
hydrogen), was allowed to evaporate into an enclosed 
space filled with the same gas approximately at 
atmospheric pressure. The extra pressure exerted 
by the vapour was measured by means of an open 
mercury manometer after restoring the original 
volume. The liquid was contained in a tube which 
was deeply scratched, so that it could be broken 
when the proper temperature had been reached in 
the bath. xperiments had been made with 
alcohols, ether, chloroform, water, &c., as liquids, 
evaporating into carbon dioxide, air, hydrogen or 
nitrogen. The results obtained were concordant, 
but lower than those obtained by other methods, 
and the error, which amounted to less than 1 per 
cent. in the case of hydrogen, depended upon the 
solubility of the particular liquid in the particular 
gas. With water at 60 deg. Cent. practically iden- 
tical results had been obtained with air and with 
hydrogen. 


OcoLusion or Hyprocen sy CHARCOAL AND 
PaLLaDIumM. 

Dr. A. Holt presented a r on ‘ The 
Comparison of the Phenomena of the Occlusion of 
Hydrogen by Charcoal and by Palladium,” a sub- 
ject on which he has already addressed several 
communications to the Royal Society, y in 
con — with J. H. w, E. C. wages and 

B. Firth. Compari of the isoth he 
pointed out, showed that with charcoal Seiten 
curves were obtained, whilst with palladium dis- 
continuity was observed, though the isosteres in 


The original table was somewhat con- | j 





both cases had similar curvatures. With hydrogen 
and charcoal these isosteres yielded constant 
values throughout their length, when com 
with vapour - pressure curves by means of the 
Ramsay-Young formula; but with palladium this 
was only so up to acertain temperature. The results 
were difficult to reconcile with the _———— 
of Hoitsema, who suggested that the hydrogen 
existed in palladium in two solid solutions, the 
miscibility of which varied with temperature, or 
with the view of McBain, that the occlusion of 
hydrogen by charcoal was a case of sorption. By 
= Dr. Holt understands adsorption by the 
surface, the adsorbed gas being given off again 
in a vacuum, combined with diffusion of the 
pee into the absorbent. The adsorption equili- 

rium was too rapidly established probably 
to determine its rate; but when the absorbed 
layer was maintained at constant concentration by 
surrounding it with an unlimited supply of the 
rate of inward diffusion could be meas J - 
periments had also been made on the thermal effects 
— by heating and cooling palladium in 

drogen. From these varied experimerts Dr. 
Holt was inclined to conclude that ium existed 
in two allotropic modifications (as did many other 
metals, according to E. Cohen, and also charcoal, 
according to Firth), ope of which had a greater 
affinity for absorbing hydrogen than the other ; 
above 150 deg. Cent. the two affinities became equal, 
and Dr. Holt suggested that the difference was 
paar? one of the closeness of packing of the 
metallic particles. 


Corrosion oF IRON BY ARTESIAN WATERS. 


Professor C. E. Fawsitt; D.Sc., of Sydney, 
resented a paper on ‘* The Corrosion of Iron and 
Bteel by Artesian Water in New South Wales.” 
We mentioned in our second article of this 
series* that the matter of corrosion of bore- 
casings was serious in New South Wales, espe- 
cially in the Coonamble district, less so in 
Queensland, and that, so far, no proper remedy 
had been found. An Interstate Conference on 
Artesian Water, meeting in Sydney in 1910, went 
fully into the matter, and a great deal of experi- 
menting has been done since by various depart- 
ments. But though the corrosion of iron may 
fairly well be understood in the laboratory, ite 
prevention advances little. Professor Fawsitt 
stated that he had found no characteristic differ- 
ence in analysing pieces of corroded and of un- 
corroded iron from the same very badly corroded 
casings; the two specimens had corroded to an 
equal extent afterwards in distilled water saturated 
with carbon dioxide ; the Coonamble district waters 
contained more sulphates than others, and the 
sulphates were met with there at smaller depths 
than elsewhere ; but that point seemed to be of no 
importance. The corrosive water was rich in gas 
(chiefly nitrogen, probably atmospheric), and its 
carbon dioxide seemed mainly to come from bicar- 
bonates. The corrosion was due to the oxygen 
and carbon dioxide in the water ; it was probably 
facilitated by the mechanical erosion due to sand 
and pebbles. Various kinds of iron and steel, 
enamelled or painted, having failed, pipes lined 
with cement had been tried. 


Waste Compustion Gases ror Fire-Extinction. 


In presenting his paper, on ‘‘ The Use of Waste 
Gases of Combustion for Fire-Extinction,” Mr. G. 
Harker, D.Sc., of Sydney, said that gases could 
only be applied in enclosed spaces, but they were 
very effective in basements, ships’ holds, oil-tanks, 
&c., where water was hardly useful or applicable. 
Water spoiled the goods too much, and might 
generate explosive water-gas ; water also percolated 
too slowly through many ships’ cargoes, such as 
grain and cotton-wool, moreover. The principles of 
using gases for fire-extinction had been dealt with 
in two papers which Clowes and Feilman had 
brought before the British Society of Chemical 
Industry some years ago. They had determined 
the minimum percentage of nitrogen and of carbon 
dioxide which would stifle combustion, and also the 
composition of the residual atmosphere in which a 
flame had been extinguished. The latter data are 
produced in the annexed table. 

Thus wick-fed flames which produced their own 
gas were all extinguished when the oxygen per- 
centage in their atmosphere fell to about 15 per 
cent., while a coal-gas flame would be extinguished 


when the oxygen sank below 11.4 per cent. In 
practice the oxygen percentage was reduced by 
replacing the air by some incombustible gas. On 
shipboard steam, carbon dioxide, and the gas from 
burning sulphur had so far been used. Steam 
condensed too readily and would not displace the 
air unless supplied in quantities large enough to 
raise the temperature of the atmosphere. The central 

lant to supply the for extinction was, on 
oad. generally installed in the boiler-room. But 
much more gas had to be used than the theoretical 
amount Saaty te Sean the oxygen proportion 
to 15 per cent., the holds, &c., could not 
be made gas-tight, and the hot gases had to be 
removed ; unless this was done, 4 red-hot mass con- 
tinued to smoulder and to break into flames again 
as soon as air regained access ; the importance of 
this point was not always appreciated. 


Composition of Residual Atmosphere. 








Percen' Composition of Atmo- 
sphere in which the Flame was 
Substance Burnt. Extinguished. 

| Oe. Ne | O00, 

Alcohol at oes ° 14.9 80.7 4.35 

ee spirit .. os 15.6 80.2 4.15 
~~ +; 6 _ oe =~ =. 8.0 
olza and paraffin. . os 4 5 3.1 
Candles oe se sal 15.7 81.1 3.2 
Hydrogen .. as we 5.5 94.5 -- 
Carbon monoxide .. se 13.4 74.4 12.2 
Methane 1 ios ‘ 15.6 82.1 2.3 
Ooal-gas 7 ea 86 1Lé4 83.7 4.9 





Dr. Harker himself used the flue-gases because 
they were available in large volumes, without 
any additional cost. A ton of coal yielded about 
45,000 cub. ft. of flue- containing 9 cent. of 
oxygen. That gas only to be cleaned ; it was 
fatal to animal life, particularly because it con- 
tained up to 1 per cent. of carbon monoxide, and 
formalin vapour could further be added to make it 
a powerful germicide. The first installation of this 
= yh ut on a a A the Colonial 

in mpany, ing between Sydne 
mn Fiji The nited States Public Heal 
Department had adopted the process for quarantine 
work, and two steamers had been fitted with such 
plants, the one for 90,000 cub. ft., the other for 
180,000 cub. ft. of gas per hour. The Melbourne 
Harbour Trust Commissioners were equipping a 
fire-float with a plant. Yet the practical develop- 
ment of the method was slow. e public did not 
trust extinction by flue-gases, or was frightened by 
his insisting on a plant of adequate capacity. That 
waste flue- would extinguish a coal-bunker fire 
had recently been demonstrated in London, and 
the reliability of the method for fumigation was to 
be investigated by the London School of Tropical 
Medicine. 

The discussion by Dr. H. B. Dixon and others 
= that the process had been confounded with 

. Harker’s su ion* of reducing the oxygen 
contents of the air in mines below the point at 
which explosions were likely. Dr. Harker stated 
that he himself had tried to work in a gold-mine in 
which the — content was 19 per cent., and the 
carbon dioxide proportion 0.5 per cent.; but he had 
to lie down by the fresh-air pipe every two hours. 
As regards fire-extinction, he cided that it was very 
difficult and very slow work to extinguish coke at 
500 deg. Oent. 


EXTRACTION oF Raprum FROM AUSTRALIAN ORE, 


Mr. S. Radcliffe described the *‘ Extraction of 
Radium from Australian Ores.’’ Radium, he 
stated, occurred only in two spots in Australia, 
both in Southern Australia, and the Radium Hill 
Company, of Sydney, worked an ore found at 
Radium Hill, near Olary, situated on the Broken 
Hill Railway, 55 miles from the famous mines. 
The chief ore was carnotite, a very complex uranium 
ore from pre-Cambrian ite dykes. It con- 
tained about 46 per cent. of titanium oxide, over 3 
per cent. of rare earths, 2.6 per cent. of uranium, and 
only 0.05 cent. of thorium. The radium con- 
tent was about 1 in 200 million. The nce 
of mesothorium not been expected the 
ratio of the constituents, and none was found. As 
mined, the ore could not be treated chemically. 
It was concentrated, mechanically and magnetically, 
Scheosteny Seunsen, “The erudod yoodunt parcel, 

tory . e ed product passed, 
together with cold water, through dissolving vate, 
in which a separation by gravity was chiefly 





* See ENGinzERING, page 515 ante. 





* See ENGINEERING, vol. xciii., page 812. 
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aimed at. The settled product was treated with 
strong sulphuric acid, when the whole of the 
actinium and the bulk of ionium were ipi- 
tated, together with the sulphates of lead, barium, 
and radium. These ‘‘ crude sulphates” were fused 
with caustic soda, and the melt was digested with 
water to remove the bulk of lead ee) the 
insoluble residue was digested with sodium carbo- 
nate in a rotating boiler under pressure; the 
carbonate precipitate was washed and dissolved in 
hydrochloric acid, which dissolved Ra, Ba, some 
Pb, actinium, the bulk of ionium, and a con- 
siderable amount of rare earths, mainly cerium, 
lanthanum, and didymium, yttrium being absent. 
On saturating this solution with gaseous 
* chloride, only the chlorides of barium and radium 
fell out quantitatively, actinium and ionium (which 
resembled the rare earths thorium in their pro- 
rties) remaining in solution. The rare earths 
fad then to be obtained by fractionation and other 
ways from the acid solution, and the ionium was 
finally separated together with thorium ; the balance 
of the rare earths, containing most of the actinium 
(whose atomic weight was not yet known), was 
reserved for further treatment ; according to 
Moseley, actinium would not be a rare-earth element 
after The original solution from the settling- 
tank was treated with sulphuric acid and hydrogen 
peroxide and then with ammonia to precipitate the 
uranium, which was very awkward to handle. 

In reply to questions by Sir Ernest Rutherford 
and others, Mr. Radcliffe added that they had 
also found some polonium ; the chloride (not the 
bromide or iodide) of radium had proved most 
suited for fractionation. They had at Woolwich, 
and in the new more spacious works at Sydney, so 
far smelted 120 tons in 12 months ; he hoped to 

et 100 milligrammes of radium per month. Pro- 

eecee Rutherford remarked that the process was 
very remarkable, because a special very poor ore 
was submitted to special treatment, and because 
the ionium and actinium were gained which else- 
where were allowed to run to waste. He had 
examined the process, and Mr. Radcliffe seemed to 
be able to prepare pure actinium. 


Nrrreic Acrip in RAINFALL. 


Mr. V. G. Anderson, of Melbourne, stated in a 
paper on ‘The Influence of Weather Conditions 
upon the Amount of Nitric Acid and of Nitrous 
Acid in the Rainfall, near Melbourne,” that the 
concentration of oxidised nii in seemed to vary 
inversely as the rainfall, that the product of this 
concentration and the rainfall was constant, and 
that the amount of nitrogen oxides brought down 
by the rain on any day was a function of the weather, 
and in a certain measure independent of the 
amount of rain, because the soluble gases were 
washed out of the air by the first portions of a 
shower. He distinguished several types of weather : 
antarctic, tropical, and combinations of the two. 


Organic CHEMISTRY. 


In addition to the papers on organic chemistry 
already noticed, organic chemical reactions were 
discussed at Sydney in papers by Mr. G. J. 
Burrows, Professor ih. Robinson, Mr. G. M. Robin- 
son, and Dr. H. McCombie. Dr. A. Holt also 
read a paper on ‘‘ The Colouring Matters of 
Certain ine Organisms.” The Ascidian diazona 
violacea, he explained, found near the Outer 
Hebrides by Professor W. A. Herdman (Senior 

of the British Association), was green 
while alive, but turned violet when put into alcohol, 
the alcohol itself becoming g=. The green 
substance gave a spectrum like chlorophyll ; the 
violet substance, when isolated, was a purple 
powder of a ree gy hee resembling the dibromo- 
indigotin whic riedlinder had discovered in 
murex brandaris about ten years , and which 
Dr. Holt had also found in pillus. The 
pare eth mes rently present as a colour- 
ess chromogen in the living animal and acted as an 
oxygen-carrier. 


Tur Economics or Marine Furt. 


We cannot attempt to report the proceedings of 
the other rections. We have already noticed 


M.A., of Birmi ‘ 
Economics and Statistics. It was a 
ing with the limitations of 
th coaling-stations, their 


Le wiility- of steamers, 





equipment and supply, and the economies of oil 
fuel. It referred also to the development of marine 
engines, and pointed out, among other features, 
how the transports and troop-ships returning 
empty from the Boer War had opened markets 
for the South African coals, and had modified the 
routes of the Australian trade and the trade itself. 
Ships bound homeward from Australia had formerly 

me round Cape Horn, taking up British coal in 

uth American ports; now the preferred route 
was via South Africa. 


DiscouRsEs aND LECTURES. 


The number of discourses for members only, and 
of general lectures open to the public, far ex- 
ceeded anything done on former visits abroad. We 
mentioned some of the lectures in our article of 
August 14 ; the original list was not curtailed, but 
extended. Lecturing, unofficial, of course, really 
began on the steamers on the way out. Members 
of the advance party gave discourses in Western 
Australia in July, and the lectures did not cease 
with the official closing of the meeting in Sept- 
ember. Under the circumstances we must refrain 
from entering into particulars. 


State orn University REesgaRrcu. 


Yet we will single out one discourse—that 
delivered at Brisbane, by Mr. A. D. Hall, M.A., 
F.R.S., of the Development Commission, Dean’s- 
yard, London. The title was “Tropical Agriculture,” 
and the discourse was, as such, as remarkable as 
Mr. Hall’s presidential address to Section M (Agri- 
culture), which dealt with the reclaiming of waste 
lands and afforestation. At Brisbane, Mr. Hall 
discussed the food problem in tropical countries. 
What we wish to notice, however, concerns his 
general remarks on the question whether the 
organisation and control of agricultural research 
should remain with the State direct, or be placed 
in the hands of semi-official bodies like the univer- 
sities. The investigator, he pointed out, was a man 
of individuality ; he could better work under the 
loose control system of a university than under the 
official hierarchy of a Government department, which 
had to insist upon a certain deference to its official 
views. A scientist in Government employ might 
have to decide between his salary and his conscience. 
The atmosphere of a university, though not always 
a temple of free thought, was more open. The 

test objection, however, to making research a 
overnment function was that such research was, 
of necessity, subjected to a detailed annual justifi- 
cation of expenditure to a non-expert legislative 
body. Only a talent for advertisement came to the 
front under such a régime ; a university man would 
have the co-o tion, and also the criticisms, of 
scientists of all branches. These remarks found a 
warm echo in an audience most of the influential 
members of which were probably attached to some 
State department. Australians like to joke about 
being too much governed, and they deserve general 

attention. 

ConcLtupinc REMARKS. 


In his presidential address to Section A, Professor 
Trouton had spoken of ‘‘ the scientific coming of 
age of Australia.” In a good many respects scien- 
tific Australia had come of age long before this 
meeting. The old universities of the Common- 
wealth have been doing excellent work ; some of 
the best-known members of the British Association 
were revisiting the country of their birth and 
education. Higher education had been fostered in 
the early days, and munificient donors had not been 
lacking. he Royal Society of New South Wales 
was founded in 1821 ; every State of the Common- 
wealth has now its Royal Society or its equivalent. 
The Australian Association for the Advancement 
of Science was established in 1888, and the meet- 
ing we have commented upon was also a meeting 
of this body, and not inappropriately styled ‘‘the 
Science Co! ” by the Australians. The 
general schooling is placed upon a sound basis in 
Australia. Museums dev to natural history, 
ethnology, geology, and technology exist in all the 
States ; some of them reflect the greatest credit 
upon the men sf —- > much without 
trained assistance, with for long periods very 
scanty means. The ical service of the 
country is very well That scientific 
the is 7 posed a 4 

coun! not neg our may have 
— alow. 

t there remains a great deal to be done. 
Some departments of the young universities are 


waiting for their equipment, and the man in the 
street may be more ready to direct the inquirer to 
the Grammar School than to the University. It 
was to stimulate scientific interest and to make 
the country better known generally that the Com- 
monwealth made the great sacrifices which the 
visit of the oversea party involved. Australia 
suffers in the first instance from its position far out 
in the East and South. The emigrant from Western 
Europe can reach America in a week at moderate 
cost, while he must be prepared to spend more than 
four weeks on board at considerable cost to reach 
the sunny shore of Western Australia. The 
immediate neighbours of the Australians are not 
of the white race, and Australia is determined 
to remain a ‘‘ White Continent.” The present 
generation remembers Kanaka labour on the sugar 
plantations of Queensland ; but no one advocates 
going back to what is coarsely styled all over the 
world “coloured labour.” The Australian aboriginee 
is an insignificant factor. The white man, who has 
taken his land, as elsewhere, now provides for him 
and takes good care of him—whatever may have 
been done in the past—and would like to study 
him and his customs more closely, if it were not 
almost too late. Many of the problems that the 
Australian has to solve may be summed up under 
the head ‘‘ dearth of population.” If Inner London 
could be dropped on Australia, the population of 
a Continent little smaller than Europe would be 
doubled. 

We have said something on the great problem 
of dearth of water and irrigation. Some pro- 
blems of the Australians are occasionally called 
problems of their own creation. We do not wish 
to allude to the introduction of rabbits, foxes, 
and of the prickly pear, a cactus which kills all 
other vegetation. But astonishment is sometimes 
expressed, ¢.g., at the shortsightedness of the 
different Australian States in having adopted dif- 
ferent railway gauges. The shortsightedness 
might, to a certain extent, be charged to the 
critics ; they forget how the Colonies grew. At 
the time when the first Australian railways were 
built the different centres over there were almost 
isolated from one another, and the engineers were 
justified in considering local features above all 
others. The gauge question had not been settled 
in Europe, moreover. We have dealt with this 
question on other occasions. We have also 
pointed out—in the second of these articles—that 
many Australian railways attain high altitudes. 
Ben Lomond Station, on the Sydney-Brisbane line, 
lies 4473 ft. above the sea-level, 70 ft. higher than 
the top of Ben Nevis. Some local difficulties might 
have m attacked more boldly. The general 
introduction of a standard gauge was decided upon 
some yearsago. When the time for its adoption 
comes, it May in many cases be found preferable 
to lay new tracks on new routes than to change 
the gauge of the old tortuous tracks. All such 
projects and industrial progress depend largely 
upon the development of the iron and steel 
industry. A promising start has been made with 
smelting the splendid hematite from Iron Knob 
in the new furnaces near Newcastle. The war 
will delay the industrial development of the Aus- 
tralian resources ; indirectly it may stimulate it, as 
it brings home to the Australians how much they 
are dependent upon other divisions of the world. 

Thanks to the unprecedented number of members 
who joined in Australia, the grants for research 
which the British Association was able to pass 
this year exceeded the sum of 15001. This is in 
addition to two special grants from further dona- 
tions by Sir J. K. Caird, who presented the Asso- 
ciation with a cheque for 10,0001. when they met 
at Dundee in 1912. Out of this latter fund 1000/. 
have been earmarked for the study of radioactivity 
and entrusted to a committee comprising Professors 
Rutherford, Soddy, and J. J. Thomson ; and 5001. 
more are allowed. for radiotelegraphic investiga- 
tion. These sums will only partiy benefit Aus- 
tralia, and the question may be asked: Will 
Australia have any return for all she has done in 
grave times’? Old members would probably answer 
that question in the affirmative. Canada invited 
the British Association first in 1884, and dis- 
appointed critics were not al er wanting after- 
wards. Yet invitations to Canada came in 
from Toronto in 1897 and from Winnipeg in 1909, 
and those members who had yoy | revisited 
South Africa were glad to find that the stimulus 
given to the advancement of science by the South 
African meeting of 1905 was still gratefully ac 
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aimed at. The settled product was treated with 
strong sulphuric acid, when the whole of the 
actinium and the bulk of ionium were precipi- 
tated, together with the sulphates of lead, barium, 
and radium. These ‘‘ crude sulphates” were fused 
with caustic soda, and the melt was digested with 
water to remove the bulk of lead sulphate ; the 
insoluble residue was digested with sodium carbo- 
nate in a rotating boiler under pressure; the 
carbonate precipitate was washed and dissolved in 
hydrochloric acid, which dissolved Ra, Ba, some 
Pb, actinium, the bulk of ionium, and a con- 
siderable amount of rare earths, mainly cerium, 
lanthanum, and didymium, yttrium being absent. 
On saturating this solution with gaseous hydrogen 
chloride, only the chlorides of barium and radium 
fell out quantitatively, actinium and ionium (which 
resembled the rare earths thorium in their pro- 
rties) remaining in solution. The rare earths 
had then to be obtained by fractionation and other 
ways from the acid solution, and the ionium was 
finally separated together with thorium ; the balance 
of the rare earths, containing most of the actinium 
(whose atomic weight was not yet known), was 
reserved for further treatment ; according to 
Moseley, actinium would not be a rare-earth element 
after all. The original solution from the settling- 
tank was treated with sulphuric acid and hydrogen 
peroxide and then with ammonia to precipitate the 
uranium, which was very awkward to handle. 

In reply to questions by Sir Ernest Rutherford 
and pr ol Mr. Radcliffe added that they had 
also found some polonium ; the chloride (not the 
bromide or iodide) of radium had proved most 
suited for fractionation. They had at Woolwich, 
and in the new more spacious works at Sydney, so 
far smelted 120 tons in 12 months ; he hoped to 
get 100 milligrammes of radium per month. Pro- 
fessor Rutherford remarked that the process was 
very remarkable, because a special very poor ore 
was submitted to special treatment, and because 
the ionium and actinium were gained which else- 
where were allowed to run to waste. He had 
examined the process, and Mr. Radcliffe seemed to 
be able to prepare pure actinium. 


Nitric Acip In RAINFALL. 


Mr. V. G. Anderson, of Melbourne, stated in a 
paper on ‘‘The Influence of Weather Conditions 
upon the Amount of Nitric Acid and of Nitrous 
Acid in the Rainfall, near Melbourne,” that the 
concentration of oxidised nitrogen seemed to vary 
inversely as the rainfall, that the product of this 
concentration and the rainfall was constant, and 
that the amount of nitrogen oxides brought down 
by the rain on any day was a function of the weather, 
and in a certain measure independent of the 
amount of rain, because the soluble gases were 
washed out of the air by the first portions of a 
shower. He distinguished several types of weather : 
antarctic, tropical, and combinations of the two. 


Orcanic CHEMISTRY. 


In addition to the papers on organic chemistry 
already noticed, organic chemical reactions were 
discussed at Sydney in papers by Mr. G. J. 
Burrows, Professor KR. Robinson, Mr. G. M. Robin- 
son, and Dr. H. McCombie. Dr. A. Holt also 
read a paper on ‘‘ The Colouring Matters of 
Certain Marine Organisms.” The Ascidian diazona 
violacea, he explained, found near the Outer 
Hebrides by Professor W. A. Herdman (Senior 
Secretary of the British Association), was green 
while alive, but turned violet when put into alcohol, 
the alcohol itself becoming green. The green 
substance gave a spectrum like chlorophyll ; the 
violet substance, when isolated, was a purple 
powder of a coppery lustre, resembling the dibromo- 
indigotin which Friedliinder had discovered in 
murex brandaris about ten years ago, and which 
Dr. Holt had also found in purpura lapillus. The 

urple pigment was apparently present as a colour- 
ess chromogen in the living animal and acted as an 
oxygen-carrier. 


Tue Economics or Marine Fugit. 


We cannot attempt to report the proceedings of 
the other sections. We have already noticed 
several discussions and papers in special articles, 
and we will here mention one more paper, on ‘‘ The 
Economics of Marine Fuel,” which Professor A. W. 
Kirkaldy, M.A., of Birmingham, brought before 
Section F, Economics and Statistics. It was a 
general discourse dealing with the limitations of 
the utility of steamers, with coaling-stations, their 





equipment and supply, and the economies of oil 
fuel. It referred also to the development of marine 
engines, and pointed out, among other features, 
how the transports and troop-ships returning 
empty from the Boer War had opened markets 
for the South African coals, and had modified the 
routes of the Australian trade and the trade itself. 
Ships bound homeward from Australia had formerly 
ne round Cape Horn, taking up British coal in 

outh American ports; now the preferred route 
was via South Africa. 


Discourses AND LECTURES. 


The number of discourses for members only, and 
of general lectures open to the public, far ex- 
ceeded anything done on former visits abroad. We 
mentioned some of the lectures in our article of 
August 14 ; the original list was not curtailed, but 
extended. Lecturing, unofticial, of course, really 
began on the steamers on the way out. Members 
of the advance party gave discourses in Western 
Australia in July, and the lectures did not cease 
with the official closing of the meeting in Sept- 
ember. Under the circumstances we must refrain 
from entering into particulars. 


State orn University Resgarcu. 


Yet we will single out one discourse—that 
delivered at Brisbane, by Mr. A. D. Hall, M.A., 
F.R.S., of the Development Commission, Dean’s- 
yard, London. The title was “Tropical Agriculture,” 
and the discourse was, as such, as remarkable as 
Mr. Hall’s presidential address to Section M (Agri- 
culture), which dealt with the reclaiming of waste 
lands and afforestation. At Brisbane, Mr. Hall 
discussed the food problem in tropical countries. 
What we wish to notice, however, concerns his 
general remarks on the question whether the 
organisation and control of agricultural research 
should remain with the State direct, or be placed 
in the hands of semi-official bodies like the univer- 
sities. The investigator, he pointed out, was a man 
of individuality ; he could better work under. the 
loose control system of a university than under the 
official hierarchy of a Government department, which 
had to insist upon a certain deference to its official 
views. A scientist in Government employ might 
have to decide between his salary and his conscience. 
The atmosphere of a university, though not always 
a temple of free thought, was more open. The 

reatest objection, however, to making research a 
 aceemedinon function was that such research was, 
of necessity, subjected to a detailed annual justifi- 
cation of expenditure to a non-expert legislative 
body. Only a talent for advertisement came to the 
front under such a régime ; a university man would 
have the co-operation, and also the criticisms, of 
scientists of all branches. These remarks found.a 
warm echo in an audience most of the influential 
members of which were probably attached to some 
State department. Australians like to joke about 
being too much governed, and they deserve general 
attention. 

ConcLupiInc REMARKS. 


In his presidential address to Section A, Professor 
Trouton had spoken of ‘‘ the scientific coming of 
age of Australia.’’ In a good many respects scien- 
tific Australia had come of age long before this 
meeting. The old universities of the Common- 
wealth have been doing excellent work ; some of 
the best-known members of the British Association 
were revisiting the country of their birth and 
education. Higher education had been fostered in 
the early days, and munificient donors had not been 
lacking. The Royal Society of New South Wales 
was founded in 1821 ; every State of the Common- 
wealth has now its Royal Society or its equivalent. 
The Australian Association for the Advancement 
of Science was established in 1888, and the meet- 
ing we have commented upon was also a meeting 
of this body, and not inappropriately styled ‘‘the 
Science Congress” by the Australians. The 
general schooling is placed upon a sound basis in 
Australia. Museums devoted to natural history, 
ethnology, geology, and technology exist in all the 
States ; some of them reflect the greatest credit 
upon the men who achieved so much without 
trained assistance, and with for long periods very 
scanty means. The meteorological service of the 
country is very well arranged. That scientific 
research concerning the nature and resources of 
the country is not neglected our report may have 
helped to show. 

But there remains a great deal to be done. 
Some departments of the young universities are 





waiting for their equipment, and the man in the 
street may be more ready to direct the inquirer to 
the Grammar School than to the University. It 
was to stimulate scientific interest and to make 
the country better known generally that the Com- 
monwealth made the great sacrifices which the 
visit of the oversea party involved. Australia 
suffers in the first instance from its position far out 
in the East and South. The emigrant from Western 
Europe can reach America in a week at moderate 
cost, while he must be prepared to spend more than 
four weeks on board at considerable cost to reach 
the sunny shore of Western Australia. The 
immediate neighbours of the Australians are not 
of the white race, and Australia is determined 
to’ remain a ‘‘ White Continent.” The present 
generation remembers Kanaka labour on the sugar 
plantations of Queensland ; but no one advocates 
going back to what is cvarsely styled all over the 
world “coloured labour.” The Australian aboriginee 
is an insignificant factor. The white man, who has 
taken his land, as elsewhere, now provides for him 
and takes good care of him—whatever may have 
been done in the past—and would like to study 
him and his customs more closely, if it were not 
almost too late. Many of the problems that the 
Australian has to solve may be summed up under 
the head ‘‘ dearth of population.” If Inner London 
could be dropped on Australia, the population of 
a Continent little smaller than Europe would be 
doubled. 

We have said something on the great problem 
of dearth of water and irrigation. Some pro- 
blems of the Australians are occasionally called 
problems of their own creation. We do not wish 
to allude to the introduction of rabbits, foxes, 
and of the prickly pear, a cactus which kills all 
other vegetation. But astonishment is sometiimes 
expressed, e¢.g., at the shortsightedness of the 
different Australian States in having adopted dif- 
ferent railway gauges. The _ shortsightedness 
might, to a certain extent, be charged to the 
critics ; they forget how the Colonies grew. At 
the time when the first Australian railways were 
built the different centres over there were almost 
isolated from one another, and the engineers were 
justified in considering local features above all 
others. The gauge question had not been settled 
in Europe, moreover. We have dealt with this 
question on other occasions. We have also 
pointed out—in the second of these articles—that 
many Australian railways attain high altitudes. 
Ben Lomond Station, on the Sydney-Brisbane line, 
lies 4473 ft. above the sea-level, 70 ft. higher than 
the top of Ben Nevis. Some local difficulties might 
have m attacked more boldly. The general 
introduction of a standard gauge was decided upon 
some years ago. When the time for its adoption 
comes, it may in many cases be found preferable 
to lay new tracks on new routes than to change 
the gauge of the old tortuous tracks. All such 
projects and industrial progress depend largely 
upon the development of the iron and steel 
industry. A promising start has been made with 
smelting the splendid hematite from Iron Knob 
in the new furnaces near Newcastle. The war 
will delay the industrial development of the Aus- 
tralian resources ; indirectly it may stimulate it, as 
it brings home to the Australians how much they 
are dependent upon other divisions of the world. 

Thanks to the unprecedented number of members 
who joined in Australia, the grants for research 
which the British Association was able to 
this year exceeded the sum of 15001. This is in 
addition to two special grants from further dona- 
tions by Sir J. K. Caird, who presented the Asso- 
ciation with a cheque for 10,000/. when they met 
at Dundee in 1912. Out of this latter fund 10001. 
have been earmarked for the study of radioactivity 
and entrusted to a committee comprising Professors 
Rutherford, Soddy, and J. J. Thomson ; and 5(0/. 
more are allowed for radiotelegraphic investiga- 
tion. These sums will only partly benefit Aus- 
tralia, and the question may be asked: Will 
Australia have any return for all she has done in 
grave times? Old members would probably answer 
that question in the affirmative. Canada invited 
the British Association first in 1884, and dis- 
appointed critics were not altogether wanting after- 
wards. Yet invitations to Canada came again 
from Toronto in 1897 and from Winnipeg in 1909, 


and those members who had recently revisited 
South Africa were glad to find that the stimulus 
given to the advancement of science by the South 
African meeting of 1905 was still gratefully ac- 
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knowledged. Let us hope that it will be so in 
Australia. 

The British Association is to reassemble at 
Manchester on September 8, 1915. Dr. Arthur 
Schuster, Sec. R.S., late Professor of Physics in 
= University of Manchester, is the President 

ect. 





GRANARY AT GLASGOW HARBOUR. 
(Concluded from page 634.) 

In the preceding article we described the ma- 
chinery for discharging grain from the vessels 
alongside the wharf, and its delivery on the band- 
conveyors B land B 2 (Fig. 92) to shoots feeding the 
two main elevators in the centre of the building 
marked C 1 and C 2, which in turn raise and deliver 
it to conveyors D 1 to D4 (Fig. 93), two of which 
extend over the silo portion of the building, and 
enable grain to be deposited in any one of the 150 
separate bins, while the two others extend over the 
floor section of the building and deposit the grain 





through down-spouts (Fig. 94) on any of the eleven 
storage floors. We now continue our description 
in detail of the remaining portions of the grain- 
handling machinery. On the present page are 
plans showing the general arrangement of various 
conveyors, some of them already referred to. 

Fig. 92 shows a portion of the intake conveyors 
leading to the main elevators, and also the basement 
bands F 1 to F 6 beneath the loading-platforms, for 
turning over grain in the granary, and for conveying 
grain, in bulk or in bags, in process of delivery to 
vessels at the quay. Fig. 93 is a plan of the con- 
veyor-gallery, showing the bands D 1 and D 2 over 
the silos, and D3 and D4 over the floor granary. 
The same figure also shows a portion of the twelfth 
storage floor, and, in dotted lines, the general 
arrangement of the bins. Fig. 94 is a construc- 
tional plan of the eastern portion of the twelfth 
floor. The enclosure for the horizontal sack-band 
on this floor, referred to below, is shown along the 
centre of the floor. 

Fig. 137, on page 697, gives a good view of two 
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of the bands, D 1 and D 2, in the conveyor-gallery, 
with movable throw-off carriage and side-shoot, by 
means of which grain can be delivered into any of 
the bins. The other two bands, which command the 
floor granary, are similar. Figs. 95 to 97, on Plate 
XLIV., illustrate the method by which grain is fed 
on to these bands from the main elevators ; and Figs. 
98 to 100 show the arrangement of inclined shoots 
and specially-constructed vertical down-spouts, by 
means of which grain is passed from the bands to 
the storage floors or the bins, as the case may be. 
The down-spouts, which are shown in the view of 
a typical floor, Fig. 136, page 697, are spaced 
12 ft. apart, and are continued vertically down- 
wards through all the floors to the first, or sacking- 
off, floor (see Fig. 139, page 697). They are 
provided with spreaders near the ceiling of each 
storey, by means of which grain from the top con- 
veyor-bands, or from a higher storey, can be spread 
out on the floor desired. They have also sleeve- 
valves near the floor-level of each storey, through 
which grain can be drawn off, and so passed by the 
down-spouts below to a lower floor for storage, to 
the first floor for weighing, sacking if desired, and 
loading out to carts and railway-wagons, or to the 
basement conveyor-bands, for turning over or load- 
ing out to lighters at the quay. 

After grain has been stored in the silos, or on the 
granary floors, it may be desired to condition it by 
**turning it over.”” This has been provided for in 
the plant, and grain can be dealt with in this way 
at the rate of 100 tons “sag hour from any silo bin, 
or from any floor of the granary. By means of 
portable shoots under the bins, or in continuation 
of the down-sprouts, as the case may be, the grain 
is delivered on to one of the basement conveyors 
F1 to F6, already referred to, and shown in 
Fig. 92. The centre conveyors F 2 and F 5 de- 
liver direct into the boot of the main elevators at 
the centre of the building; grain carried by the 
side conveyors is brought to the same point by 
means of short transverse bands at the north end 
of the intake subway, shown in Figs. 82 to 86, 
accompanying our previous article, or by the 
inner length of the main intake bands from the 
quay, as the case may be. By the main elevators, 
the grain is raised to the conveyor gallery 
and is distributed to bin or storage floor, as in 





the case of grain entering the granary ex-ship. 
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The basement conveyors can also be arranged 
to deliver to an auxiliary elevator C 3, discharging 
into an automatic weigher (shown in Figs. 106 
to 108, on Plate XLIV.) placed on the ninth 
floor. This automatic weigher has a capacity of 
3000 lb. per weigh, and can be used for weighing 
parcels of grain that are being turned over in the 
granary, or for weighing large parcels of grain 
being discharged direct to railway truck, or direct 
to craft through the loading-out band in the intake 
subway, to be described later. 

The auxiliary elevator is carried up to the same 
height as the main elevators, and so is available for 
turning the grain over either from the silo or 
granary in the event of the main elevators C 1 and 
C 2 being engaged in taking in grain from the ship 
elevators, provided that one of the appropriate 
bands in the conveyor-gallery is not in use in con- 
nection with the main elevators. 

We come now to the machinery for loading out 


the grain in bulk or in sacks. Grain brought 
from any floor by vertical down-spouts, or drawn 
from bins, is weighed on the first floor (for which 

urpose 14 automatic weighing-scales, as shown 
in Fig. 139, page 697, are provided), then sacked, 
if required, and discharged by gravity, in sacks or 
in bulk, into carts outside the granary, or into 
railway wagons on the three lines of rails inside. 
Provision is made for loading simultaneously 24 
carts or lorries, 12 along each side of the granary. 
The loading is done under cover of an overhanging 
veranda roof projecting 16 ft. from the face of the 
main building. Ten railway wagons on each line 
of rails, or 30 in all, can be loaded simultaneously 
if required. 

To enable grain to be loaded out into lighters 
a band-conveyor, designated G in Fig. 92, and 
capable of carrying 100 tons per hour, is provided 
in the intake subway at a higher level than the 





main intake bands, as indicated in Figs. 82 to 86 





accompanying our previous article. Under the 
goods-shed on the quay, this band is run on an 
upward incline, so as to deliver to a continuation 
band carried in a travelling gantry, which runs on 
the same rail-track on the quay as the ship elevators. 
The top portion of this gantry, which is fully illus- 
trated in Figs. 133 to 135, on page 696, is at such 
a height as will clear railway wagons running on 

ible future lines on the quay. The inclined 
portion of the band inside the shed is carried on a 
lattice framework hinged on the front eaves girder 
of the shed, and provided with lifting tackle at the 
inner end, by which it can be raised up towards the 
roof of the shed when not in use, so as to leave 
the shed floor clear for other uses. This portion 
of the band is shown in plan in Fig. 131. 

The loading-out band is fed at its inner end by 
any of the longitudinal basement bands in the 
oy (Fig. 92), on to.which the grain has been 

ischarged by shoots, as described above, for the 
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‘*turning-over ” process and the loading into rail- 
way wagons. Instead of being weighed by the 

rtable machines on the first floor, the grain, if 
in a large parcel, may be weighed by passing 
through the automatic weigher on the ninth floor, 
above referred to (Figs. 106 to 108, Plate XLIV.), 
and the relative shooting discharging on to the 
centre basement band F 5. From the travelling 

ntry in front of the goods-shed the grain, whether 
in bulk or in sacks, is discharged by fixed and port- 
able shoots into the craft lying alongside the quay. 

Up to this point we have been dealing almost ex- 
clusively with the movement of grain in bulk, and 
we have now to refer to the arrangements for 
handling flour or grain in sacks. At the east and 
west ends of the ce granary, two inclined band- 
conveyors are provided, each capable of dealing 
with 500 sacks per hour; these conveyors run 
from the quay-level, near the front of the goods- 
shed, to the granary, which they enter at the fifth 
floor level, and deliver on the sixth floor. 

The lower ends of the conveyors inside the shed 
are carried on framed gantries hinged on the adjoin- 
ing roof principals, and capable of being lifted u 
towards the roof, so as to leave the floor of the sh 
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free for ordinary goods traffic. Fig. 110, page 694, 
gives a view of one of the inclined conveyors, look- . 
ing upwards from the shed floor, with the hinged por- \ 
tion in the foreground ; Figs. 131 and 132, annexed, ' 
show details of this portion, and also the lower end , 
of the steel-plate gantry supporting the band across 
the interval from the back of the shed to the south \ 
wall of the granary. Figs. 102 to 105, Plate XLIV., 














show the details at the upper end of the bands, 
with the driving motors and band. tightening gear on 
the fifth floor, and the terminal on the sixth floor. 

Sacks taken from the ship’s hold or from the 
shed are placed on these inclined bands and deli- | 
vered by them, through suitably-arranged curved | — 
trough-shoots, on toa horiz nt:1 sack-band, marked | hates 
E3 on Figs. 103 to 105, Plate XLIV., running Fries, 133 ro 135. Travettinc Gantry For Satppine Grain IN Bulk or Sacks 
cast and west on the sixth floor, which is capable at West Enp oF Quay, 
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of being run in either direction, as required, and, 
by the operation of a movable throw-off carriage 
and curved shoots, can deliver sacks where desired 
on the sixth floor. From this floor, by means of 
nine patent ‘‘ Swiftsure” sack-shoots, bags can be 

to any of the lower floors for storage, or to 
the first floor for weighing, if required, and load- 
ing through wall-shoots into carts outside the 
building, or through specially-designed shoots into 
railway-wagons. ‘By means of the same ‘‘ Swift- 
sure” sack-shoots, bags at the rate of 500 per hour 
can be delivered to any of the six basement bands, 
Fig. 92, and so to the luad’ng-out band G, and the 
travelling gantry, Figs. 133 to 135, from which, by 
means of suitable trough-shoots, they may be dis- 
charged into lighters at the quay, the operation 
being the same as described above for grain in 
bulk. 

Along the east and north walls of the building 
there is an upper inclined sack - band extending 
from the sixth to the twelfth floor, which forms a 
direct continuation of the eastern sack-band from 
the quay. At the right-angle turns in this con- 
veyor, the sacks are transferred from one section 
of the band t6 the next by means of suitably- 
curved shoots. The conveyor runs within an 
enclosure formed with partition-walls and sloping 
floors and ceilings, which were illustrated by 
Figs. 10 to 15, on page 525 «ante, in a previous 
article. 

The sixth-floor horizontal sack-band E3 is 
equipped with a hinged portion at its eastern end, 
and by the raising of this it is made capable of 
delivering on to the upper inclined band, and in 
this way the west as well as the east sack-band 
from the quay is able to deliver on the twelfth 
floor. On this floor there is a distributing sack-band 
serving the same purpose as that already described 
on the sixth floor. Fig. 94, page 693, shows the 
position of this band with its enclosure walls, and 
a perspective view is given in Fig. 109, page 691, 
which shows the teavelling throw-off carriage and 
side shoot in the foreground. By this band sacks 
are distributed where desired on the twelfth floor, 
and from there, by means of ‘‘Swiftsure” sack- 
shoots, to any of the lower floors for storage, or 
for disposal otherwise, as described above, in con- 
nection with the sixth floor distributing - band. 
The delivery of sacks to lighters does not in any 
way interfere with the taking in of grain in bulk 
or sacks ; the entire equipment has been so designed 
that several operations can be carried on simul- 
taneously. 

The ‘‘Swiftsure” sack-shoots, nine in number, 
are placed in continuous vertical lines, extending 
from the twelfth floor to the basement bands. The 
principle upon which they are arranged is that the 
sack has first a vertical drop for about half the 
height between floors, and then slides on to a 
nearly horizontal portion of the shoot, the change 
in direction of movement being made through a 
properly designed curve. If the bag is at an inter- 
mediate stage in its journey, it retains sufficient 
velocity to carry it forward to the next vertical 
drop pertaining to the floor below, followed again 
by the horizontal portion of the shoot. The com- 
plete movement of the bag through a number of 
floors is therefore a zig-zag. On the floor at which 
it is desired to intercept the bag, the side of the 
shoot is opsned up and the movement of a lever 
moves a bafile-plate which brings the bag to 
rest on the horizontal portion of the shoot, from 
which it can be taken by hand and disposed of. 
Fig. 139, page 697, shows one of the sections of 
this type of shoot; in this case, the side-door is 
open for taking out the sack, and the position of 
the baffle-plate may also be seen. 

In Figs. 111 to 130, on pages 694 and 695, are 
shown constructional details in connection with the 
silos and shoots. Figs. 111 and 112 show the silo 
hoppers, which are built up of steel plates and angles 
of the dimensions given, and are secured to the ferro- 
concrete by T -bars and angles. The hopper illus- 
trated has four openings ; other hoppers have only 
one, two, or three outlets, according to the number 
of divisions in the silo. In each case the hopper- 
mouth is so constructed as to take the portable 
automatic weighing-machines, and the outlets are 
controlled by valves operated by chain - wheels 
and chains from the sacking or weighing-floor. 
Figs. 113 to 130 illustrate frames and covers for 
sack-shoots and bulk-grain shoot on the weighing- 
floor; there are about 400 openings fitted with 
frames, and the covers are hinged and arranged so 
that when shut down they are flush with the floor, 





in order that there may be no obstruction to 
trucking. 

Fig. 138, on page 697, is a perspective view of 
the west portion of the sacking-off floor, showing 
the steel hoppers mentioned above. If bulk grain 
from a silo requires to be delivered to carts, rail- 
way wagons, or to the bands for turning over or 
delivery to craft at the quayside, suitable spouts 
are provided for these various operations from the 
weighing-machine, or from the hopper direct if 
weighing is not being done. 

he granary is equipped with two separate dust- 
extracting plants—one for dealing with the quay- 
side and intake subways, the other for subways in 
the basement. The dust trunking, with connections, 
is shown in Figs. 88 and 89 accompanying our 
previous article. The trunks are coupled to fans 
placed on the second floor of the granary. The fans 
are direct-driven by motors, and are of ample size 
to deal with all dust arising from the grain at the 
feeding-on and delivery points on the conveyors, 
so that the subways are kept perfectly clear. The 
dust is discharged from the fans through the north 
wall of the building into two large cyclone dust- 
collectors, from which it is led by means of spouts 
to the loading-platform, where it is sacked 

The whole of the above-described grain-handling 
plant at the granary is driven by electricity, 
direct current at a voltage of 500, supplied from 
the Glasgow Corporation Electricity Supply system. 
On the second floor of the granary a main 
switchboard is placed in a special room. This 
board consists of seven enamelled slate panels 
supported on steel angles, and mounted in a 
polished wood frame. Two feeder-panels are 
arranged to take the Corporation’s incoming mains, 
one for power and one for lighting. Three of the 
other panels are for power distribution to the 
granary, and the other two for lighting distribu- 
tion. The incoming power-feeder panel is fitted 
with voltmeter and ammeter, recording watt- 
meter, two single-pole circuit-breakers, and single- 
pole switch and fuse. Each power-distributing 

anel is fitted with an ammeter, single-pole circuit- 
asc snl and single-pole switch and fuse. Two of 
these distributing panels supply the quay subway, 
where, owing to the long cable run, it is necessary 
to have two sets of feeders to a central dis- 
tributing point in parallel, to keep within the 
specified voltage drop. The other distributing 
nel supplies the granary through sub-distribution 
rds fixed at the second, fifth, and tenth floors. 
Multiple bus-bars are fitted at the back of the 
switchboard, on porcelain insulators, for carrying 
the current. 

There are thirty-nine motors, all of which are 
totally enclosed, the total horse-power being 678. 
All motor-starting panels, except those in the 
quay subway, are of the ironclad type, consisting 
of a rheostat (with no-volt and overload release) 
operated by means of a handle from the outside of 
the casing, and a double-pole magnetic circuit- 
breaker, which is closed by the starting-switch. 
The motors driving the quay subway conveyors 
have automatic control panels consisting of an 
enamelled slate base fitted with a solenoid-operated 
starting - rheostat, double-pole throw-off switch, 
single-pole magnetic circuit-breaker, double-pole 
single throw-over main switch, and a no-volt and 
overload release. These panels are designed for 
remote control, being operated by master switches, 
four in number, fixed on columns of the goods- 
shed facing the river. These eight panels are 
all electrically interlocked, making it impossible 
to start up the two bands at the far end of 
the subway—i.c., Bl and B2—without all the 

receding bands starting up simultaneously. In 
fike manner, should the bands nearest to the 
intake elevators—i.e., B7 and B8—be stopped 
for any reason, then all the other bands bevond 
will also stop, and if bands B5and Bé be 
stopped, then B3, B4, B 2 and B1 will also stop, 
but B7 and B8 may be kept running. Also, should 
bands B3 and B4 be stopped, then B1 and B2 
will stop with them, and bands B5, B6, B7 and 
B8 may be kept running. Thus all fear of a choke 
of grain in the subway is reduced to a minimum. 


The remote control may, if necessary, be cut out | P 


and the panels operated locally by means of the 
double-pole throw-over switch mentioned above. 
The ship elevators are electrically connected by 
means of a flexible cable, protected in a metallic 
flexible tube, fitted with a plug to connect up to 
plug-boxes (21 of which are built into the surface 
of the quay), these plug-boxes being fed from the 





mains in the quay subway. A driver’s cabin is 
provided, where all the control-gear for the different 
motors are grouped together conveniently for the 
operator. immer- winches are included for 
bringing the grain in the ship’s hold up to the 
elevator boots, and are provided with magnetic 
clutches, which are operated by means of push- 
buttons fixed at the bottom of the elevator legs. 

The lighting is carried out on the three-wire 
system, 250 volts, direct current, the circuits being 
distributed so as to balance on each side. There 
are 800 60-watt metal-filament lamps. The in- 
coming feeder-panel on the main switchboard is 
fitted with an isolating link for connecting the middle 
wire from the power-station. This panel is also pro- 
vided with two ammeters, one for each side, and 
two single-pole circuit-breakers. There are also 
two distributing panels, one for the positive side 
and the other for the negative side, each fitted with 
voltmeter, recording wattmeter, two double-pole 
switches (one for granary lighting, the other for 
the quay subway lighting), and two double-pole 
fuses. Two pairs of lighting mains are run the 
full height of the building, with T connections to 
sub-distributing boards on each side. 

There is a complete telephone system installed, 
there being one instrument on each floor, and one 
at each master-switch along the quay ; all are con- 
nected through a central exchange. The ship- 
elevators are provided with an electric bell signal- 
ling apparatus from the driver’s cabin to the 
quay-level, so that the driver may be warned in 
case of emergency. 





INDUSTRIAL NOTES. 

In a former paragraph (see page 641 an/e) we dealt 
with the employment of Belgian refugees. We are 
now informed that the Local Government Board has 
drawn attention to syme important principles that 
have been laid down by the Government Belgian 
Refugees’ Committee concerning the employment and 
the treatment of Belgian refugees. The Committee 
have stated the following :— 

That it should in all cases be borne in mind that the 
refugees are the guests of the nation, and that any 
attempt to obtain Belgian labour gratuitously or at a 
lower rate of ey than paid to British workpeople 
is strongly to be deprecated. 

That any attempt to secure Belgian labour without 
making every possible effort first to secure British 
labour is also strongly deprecated. 

That in all cases where a Belgian is placed in regular 
ane. and is receiving hospitality, he should 
ba called upon to pay the cost of his board and 
lodging, or such contribution thereto as the local 
committee may consider just and reasonable. 

That in all cases where temporary or intermittent 
work is performed, or regular personal service given 
to the person or persons from whom hospitality is 
being received, the refugee ought to receive remunera- 
tion not less than that which is customarily paid for 
such work or service, but that the value of the board 
and lodging received might equitably be taken into 
consideration in these cases. 

That it has been brought to the notice of this Com- 
mittee that in some cases the wages earned by the 
refugees are not paid over to them, but are, either in 
whole or in part, being saved for them for their return 
to Belgium ; considering the thrifty habits of the 
Belgian people, no compulsory system of saving should 
be instituted in any case, but each refugee should be 
asked to decide for himself whether he would wish any 
part of his earnings saved for his future use. 

The Local Government Board states that some part 
of the gifts of flour, cheese, and potatoes from Canada 
will be available for distribution among the refugees 
if the local committees will undertake the distribu- 
tion. 





The Liverpool Courier deals with the St. Helens 
glass trade in the following terms :—‘‘ Among those 
trades which have received distinct benefit from the 
war is the glass-making industry. Owing to forei 
competition in the past, and especially to scientific 
‘* dumping” on the part of competitors in Protectionist 
countries, the British makers of glass have been sadly 
reduced in number. One of the principal, if not 
actually the foremost, strongholds of the industry is 
St. Helens, Lancashire, where Messrs. Pilkington 
Brothers employ many thousands of hands in makin 
late and sheet-glass, and where there are also severa 
substantial firms engaged in the manufacture of 
bottles, &c. St. Helens has for years found fairly 
steady employment in glass manufacture, but the war 
has now produced there an unprecedented boom. 
The cost of glass has gone up in some cases about 
50 per cent., if not more, and large stocks in extensive 
warehouses are being quickly depleted. The men in 
Messrs. Pilkington’s employ aré receiving an addition 
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of 2s. a week to their wages, while women, girls, and 
boys are getting 1s. extra, as also are the labourers. 
This is described by the firm as a war bonus. 

‘* There is a considerable shortage of both skilled and 
unskilled labour in the town, due in part, no doubt, 
to the fact that so many men have gone to the war. 
At one time there used to be in St. Helens a not 
inconsiderable flint-glass trade, but this is practically 
non-existent, and notwithstanding that there is now 
no German competition for the time being, there seems 
to be no local tendency to take advantage of the 
situation. Considering the enormous trade in lamp- 
glasses, chimneys, &c., done by Germany and Austria 
in this country, this seems singular. A local gentle- 
man with intimate knowledge of the subject, however, 
informed the writer that the fault lay with the trade 
unions, who would not allow flint glass to be made in 
moulds. Until this restriction was removed, it was 
hopeless to rehabilitate the industry to any great 
extent.” 





The returns issued by the accountants to the Mid- 
land Iron and Steel es Board, which controls 
wages in Staffordshire, orcestershire, a 
Lancashire, Derbyshire, Yorkshire, and South Wales, 
show that for September and October last the output 
of the seventeen selected firms whose books are ex- 
amined was 30,989 tons of iron and steel of all descrip- 
tions, compared with 28,828 tons in the previous two 
months, or an increase of 2161 tons. The average net 
selling price for September and October was 7/. 6s. per 
ton—an increase of 9s. 8d. per ton compared with the 
selling price for July and August. 

In accordance with the sliding scale, the wages for 
puddling have advanced 6d. per ton, making the rate 
9s. 6d. i. addition to the puddling rate a bonus of 6d. 
is allowed, which brings the actual wage to 10s. The 
advance commenced to take effect on Monday last, the 
7th inst. , 


The quarterly report for July, August, and Septem- 
ber, issued by the Ship-Constructors’ and Shipwrights’ 
Association, to which we referred on page 669 ante, 
states that its members have been fully employed 
during the quarter, especially in those districts where 
war work has been ———> and where hospital- 
ships, troop-ships, and other requirements of war have 
had to be provided. The demand for shipwrights and 
drillers has been, and still is, abnormal, and there is 
not the slightest reason for either a shipwright or 
driller to be out of employment. By the transference 
of men from different p where work has been 
quiet we have been able to meet a considerable portion 
of the demand, especially on Admiralty work ; but in 
certain places it would appear to be almost impossible 
to persuade certain of our members, even when un- 
employed, to recognise how they fail in their duty to 
the State and cause detriment to their craft by refusing 
to go to other places where men are urgently required. 
This is not a time for people to quibble over paltry ex- 
cuses, when their craft is in danger and the need of the 
nation vital ; therefore we do trust that our members 
everywhere will assist their representatives to obtain 
every available member in their departments. It is to 
their interest as individuals, to that of their craft and 
association, and, above all it is their duty to the nation. 
We must also point out another way in which our 
members can materially protect their interest as a 
craft, also materially help in the accelerating of 
Admiralty work, and that is by keeping regular time. 
In connection with this matter of better time-keeping. 
might we also be permitted to make a special appeal 
to the different firms during the present emergency, 
when so much overtime has tobe worked? Instead of 
closing their gates immediately after starting-time in 
the morning, and not allowing men to enter the yard 
until breakfast-time, which means that the men are 
losing a quarter, drifting in some cases into a full day, 
could not the firms, as was the practice in the old 
days, make special temporary arrangements by which 
men who are 5. or 10 minutes late, by reasons over 
which they have little or no control, be allowed to 
start, and lose only a quarter or half an hour? 
When men having to come considerable distances b 
tram or train are delayed en route, through no fault 
of their own, we would respectfully urge that firms 
should take the fact into consideration, and arrange 
for the men to be admitted into the yard and allowed 
to start work. It has also been stated to us, when 
complaining to the men of lost time, that a consider- 
able amount of time is lost, especially in the piece-work 
department, through want of power for the machines. 
If this is correct, then we hope that steps will be taken 
to remedy the point. At this period it is most desir- 
able that regular time should kept, and we trust 
that by co-operation between workmen and employers, 
especially in warship work, lost time will be reduced 
to a minimum.” 





We have received a copy of the pamphlet No. 152, 
issued by the United States Department of Labour, 





ving the decisions of courts and opinions affecting 
bour for the year 1913. The pamphlet deals with a 
very large number of cases, from which we take the 
following :— 

Employer and Employee—Trade Secrets—Injuncture 
to Prevent Disclosure—Macbeth-Evans Glass Company 
v. Schnelbach.—This case involved the right of the 
compuny named to procure an injunction to prevent a 
disclosure of important secrets connected with the 
manufacture of a peculiar quality of glass. The 
defendant, Schnelbach, had occupied a position of 
confidence and trust with the company, by reason of 
which he had become of a knowledge of the 
secrets in question. Subsequently he had entered 
the employment of another company, which immedi- 
ately engaged in the manufacture of a similar glass to 
that made by the plaintiffs. Investigation disclosed 
the fact that the formula used by the new company 
was practically identical with that which had ‘tom 
perfected by the Macbeth-Evans Company as the 
result of prolonged and expensive experiment. The 
Court of Common Pleas of Allegheny County had 
awarded the plaintiff company an injunction restrain- 
ing the further manufacture of this glass under any 
name whatsoever, or of any cther glass made by sub- 
stantially the same process, mixture, or formula. It 
also forbade the disclosure of information as to pro- 
cesses with which the defendant had become familiar 
while employed by the company. On appeal from 
this injynction, the action of the Court was affirmed, 
Judge Elkin, speaking for the Court, saying :— 

**Tt may now be accepted as settled law, under the 
authority of English and American cases, that courts 
of equity, if the facts warrant, will restrain an 
employee from disclosing or from using trade secrets 
communicated to him in the course of a confiden- 
tial employment. The character of the secrets, if 
they be peculiar and important to the business, is not 
material. They may besecrets of trade, orsecrets of title, 
or secret processes of manufacture, or any other secrets 
important to the business of the employer. They, 
however, must be the particular secrets of the com- 
plaining employer, not general secrets of the trade in 
which he is engaged. e duty of the servant not to 
disclose the secrets of the master may arise from an 
express contract, or it may be implied from their 
confidential relations. 

‘There was no express contract on the part of 
Schnelbach not to disclose the trade secrets of his em- 
ployer; but the testimony shows that he was a trusted 
a | valued employee ; that for many years he had 
general supervision of the plants and manufacturing 
end of the business; that his employers re reat 
confidence in him and communicated to him without 
reserve all the secrets of their business ; that in the 
manufacture of glass there are many trade secrets ; 
and that nothing was withheld from him in connection 
with these secrets, but that he was treated at all 
times on the basis of a confidential relation. The 
knowledge of the secret formula involved in this con- 
troversy came to him by reason of the position he 
occupied with, and the confidence, reposed in him by, 
his employers. The secret formula was communicated 
to him, not for his personal use, nor that he might 
profit by the knowledge thus obtained, but for the sole 
benefit of his employers, whose interests he was in 
duty bound to protect. It therefore would be in- 
equitable and unjust that he should either disclose it 
to others, or make use of it himself, to the prejudice 
of his employers, who were entitled, as against him 
and those associated with him, to whatever advantage 
the manufacture of glass by the secret process gave.” 





ConrERENCRE Between Streei-MAKERS AND AUTOMO- 
BILE MANUFACTURERS. —In further reference to the recent 
announcement that a conference would take place in 
Birmingham in December between makers of steel cast- 
ings, stampings, forgings, &c., and automobile manu- 
facturers, in order to discuss the shortage of automobile 
ry it has now been a that the meeting shall be 

eld in the hall of the Y.M.C.A., Dale End, Birmingham, 
on Friday, December 11, at 7.30 p.m. A card of invita- 
tion for the meeting may be obtained on application to 
the Secretary of the Institution of Automobile Engineers, 
28, Victoria-street, London, 8S.W. 





Sma. Tusinc.—Many of our readers will, we imagine, 
be glad to note the fact that they can obtain very fine 
tubing suitable for laboratory work, model-making, 
instrument-making, and many other purposes from the 
Specialities "4 Company, of Warwick-road, Greet, 
Birmingham. e have received from this firm a sample 
of solid-drawn brass tubing, the external diameter of 
which is only }; in. The tube had been twisted into the 
form of a small helical spring, with coils about 4 in. in 
diameter, without suffering any visible injury from the 
treatment it had received. Similar sized tubes, and 
larger ones up to # in. outside diameter (either solid- 
drawn or brazed), can be supplied in copper, steel, 
aluminium, and German silver, as well as in brass. Solid- 
— Seat cameos tubee, oo and om ma and 
small stamped, pressed, or spun metal parts, are sup- 
plied by the firm. 





THE “SENFROT” CHEMICAL INJECTOR. 


IN many cases of water supply, particularly from 
rivers, it is found impossible to obtain a clear filtrate 
after treatment with sand filters, and it is necessary 
to employ some form of coagulant, such as aluminium 
tulphate or alumino-ferric. The problem of adding 
the chemical to the water is of some importance, 
since if too little is used the water is not properly 
clarified, and if too much is used, not only may there 
be serious waste, but corrosion of the mains may 
result, and even injury to the health of the population 
depending on the water supply. As in practically all 
cases the rate at which water is delivered to the mains 
will v; reatly over the twenty-four hours of any 
day, it is clear that the rate of supply of the chemical 
must be correspondingly varied, and for the best 
results must be added as a constant proportion of the 
water used. In many cases the salt is added at the 
discretion of the w..‘s superintendent, who makes 
an attempt to approximate the chemical added to the 
water consumption, but the results are not, in general, 
very satisfactory. The Hon. R. C. Parsons, who was 
consulted some time ago by the directors of the Water 
Works ae of Rosario de Santa Fe, in the 
Argentine Republic, in connection with this matter, 
designed an apparatus for automatically adding the 
chemical in absolutely direct proportion to the water 
flow. The apparatus, which is known as the “ Tilto- 
meter,” we illustrated and described some time ago. * 
Several ‘‘ Tiltometers” are now in practical opera- 
tion, and working entirely satisfactorily. 

In many plants employing mechanical filters, the 
water to which it is necessary to add the salt is 
flowing through mains under pressure, and a refer- 
ence to our description of the “‘ Tiltometer ” will show 
that it is not suitable for use under such conditions. 
In view of this, Mr. Parsons has devised a further appa- 
ratus, which, while performing the same work as the 
‘*Tiltometer,” is able to inject the chemical into the 
mains — any pressure. The new piece of appa- 
ratus, which Mr. Parsons terms the ‘‘ Senfrot,” a high- 
pressure chemical-injector, is illustrated on pages 700 
and 701. Fig. 1 shows the device set up complete for 
demonstration purposes, while Fig. 2 is a cross-section 
of its essential parts. The action of the appliance may 
best be described by reference to Fig. 2. As will be 
seen, there are two cylinders a and ». The cylinders 
are of equal diameter, and are always full of water, or 
of water and the chemical solution which is to be 
injected into the mains. Each cylinder contains a 
solid piston, made of material slightly heavier than 
the liquid oo gen The pistons, which have wide 
circumferentia. ves, move quite freely in their 
cylinders. A valve-gear, which controls the admission 
and exhaust of the water from both cylinders, is 
situated below the cylinder a. It is operated by a 
fork carried by a rod ¢ attached to the bottom of the 
piston of the cylinder a. This fork engages the tappet- 
rod d, which has adjustable tappets, and by means of 
it moves the slide-valve e each time the piston completes 
a stroke in either direction. The operation of this 
slide-valve e controls the movements of a second slide- 
valve f by admitting pressure-water above or below it, 
The casing of the valve ¢ has a connection to the 
pressure-main through the pipe y, and a further con- 
nection to exhaust. 

Slide-valve f is cylindrical, and in that sense is a 
piston-valve ; but it bas ports only on one side, like a 
slide-valve. The object in using the cylindrical con- 
struction is to enable the valve to operate like a piston 
and to move up or down as pressure water is supplied 
below or above it by the movement of the valve e. 
The valve has cup leathers at top and bottom to = 
vent —_ of water past the ends. It will be clear 
from the figure that the movement of the valve e 
admits water alternately to each end of the valve /, 
and simultaneously puts the other end to exhaust. It 
will further be clear that the ports in the valve / are 
so arranged that, as it moves up and down, it alter- 
nately supplies pressure-water to the cylinders a 
and }, and at the same time connects the other 
cylinder to exhaust. In addition to the valvese and/, 
there is a further controlling-valve h. This is fixed at 
the bottom of the cylinder }, and is kept open by means 
of a spiral spring, except when it is forcibly closed by 
the piston, in its lower position, coming ‘down on top 
of the spindle. The valves we have so far dealt with 
control the water which operates the pistons. There 
are, however, further valves in the apparatus which 
ecntrol the chemical which is to be injected into the 
water-main. These are fixed in casings at the top of 
the cylinders. As will be seen from Fig. 2, connection 
is made to these casings by an inlet pipe for the 
chemical solution, and an outlet pipe to the water- 
maiv. The valves of the two cylinders are similar, 
and in the figure the arrangement tor the cylindera is 
shown in cross-section. For each cylinder there is an 
inlet and outlet valve. They are respectively marked 
k and /in Fig. 2. All the valves consist of thin discs 
of pure soft rubber. Connection is made between the 


* See ENGINKERING, vol. xciii., page 416. 
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THE “SENFROT” CHEMICAL INJECTOR FOR WATER SUPPLY. 
CONSTRUCTED BY THE STEREOPHAGUS PUMP AND ENGINEERING COMPANY, LIMITED, LONDON. 

















cylinders and the upper and lower valve-boxes by 
cylinders of glass, which enable the attendant tu 
observe the important working parts of the apparatus. 
These glass cylinders are shown in cross-section in 
Fig. 2, while they can clearly be seen in Fig. 1. 

The standard solution of chemical, which is to be 
injected into the main, is stored in a tank fixed some 
10 ft. above the apparatus. This tank is connected 
to the upper valve-box by the pipe already mentioned, 
and which is shown in Fig. 2. The delivery-pipe 
from these same valve-boxes is connected to the main 
through a special valve shown at mm in the figure. 
This valve has a diamond-shaped orifice, which does 
not alter its form as the valve is opened or closed, so 
that a practically constant coefficient of flow is main- 
tained for all openings. A further essential part of 
the apparatus is a Venturi tube, which is placed in the 
water-main. This tube is indicated by two broken 
parts in Fig. 2. As will be seen, the delivery-pipe 
from the upper valve-boxes is connected to the main 
at the throat of the Venturi tube—that is, at the region | 
of lower pressure. The inlet pipe which supplies | 
water to the lower valve-casing is, on the other hand, 
connected to the main at a point outside the Venturi | 
neck, and is consequently subjected to the full pres- 
sure of water. In order to prevent any deposit of | 
the chemical occurring in the passages and chambers | 
of the upper valve-boxes, care is taken that stagnant 
liquid shall not exist at any point. A vortex action 
is maintained in the chambers by the in-and-out flow 
of the chemical. 

To describe the action of the apparatus, it may be 
assumed, in the first instance, that the pistonsof both 
cylinders are at the bottom of their strokes, and that 
the upper valve-boxes are full of chemical. Both 
cylinders would be full of water below the pistons, 
and of chemical mixture above. The lower valves 








would be in the positions shown in Fig. 2, and if pres- 
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sure water were supplied to the casing, it would be 
admitted below the piston in cylindera. This piston 
would consequently rise and inject the solution 
above it through the delivery-valve / into the main. 
It would be able to do this against the pressure of 
the main, as the delivery-pipe is connected to the 
Venturi throat, and the pressure in the delivery-pipe 
and above the piston would consequently be less than 
the pressure below the piston. When the piston 
reached the top of its stroke, the valve e would be 
operated so that pressure water would be admitted 
to the lower end of the valve /, while at the same 
time its upper end would be put to exhaust. This 





| eycle of operations. 


valve would accordingly rise, and would connect the | tion of the chemical is constant except for momentary 
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Solution 














lower end of the cylinder a to exhaust, and at the 
same time would connect the lower end of the cylinder 
b to pressure. The piston of the cylinder a would 
consequently begin to descend, while that of the 
cylinder ) would rise and continue the injection of 
chemical to the main. The upward stroke of the 
piston of the cylinder ) would continue only until the 

iston of the cylinder « had reached the bottom of its 

ownward stroke and again operated the valvec. The 
cylinder a would then again begin to deliver the 
chemten!, while the piston of cylinder } would begin 
its downward stroke. This would cover the whole 
It will be clear that the injec- 
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pauses during the shifting of the valves. The stroke diameter, and the piston of cylinder a has a stroke of | right- -hand side there is a small Venturi tube, with a 
of the piston of the cylinder a is constant, but that of about4in. It is capable of injecting 70 gallons of | manometer above it. This is employed to indicate 
the c tinder b is variable, and depends on the rate at chemical an hour against any pressure. it will be | the amount of chemical which is being injected by the 
which the injector is working. noted that there is certain additional apparatus in this | apparatus at any time. As will be seen from the pipe 

The apparatus shown in Fig. 1 has cylinders 3 in. in | figure which has not vet been refe to. At the! connections, the chemical flows through the small 
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Venturi tube, and by reading the manometer which is 
connected to the Venturi throat and to the full-bore 
pipe it is possible, from the discharge diagram of the 
Yenturi tube, to ascertain the flow of chemical at any 
time. On the left-hand side of the apparatus there is 
& secon’ manometer, which is connected to the main 
- Venturi tube ; from it the flow of water can be read. 
A comparison of the two sets of readings at any time 
gives the percentage of chemical being injected. An 
uecessary regulation may be made on the diamond- 
notch discharge-valve m. Diagrams Figs. 10 and 11, 
on page 701, embody experimental results, and show 
the relation betweeu the movement of water in the 
main and the chemical discharged by the injector. 
The parabolic curve in each case is that universally 
used for ascertaining the flow through a main in 
which a Venturi tube is inserted. The pressures 
are read off from the manometer on the left-hand 
side of the injector. The main used for the experi- 
ments was 2 in. in diameter, with a throat ratio 
of 4 to l. The small circles, which form a curve 
whieh practically coincides with the full-line parabola, 
are readings of the flow of chemical as indicated by 
the manometer on the right-hand side. The two sets 
of readings were taken simultaneously, and the coin- 
cidence of the curves shows the accuracy of the appa- 
ratus. On each diagram there are, further, two 
straight lines — from the origin. The upper 
one shows the water flow calculated from the mano- 
meter reading, and the lower one similarly shows the 
flow of chemical. The horizontal straight line shows 
the percentage of chemical it is desired to inject into 
the main, and the circles along it indicate the actual 
observed results, These all, it will be seen, practically 
coincide with the theoretical line. 

The remarkable accuracy which this apparatus 
exhibits is not the least interesting of its ieatures. 
The results embodied in the diagrams are achieved 
with a range of flow in the water-main of 1 to 13, and 
a range of flow of chemicalof 1 to 10. Greater ranges 
than this can be dealt with, but additional apparatus 
is necessary, which is described later. The cause of 
the great accuracy of the injector is easily ex- 
plained. The chemical is forced into the main by the 
difference in pressure due to a Venturi head. This 
head varies as the square of the flow. The resistance of 
the apparatus consists of the fluid friction in the 
various passages and the mechanical friction. The first 
of }Shese resistances also varies as the square of the 
flow, while the latter, owing to the construction of the 
apparatus, is negligible. Tais is proved by the fact 
taat the instrument will work with a water pressure of 
less than 4 in. of mercury. Further than this, how- 
ever, the measurement of the discharge of chemical is 
also by a Venturi head, which again varies as the 
square of the flow. The combination of these various 
conditions results in the accuracy which is exhibited 
in the diagrams. The pistons are quite loose fits in 
their cylinders, and are slightly neavier than the 
liquid they displace. 'lhere is therefore a slight leak 
of water past them, which is in an upward direction 
except at the conclusion of the downward stroke, 
when, at the moment of reversing the valves, there is 
@ leak of chemical in a downwara direction. To pre- 
vent any passage of the chemical into the spaces below 
the pistons during this momentary action, the pistons 
are provided with the deep circumferential grooves 
which have already been referred to. These grooves trap 
any chemical which tends to leak past the pistons, and it 
is returned above the piston again on the reversal of 
flow when the valves have changed over. There is 
consequently no loss of chemical. It should be noted 
that the movements of the valve /, which controls 
the pistons, are worked entirely by the pressure in the 
main, and not by the Venturi head. Asa consequence 
this valve introduces no error into the apparatus. 

As we have said, the apparatus so far described is 
capable of giving accurate results with a variation of 
flow in the main of 1 to 13. In some instances, how- 
ever, in water supplies, the variation may reach 1 to 30. 
To deal with such cases the additional apparatus, 
shown in Figs. 3 to 9, has beendesigned. The arrange- 
ment used consists essentially of a main Venturi cake, 
the diameter of throat of which can be altered to 
correspond with increased or decreased flow. This 
Venturi tube is shown in Figs. 3 to5. As will be 
seen, it has a sliding internal part n termed the 
‘*shuttle.” This contains two oylindrical passages or 
throats, the ends of which are each of the same diameter 
as the Venturi tubes leading away from it on either 
side. One throat is the same diameter throughout ; the 
other is contracted inthe middle. If the flow of water 
through the main is small, the small throat is used; 
while if it increases to a definite amount, the large 
throat is brought into operation. This is effected by 
releasing the water pressure at the outer end of the 
cylinder p, and at the same time supplying pressure to 
the outer end of the cylinder g. The internal pressure 
against the two cylinder pistons is equal. At right 
angles to the cylinders p and q there is a further 
cylinder vr, which is shown in cross-section in Fig. 5. 

his cylinder is fixed with its axis vertical. The 
under side of the piston of the cylinder 7 is connected 





by a pipe s to the main. Its outer side is connected by 
pipe ¢ to the Venturi throat. 

Assuming that the smaller throat is in operation, 
and that the flow in the main increases, this increases 
the Venturi head between the main and the shuttle- 
box, and at a predetermined point the piston of 
cylinder r rises. This piston is quite a loose fit in 
its cylinder, and is weighted to any desired amount, 
preferably equivalent to a Venturi head of 30 ft. of 
water. hen the piston of the cylinder 7 rises it 
operates the slide-valve ~. This valve releases the 
high-pressure water from the outer end of the cylinder 
p by means of the pipe v shown in Fig. 4. At the 
same time the outer end of the cylinder q is put to 
pressure by the valve wu through the pipe w. As acon- 
sequence the shuttle slides and brings the larger 
throat into operation. If the flow of water in the 
main decreases below the predetermined limit, this 
operation is reversed, and the smaller throat is again 
brought into operation. The shuttle, as it moves to 
and fro, slides upon the flat surface of the box, in 
which there is a port connecting either with the wide 
or narrow throats, whichever is in operation at the 
time. This port is connected by a pipe with the outlet 
ports of the injector. Valve u, which is fixed above 
the cylinder +, is shown to an enlarged scale in Figs. 6 
and 7. 

As the admission of chemical to the main is much 
larger when the large throat is in use than when the 
smaller is in service, it is necessary that the operation 
of changing the throat should also change the regu- 
lating-valve, which is shown at m in Fig. 2. This is 
done by means of the arrangement shown in Figs. 8 
and 9. ‘l'wo regulating-valves are used, as shown to 
the right-hand side of these figures. They are con- 
nected up to the cylinder x The valve u, which 
admits pressure-water to cylinders p or q, does the 
same thing for the cylinder x, so that its piston moves 
one way or the other in conformity with the shifting 
of the shuttle. This moves the diamond-notch valves 
as may be required to suit the variation of flow. 
Tappets on the diamond-valve spindles allow for 
adjustments in the percentage of chemical. In con- 
clusion, we should say that the appliance is made 
chiefly of brass, unless the chemical being used is of a 
nature to attack this metal. In that case the parts 
of it exposed to attack are made of vulcanite or of one 
of the non-corrosive alloys. The appliance is manu- 
factured by the Stereophagus Pump and Engineering 
Company, Limited, ot 39, Victoria-street, London, 
S.W. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 25. 
For the first week since mid-summer there has been 
increased buying on domestic account in pig-iron, 
which is in part due to slight concessions, which the 
trade believes is the last possible shading in prices. 
Export business continues exceedingly light, as 
measured by earlier expectations. Inquiries for 
steel rails are Pending from Russia, 40,000 tons ; 
Norway, 20,800 tons; and Finland, 10,000 tons. 
Speaking broadly, the steel condition has not im- 
— Shipments on old orders are in excess of new 
usiness. The railroads are buying the least possible. 
Shipyards contract for small tonnages to cover new 
work. Locomotive builders are seldom in the market, 
and car-builders have about all the supplies contracted 
for that they need for two months. Bridge-builders 
have less winter work under contract than for years. 
Considerable oil-pipe line work begun in the summer 
will soon be completed. Notwithstanding all these 
unfavourable conditions, and that much over one half 
the productive capacity is idle, a spirit of optimism 
is manifesting itself in all directions, but the surface 
and common-sense evidences of coming activities are 
lacking. In 1912 monthly exports of steel in all 
shapes were 245,000 tons ; now they are about 100,000 
tons. The railroads were then heavy buyers, now they 
are not. Farmers are sowing increased areas in wheat ; 
this is a good 1915 sign. Cotton acreage, if the planters 
will accept the inundation of advice, will be one-third 
less at least. Night-and-day activity prevails in those 
industries identified with the manufacture of military 
supplies for export. Not for years have iron and steel 
stocks been as low. Banking facilities are now of 
ample proportions for all needs, and business pro- 
grammes for 1915 are being laid accordingly. 








Tue InstituTiIon OF Execrrica, ENGINEERS. — A 
special meeting of the Yorkshire Section of the above 
nstitution will be held at the Hotel Métropole, 8, 
on the 17th inst., to welcome the President, Sir John 
Snell. This meeting has been arranged at the instance 
of the President, who, owing to the cancelling of the 
annual dinner, would otherwise be unable to meet the 
members of the Section. There will be a speech of 
welcome by Mr. Thos. Roles, the chairman of the local 
Section, and both the President and the Hon. Treasurer, 
Mr. Robert Hammond, will address the meeting. Time 
allowing, the discussion of Mr. Selvey’s paper on ‘‘ Power- 
Plant Testing” will be continued. e meeting will 
commence at 7.15 p.m. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet and easier, and the d con- 
sisted of one lot of Cleveland warrants at 52s. 3d. one 
month. Closing sellers quoted 52s. cash and 52s. 3d. one 
month. In the afternoon the tone was weak, und sellers of 
Cleveland warrants quoted 51s. 11d. cash and 52s. 2d. one 
month. There were no dealings. On Friday mane 
business continued on the small side, and only one lot o 
Cleveland warrants c'! hands at 51s. 9d. cash, with 
sellers over at that figure, and at 52s. one month and 
52s. 6d. three months. The afternoon session was also 
dull, and Cleveland warrants again showed a decline. The 
turnover consisted of 1000 tons at 51s. 104d. twenty-eight 
days, and the closing quotations were 5ls. 8d. cash and 
51s. 11d. one month sellers. On Monday morning a firmer 
tone prevailed, and 2000 tons of Cleveland warrants were 
put through at 51s. 74d. and 51s. 10d. cash, and sellers’ 
closing quotations were 52s. cash and 52s. 3d. one month. 
In the afternoon the market was quite idle, and prices 
slipped back a little. Sellers of Cleveland warrants 
named 5ls. 104d. cash and 523. 14d. one month. On 
Tuesday morning there was again nothing doing in 
Cleveland warrants, and prices were unchi . For 
three-months iron sellers quoted 52s. 74d. The afternoon 
session was also idle, and quotations tor Cleveland war- 
rants were a shade easier at 5ls. 9d. cash, 52s. O4d. one 
month, and 52s. 6d. three months. When the market 
opened to-day (Wednesday) the easier tone was again in 
evidence, but little change was made in prices. The turn- 
over consisted of one Cleveland warrant at 51s. 74d. cash, 
and closing sellers quoted 51s. 9d. cash, 52s. one month, 
and 52s. 6d. three months. In the afternoon the tone 
became firmer, and 1000 tons of Cleveland warrants were 
done at 51s. 9d. and 51s. 94d. cash, with closing sellers at 
51s. 104d. cash and 52s, 14d. one month. 


Sul of Ammonia.—There has been rather a better 
demand for sulphate of ammonia within the past week, 
and the price is a shade firmer round 11/. ls. 3d. to 
hn 6d. per ton, for prompt delivery, Glasgow or 

ith. 

Scotch Steel Trade.—Little change falls to be reported this 
week in the conditions existing in the Scotch steel trade. 
A certain amountof activity in booking contracts still pre- 
vails, and makers have been securing better specifications 
for ship-plates and other shipbuilding material, while 
inquiries are again more numerous. The outlook is most 

romising, and quite an optimistic feeling is general. 
Makers of black sheets are doing fairly well, although 
some of them could turn out more work than they are 
being asked to do at present. As structural engineers 
are busy, there is an excellent demand for structural 
material. The export markets are still on the dull side, 
but both orders and inquiries show an increase, and a 
steady improvement in this direction is freely antici- 
pated. Prices all round are firm, and the advance of 5s. 
per ton made at the end of the week in ship-plates made 
little difference in the position, as a further advance is 
more than likely on an early date. Ship-plates are now 
called 7/. per ton, less 5 per cent. for local delivery, and 
7l. per ton, less 24 per cent., for export lots. 


Malleable-Iron Trade.—Business in the malleable-iron 
trade of the West of Scotland, while better, is not as 
brisk as makers would like. Some establishments are 
doing very well, butothers are hard put to it to secure a 
full week’s running. The outlook is, nevertheless, much 
brighter, and the prospects are encouraging, ‘* Crown” 
bars are still called 7/. 12s. 6d. per ton—less 5 per cent. 
—but a rise in price is very probable before long. 


Scotch Piy-Iron Trade.—Fairly active conditions con- 
tinue to exist in the Scotch pig-iron trade, and the 
demand for special brands has been very good of late, 
both on home and export account. Hematite has been 
a subject of interest during the past week, and sales 
amounting to quite a respectable tonnage have gone 
through round 75s. per ton delivered. Prices all over 
are firmer, and the following are the market quotations 
for makers’ (No. 1) iron :—Ulyde, 68s. 6d.; Calder, Gart- 
sherrie, Summerlee, and Langloan, 69s. (all shipped at 
Glasgow); Eglinton, 63s., and Glengarnock, 70s. (both 
at Ardrossan); Shotts (at Leith), 6%s.; and Carron (at 
Leith), 71s. 6d. 








Tue Conorete Inst1TuTE.—In a paper entitled ‘‘ Shear 
and the Problems Arising Therefrom,” read before the 
Concrete Institute on December 3, Mr. H. K. Dyson said 
that there were various theories as to the resistance of 
materials. One view was that rupture took place when 
the principal stress exceeded a certain limit, whilst 
the } come adopted by St. Venant was that it was the 
value of the strain produced which constituted the best 
criterion of strength. Still another view was that the 
strength of a material was measured by the maximum 
shear it was — of resisting. The auther said that 
this latter hypothesis appeared to be fairly well confirmed 
in the case of ductile materials, whilst experiments with 
brittle materials were more in accord with the view that 
the maximum direct stress measured the strength of the 
materi With certain bodies the plane of rupture 
differed considerably from the plane of maximum shear, 
and it had been suggested that the discrepancy was 
attributable to a sort of internal friction which supple- 
ments the resistance offered to shear by the elasticity of 
the material. He himself advanced the view that in the 
case of such substances as concrete the resistance was 
measured by the shear, but modified by a certain cohesion 
between the surfaces sheared. He claimed that this view 
was supported by numerous experiments. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The difficulties of the 
position in which producers find themselves on accoun’ 
of the shortage of suitable pit timber are increased by 
the attitude of the miners, whose officials have intimated 
that if certain coal-owners and managers persist in their 
determination to take advantage of the times, and 
enforce the use of steel props and bars, without sanction 
or consideration by the men, the outcome will be a strike 
at the collieries concerned. At the moment, however, 
the sho: of empty wagons is by far the more 
serious problem. The output at pits throughout the 
district is being hindered, and as a natural result, 
the demand being about the same, prices are quickly 
rising. Advances varying from 3d. to 1s. have already 
been made on market quotations, and the prospect is 
that they will be materially enlarged unless there is a 
marked improvement in deliveries. The house-coal trade 
is at its busiest. Orders are coming in freely from local, 
country, and London consumers, and at the local dépét 
more business is being booked than for two months past. 
The steam-coal position is remarkably steady, having 
regard to the weakness of the export trade. Very little 
is being sent away, freights being high and shipping 
difficult. On the other hand, the home demand is robust, 
and for local oes eae consumption is on a 
record scale, several of the big armament concerns having 
been obliged to augment their contract supplies. Slacks 
are now quite active. Manchester taking bigger sup- 
lies has had a stiffening effect. Cokes are in fair 
emand, and prices firmer. Quotations :—Best branc 
hand-picked, 16s. to 16s. 6d.; Barnsley best Sil 
13s. to 14s. ; Derbyshire best brights, 138. 6d. to 14s. 6d. ; 
Derbyshire house, 10s. 6d. to 11s. 6d.; 
to 11s. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 10s, 
to 1ls.; Derbyshire hards, 9s. 6d. to 10s. 6d.; best slacks, 
7s. to 8s.; seconds, 5s. to 6s.; smalls, 2s. to 3s. 


Iron and Steel.—A general improvement is noted in 
business in raw material, the prospect of higher prices 
having induced consumers to make bigger purchases for 
current use, and also to showa keener interest in forward 

i Consumption of hematites continues on an 
enormous scale at the armament works, and further price 
advances are recorded. West Coast brands are marked 
up 1s. at 80s., and East Coast mixed numbers 2s. at 71s. 
West Coast sorts are now only 1s. below the figure quoted 
at the outbreak of war, but East Coast mixed numbers 
have still to make an advance of 5s. to reach that level. 
The quotations of district associations dealing in common 
irons have for several weeks been nominal, but the official 
figures have now been reduced to accord with actual 
selling values, which in some instances show an advance 
on the week. Lincolnshire No. 3 foundry is quoted at 
54s. 8d., Lincolnshire forge at 53s. 8d., Derbyshire No. 3 
foundry at 55s.,and Derbyshire forge at52s. As for the past 
five months, South Yorkshire bar-iron is quoted at 8/. 5s. 
Steel-billet prices are again hardening, in keeping with 
the increased cost of hematites. Siemens acid are quoted 
at 8/. 5s., and Bessemer acid at7/. 5s.—an advance in each 
case of 5s. on the week—hard basic at 6/. 10s., and soft 
basic at 6/. Canadian and American billets are being 
offered in the district, but the conditions of purchase are 
decidedly inst anything in the way of serious com- 
petition with local makers. Steel-makers have little to 
complain of in the circumstances. Conditions have 
improved at foundries and rolling-mills, and, indeed, in 
virtually every department. Orders for railway material 
are not too plentiful, but, on the other hand, there are 
sections in the engineering industry that are working at 
**boom” pressure, principally, of course, on Government 
account. Big work is on hand for the shipbuilding 
centres. we. © in motor construction is at a 
low ebb, but the War Office has placed orders for fleets 
of motor vehicles, principally ambulances. Our Russian, 
French, and, to a smaller extent, our Belgian allies are 
also ordering freely all classes of tools and other light 
steel products, chiefly for the use of military engineers. 

his un y heavy influx of orders com tes in 
some degree for the slump in business with a and 
South America. 





Tue Roya InstiruT1Ion.—A_ general meeting of the 
members of the Royal Institution was held on Monday 
last, the 7th inst., Sir James Crichton-Browne, Treasurer 
and Vice-President, inthe chair. It was announced that 
the rs had elected Mr. Charles Scott Sherrington, 
M.D., Duc, F.R.S., Fullerian Professor of Physiology, 
for a term of three years, the appointment to date from 
January 13, 1915. 


Contraots.—The General Electric Company, Limited, 
have again been successful in securing a twelve months’ 
contract for the supply of Osram al 9 em | lamps from 
the Cunard Steamship Company, Limited. — Messrs. 
Brunner, Mond and ., Limited, alkaline manufac- 
turers, Northwich, have placed an order with Messrs. 
Edward Bennis and Co., Limi Little Hulton, Bolton, 
for an elevator, 62 ft. long, with buckets 154 in. long, 
for their Middlewich works. 





Tue Sates Manacers’ ASSOCIATION.—Abt the next 
meeting of the above association, to be held at the 
Holborn Restaurant, on Thursday, the 17th inst., a dis- 
cussion is to take place on the “ Position of the British 
Electrical Industry and Methods of Extension in the 
Markets of the World.” The discussion will be opened 
by Mr. H. Scholey, and it is ex that several pro- 
minent members of the electri fession will be pre- 
sent. Persons wishing to attend should communicate 
with the hon. sec., Mr. F. R. Jones, Sardinia House, 
Kingsway, W.C. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MrIpp.LEsBRouGcH, Wednesday. 
The Cleveland Iron Trade.—As is generally experienced, 
there is a lull in buying after a brisk business in pig 
iron. Substantial sales for both early and forward de- 
livery have recently been made, and prod 
longer particularly pressing business, as they believe they 
are likely to do better by ——) With all the con- 
suming industries full of work, home demand for pig 


iron —- to be good for some time. No. 3 g.m.b. 
Cleve is steady at 52s. f.o.b.; whilst No. 1 is 
54s. 3d.; No. 4 foundry, 5le. 6d.; No. 4 fo 5l1s.; and 


mottled and white iron, each 50s. 6d.—all for early 
delivery, 6d. above these rates being named on forward 
account. Encouraging accounts are given of the Kast 
Coast hematite branch of the staple industry. Pro- 
ducers take a very firm stand, and some of them now 
ask up to 70s. for Nos. 1, 2, and 3, at which figure 
they are prepared to do forward business. Second hands 
are still prepared to sell at 67s. 6d. Buyers consider 
that the price should not be above 66s. 6d. It is almost 
impossible to fix foreign ore prices. Several sellers will 
not —_ at all, declaring that prevailing conditions 
would compel them to rates that would prohibit 
business. Nominally market quotations are on a mini- 
mum basis of 22s. ex-ship Tees for Rubio of 50 vent. 
quality. Some sellers quote on a basis of as high as 25s. 
Ore steamers are hardly obtainable, and freights are ve 
high, as much as 5s. 6d. and even 7s. being named, 
Bilbao-Middlesbrough. Imports of foreign ore to the 
Tees are on a very limited scale, the total to date this 
month being only 18,482 tons. Coke is in fairly good 
request for local use, and prices show an upward move- 
ment. Whilst buyers state that they can place orders to 

7 extent at 17s. 6d., and even less, for 

urham -hive blast-furnace coke of average quality, 
delivered at Tees-side works, many sellers are now hold- 
ing out for 17s. 9d. 


Stocks and Shipments.—Stocks of Cleveland pig iron in 
the public warrant stores now stand at 105,786 tons. 
Since the beginning of the month the stock has been 
increased by 292 tons. Shipments of pig-iron from the 
Tees are on only a very moderate scale. To date this 
month they average 558 tons per working day, the total 
despatches hers | returned at 4465 tons, all of which have 
gone from Middlesbrough. To the same date last month 
the loadings were given at 16,966 tons, or a daily average 
of 2120 tons, and for the corresponding part of Denadier 
a@ year ago the clearances reached 25,045 tons, or an 
average of 3130 tons per working day. 


Manufactured Iron and Steel. — Very satisfactory 
accounts are given of all branches of the manufactured 
iron and steel trades. Works are kept busy, and a lot 
of material is being turned out. Producers are full of 
orders, and they report that very extensive contracts for 
shipbuilding material have been booked. Principal 
market quotations stand :—Common iron bars, 8/. ; best 
bars, 8/. 7s. 6d.; best best bars, 8/. 15s.; packing iron, 
61. 5s.; iron ship-plates, 7/. 5s.; iron ship-angles, 8/.; iron 
ship-rivets, 8/. 7s. 6d.; iron girder-plates, 7/. 5s. ; steel 
bars (basic), 7/. 10s. ; steel bars (Siemens), 7/. 15s.; steel 
ship-plates, 7/. 10s.; steel ship-angles, 7/. 5s.; steel boiler- 
plates, 8/. 5s. ; steel strip, 7/. 5s.; steel hoops, 8/.; steel 
joists, 7/. 2s. 6d.—all less the customary 2} per cent. dis- 
count; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 4/. 5s. ; light iron rails, 7/. 15s.; heavy steel rails, 
61. 7s. 6d.; steel railway sleepers, 7/.—all net at works ; 
A corrugated sheets, 24 gauge, in bundles, 14/. 
-0.b.—less 4 per cent. 


Northern Shipbuilding Orders. — Large orders for 
tonnage have been placed —— y t week with 
North-East Coast shipbuilders. % J. Sutton, of 
Newcastle, ordered a 6000-ton steamer from the Tyne 
Iron Shipbuilding Company, and the same company is 
also to build a vessel on the Monitor system, but of 
larger size than those already constructed. A large 
collier, of 3000 tons, is to be built by a Sunderland firm 
for don owners. Messrs. Swan, Hunter and Wigham 
Richardson, of Wallsend, are reported to have secured an 
order from the Royal Mail Steam Packet Company for 
two high-class refrigerated steamers for their South 
American trade. The Moor Line, Limited, have placed 
orders with Messrs. John Redhead and Sons, South 
Shields, for three large steamers; and Messrs. Pyman 
and Co., of West Hartlepool, have also contracted with 
North-East Coast builders for two large steamers. 


Works Improvements.—The Palmer’s Shipbnilding and 
Tron or Limited, are making extensive improve- 
ments an ditions to their plant. The alterations 
concern primarily the iron and steel works at Jarrow, and 
they have been devised with the object of effecting large 
savings in the cost of steel production, and will generally 
bring the works up to a stateof efficiency. The improve- 
ments already undertaken includea large gas-driven power- 
house, in which will be installed approximately 15,000 
brake pane geese of gas i all driven by the waste 
gases from the blast-furnaces ; anew lay-out of the heavy 
cogging-mill, which it is intended to drive electrically, 
together with the conversion of all the steel works auxi- 
liaries from steam to electricity, by which large savings 
in the cost of coal will be effected ; a new gas-producing 
plant for the steel-melting furnaces, together with modern 
soaking-pits for same. 





Tue Junior INstrTUTION OF ENGIngERS.—Abt the usual 
Friday evening meeting, held on December 4, at the 
Rooms of the J unior Institution of Engineers, Mr. S. E. 
Hutson described the Hutson-Ford Reversible Steam- 
Turbine. A keen discussion ensued. 





ucers are no | h: 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has continued quiet, 
buyers having held orders back for the week-end. In 
consequence of stormy weather the arrivals of steamers 
due to load have been unsatisfactory, and stoppages at the 
collieries have been numerous. The best Admiralty large 
as made 20s. to 22s. ; best secondary descriptions bave 
brought 18s. to 19s.; other secondary qualities have 
realised 17s. to 17s. 6d.; best bunker sm 10s. 6d. to 
lls. ; and cargo smalls, 6s. to 7s. per ton. house- 
hold coal has been quoted at 19s. to 20s. ; good households 
have made 178. to lds. : No. 2 Rhondda large hes brought 
12s. 6d..to 14s.; and No. 2 smalls have realised 6s. 6d. 
to 7s. 6d. per tov. Patent fuel has brought 16s. 6d. to 
17s. 6d. per ton. Special cages Oey has made 27s. to 
3s. ; good foundry coke, 20s. to ; and furnace coke, 
17s. 6d. to 188. 6d. per ton. As regards iron ore, Rubio 
has realised 19s. to 20s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Blaenavon.—The accounts of the Blaenavon Company, 
Limited, for the year ended September 30, including 
31,9982. brought forward, showed a balance (which it is 
——- to carry forward) at the credit of profit and 
oss of 19,5982. It will be seen that this year’s trading, 
ry ap so-called, showed a loss. The development 

f the company’s business has continued to call for a 
large capital eagentibwe, Locomotives and rolling-stock 
were also increased during the year. A new washery 
has been proceeded with, and has now reached an 
advanced stage. Intermittent working of the com- 
mp a collieries, coupled with the expenditure caused 

y recent legislation, has increased the cost of production. 
On the other hand, the pig-iron trade continued depressed 
during the whole of the past financial year. The com- 
pany’s tyre works have been completely modernised, and 
can now secure a considerable annual output of tyres of 
all sizes and qualities. During the five years ending with 
1914 inclusive the dividends paid upon the company’s 
ordinary shares came out as follows :—1910, 5 per cenbt.; 
1911 and 1912, nil; 1913, 5 per cent.; and 1914, nil. 


South Wales Engineers.—A ons of the South Wales 
Institute of Engineers was held at Cardiff on Thursday. 
It was announced that Principal E. H. Griffiths had 
been elected President of the Institute for 1915. Princi- 
pal Griffiths wae born at Brecon in 1851, being the son of 
the Rev. H. Griffiths, President of the Brecon ‘Theo- 
logical College. He received some of his education at 
Owen's College, Manchester, and he graduated in 1873 
at Cambridge, where he became a successful private 


**coach.” He is LL.D. of the University of Aberdeen. 
He was elected a Fellow of the Royal jety in 1895 ; 
and was appointed Principal of University liege in 


1901. A report was submitted by Mr. R. G. Clark on 
“*Arching in Collieries.” Mr. Clark recommended a 
system of arching based on a compromise between ferro- 
concrete and concrete blocks. r. T. G. Watts sub- 
mitted a paper on ‘‘ Investigations into a System of Elec- 
tric-Bell Signalling for Use in Collieries.” In the course 
of discussion (which was eventually adjourned) it was ob- 
served that this was a subject which had come into consider- 
able prominence as a result of the Sengbenydd disaster. 


Newport.—Buyers of steam coal have held back in- 
uiries, and tonnage has been delayed by stormy weather. 
best Newport Black Vein large has realised 16s. to 
16s. 9d.; Western Valleys have made 15s. 9d. to 16s. 3d.; 
and Eastern Valleys 15s. 6d. to 15s. 9d. per ton. 


Nantyglo and Blaina.—The report of the Nantyglo and 
Blaina Works Company, Limited, for 1915-14 states 
that the output of coal and other minerals for the twelve 
months was 1,655,936 tons. The report adds that satis- 
factory arrangements have been made for working the 
collieries after the ee of existing leases. The bulk 
of a mineral area held from the Marquis of Abergavenny 
has been leased for a long series of years, and a large 
portion of the freehold minerals have also been leased 
to be worked in conjunction. 





Patent SpxciFicaTions.—A notice in the Illustrated 
Official Journal (Patents) of the 9th inst. states that the 
price of printed specifications of inventions is to be 
reduced from 8d. to 6d. a copy, including inland postage. 
This reduction is to come into force on and after 
January 1, 1915. It may be recalled that when the 
Government first printed specifications of inventions the 
charge per copy varied according to the number of pages 
of letterpress and the number of sheets of drawings ; in 
some cases & copy of a single specification cost as much as 
1/. or 11. 5s. hen the uniform charge of 8d. was intro- 
duced, this charge ——— to all specifications, including 
those previously published at much higher prices, and 
the new charge of 6d. will also apply to all specifications. 





PERSONAL.—We are informed that on and after Jan- 
uary 1, 1915, the address of the Agent-General for Western 
Australia will be Savoy House, 115 and 116, Strand 
(corner of Savoy-street), don, W.C.—We are informed 
that Mr. Robert Stanley Brailsford, Mr. William Wycliffe 
Spooner, and Mr. Alfred Brailsford have been appointed 
directors of Messrs. Cole, Marchent and Morley, ited, 
Bradford, as they have purchased the 


Prospect Foundry, 
entire share-boldvn of the late directors—Mr. H. W. 
Morley, Mr. G. H. Hodgson, and Mr. D. H. Llingworth 


—who, owing to the pressure of other engagements, have 
now retired from the directorate and management of the 
firm.— Messrs. Scholey and Co., Limited, of 151, Queen 
Victoria-street, London, E.C., have been appointed the 
British representatives of the Taylor stoker interests, 
these being controlled in the United States of America 





by the American Engineering Company. 
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NOTICES OF MEETINGS. 


Tue InstiroTion or AUTOMOBILE ENGINEERS: MIDLAND CENTRE. 
—Friday December 11, at 7.30 p.m., in the hall of the Y.M.C.A., 
Dale End, Birmingham. Mr. L. H. Pomeroy will read a paper 
entitled ‘‘ Automobile Manufacturing and the War.” 

Tue Minine Instrrute oF ScorTLaAND.—Saturday, December 12, at 
3 p.m., in the Institute, 39, Elmbank Crescent, Glasgow. Mr. 
James Biack’s paper on ‘‘ The Rosehall Signalling Indicator” will 
bediscussed. Mr. Thomas Bryson’s paper on “‘ Fan-Testing, with 
Special Reference to the Measurement of Pressure ” will be dis- 
cussed. Mr. John T. Wright's paper on “ Tests on False Links for 
©ut-Chain Braes” will be discussed. A paper on ‘‘ Modern 
Developments in By-Product Coking ” will be read by Mr. G. 8. 

‘ooper. The following visual signalling indicators will be exhi- 
bited and explained :—Barclay signalling indicator; Ohambers 
signalling indicator ; Somerville signalling indicator ; Guardian 
. yr 

® NortH or ENGLAND INSTITUTE OF MINING AND MECHANICAL 
ENGINEERS. —Saturday, December 12, at 2 p.m., in the Wood 
Memorial Hall, Newcastle-upon-Tyne. The following papers will 
be open for discussion :—‘‘ A Portable - Electrical Gas-Detecting 
Device for Use with Miners’ Lamps,” by Mr. George J. Ralph. 
**Notes on Ooal-Mining in the State of Illinois, United States 
of America,” by Mr. Samuel Dean. ‘‘ Hydraulic Stowing in the 
Gold-Mines of the Witwatersrand,” by Mr. B. ©. Gullachsen. 
The following papers will be read or taken as read :—‘‘ The 
Maikop 0O.lfield, South Russia,” by Mr. William Calder. ‘ The 
Killingworth Colliery (New South Wales) Explosion,” by Mr. 
James Ashworth. ‘“‘ Coal-Mining in the State of Pennsylvania, 
United States of America,” by Mr. Samuel Dean. 

Tue Roya. Socixty or Arts.—Monday, D b 
Cantor Lecture: ‘‘ The History and Practice of the 
ing,” by Mr. R. A. Peddie(Lecture IV.). Wednesday, December 16, 
at es “ Testing Pigments for Permanence of Colour,” by 
Sir William de Wiveslie Abney, K.C.B., DC.L., D.8c., F.R.S. 
Colonel Sir Thomas H. Holdich, R.E., K.C.M.G., K.C.LE., O.B., 
D.Sc., Vice-President and Chairman of the Council of the Society, 
will preside. Thursday, December 17, at 4 30 p.m. Indian Section. 
“The Indian Indigo Industry,” by Dr. F. Mollwo Perkin, F.1.0., 
F.C.S. Sir Steuart Colvin Bayley, G.C.S.L, C.1.E., Vice-President 
of the Society, will preside. 

Tue Surveyors’ InstiruTion.—Monday, December 14, at 8 p.m., 
when short papers will be delivered by Mr. Andrew Young 
(Member of Council) and Mr. L. 0. Mathews (Fellow), on “‘ The 
ae of the Land Enquiry Committee on the Acquisition of 

nd.” 





14, at 8 p.m. 
Art of Print- 


Tae InstitvTion OF MeCHANICAL ENGINRERS: GRADUATES’ 
AssociaTIon.—Monday, December 14, at 8 p.m., a paper entitled 
** Conditions Governing the Power of the Petrol-Engine,” will be 
read by Mr. C. B. Dicksee, Graduate, of London. Chairman : 
Dr. H. 8. Hele-Shaw, F.R.S. (Member of Council). 

THe Juntor Institvrion or ENoinkeERS.—Monday, December 14, 
at 8 p.m., at the Institution of Electrical Engineers, Victoria 
Embankment, W.C., Address by the President the Most Honour- 
able the Marquis of Graham, D.L., 0.V.0., C.B., on “‘ The War 
and Engineering.” The chair will be taken by the retiring 
yg Sir Boverton Redwood, Bart., D.Sc., F.R.8.E., F.LC., 

CLEVELAND INstTiTUTION OF ENGINEERS.—Monday, December 14, 
at 7.30 p.m., in the hall of the Oleveland Literary and Philoso- 
|e Society, Corporation-road, Middlesbrough, when the 
a Pa will be read:—‘‘A Study of Cast Steel,” by 
Mr. J. W. Whiteley, Stockton. ‘‘ Metallographic Methods for 
Detecting Phosphorus in Steel, and on the Origin of Ghost Lines,” 
by Dr. J. E. Stead, Middlesbrough. 

Tue Instrrution or Civi, Exotveers.—Tuesday, December 15, 
at 8 p.m. Papers to be further discussed :—‘* Tests of Rein- 
forced-Concrete Structures on the Great Central Railway,” by 
Mr. James Benjamin Ball, M. Inst. O.E. ‘* Corrosion of Steel 
Wharves at Kowloon,” by Mr. Somers Howe Ellis, M. Inst. C.E. 
*Concreting in Freezing Weather and the Effect of Frost upon 
Concrete,” by Mr. John Hammersley-Heenan, Assoc. M. Inst. C. E. 

Tae Instirvtion or ELecTricaL EXGingers : Birnmixenam Locan 
Sxction.—Wednesday, December 16, at 7.30 p.m., at the Univer- 
sity, Edmund-street. Mr. E. B. Wedmore, M.1.E.E., will read a 
p «per entitled ‘‘ Automatic Protective Switch-Gear for Alternat- 
ing-Current Systems.” 

ROYAL METKOROL GICAL Society.— Wednesday, December 16, at 
7.30 p.m., in the Surveyors’ Institution, 12, Great George-street, 
Westminster Papers to be read: 1. * Distribution of Relative 
Humidity in England and Wales,” by Mr. W. F. Stazey. 2. ** Ob- 
servations of the Upper Atmosphere at Aberdeen by Means of 
Pilot Balloons,” by Mr. A. E. M. Geddes, M.A. 

NorrinenamM Socizty or Exoinesrs.— Wednesday, December 16, 
at 8 p.m., Mr. Edwin Renyoor, of Dukinfield, will deliver a 
lecture on ‘* Mechanical Stoking.” 

®& INSTITUTION OF PETROLEUM TecuNOLOGISTs —Thureday, 
December 17, at 8 p.m., at the house of the Royal Society of 
Arts, John-street, Adelphi, W.C. The following paper will be 
read :—‘‘ Notes on the Development of the Trinidad Oil-Fields,” 
by Professor John Cadman, D.Sc., M. Inst. C.E. The chair will 
Sy by the President, Sir Boverton Redwood, Bart., D.Sc., 

-R.S E. 

THe Institution oF Minixe AND MetaLLurey. — Thureday, 
December 17, at 8 p.m., at the rooms of the Ge »Iogical Society, 
Burlington House, Piccadilly, London, W. The following paper 
will be dis :ussed :—** Persistance of ©-e in Depth,” by Mr. T. A. 
Rickard, Member. 

Noartu-East Coast INstiTUTION OF ENGINEERS AND SHIPBUILDERS. 
—Friday, Decemb -r 18, at 7.30 p.m. Mr. Wilson’s paper entitled 
“The Remarkable Failure of a Consignment of Steel Plates.” 
which was read at: the meeting on the 27th ult , will be discussed 

Tue Institution or Macttanical Exoinegrs.—Friday, Decem- 
ber 18, at 8p.m. Five brief papers on ** Audible and other Cab- 
Signals on British Riilways,” by Mr. W. C. Acfield, Member, 
Midland Railway; Mr. Leon P. Lewis, Caledonian Riilway ; Mr. 
Vincent L. Raven, Member, North-Eastern Railway; Mr. W. A. 
Stanier, Member, Great Western Railway; and Mr. W. Willox, 
Metropolitan Railway. 
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PUMPING MACHINERY. 


THE exceedingly interesting and notable Thomas 
Hawksley lecture written by the late Mr. W. B. 
Bryan, and read at the Institution of Mechanical 
Engineers last Friday by his son, emphasises how 
heavy has been the loss sustained by the corps of 
British engineers in the death of the author. It 
was eminently apt that the choice of the Institution 


' hard solder. 


should have fallen where it did. If Mr. Thomas 
Hawksley was a great pioneer in the extremely 
important field of water supply, Mr. Bryan played 
& prominent part in developing the maxims and 
precepts laid down by one whom he was, with 
most other water-works engineers, proud to recog- 
nise as his master. The fact, moreover, that Mr. 
Bryan’s earlier experiences were gained largely in 
works designed by Mr. Hawksley made his selec- 
tion as lecturer still more appropriate. 

The lecture was devoted to the development of 
pumping machinery, and it illustrated anew the 
very large part played in the development of 
methods of power production by the demand for 
efficient pumping machinery. In _ times t, 
indeed, ponstiealiy the only large demand for 
power arose in this connection, and here only was 
there sufficient prospect of profit to stimulate 
enterprise in this direction. ining risks have 
always attracted the more courageous and adven- 
turous type of investor. Pepys, writing some two 
and a half centuries ago, notes, for example, the case 
of an acquaintance who ventured and lost 20,0001. 
in an attempt to improve methods of coal-mining. 
The windmill, though for its output costly to 
instal, was capable of meeting not ineffectively tho 
inconsiderable requirements of the old-time flour- 
miller, since the territory tributary to his mill was 
straitly limited by the absence of decent roads and 
the consequent high cost of transport. For the 
drainage of level districts the windmill again proved 
justly popular. Its limited output of power was 
not in such cases a drawback, since in level coun- 
tries it was commercially impossible to drain large 
areas to a single pumping-station, as the requisite 
fall could not be secured. Sub-division of plant 
would therefore in such cases be imperatively im- 
posed, even had old-time engineers been in a posi- 
tion to build large units. The intermittency in the 
working of the windmill was, in land-drainage prac- 
tice, no very fatal drawback, and, as is well known, 
wind-operated pumping plants were adopted for 
this purpose on a very large scale. 

Mine drainage, however, stood on a different 
basis ; the lift was often large, the quantity of 
water to be raised great, and intermittency in 
operation would, in most cases, spell ruin to the 
success of the venture. Hence for many centuries 
mining operations were restricted to nearly water- 
free strata or to cases in which natural drainage by 
means of adits was possible. Water power might 
perhaps have been developed for this purpose had 
there existed any method by which it could be 
transmitted from the power-station to the mine. 
Possibly an earlier invention of the teledynamic 
system of power transmission might have retarded 
by several generations the advent of the steam- 
engine. 

The seriousness of the situation is well illustrated 
by the fact that many Savery stem pumping plants 
were installed at mines during the latter half of the 
seventeenth century. These pumps, as is well 
known, were direct ancestors of the pulsometer. 
They were worked with steam supplied at a pres- 
sure of as much as 12 atmospheres from boilers 
unprovided with safety-valves. Their steam con- 
sumption was enormous, and it was only the very 
great intrinsic value of the minerals to be won 
that made their use possible in face of their inherent 
danger and costliness. Newcomen’s engine abolished 
the danger and reduced the fuel consumption, but 
it involved much heavier fitting and machine work. 
The cost of working metals a couple of centuries ago 
must have been enormous. Moreover, even after 
Murdock’s improvements in the matter of boring 
cylinders, Watt considered it a great feat to secure a 
cylinder true within the thickness of a crown-piece. 
In view of this, it is really difficult to understand how 
the earlier Newcomen engines managed to work at 
all, yet quite large ones were erected by Smeaton. 
The difficulties encountered led, of course, to the 
use of timber wherever possible, and Mr. Bryan de- 
scribed in his lecture a pumping-engine built at 
Philadelphia, in 1801, where probably the resources 
available would correspond, more or less, with the 
conditions in England half-a-century earlier. Even 
the boiler in this case was of timber, being built up of 
5-in. pine planking bolted together. The fire-box 
was of cast iron, with wrought-iron flues. Wood was 
also used wherever possible for the engine. The 
cylinder had to be made in two pieces, and though 
only 6 ft. 6in. long by 36in. in diameter, took 
nearly four months to bore. Everywhere faults in 
the castings had to be made good with cement or 
Important parts of the pump-barrel 
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had to be lined with sheet copper, and when, nine 
years later, air vessels were added to the pumps, 
the castings were so porous that it was necessary to 
line them with lead. This extraordinary engine, 
it should be borne in mind, was built nearly a 
century after the first Newcomen engines, and 
must have benefited to some extent by a century’s 

rogress in the art of the metal-worker. What the 
Jitmeulties met with and overcome by Newcomen 
and his associates were can only be surmised. The 
efficiency of the Philadelphia engine is of interest. 
It is credited with raising 962,520 gallons of water 
per diem to a height of 50 ft. on an expenditure of 
55 bushels of coal. The output, therefore, was equi- 
valent to a steady development of about 10 water 
horse-power, and taking the bushel as equivalent 
to 94 lb. of coal, the consumption was between 
21 lb. and 22 lb. of coal per water-horse-power 
hour. It is not surprising to learn from Mr. Bryan 
that this coal-eater was superseded in 1815 by 
a Boulton and Watt engine having a steam-cylinder 
44 in. in diameter by 6 ft. stroke, driving a double- 
acting pump 20 in. in diameter by 6 in. stroke 
delivering against a head of 102 ft. The boiler 
was of cast iron with vertical uptakes of wrought 
iron, and the steam pressure was 24 lb. to 4 lb. 
(gauge). From the figures given, it appears that 
this engine worked at about 30 water horse-power 
for a fuel consumption equivalent to about 104 lb. of 
coal per water-horse-power hour. This coal con- 
sumption, it may be noted, is of nearly the same 
order as the water rate per kilowatt now obtainable 
with turbo-generators of the largest size. Since 
James Watt undoubtedly effected an enormous 
improvement in the steam-engine, the above figure 
of 104 lb. of coal per water horse-power with an 
engine embodying these improvements shows in 
a very striking way how impossible would have 
been the development of the steam-engine had not 
the enormity of the coal-bill been compensated for 
by the high profits of the mine-owners. 

In his lecture Mr. Bryan stated that two jet- 
condensing rotary beam pumping-engines were 
installed at Old Ford in 1807. ‘They had cylinders 
36 in. in diameter, with a 99-in. stroke, and were 
not dismantled till 1890. A similar pair erected in 
1812 at Deptford are still used, it appears, to pump 
into the Woolwich Common Reservoir. The work- 
ing costs of these engines during the ‘thirties, 
inclusive or fuel, labour, and stores, but neither 
interest nor depreciation, is stated to have been 
about 0.712d. per horse-power hour, coal being 
procurable at 12s. a ton. Mr. Hawksley has given 
figures quoted by Mr. Bryan showing the following 





costs ~ water horse-power for engines in use at 
Trent Bridge :— 

Pence Water- 

Horse-Power Hour. 
Coal... ste “ 4495 
Oil and tallow 0.0710 
Sundries ion ae 0.0202 
Hemp, leather, &c. .. 0.0177 
Total 0.8124 


Between 1816 and 1828 two Boulton and Watt 
engines were installed at Old Ford, and the work- 
ing costs of these was, it ap , about 4d. 
per water-horse-power hour. This shows substan- 
tial improvement on the former figures, and the 
builders took, by the terms of their contract, a pro- 
portion of the saving effected. The engines were 
supplied from ‘‘wagon-top” boilers, fitted with 
mechanical stokers. These, however, appear to 
have been unsuccessful. 

It was not till 1835 that the Cornish engine was 
adopted for water-works service. Prosperity in 
Cornwall had led to very great improvements in 
the pumping machinery installed, the published 


figures being far in advance of anything recorded | i 


up to that date with water-works engines. An 
engine installed at Fowey was asserted to have 
shown a duty of 125 million gallons raised 1 ft. 
high per bushel of fuel consumed under the boilers, 
Taking the bushel as 94 lb., this is equivalent to 
the development of one water horse-power per 
1.45 lb. of fuel. No doubt the Cornish cycle is a 
very efficient one. The steam entered the cylin- 
der at the top, doing work on the down stroke, 
with a relatively large ratio of expansion. On the 
completion of this stroke, an equilibrium valve 
established equality of pressure between the top 
and bottom of the piston, and the up stroke was 
made under the influence of a counterweight. On 
the completion of this the exhaust-valve opened, 
and the steam passed away to the condenser. The 


top of the cylinder was accordingly never in direct 
communication with the condenser, and did not 
acquire the temperature of the latter, so that 
initial condensation was reduced. Secondly, valve 
leakage, the other great source of waste, in the 
slide-valve engine was small. The valves, being of 
the drop type, could be ground absolutely tight, 
and steam temperatures being low, they were little 
liable to distortion when under steam, so that the 
initial tightness was probably well maintained. 
Finally, any steam that did leak had to pass two 
other valves before reaching the condenser. 

Nevertheless, making the fullest allowance for 
all these favourable factors, it is impossible to 
admit that any such figure as that recorded at 
Fowey was really attained. With steam supplied 
at 35 lb. gauge pressure, and exhausted to a 26-in. 
vacuum, the theoretical steam consumption per 
indicated horse-power is about 12 1b., a figure 
irreconcilable with the actual fuel consumption 
claimed. It is, moreover, common knowledge that 
the duty of Ccrnish engines installed in the ’fifties 
and ’sixties never attained the results previously 
reported, and it is more than possible that the 
apparent falling - off was really attributable to 
greater experience in engine-testing. The same 
phenomenon was observed in the case of the triple- 
expansion marine engine. In the early ’eighties 
trial-trip reports quite commonly claimed a fuel 
consumption of 1} lb. to 1} 1b. of coal per indi- 
cated-horse- power hour, whereas in the careful 
trials carried out some years later by the Institu- 
tion of Mechanical Engineers, the best figure re- 
corded was 1.46 lb., and it attained 2.66 lb. in that 
of the Iona. There is thus every reason to believe 
that the performances of the older Cornish engines 
were nothing like so good as represented, but at the 
same time their economy was marked as compared 
with the Boulton and Watt engines, in which the 
boiler pressure was commonly restricted to 2 lb. or 
4 lb. above the atmosphere. 

This is well shown by the figures quoted by Mr. 
Bryan. The two Boulton and Watt engines had 
a duty of only 28 million gallons. In 1836 they 
raised 5,900,000 gallons per day at an annual cost 
for labour, coals, stores and repairs of 49401. The 
replacement of one by a Cornish engine with an 
80-in. cylinder and 11-ft. stroke cut down the 
annual cost to 28251., although the output was 
raised to 7,100,000 gallons per day. Other Cornish 
engines were accordingly installed, and there are 
twenty-six still in use or reserve at the various 
stations of the Metropolitan Water Board. One 
of them is sixty years old. The endurance of 
these engines is extraordinary, and is no doubt 
partly attributable to the deliberation of their move- 
ments, and to the great accessibility for repairs 
of both pumps and steam-cylinders. 

For water-works |e ee Mr. Bryan remarked 
that engines of the Cornish type or its variant, the 
Bull engine, suffer under the disability that they 
do not work well against a varying head. They 
are accordingly ill-adapted for pumping into a main 
from which water is being drawn off in varying 
quantities, and are at their best when delivering 
into a reservoir against a constant head. 

Compound beam rotary pumping-engines were 
osmtel ' by Hawksley at the Basford Works, 
Nottingham, in 1857. They had cylinders 18,%, in. 
and 31}} in. in diameter by 4-ft. 6-in. and 6-ft. 
strokes respectively. These pumps are still in use. 
A number of a similar type were put in at stations 
now owned by the Metropolitan Water Board, and 
are still in constant use, giving fair duty; and by 


increasing the area —_ the Daytime allow- 
ing of great speed of working, their original output 
has been improved. 


Engines with Riedler valves on the pumps were 
installed, Mr. Bryan stated, at the Grand Junction 
Water Works some twenty years ago. They had 
cylinders 21 in. and 39 in. in diameter by 3 ft. 
stroke, and were designed to run at sixty revolu- 
tions per minute. It is of interest to note that 
the Riedler gear has been dismantled, the engines 
being run at a somewhat lower speed than origi- 
nally intended. It appears, however, that smaller 
engines of the type are a in 
one of the wi stations at 120 revolutions per 
minute. 

In his lecture Mr. Bryan spoke well of the Worth- 
ington triple-expansion hydraulic agen args 
which has, he says, a duty comparable with that of 
a good triple-expansion rotary engine.’ The latter 





is now that most in favour with water-works engi- 
neers. Owing to the use of three-throw pumps the 





pressure in the discharge main is almost free from 
fluctuation. The engine can, moreover, be run at 
various speeds with little effect on the steam con- 
sumption. A consumption of 9.38 lb. of steam per 
indicated horse-power per hour has been recorded, 
the steam being superheated by 112.8 deg. Fahr. 

A serious rival is, it appears, being found if the 
steam-turbine-driven centrifugal pump. A De 
Laval turbine a. such a pump was installed 
by the Metropolitan Water Board ten years It 
developed 110 brake horse-power. The turbine ran 
at 10,500 revolutions per minute, and the pump was 
geared down to 10 to 1. There were two pumps in 
series designed to deliver 3,300,000 gallons per 
diem against a head of 130 ft. This pump proved 
so satisfactory that a larger plant was ordered ; the 
turbine in this case was rated at 325 brake horse- 
power, running at 7500 revolutions per minute. 

In his lecture, Mr. Bryan expressed the view 
that though the requires more fuel than a 
good triple-expansion pumping-engine, yet this is 
offset by the low first cost and compactness of the 
pump. The cost of installation is, in fact, only 
about one-quarter that of a plunger pump of equal 
capacity, and the saving in interest and sinking 
charges quite offsets the ter economy of its rival. 
At Montreal the turbine-driven high-lift centri- 
fugal pump, installed by Messrs. Mather and Platt, 
raises 405 million gallons per day to a height of 
405 ft., the steam consumption per water horse- 
power being 19.6 lb. per hour. At Petro; four 
steam-turbines have been installed, lifting each 
16 million gallons per day 158 ft. to 160 ft. With 
steam supp ied at 12 atmospheres and at a tem- 
perature of 263 deg. Cent., the consumption on a 
72-hour test was only 15.4 lb. per water horse-power. 
Other large centrifugal pumping plants are in 
use at Lyons on lifts ranging from 162 ft. to 512 ft. 
These are driven electrically by current supplied 
by the Société Grenobloise de Force et de Lumiére 
at 4d. per unit. 

in the conclusion of his lecture Mr. Bryan referred 
to the Humphrey pumps at Chingford, of which four 
were designed to lift 40 million gallons a day, and 
the fifth 20 million gallons a day against a head of 
30 ft. The guaranteed fuel consumption was 
1.1 lb. of anthracite per water-horse-power hour 
on test. The = has been greater, Mr. 
Bryan stated, and the fuel consumption less than 
that required by the contract. The average con- 
sumption on test was, we understand, just over 
15 lb. of anthracite per water horse-power. 

A very remarkable plant was, Mr. Bryan stated, 
now in course of erection at New Orleans for 
getting rid of flood-water, the general level of the 
town being 15 ft. to 16 ft. below the high stage 
of the river. The installation of the plant now on 
order will bring up the total pumping capacity to 
five times that of the average flow of the Thames 
at Teddington. The lift is low—about 5 ft.—and 
in the new additions screw-pumps are being mainly 
employed. Each is designed to raise 500 cub. ft. 
per second. The suctions are 12 ft. in diameter, 
and the delivery end 14 ft.6 in. They are to be 
driven electrically with current supplied from an 
electric power-station, where a generator rated at 
8000 horse-power is being installed. 





PETROL AND PETROL-SUBSTITUTE 
COMPARISONS. 

Mucu has been written and said on the petrol 

uestion. The claims of benzol and alcohol as 
rival fuels for internal-combustion engines have 
been discussed in many technical publications and 
before many technical societies. The sources of 
supply of these liquids, and their cost of produc- 
tion on a scale commensurate with the petrol out- 
put, has been the subject of very many papers 
and addresses. All these efforts, combined with 
the present price of petrol, have resulted in some 

rogress in he om loyment of the substitutionary 
loch, especially 1; but there is still an 
enormous field available for attack, and any 
additional data on the whole question are always 
welcome. A good deal of the information published 
has been ex in rather general terms, and 
any definite information bearing on the relative 

roperties and performances of petrol and its rivals 
is doubly welcome. Motor-users know, in a general 
way, that an engine run on benzol will give as much 
power as when run on petrol. In some circum- 
stances it will apparently give more. They also 
know that there are starting difficulties with benzol, 
especially in cold weather, and that matters may 
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be improved by mixing some petrol with the 
benzol. Any information helping to reduce this 
general knowledge to a more scientific and precise 
level is, however, always of value. 

Professor W. Watson, whose title to speak on 
these questions is beyond dispute, added some- 
thing to the stock of detinite knowledge of the 
relative properties of petrol and its substitutes in 
a paper read before the Institution of Automobile 
Engineers on the 9th inst. The paper dealt, in 
the main, with the results of experiments on a 
101.6-mm. bore and 130-mm. stroke single-cylinder 
Knight sleeve-valve engine, which was loaned to 
the Royal College of Science by the Daimler Motor 
Company. ‘Tests were carried out with benzol, 
alcohol, and various mixtures of these substances, 
between themselves and with petrol, and were 
compared with similar tests made with petrol alone. 
The benzol used was a coke-oven product, and was 

resented by Messrs. Pease and Partners. As 
Cates on practical operations, it may be men- 
tioned that the benzol commenced to form crystals 
at -—4 deg. Cent., that it formed a pasty mass at 
—8 deg. Cent., and was practically solid at 
—12deg. Cent. Similar results were found with 
two samples of benzol purchased at different 
garages. It is thus clear that at temperatures 
much below freezing, in any part of the fuel 
supply system, there is likely to be trouble owing 
to an accumulation of crystals. A measurement of 
the viscosity of the benzol showed, as might be 
expected, that it increased with fall of temperature 
much more rapidly than did that of petrol, Pratt 


No. 1 spirit being taken for the comparison. The| passed 


result of mixing one part by volume of petrol to 
three of the benzol was to lower the point at which 
orystal formation started to —- 14 deg. Cent., while 
a mixture of equal parts of each spirit gave no sepa- 
ration even at —21 deg. Cent. 

When running engine tests with the benzol, it 
was found that with strong mixtures—i.e., those 
containing less than 12 parts of air to one of 
benzol by weight—the carbon deposit became 
excessive. In particular, the exhaust-port in the 
inner sleeve became rapidly choked, and, as a 
result, the volumetric efficiency of the engine, and 
hence also the horse-power developed, fell con- 
siderably. For example, with an air-benzol ratio 
of 105, after four gallons of benzol had been con- 
sumed, the brake horse-power at 1000 revolutions 
per minute fell 18 per cent., due to throttling at 
the exhaust-port. As long, however, as the mix- 
ture strength was so adjusted that there was no 
carbon m>.oxide, or only a very smallquantity, in 
the exhaust, the carbon deposit was no worse than 
with petrol. No signs of corrosion were found 
when using benzol. 

The paper contained curves comparing the mean 
effective pressures, at 900 revolutions per minute, 
for petrol and benzol with different air proportions. 
The figure obtained under any condition with benzol 
did not materially exceed that obtained for petrol, 
and yet, as is well known, a car appears in many 
cases to develop markedly more power with benzol 
than with petrol, particularly when ascending 
hills. Professor Watson explained this matter by 
saying that actually there was no such greater 
power production from benzol. When running at 
low engine speeds and with an open throttle, how- 
ever, an engine would knock violently with petrol, 
so that it became necessary partly to close the 
throttle and retard the spark, thus reducing the 

wer. With benzol this knock did not appear, 
so that the throttle could be kept open and the 
spark advanced, with a result that there was no 
corresponding reduction of power. If with a petrol- 
fed engine on a test-bed the knock was allowed to 
goon, nearly as great a power could be obtained 
as with benzol, at any rate for a short time, and 
with a single-cylinder engine. 

The author considered that, wherever the actual 
seat of the knock, the cause was undoubtedly a too 
rapid spread of the flame in the charge, resulting 
in an almost explosive rise of pressure. His paper 
contained some indicator diagrams illustrating 
how this effect produced pressure waves in the 
pipe connecting the indicator to the cylinder. The 
diagrams were purposely distorted by altering the 
phase of the indicator-piston motion, and showed 
the pressure waves very clearly. The matter was 
further investigated by measuring the time between 
the passage of the spark and the attainment of 
maximum pressure under ordinary conditions—i.e., 
when there was no knock. The measurements were 
carried out in a low-compression engine with an 





L-shaped combustion chamber, in which the rate 
of flame propagation was much less than in the 
Knight engine. Experiments made with petro] and 
benzol showed that the rise of pressure was more 
rapid with the former, but the difference was not 
great. The time between the firing of the charge 
and the attainment of maximum pressure with 
petrol was about 0.013 second, and with benzol 
about 0.015 second. The difference in the case of 
the Knight engine was even less, which is to be 
explained by the rate of flame pro tion being 
more dependent on the turbulence of the charge 
than on its nature. 

Professor Watson appears to think that the 
absence of knock when using benzol is not, how- 
ever, due to differences of speed of ordinary flame 
propagation in benzol and petrol, but is due to the 
charge firing in an entirely new manner when its 
temperature is raised above a certain critical value. 
This new manner of firing is a detonation rather 
than an inflammation, and the critical temperature 
is much lower for petrol than for benzol. The 
admixture of benzol with the petrol raises the 
critical temperature very markedly. The subject 
is being further investigated. hat benzol re- 
quires a higher temperature than petrol to cause 
it to ignite was shown experimentally by fitting a 
thin platinum wire in the combustion space of an 
engine, and passing a current through it. The 
spark being retarded, the current through the wire 
was gradually increased until the indicator diagram 
showed that the charge was being fired by the wire. 
Under these conditions a larger current had to be 
in the case of benzol than was required 
with petrol. Further, with petrol the current 
strength could be easily adjusted so that the engine 
continued to fire and run quite regularly with the 
spark turned off. With benzol it was difficult to 
get the engine to run in this way, and a greater cur- 
rent was required. 

For the experiments made with alcohol ordinary 
methylated spirit was used. The Daimler two-jet 
carburettor required a much larger jet than was 
used with either petrol or benzol, and it was found 
n to supply additioual heat to the car- 
burettor, by passing a current through a wire 
wound round the pipe leading from the jet-chamber 
to the throttle. Even so, the supply of heat was 
insufficient and the vaporisation was somewhat 
irregular. The mean effective pressures obtained 
with alcohol were slightly higher than those ob- 
tained with either petrol or benzol, while they 
increased more rapidly with the strength of the 
mixture. Even with the strongest mixture used 
(six of air to one of alcohol), which gave 6 per cent. 
of CO in the exhaust, the mean effective pressure 
still showed signs of increasing with the strength 
of the mixture. The lower calorific value of the 
methylated spirit used was 9750 B.Th.U. per pound. 
The maximum thermal efliciency, as also the 
thermal efficiency at complete combustion, in- 
creased slightly from petrol to benzol and from 
benzol to alcohol. 

With a view to studying the cause of these dif- 
ferent thermal efficiencies, the mean temperature 
of the gases in the cylinder was worked out from 
the indicator diagrams. Two indicators were used, 
connected to the cylinder with a three-way cock. 
One indicator, with a thick diaphragm, was used 
to = give the pressure on the compression and 
expansion strokes; and the other, with a thin 
diaph , those on the exhaust and suction strokes. 
A calculation of the exhaust temperature was first 
made, assuming a suction temperature of 147 deg. 
Cent., and from the measured amount of fresh 
charge taken in at each stroke the suction tem- 
perature obtained, by mixing this amount of fresh 
charge, at the temperature at which it was taken 
in, with the quantity of the residual gases, at the 
temperature just calculated, was determined. 
From this suction temperature, allowing for ex- 

nsion owing to chemical changes during com- 

ustion, the temperature corresponding to any 

point on the diagram could be calculated. The 

essures and temperatures read off the indicator 

i ms, plotted to a logarithmic scale, gave a 

straight line, showing that both compression and 
expansion followed the law P V" = constant. 
The temperatures attained with the three fuels did 
not differ much, but those with alcohol were a 
little lower than the other two, particularly 
towards the latter part of the expansion stroke. 
This difference might account’ for the slightl 
higher thermal efficiency obtained with alcohol, 
but there was nothing to account for the fact 





a ‘a gave a higher thermal efficiency than 
petrol. 

As is well known, and as we have already men- 
tioned, starting difficulties are experienced in cold 
weather when using benzol. The same thing 
applies to alcohol. ‘This is because the fuel does 
not contain the volatile constituent, present in 
com necessary to give suflicient evaporation to 
orm an explosive mixture. To examine this 
point closely, Professor Watson had a steel vessel 
constructed in which air saturated with any of the 
fuel vapours could be fired by a spark. The 
vessel was surrounded by a water-jacket, which 
enabled the temperature to be varied, and was 
fitted with a pump by which the air pressure 
could be regulated. It also had a manometer and 
an arrangement by which the observer could tell if 
the mixture fired when a spark was The 
method of work consisted in placing some of the 
fuel to be tested in the vessel, and then pumping 
in air until the pressure was higher than the maxi- 
mum at which the mixture would fire. The vessel 
was then brought to the required temperature, and 
well shaken to saturate the air. A spark was then 
passed, and if no ~ ee took place, the pressure 
was slightly lowered, the vessel again shaken, and 
allowed to stand for some time. A further spark 
was then passed. This procedure was continued 
until the pressure at which explosion occurred was 
reached. Work was carried out with petrol, 
benzol, alcohol, and various mixtures, and resulting 
curves were given in the paper. 

A study of these curves gives considerable 
insight into the starting-from-cold problem. With 
Bowley’s special petrol, a very volatile fuel, an 
explosive mixture can be obtained at 0 deg. Cent., 
and under 40 lb. per sq. in. pressure by gauge. 
With Pratt No. 1 there is a rapid drop in the 
limiting pressure below 10 deg. Cent. down to 
16 lb. at 0 deg. Cent. This is, of course, quite a 
reasonable pressure. The pressure is practically a 
linear function of the temperature. Benzol gives 
quite a different type of curve. There is a point of 
inflection somewhere about 20 deg. Cent; above 
this temperature the pressure rises xapidly ; below, 
it falls equally rapidly. At temperatures below 
1 deg. Cent., even at atmospheric pressure, air 
saturated with benzol vapour is incombustible. 
Methylated spirit gives a regular curve, but at all 
temperatures less than 20 deg. Cent. air saturated 
with the vapour is incombustible, even at atmo- 
spheric pressure. A mixture of Pratt three 
parts and benzol one part behaves, to all in- 
tents and purposes, like pure petrol, while a 
mixture of Pratt one part and benzol three 
parts resembles pure benzol, except at low 
temperatures, when the influence of the petrol 
is quite marked. Methylated spirit one part and 
benzol three parts resembles benzol, but is slightly 
better, and methylated spirit three parts to benzol 
one part approximates to the benzol curve at 
higher temperatures, but falls much below it at 
lower temperatures. The bearing of these data on 
starting problems is obvious, but their definite 
application must depend on the starting conditions 
under consideration. If an engine is turned sharply 
by hand or mechanically, it is possible to draw fuel 
inte the cylinder and afterwards vaporise it by 
the heat generated owing to the compression. 
With the Knight engine turned fairly rapidly with 
a starting-handle, and with an initial temperature of 
15 deg. Cent., a maximum mean temperature of 
158 deg. Cent. was obtained, about 15 deg. below 
top dead centre. 





THE SMITHFIELD CLUB SHOW. 

Tue Smithfield Club Show opened on Monday 
last, at the Agricultural Hall, Islington, N. 
The space allotted to machinery exhibits and ap- 
pliances was, as usual, fully occupied, and in spite 
of the general upset of business through the war, 
the tone of makers was distinctly cheerful. The 
war having drawn a number of the farm workers 
away, makers are confidently looking forward to 
good orders for appliances which offer advantages 
in the labour-saving direction. As the past year 
has been a good one, farmers are, at the moment, 
probably more willing to give consideration to these 
matters than when labour is sufficient and crops are 
poor. Many firms turning out tractors, motor- 
ploughs, &c., are well off for orders. Although 
much of the Continental business is temporarily 
suspended, more than usual seems to be doing at 
home, and the only trouble in some cases is that 
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of turning out the work fast enough. Engineer- 
ing works in normal times often employ a large 
percentage of Reservists, and these have all returned 
to the Army or Navy. In addition the new Forces 
have been swollen by substantial contingents from 
the shops, with the result that works are short- 
handed, and though firms are turning out as much 
as they can, the output is not quite up to what they 
would like. 

Most of the standard makers are represented at 
the Show, though the variety is, perhaps, a little 
limited. The makers of ploughing-engines, thrash- 
ing-engines, and steam-tractors are well represented. 
Messrs. John Fowler and Co. (Leeds), Limited, have 
an exhibit which includes a 14-horse-power non- 
compound steam ploughing cable-engine, titted with a 
drum and 600 yards of wire-rope. The engine hasa 
two-speed gear for the ploughing motion, controlled 
by one lever, so that only one speed can be in at once. 
There is a brake on the ploughing-clutch, operated 
from the foot-plate. Another engine shown at this 
stand is a compound steam-tractor with a Belpaire 
fire-box, the boiler working at a pressure of 2U0 lb. 
porsq. in. The valve-gear is a constant-lead pattern, 
with one eccentric to each cylinder. Another firm 
showing thrashing-engines, tractors, &c., is Messrs. 
Aveling and Porter, Limited, Rochester, who 
exhibit a single-cylinder thrashing-engine, a com- 
pound ploughing-engine, and a compound tractor. 

Various tirms exhibit characteristic machines in 
the form of small steam-tractors and steam-wagons. 
Among these are Messrs. Fodens, Limited, 
Sandbach, and Messrs. Mann’s Patent Steam-Cart 
and Wagon Company, Limited, of Hunslet, Leeds. 
The latter firm has a compound steam-tractor, a 
light agricultural tractor, and a 3-ton steam-wagon 
embodying the well-known features of this firm’s 
standard designs. A new model steam-wagon is 
shown by Messrs. Robey and Co., Limited, Lin- 
coln. This is illustrated in Fig. 1, page 704, and 
is a very nice-looking machine. It is a 5-tonner 
with compound engines and a Belpaire boiler 
working at 200 lb. per sq. in. The machine is 
fitted with a smoke-box superheater. The cylin- 
ders are mounted on a pressed-steel seating 
riveted to the boiler - barrel. Two levers are 
provided at the foot-plate ; by means of one 
the superheater can be cut out if this should 
be necessary through the failure of a tube, and 
saturated steam admitted to the steam - chests 
direct. By means of the other lever the engine 
can be worked either normally as a compound, the 
high-pressure exhaust passing to the low-pressure 
cylinder, or high-pressure steam can be supplied 
to the low-pressure cylinder, with a common 
exhaust for the two cylinders, the high-pressure 
exhausting direct. The engine is fitted with a feed- 
water heater of the tubular type, supplied with the 
cylinder exhaust, which then passes to the chimney. 
The safety-valve is enclosed, as in all Messrs. Robey’s 
road-engines, and the escaping steam is conducted to 
the chimney. The feed-pump is driven off the 
intermediate gears. The crank-shaft bearings are 
fitted with ring-oilers, and the axles are arranged 
with pad lubrication and oil-baths. Two speeds 
of about three and six miles per hour are 
provided, the transmission being by roller-chain 
ruoning in an oil-bath. A long tank capable 
of containing 160 gallons of water is placed be- 
tween the frames under the body, which is 12 ft. long 
by 6 ft. 6 in. wide, the sides being 1 ft. 6 in. high. 
The bunker is large enough to carry fuel sufficient 
for 40 miles. The road wheels consist of cast- 
steel centres, on to which are bolted hard-wood 
felloes. The felloes are slightly coned, and the 
internal fit of the tyres into which they are forced 
is also coned. By means of bolts passing through 
a flange on the inside of the tyres and through the 
felloes, the two ‘parts can be drawn*up together 
tight in the taper, in case of any tendency to work 
loose. 

Motor tractors and appliances are represented in 
a few cases, though motor lorries are conspicuous 
by their absence, doubtless on account of the large 
demands made on makers by the War Office at the 
present time. Messrs. John Fowler and Co. 
(Leeds), Limited, again show one of their Fowler- 
Wyles motor-ploughs, which we described in Enat- 
NEERING some time ago (see vol. xcvi., page 20). 
The example shown has an additional attachment 
at the back in the form of a seat supported by a 
small wheel. The position is within easy reach of 
the plough-handles. 

Messrs. Wyles Motor-Ploughs, Limited, 5, Carr- 
street, Manchester, whose motor - plough we 





thoroughly described and illustrated in connection 
with the Royal Agricultural Society’s Show at 
Shrewsbury (see page 38 ante), show one of their 
machines embodying a few alterations recently 
introduced. The frame has been somewhat 
changed, and the machine will take any standard 
make of two-furrow plough. The firm are now 
also fitting steering-gear and seat to the machines at 
the side, as these are considered essential features 
in some countries. The weight of the machine 
is only 18 cwt. Work during last autumn has 
shown a single machine to be capable of doing the 
work of two good horse-teams, and, using a two- 
furrow plough, three acres have been ploughed in 
an eight-hour day. This interesting machine has, 





current through the flue. The engine is provided 
with a simple half - compression arrangement, 
consisting of an ordinary cock and ball-valve. 
When the cock is opened, the engine draws in 
its charge, but on the return stroke the increasing 
pressure causes part of the charge to pass out 
through the cock and valve until the port leading 
to the cock is covered by the piston, after which 
compression continues in the ordinary way. 
Another simple device used on these motors con- 
cerns the starting-handle. The engine-shaft has 
a rather sharply tapered end. As soon as the 
engine starts, the starting-crank, in consequence, 
is promptly freed ; and if the operator let go of 
it, it would be immediately dropped off instead of 
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20-Horse-Power ‘ INVINCIBLE” 





Semi-Dieset ENGINE: 


Messrs. A. anp E. Woopwarp, KerieHLey. 


from all accounts, already won a good footing for 
itself, and the prospects of a successful future seem 
to be assured. 

Messrs. Saunderson and Mills, Limited, Elstow 
Works, Bedford, who are also as busy as their 
works can be at the present time, show one of 
their standard agricultural tractors. The machine 
exhibited is a model ‘‘G,” with a twin - cylinder 
engine, giving 20 brake horse-power. This machine 
has three speeds forward and one reverse—viz., 
2, 3, 5, and 3 miles per hour. The engine cylinders 
are 5} in. by 8 in. stroke. The back wheels are 
12 in. wide on the tread and 4 ft. in diameter. 
The cooling surface provided is liberal. The cool- 
ing-tank contains a large vertical flue, across which 
run gilled tubes. For cleaning purposes the whole 
flue can be dropped and the mud cleared out of 
the tubes. The exhaust is turned into the upper 
portion of thé cooling-tank, and induces an air- 


— 





ssibly turning round with the shaft. Messrs. 

aunderson’s motors have this last autumn been 
doing excellent harvesting work with binders. 
With a new special harvester coupling, it has been 
possible for one of these machines to haul and 
work properly a string of five binders. The model 
‘*G,” exhibited at the Show, although one of the 
lighter patterns, can haul three binders satis- 
factorily. 

The Ivel Agricultural Motors, Limited, Biggles- 
wade, show one of their light tractors, a three- 
wheeled machine with vis-d-vis engine and single 
speed. This pattern embodies no novelties, the 
design having. been reduced to a satisfactory 
standard. The firm also exhibit one of the Ivel- 
Bauche motor-hoes, of which we gave a description 
in connection with the Show at Shrewsbury (page 19 
ante). 

Messrs. Ransomes, Sims, and Jefferies, Limited, 
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Ipswich, have an exhibit of some variety, the 
most noticeable feature of which is probably 
their single-cylinder oil-tractor. This is shown 
in Fig. 2, page 704, and is a machine primarily 
intended for the foreign market ; it is of 35 to 40 
brake horse-power. The engine is a horizontal 
hot-bulb oil-engine, with a cylinder 12} in. in 
diameter and 14 in. stroke, running at a normal 
speed of 270 revolutions per minute. The engine 
is started with alamp. The fly-wheel is 4 ft. 6 in. 
in diameter by 6 in. wide. The machine is pro- 
vided with front wheels 4 ft. 6in. in diameter 
by 9in. wide, the rear, or driving, wheels being 
6 ft. 6 in. in diameter by 18 in. wide, provision 
being made for extensions, if necessary. The 
machine is arranged for two speeds forward, of 
about 2 and 3} miles per hour, and a reverse speed 
of 2 miles per hour. The fuel-tank has a capacity 
of 30 gallons (crude oil), and the cooling-tank a 
capacity of 70 gallons. Water is drawn from the 
cooling-tank by a belt-driven centrifugal pump, 
and returns to the tank, psssing over a series of 


engines than is possible in this connection, we will 
defer till then a discussion of their design. The 
Campbell Gas-Engine Company, Limited, Halifax, 
stage a 15$-horse-power high-compression crude-oil 
engine, a 7}-horse-power engine with compressed- 
air starter, and a 13}-horse-power two-cycle hot- 
bulb vertical engine. The latter engine is governed 
by a single eccentric gear. Normally a striker 
moves vertically up a cam-plate, and comes in 
contact with the pump-plunger. On the face of 
the cam-plate is a short incline. If the speed in- 
creases, the striker is flicked out by this as it rises 
and misses the pump-plunger. Messrs. Robey and 
Co., Limited, show one of their two-cycle semi- 
Diesel engines of 25 brake horse-power. This 
engine has a single cylinder, 11 in. by 13 in., and 
runs at about 350 revolutions per minute. It is 
governed by a shaft-governor, which increases or 
reduces the eccentricity of the single eccentric, 





thus giving the pump a variable stroke. The water 
for injection is mixed with the fuel before entering 


the cylinder. The water-injection fitting forms | 





wiper scraping the oil off the cylinder wall at the 
point where it is supplied by the mechanical lubri- 
cator. The engine is built in single-cylinder sizes 
up to 20 horse-power, and above that to 40 horse- 
power with double cylinders. Pump circulation is 
arranged for, the cylinder head being cooled. 

The exhibits of Messrs. Petters, Limited, Yeovil, 
and of Messrs. Blackstone and Co., Limited, 
Stamford, embody several models with which we 
dealt at the time of the Shrewsbury Show. 

An interesting machine-tool is to be seen at the 
stand of Mr. John Wilder, Yield Hall Foundry, 
Reading. This is a machine for grinding lawn- 
mower cylinders and blades. This machine is 
illustrated in Fig. 4. It is capable of grinding 
simultaneously two lawn - mower cylinders or 
runners of equal or unequal size, varying from 6 in. 
to 50 in. in length, the bottom blades being ground 
at the same time. As will be seen from our illus- 
tration, the machine has two heavy pillars placed 
6 ft. apart, and rigidly connected by two steel cir- 
cular slide-bars 2{ in. in diameter, placed one above 








Fic, 


4. 


cooling-weirs. The whole machine has a length of ; part of the fuel-pump fitting. Metallic disc air- 
18 ft. 8in., a width of 7 ft. 2in., and a height | valves are fitted on the crank-case. The engine 
of 10 ft. 10 in. to top of chimney. The weight in| embodies sundry recent improvements, notably in 
The control from | the hot-bulb vaporiser, which is of a new form, 


working order is about 10 tons. 
the foot-plate is by two levers, one controlling the 
belt, driving-clutch, and brake, and the other 
the speed change and reverse. The mounting of 
the machine is virtually the same as for steam- 
tractors, the regular traction-engine steering-gear 
being adopted. 

As at other recent exhibitions of agricultural 
machinery and appliances, the small petrol or 
paraffin-motor is much in evidence. Most of the 


well-known British makers are represented, as well | 
We have at one time and 


as several American. 
another dealt with the more interesting types of this 
class of engine, and our readers are therefore familiar 
with their various features as well as with the names 
of the makers. The larger type of stationary oil- 
engine is also shown by several well-known firms. 
Of this class of engine, the vertical two-cycle hot- 
bulb engine seems to be steadily gaining ground. 
Several firms exhibit engines of thisclass. Among 
them are interesting engines at the stand of 
Messrs. Martin’s Cultivator Company, Limited, 
Stamford, who show a single-cylinder engine, a 
twin-cylinder, and a portable. As we propose to 
give shortly a more complete description of these 














and in the water-circulation pump, which is now 
|a small belt-driven centrifugal. 

Another firm showing a new model of this type of 
engine is Messrs. A. and E. Woodward, Inviucible 
Engine Works, Green-street, Keighley. This ex- 
hibit is a 20-horse-power engine running at 400 
revolutions per minute. It has no water injection. 
It is shown in Fig. 3, page 708. This engine is 
governed by varying the fuel supply by means of 
a wedge inserted between the tappet and the 
pump-plunger. The wedge is unusually long, and 
of a comparatively fine taper. It is arranged hori- 
zontally, and is moved out and in by the action of 
the governor weights, the governor being driven 
by gears off the main shaft. The tappet or striker 
is connected to a single eccentric on the shaft 
close to the governor. The wedge and governor to- 
gether form a very sensitive system of regulation, 
and it is claimed that the speed variation between 
no load and full load with this engine is within 1 per 
cent. The consumption is stated to be approximately 
half-a-pint of crude oil per brake-horse-power hour. 
Forced lubrication is provided to bearings, gudgeon- 
pin, &c. The gudgeon-pin is furnished with 4 

















Automatic MuctreLe Lawn-Mower Cytinper anp Biape Gurnpine Macuine; Mr, Jonn Wiiper, Reapine. 


the other. The grinding-wheel saddle, of cast iron, 
moves from end to end of the machine on these 
slides. The travelling-saddle is provided on its 
upper side with bearings for the spindle of the 
grinding-wheel, which is 14 in. in diameter by 2 in. 
wide. On the under side of the saddle there are 
also fixed two pedestals, in which are fitted bushes. 
Between the pedestals is a sliding pulley fitted 
with a square-holed bush. The pulley is free to 
revolve between the pedestals on the square shaft 
which revolves in bearings near the base of the 
columns. The main drive of the machine is by 
fast and loose pulley direct on this bottom shaft. 
With this shaft: running at 320 revolutions per 
minute, the grinding-wheel, which is driven off it 
by the sliding pulley, runs at 1500 revolutions per 
minute. At the belt-pulley end of the machine 
there are two leather-faced cone clutches on the 
main shaft. These are belted to pulleys on a 
secondary shaft above, which is driven either back- 
wards or forwards, according to whichever clutch 
is engaged. The clutches can be thrown in by 
moving a weighted lever by hand, or automatically. 
At one end of the secondary shaft is a small 
pinion in mesh with a larger gear keyed to the 
end of a large screwed steel shaft carried by the two 
columns and fitted with ball-thrust bearings. This 
revolving screw carries a nut housed in the saddle, 
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which is thereby caused to move up or down the 
slides, its motion being reversed by the clutches. 
The saddle carries two strikers, and there are two 
corresponding adjustable tappets on a square slid- 
ing-bar running the length of the machine in brackets 
fixed to the pillars. ‘Chis sliding-bar moves the 
belt-thrower, the actual operation of shifting the 
belt being accelerated by play allowed to the 
weighted hand-lever. When the is moved by 
the saddle a short distance, the weighted lever falls 
over and completes the movement. 

Near the top of the columns are two arms of 
steel 2} in. in diameter, placed at right angles to 
the main slides. Sliding on these arms are brackets 
which can be moved in or out by adjusting-screws. 
These moving brackets are connected by long 
cylindrical steel shafts 2} in. indiameter. On each 
of these shafts are two jaw bearings which 
carry the spindle of the lawn-mower cylinder to 
be ground. The jaws of these bearings are 
opened and closed by a right and left-handed 
screw, and can be clamped in position. At oneend 
of each of the shafts just referred to is a worm 
quadrant meshing with a screw carried by the 

illar. The quadrant is extended beyond its centre 
in the form of an arm which constitutes a bearing 
for a pulley spindle, driven by belt from a pulley 
on the end of the main square driving-shaft below. 
A carrier is fixed on the spindle of the rupner to 
be ground, and is driven by the pulley spindle at a 
speed of 280 revolutions per minute. e runner 
or cylinder is placed in the jaws, which are then 
clamped. The shaft is then adjusted by moving 
the bracket at one end in till the blades just touch 
the grinding-wheel. The wheel is then traversed 
and the shaft adjusted at the other end, both 
ends being clamped. Subsequent adjustment of 
the runner nearer to the wheel, or the withdrawal 
of the runner from it, is secured by the screw and 
quadrant radial gear, which moves the whole runner 
and pulley spindle in or out at once parallel to the 
main slides. ; 

The bottom blades are fastened for grinding 
to a square shaft to be seen at the top of the 
machine, extending between two vertical screws. 
A plate is fixed to this shaft and the blades are set 
on this. The square shaft can be moved vertically, 
and can also be rotated, so that any desired angular 
adjustment may be secured for the ground edge. 
Once set, the blade can be clamped in position. 
The movements provided allow of the inspection 
of the blades or runners at any time during the 
process of grinding. 





NOTES. 
THe Panama Cana SLtpEs. 

Some interesting details have recently come to 
hand regarding the two slides which occurred on 
the Panama Canal on October 14 and 31, and 
necessitated the temporary suspension of traffic 
through the waterway. We a some particulars 
of these slides in our issue of November 6 (page 566 
ante). The first extended. for a length of 2100 ft., 
and broke back on the bank to about 1000 ft. from 
vhe centre line of the Canal. It was situated on 
the east side of the Canal north of Gold Hill, at a 
point where there had previously been a great 
deal of trouble. The old movement appeared, 
however, to be quite dead, and the channel at 
this spot had been cleared practically to the 
final dimensions. The movement of October 14 in- 
volved some 750,000 cubic yards of material, and 
it was anticipated that its removal might bring 
down more. This appears to have been what 
happened, for the second slide at the end of the 
same month wiped out all the headway gained. 
As the material came down from the bank there 
was an upward movement of the bottom, such as 
we have previously described in connection with 
these slides. It is interesting to note that in our 
comments on this subject on November 6 we spoke 
of the risk of vessels grounding in the Canal if such 
upheavals occurred, and pointed out that this would 
be difficult to guard against. When the second 
slide occurred and the bottom rose, the 8.S. 
Arizonan, which was ps pew. through the channel 
at the time, actually did ground opposite the slide, 
showing the risk to which we drew attention to be 
real and not merely an imaginary one. Five 
dredgers were promptly got to work clearing the 
channel again, including the two large 15-yard 
dipper-dredgers, Gamboa and Paraiso, which were 
illustrated and described in our issue of Sept- 
ember 4 (page 303 ante). The dredgers were worked 





on the slide in three eight-hour shifts, and during 
the first blockage of the Canal ‘(i.e., between 
October 15 and 20, when it was possible to resume 
traffic), the largest amount removed by the 
Gamboa in one day of twenty-four hours was 7800 
cubic yards, the best day of the Paraiso accounting 
for 7625 cubic yards. The best day’s work for the 
five dredgers was 25,620 cubic yards, and in the 
course of the six days 119,605 cubic yards were 
excavated. An inquiry having been made with 
regard to demurrage due to the temporary closing of 
the Canal, the Governor of the Canal Zone 
replied that the Panama Canal is not to be held 
responsible for such delay. The date originally 
fixed for the opening of the Canal was January 1, 
1915, but work was so far advanced that ‘‘it was 
decided to offer vessels the privilege of using it 
before the official opening.” 


IMPROVEMENTS IN TEXTILE MacHINERY. 


The employment of pneumatic and electrical 
forces in textile mills is undoubtedly growing, and 
there is every reason to believe that further appli- 
cations will be made in the immediate future. 
Probably no industry has been less subject to 
outside progressive influences than that devoted to 
the production of textile yarns and fabrics, and a 
strong conservatism has been proof, hitherto, 
against the attempted introduction of revolu- 
tionary ideas. The present mechanism, in many 
instances, appears entirely illogieal to the me- 
chanical mind unbiassed by long acquaintance 
with spinning and weaving plant, and the only 

ible reason for the use of many parts is 
that they are merely power-driven equivalents of 
those originally manually-operated. Ina paper on 
‘*The Possible Increased Application of Pneumatic 
and Electrical Forces to Textile Processes and 
Machinery,” read before the British Association 
of Textile Works Managers on December 5, Mr. 
Frank Nasmith made it clear that the improver of 
textile machinery has at the outset to over- 
come the great difficulty presented by the low 
cost of textile machinery and its comparatively 
high efticiency. From this paper it is abundantly 
evident that the somewhat advanced improvements 
sought cannot be made solely either by the electri- 
cal, mechanical, or textile engineer. There must 
be co-operation, and it is only by a combination of 
effort that any lasting success will be secured. 
What is undoubtedly necessary, in order to secure 
the results sought, is the absolutely unbiassed, but 
scientifically-trained, mind. Textile machinists 
will have to disabuse their minds of the present 
form of machine altogether, because immedi- 
ately pneumatic and electrical forces are applied 
to an existing machine, the limitations of the 
machine itself offer handicaps and tend to make 
the work commercially impossible. This was 
confirmed in the discussion, one member recall- 
ing that thirty or forty years ago a loom fitted 
with a shuttle pneumatically picked was shown in 
Manchester, but failed for various reasons. The 
chief reason such a loom failed lay in the fact that 
pneumatic means were applied to an existing type 
of loom, in which they were handicapped, and from 
which no good result could ever be secured. 
Machines, then, will, in many cases, have to be re- 
designed if the full advantage of the use of these 
two forces, pneumatic and electric, are to be 
secured. It was stated that experiments have 
been carried out in relation to an entirely new 
type of loom, and, so far as the picking was con- 
c rned, the results were excellent. By the pneu- 
matic means outlined in the paper the power 
required has been much reduced, four times the 
weft supply can be carried, and the mechanism is 
practically noiseless. If no other result has been 
secured by the time and money spent in research 
work on this new loom, it is justified by the im- 
provements in picking secured. Other examples 
of the possible use of pneumatic force outlined 
were new cleaning and opening means, and spindle- 
driving. Dealing with the possible increased uses 
of electricity, Mr. Nasmith first dealt with improved 
means employed inGermany for driving calico-print- 
ing machines which are certainly valuable and worth 
installing in this country, where the old method of 
small steam-engine drive still exists. Electrical 
jacquards for producing figured cloths were stated 
to be inefficient if a momentary contact has to be 
relied upon, and the disadvantage of employing 
such a method was strongly emphasised. The 
removal of metal from cotton he means of magnetic 
attraétion was described, and the neutralisation of 





static electricity generated by the friction of one 
fibre against another when under treatment was 
dealt with at length. A new method of neutralis- 
ing this static electricity lies in the use of a 
salinastive mud spread over an earth-connected 
iron plate placed below the yarn or cloth. The air 
is ionised and becomes a continual conductor, 
through which the electricity discharges. Very 
piers advantages were estimated as being 
ible if these two forces were carefully adopted 
y and through the agency of co-operation between 
the textile machinist and the scientifically-trained 
engineer whose mind is not biassed in the use of 
the present type machine. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. XV.* 


By Freperick Wri1u1am Lancuester, M. Inst. C.E. 
THe ComMAND OF THE ArR, AND Its Limitations. 


Tue term ‘‘ command of the air” can never be 
taken to carry a meaning so wide or far-reaching, or in 
any sense so comprehensive, as that unde: when 
we speak of the ‘‘ command of the sea.” Sea-power 
has its origin and secret in the fact that (as rightly 
insisted by Mahan) the seas control the main high- 
ways of international commerce and communication ; 
thus sea-power is necessarily world-power. It would 
not, strictly speaking, be true to say that the com- 
mand of the sea essentially involves world-wide 
supremacy ; but so far as a navy is provided with 
fully-equipped bases, so far will its power extend 
in its plenitude. It has sometimes been rashly 
assumed by writers that in the future air-power is 
not only going to exercise an influence as wide- 
spread or decisive as sea-power, but is, in fact, 
about to take a superior position, and that the 
latter will lose some of its present character 
and importance. No such conclusion can at 
present be justified. It is, of course, to-day 
considered bad form to call any engineering project 
impossible ; but in view of the fact that, after 
making every reasonable allowance for possible 
developments, the maximum distance that can be 
flown by an aeroplane without replenishment is 
less than 2000 miles, it is clear that the range or 
radius of action of an air fleet must be regarded 
as permanently ay oy strict limitations to its 
employment. The large airship, even should it be 
found to be of greater military or naval importance 
than suggested in the present articles, is scarcely 
likely to be better situated, and suffers from the 
not inconsiderable disadvantage of requiring 
accommodation of an elaborate and expensive 
kind. Hence we see that the command of the air 
is, from a world-wide standpoint, a local condition. 
It might conceivably be secured and asserted by a 
European Power over half the Continent of Europe, 
or the whole of the south and east of the African 
continent might be dominated by air fleets having 
their bases in Egypt and other territory in British 
occupation. Even this, however, is looking a great 
way ahead. For the time being we may take it that 
the object of the policy of any of the Great Powers 
in time of peace will be to secure unquestioned 
supremacy within their own territorial limits, with 
such bases in the vicinity of their coast lines and 
frontiers as will suffice to ensure the respect of 
hostile aircraft in the event of war being declared. 
When a state of war exists, the task of an air fleet 
will be to maintain its air supremacy at home, and 
to extend and carry the command of the air over 
land or water in support of the Army and Navy, 
wherever operating. Hence the Aeronautical Ser- 
vice is not to be considered as a new kind of Navy, 
or otherwise as a self-contained Service to which 
large-scale independent duties can be assigned ; it 
is definitelv, in the words of our title, a new or 
Fourth Arm. 


NEvuTRAL AIRCRAFT. INTERNATIONAL 
REGULATIONS. 


It has been believed from the earliest days of the 
modern aeronautical movement that the military 
(and naval) uses of the flying-machine would prove 
to be one of the most important of its earlier appli- 
cations. This view has been more than justified. 80 
much so that to-day there is scarcely a machine that 
‘*takes the air” in Europe that is not on Service 
duty. This isa fact that probably the most ardent 
supporter of the military usage of the flying- 


* No. XVI, the concluding article of the series, will 





appear in the issue of Deeeniber 25, 
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machine would have scarcely ventured to predict 
prior to the outbreak of hostilities. Certainly, if tive 
or six years ago anyone had been bold enough to 
assert that at the beginning of the year 1915 there 
would be scarcely a machine flying in Europe on 
other than military duty, it would have sounded 
incredible. That the present situation is not repre- 
sentative of the future in this res we may take 
for granted. On the other hand, it is becoming 
clear that we may quite dismiss from our minds any 
general usage of the air as a commercial highway ; 
the traffic in merchandise that will be air-borne will 
never become a great percentage of the world’s 
total. We may anticipate that lines will be estab- 
lished for the rapid conveyance of maiis, and to 
some extent we may look to the development of 
ey yg services in different parts of the world. 

ut for the time being the inconvenient (and, in 
the case of shipping, contentious) question as to the 
rights of neutrals in the air can scarcely be said 
to have been established ; commercial usage of the 
air is virtually non-existent. The obligations im- 
a by international law and convention on both 

lligerents and neutrals are, at the best, of such an 
arbitrary and makeshift character that it is.doubt- 
ful if anything is to be gained by attempting to 
lay down any code or set of rules to pecs | a form 
of locomotion in its application to warfare of which 
little or no experience is available. However, the 
writer has had a book placed in his hands (pub- 
lished early in the present year) on ‘* Air- 
craft in War,” in which the whole contents, from 
cover to cover, relate to nothing else but the inter- 
national aspect of the subject and rival codes 
of pro ‘*legislation.” It seems, therefore, 
that this side of the subject requires discussion. 
Without wishing to belittle work of the type 
in question, it may certainly be said that the 
discussion of anything more than the barest 
generalities of the subject can only be time and 
effort wasted. Anew Arm requires to work out its 
own salvation in warfare, and the machine that 
has won for itself and mankind the freedom of the 
air is not to have its future proscribed or fettered 
by the scratchings of an unofficial quill. 


BeLLiGERENT AIRCRAFT AND THE RIGHTS AND 
OBLIGATIONS OF NEUTRALS. 


The point which appears likely to lead to the 
greatest trouble in practice is the question of the 
propriety of belligerent aircraft operating over the 
territory of a neutral Power. Without discussing 
such academic subjects as the territorial sovereignty 
of the air, it seems clear that eventually neither 
belligerent can be prevented from 


ing over 
neutral territory except by the air and counter-air 
forces of the neutral Power in question. If such 


Power should elect not to use his forces to prevent 
such aerial violation of his territorial air, it will be 
impossible in practice to make him do so or 
hold him responsible. Beyond this, if the neutral 
Power should subsequently make claim against a 
belligerent for using his air, it is difficult to see 
how any such claim could have more ground 
than an ordinary civil claim for trespass, in which 
the only admissible basis of an award is for 
damage done. If the aircraft has flown at reason- 
able altitude and has done no injury by dropping 
anything, or by gun-fire, it is difficult to see how 
any claim could be substantiated. If the neutral 
Power should elect to employ his aircraft and 
counter aircraft artillery to assert a presumed right 
to his territorial air, he not only puts himself to 
very considerable expense and inconvenience, but 
at the best his efforts are unlikely to be wholly 
effective ; in thick weather the whole of a belli- 
gerent air fleet might pass over his territory with- 
out once being sighted. Hence it will be possible 
that at any time he may be plausibly accused of 
favouring one side or the other, and thus find 
himself in difficulties of a diplomatic kind far worse 
than would have been possible had he left his 
air undefended. A host of other difficulties 
spring into one’s mind in connection with the 
defence of territorial air by a neutral Power ; 
aircraft may encounter above the clouds : a belli- 
gerent fleet and the neutral air-sentry force. How 
shall they decide in what way to act? They 
cannot stand still and hold a palaver whilst the 
matter is tested by a plumb-line. Clearly any 
attempt to enforce neutrality in territorial air 
would be more likely to the neutral Power 
into the war on one side or the other than a rigid 
abstinence from nterference ; and since this is one 
of the most important contingencies to be guarded 





against,* it seems evident that, as a mutter of 
expediency, the rights (if they be admitted) of 
neutrals over their territorial air should be regarded 
as not involving any obligation of action against 
eee aircraft. On the other hand, it is 
equally clear that the ordinary powers of enforcing 
restrictions in such matters as flying over pro- 
hibited areas, &c., will in nowise be weakened 
by the existence of a state of war, and neither 
belligerent will have cause for complaint if his 
aircraft, after due warning, should be fired upon. 
In brief, whilst it would ap to be impossible 
to deny the right to a neutral of chasing away—or, 
if necessary, even of destroying—belligerent air- 
craft if found in occupation of territorial air, it 
would ap to be equally impossible to impose the 
duty of doing so as an obligation. A corollary to 
this would appear to be that the use of a neutral’s 
territorial air will only become a violation of 
neutrality if persisted in in the presence of aircraft 
or air forces of the neutral Power.t Put in a few 
words, the position, as above, is in every way 
analogous to the ordinary law of trespass ; the 
owner is entitled to turn the trespasser off, using 
only such force as is pene and can claim 
damages only on account of actual injury sustained. 


OrnerR INTERNATIONAL QuesTIONS RELATING TO 
Arrcrarr. Distinctive Marks. 


It has been suggested, or stated, by most previous 
writers on the subject that aircraft will be required 
to carry a distinctive mark or colours, indicating 
their nationality and their character as military or 
belligerent—i.e., not civilian—machines. This view 
is clearly based on the practice which is presumed 
to obtain in the case of ships-of-war, and which is, 
to some extent, necessary owing to the fact that 
the ocean being the common highway of all mari- 
time nations, some declaration of nationality is 
obligatory, or at least desirable, from the point of 
view of neutrals as well as of belligerents. History 
has shown again and again that when a state of 
war exists, no rules, codified or otherwise, will 
compel a war-vessel or fleet to display its national 
flag, or prevent it from using the flag of any other 
nation that may commend itself at the moment ; 
and if it were not for the interests of neutrals, the 
practice of employing any distinguishing flag or 
mark in war-time might fall into desuetude without 
affecting anything or anybody. Now, in the case of 
aircraft, itis notonly improbable, but quiteinconceiv- 
able, that civilians or neutrals will be permitted to fly 
at all in or near the zone of hostilities. It is even 
probable that on the declaration of war all private 
aircraft will be requisitioned or impounded (as now 
done in the naal wireless telegraphic apparatus), 
and that neutrals will be advised that they will use 
the territorial air of the belligerentcountries entirely 
at their own risk and peril ; in fact, that they will 
be shot down if detected. We cannot for an instant 
admit a state of things such as would arise were 
neutral or private aircraft (with war correspondents 
and suchlike) allowed to fly in any area in which 
fighting might be in p ; there would be con- 
tinual uncertainty as to the nationality of such alien 
aircraft, and no means of checking the abuse of a 
neutral flag by spies or impostors. The position 
is totally different from that which obtains at sea. 
There is no possible means of investigation, and no 
time to ask questions ; if there is any doubt, instant 
action is imperative. Itis only too evident that 
even if distinguishing marks were agreed, no reli- 
ance would be placed upon their genuineness in real 
warfare, and their disuse, sooner or later, may be 
considered to be a foregone conclusion. 

It will be part of the business of the airmen and 
gunners of both belligerent armies to be fully con- 
versant with the peculiarities of the various types 
of aircraft in their own service and in that of the 
enemy, and to be sufficiently ‘* fly ” to detect any 
attempts at disguise or deception. It is, of course, 
always open to the aircraft of either army to carry 
a distinguishing mark or sign which can be dis- 
played at will, and the nature of this may either 








* It is, in fact, one of the main benefits of an inter- 
national code that the friction between neutrals and 
belligerents should be minimised. 

+ If this view be accepted, the recent action of the 
British naval airmen in passing over Swiss territory is 
quite permissible and in no way irregular. Switzerland, 
had she 80 willed, could have employed aircraft to police 
her frontiers, in order to prevent the “‘ borrowing” of ber 
territorial air. Failing this, and not having suffered 
actual, i.¢., material, injury, she has no ground of com- 
plaint. 





be known or unknown to the enemy ; it may, to 
ensure secrecy, be changed from time to time like 
a ‘*pass-word.” This, however, is an entirely 
different matter to the wearing of a badge, like a 
uniform or a national flag, by which the nationality 
will be openly declared as a matter of obligation. 

Other questions of an international character 
relating to aircraft do not appear to present any 
serious difficulty. Evidently a belligerent aircraft 
descending into neutral territory will be interned, 
just as would a cavalryman or an armoured motor- 
car. To treat an aeroplane or airship according to 
the rule established in the case of a warship would 
clearly be to admit its right to have been in the 
territorial air of the neutral Power concerned, 
which, we may assume, will be considered quite 
inadmissible. Already, in the course of the 
present war, we have seen the —~ gy of 
neutrals greatly abused. It certainly is not 
just or expedient that the cruisers of a nation 
which has ceased to possess any coaling-stations, 
or bases, of its own should be allowed to roam 
indefinitely at large, interfering with the com- 
merce of an enemy, when such action would 
have been impossible without neutral assistance. 
The proof of the inexpediency of the existing rule 
in such a case is to be found in the fact that the 
difficulty could be soon ended by a few declarations 
of war against some of the minor neutral Powers, 
with the bombardment of the ports by which the 
enemy is served. The very fact that this becomes 
the logical reply, which, but for humanitarian con- 
siderations, would, without doubt, be pursued, 
demonstrates an inherent deficiency in the present 
international code, and one which perhaps may, 
in due course, be remedied. Any rule by which 
aircraft would be enabled to utilise neutral terri- 
tory or neutral resources for repair, refit, or 
replenishment would almost certainly be the cause 
of great friction, and might result in a posi- 
tion so impossible as to drag the neutral Power 
into the conflict, the precise eventuality that it 
should be an object of international convention 
to avoid.* 

In other respects there would seem to be no 
reason to treat the flying-machine or dirigible dif- 
ferently from arms or armament of other kinds, 
or belligerent. airmen differently from other com- 
batants. It is at least clear that any modifications 
in the accepted code that may perhaps eventually 
be found necessary may well be left to come as the 
natural outgrowth from experience in warfare. 
With regard to the manufacture and supply of 
aircraft by neutrals to belligerents, or the granting 
of facilities of transport, the same considerations 
will govern the decision of the neutral Power as 
are at present involved where arms and munitions 
of other kinds are concerned. The Power affected 
requires to consider in what way its own interests 
oak those of neutrality are best served. 





* It would often a from the framing of clauses 
and debates in connection with the various international 
conferences that the above (in the writer’s opinion the 
mcst important object of achievement of international 
conventions) is almost lost sight of in a quagmire of 
dangerous and namby-pamby sentimentality. In many 
cases the desire seems to be vaguely to do something that 
page | a nes me Cee oo So © 
to right grounds on which regulations of re- 
selliene shbul be based. Thus, for example, in the 
Brussels Conference of 1874, Article 13¢, and in the 
Hague Conference of 1899, Article 23 ¢ (already 
cited, Article VII.), the same restriction appears for 
the prohibition of bullets of the dum-dum or expand- 
ing type; in the first (the abortive Conference of 
1874) the prohibition is worded :—‘‘ The use of arms, 
projectiles, or material of a nature to cause wnneces- 
sary suffering ; the wording adopted at the later Con- 
ference is “*. . . o 2 oe 6 oe ae 
injury.” At the 1874 Conference the assembly was, 
it appears, imbued with feelings of horror for pain 
and suffering, but in 1899 this seems to have become 
changed for a d of disablement and death—a totally 
different matter. The su ted prohibition of bombs 
or missiles from ai t is an illustration of the 
same infirmity of purpose that appears to reign 
supreme at peace conferences and the like; we 
see the dictates of fear mistaken for those of vO- 
lence. There is, and was, no evidence that bombs from 
aero or balloons are any more bar or in- 
humanly destructive than the shells from or 
howitzer batteries, yet clauses were debated and framed, 
and (with a time-limit restriction) were actually signed 
by certain of the representatives of the Powers. The 
fear of the unknown is without doubt more widespread 
and potent than its victims realise. A cavalryman is killed 
in peace time by a fall from his horse, it scarcely excites 
comment ; an army airman falls and is killed and a thrill 
of horror goes through the country—it is a new kind of 
death, 
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OIL-FUEL IN WARSHIPS. 
To THe Epiror or ENGINEERING. 

Srr,—In the issue of ENGINEERING of the 4th inst., 
under the headline ‘‘The German Navy,” the following 
passage occurs on page 669 :— 

“Whilst recognising the marked advantage of liquid 
fuel over coal, in that it takes up 40 per cent. less space, 
whilst having 25 per cent. more e pone diy an equal 
weight consumed, and reducing the number of stokers, 
the Suddeutsche Zeitung, says the Rivista, records that 
Germany has decided to maintain the use of coal for 
firing her ships’ boilers in ordinary circumstances, having 
recourse to liquid fuel as an adjunct when high speeds 
are required. The use of liquid fuel on a larger scale 
would render Germany dependent upon the United 
States or Roumania.” 

Apart from the above considerations, I would venture 
to remark that boilers of (German design for warships 
that I have had an opportunity of inspecting are not at 
all suitable for the use of liquid fuel, and that in boilers 
which are properly designed for liquid fuel the advan- 
tages are more pronounced than stated 

As evidence of this fact I enclose herewith a copy of a 
table of results obtained on a Yarrow-type boiler, which, 
however, was not desi for liquid fuel, but for coal. 
The figures point to the fact that oil-fuel will do con- 
siderably more than 25 per cent. more than coal. 

German engineering and German organisation has been 
very much vaunted in this country for a number of years 
past. The Germans, I take it, are not nearly so clever as 
popular opinion gives them credit for, and, I believe, if 
the ships of the German fleet had had the hardihood to 
come out on the ocean and remain in commission at sea 
for the length of time that the British Fleet has been at 
sea, we would have heard of many of them having to 
return to port owing to boiler troubles. It is — 
fortunate that the Germans are not so au fait with the 
use of oil-fuel as we are in this country, and our British 
men-of-war certainly hold a great advantage in this 
direction. 

The data in connection with these tests was supplied 
to us by Messrs. Yarrow, and a brief reference was made 
to the trials in the issue of ENGINKERING at the time. 
It is significant that boilers of British design ae now 
leing largely adopted by the navies of other countries, 
especially those of our Allies. 

T remain, vours faithfully, 
J. J. Kermopg, M.I. Mech. E. 

35, The Temple, Dl -street. Liverpool, 

D «ember 7, 1914. 








TORQUE-TRANSMISSION INDICATION. 
To THE Epitor oF ENGINEXKRING. 

Sirn,—In Evxoinexerine for June 12, page 821, Dr. K. 
Suyehiro, of the Tokio University, prefaces his paper on 
‘* A Torsion-Meter with Visible Scale” by a brief note 
as to the first use of the visual-torque method in steam- 
turbine indication. 

Might I he permitted to point out that the general 
principle of indication by visualising the torque of the 
transmitting shaft had been communicated to the Insti- 
tution of Mechanical Engineers (London) by me at an 
earlier date ? 

The contribution will be found in the Proceedings of 
the above Institution for November, 1903, page 759. Dr. 
T. E. Stanton, in a paper on centrifugal pumps, had 
shown how the maximum effort during a te-t could be 
shown by the trace left by a ssylus upon a surface, stylus 
and surface being attached to the opposite ends of the 
transmitting shaft and rotating therewith, My own 
contribution to the discussion disclosed my application 
of the principle of synchronous, interrupted illumina- 
tion to the observation of the torque at any instant ; the 
first adaptation, so far as I am aware, of that principle 
to such use. The text is as follows :— 

‘“*Mr. James A. Smith, of Melbourne, wrote that he 
could endorse the view that transmission dynamometers 
based upon the torsion of a relatively slender shaft—a 

rinciple first brought into prominence by Hirn in 1867— 
fad many points of qnediienee {(Hirn measured the 
torque by mechanical devices.| It would be found that 
condi 8s might be made during the course of an experi- 
ment if a graduated arc and pointer were substituted for 
the two discs illustrated in Fig. 4, 72\, and their 
relative positions noted by the use of a system of inter- 
rupted illumination. This was effected by the rotation 
with the shaft of a radially-slotted disc, running in proxi- 
mity to a correspondingly-slotted fixed plate screening a 
source of light; the slots should not exceed ,); in. in width. 

“The general effect was that the arc and pointer 
appeared constantly illuminated, and at rest so far as axial 
rotation was concerned ; but use in a darkened room was 
necessary.” 

Yours truly, 
Melbourne, October 20, 1914. Jas. ALEX. SMITH, 


TOOL-DESIGNERS AND THE WAR. 
To THE EpiTor OF ENGINEERING. 

Sir,—The status of the machine-tool or jig-designer 
was never of a very high order. He was regarded by 
the management as a sort of glorified mechanic; one 
who could make rough sketches of ‘‘ cast-iron boxes with 
holes in them,” or order cutters from a catalogue in a 
manifold book. The clerical staff always looked upon 
him from a virtuously elevated attitude as ‘* one of those 
shopmen.” 

Is it not time that such old-fashioned notions were 
dispelled? A little reflection will prove what is the real 
value of a jig-designer in the present European dis- 
turbance. The speedy manufacture of automobiles for 











OIL-FUEL IN 


WARSHIPS. 


TriaL or Yarrow Boi.er, DesigNep AND ConsTRUCTED BY YARROW AND Co., Limirep, ror A BATTLESHIP 
ORDERED BY A ForgiGN Power, Firtep with Kermopr’s Liquip-Furt System, Mr. CLANAHAN, OF 
Messrs. Kermope’s, Limitep, SUPEKINTENDING THE TRIAL. 


The boiler was fitted with Yarrow’s latest feed-heater, and the Yarrow latest system of patent angle baffles on the tubes for 


Heating surface, 4440 sq. ft. ; capacity of 


the better dist 'ribution of furnace 





gases. 
610 cub. ft. ; fuel used, Texas oil; flash-point, 220 deg. Fahr. ; 


specific gravity, 0.955. 
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service, medical or victuilling transport, has only been 
rendered possible by the nitherto de»pised ** jig-man.” 

A glance through the advertising columns of any of 
the current issues of our leading mechanical journals will 
suffice to show that he is in great demand all over the 
country. Why? Because speedy manufacture is im- 
possible without him. What is it that you require to 
manufacture in quantity, and so quickly’ Ammunition, 
small arms, guns, scientific naval and military instru- 
ments, motor-cars, wagons, sewing-machines for harness 
work, press-work for canteen utensils, naval and military 
accoutrements in diverse forms ”? 

This is a war of machinery, and now is the chance of 
the jig-designer to prove by his work that he is the indis- 
pensable factor in light engineering production. 
only for speedy mauufacture is the need of the jig-de- 
signer’s services felt, but also on the score of interchange- 
ability. Government limits need to be fine when we con- 
sider the trouble likely to be caused, say, by a batch of 
automobiles whose units were not transferable in case 
of asmall breakage. I» would be an easy matter to dis- 
arrange a whole command in such an eventuality. More- 
over, the war has brought about in some shops a complete 
upheaval. What was considered three months ago to be 
the staple and never-ending product of certain firms has 
been relegated to the background, and they are now 
feverishly dispatching batches of component parts of 
small arms, aeroplanes and automobiles, &c., either under 
sub-contract to the leading armament firms, or direct to 
the War Office and Admiralty. Such astate of affairs has 
only been rendered possible by the versatility and ubiquity 
of the jig-designer. 

Furthermore, it is undoubtedly true that a large 
number of ‘repeat orders” have been secured, not by 
the plausibility of the salesman, but by the works 
manager’s assurance that tools are made for the first order 
which are just as suitable for further sets of the same 
components, and has been able to guarantee times of 
delivery, relying upon the ability of the tool-designer to 
discover the most economical methods of handling the job. 

He is a pa*ient sort—this jig-man of ours. He has 
been content to proceed on his course in a very compla- 
cent manner. e is expected to be an expert —— ts- 
man, because one mistake of his means a whole batch of 
scrap in the shops ; a competent mechanic with a know- 
ledge of machinery ¢quipment from an engine lathe to a 
manufacturing auto, and the variety of jobs which he 
undertakes to tackle would indicate that he is somewhat 
—— Protean turn ” pectatidiiacibiniias - 

@ must possess a certain knowledge of pattern-making 
and of the art of the moulder and the smith. The factis 
that however multitudinous and complex the various 
operations carried out in the factory, he must know a 
“little of all and a lot of some.” Before he can hope to 
attain to a really good executive position, he must also 
become au fuit with the works system, the sanctioning, 
purchasing, costing, inspecting, as:embling, and selling 
departments, and an amount of tact only to be 
equalled by a rising politician canvassing an adverse 
constituency. : 

In short, who is so well qualified to fill the highest 
executive posts as the qualified tool-designer’? He has 
only one limit to his ingenuity—that is, the amount of 
money the financier is prepared to risk in the exploitation 
of any one particular standard line. 1 f 

If the capitalist is prepared to allow the jig-designer 
latitude to make parts in a quantities, we have the 
men who are capable of 
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facturing articles in an astonishing degree. The one drag 
upon the science of interchangeable production is to be 
found in the smallness of the orders as found in English 
shops. We generalise too much. We market and accept 
orders for too many different types to be able to afford to 
give the tool-designer a free hand. The remedy is, of 
course, to be found in specialisation ; but that is too wide 
a subject to be tackled in its entirety in the scope of an 
article of this description. 

To revert to the jig-designer; he is broad in his ideas, is 
prepared and open to receive new ideas, and the 
qualification of being able to decide upon the merits of 
two opposing arguments, because, as his life is made up 
of the eternal settling of rival claims, in hisown mind 
rom his own experience, he is able to make decision 
quickly and accurately. 

‘Credit to whom credit is due.” 

Yours truly, 





‘““THE INFLUENCE OF BANKS ON 
INDUSTRY.” 
To THe Eprror or ENGINEERING. 

Sir,—We have read with much interest your leading 
article of the 4th inst., which agrees so thoroughly with 
our letter that appeared in The Times, under the heading 
‘*Capital for British Trade Extension,” on Uctober 13. 
Nearly two months have now elapsed, and we have seen 
very little done, with one exception. The reason, in our 
opinion, appears in your article: ‘‘ The ing of the 
Joint-Stock Acts, ther with several disastrous bank 
failures, decided the fate of private banks.” 

The very many millions of capital which is necessary 
for an enterprise of this description will not be supplied 
by the British public until one or more of the financial 
leaders whom | can trust as regards ability and 
discernment come forward to support and carry through 
the campaign. Surely the Government up to the owed 
_ done their utmost. Must everything be left to 
them ? 

We are, Sir, your obedient servants, 
BINSON, WILLIAMS AND BURNANDS. 

89, Mount-street, W., and Halton House, 

20-23, Holborn, E.C., Dec. 9, 1914. 





WestTIncHouse EmpLtoyers AND THE War.—We are 
informed that a total of 1046 men have left the Westing- 
house Company to join either the Army or the Navy, and 
two of them have been killed in action. The greater 
number have, of course, joined the Army Regulars and Ter- 
ritorials, many have joined the Public Schools Battalion, 
others have joined the newly-formed Naval Brigade aselec- 
trical engineers, and one ex- Westinghouse man has highly 
distinguished hrmself—i.e., Mr. Sippe, who was one of the 
three who set out to fly over, and drop bombs on, the 
German airship hangars at Diisseldorf in October. From 
the commencement the Westinghouse Company has 
appointed a representative committee to deal with the 
men’s dependants. In addition to this action by the 
Company, & sum of 1166/. 5s. 3d. was contributed during 
the first month of the war by. the staff, and distributed to 
the various public relief funds, and a further sum is con- 
tributed regularly each week or month by the office and 
works employees for a stand-by fund ; this amounted up 


ucing the cost of manu- to November 17 to no less than 1705/. 10s. 8d, 
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IMPROVEMENTS IN TRAMCAR DESIGN. 
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Tue increased competition experienced by tramway | fares have been reduced in order to increase the 
systems from electric railways and motor-buses is a| number of passengers. On the other hand, the fre- 
matter of serious import to the London County | quency of the stopping-places, and the larger number 
Council, more perhaps than to the municipal authori- | of passengers who have to leave and enter the car at 
ties of any of the provincial cities. But in London | each stopping-place, tend to increase the time taken 
the problem has been met by increasing the capacity, | in the journey between termini. The time occupied in 
in many cases, at busy times of the day, by adding | transit by a tramcar is thus considerably augmented. 
trailers to the ordinary cars. In this way the possible 
revenue per mile is increased wit 








been several proposals to modify the design of 
the car to suit this arrangement, and one of the 
most successful is that devised by the general 
manager of the Glasgow Corporation tramways, Mr. J. 
Dalrymple. The new design of car is illustrated on 
this page. Generally it conforms with the type 
adopted in the city, where the whole of the upper deck 
of the car is not covered in, the ends having only a 
canopy, 80 that the ngers have the advantage of 
sitting outside with partial protection from the 
weather. At the same time, a roller covering is pro- 
vided at the top of the stairs, in order that it may 
be closed at the forward end for the protection of the 
driver of the car. The driving-platform at each end 
is now arranged with a front exit for the passengers 
on the lower deck of the car, so that they may leave 
on the near side of the road, while passengers enter- 
ing the car do so on the near side at the rear plat- 
form. The arrangement is well shown in Fig. 1. 
The passengers’ gate seen under the stairway is of 
the hinged type, and the step is geared with the 
ate in such a manner that the opening of the gate 
owers it, while the closing of the gate raises, it. 
Passengers are prevented from leaving the car on the 
wrong, or off, side by a hinged bar, secured on the 
platform. In order to provide head room for this exit, 
the stairway has been moved forward close up to the 
dashboard, while to increase the area of the platform 
for the exit of passengers, the ordinary brake-handle 
has been dispensed with, and a capstan wheel intro- 
duced, with a suitable gearing, for the operation of 
the hand brake. Inside, the heel-boards have been set 
back 2 in. on each side, in order to give more room 
for passengers and for the conductor moving about. 
Another interesting feature has been introduced into 
this car, and this is illustrated by Figs. 2 and 3. In 
all tram-cars and omnibuses great inconvenience is 
involved by passengers moving along the gangway 
when there are two passengers on opposite seats. The 
arrangement of the seats in this new Glasgow car is 
therefore very commendable. Instead of two passengers 
sitting in a common seat which is barely long enough to 
accommodate both, each is provided with an indepen- 
dent chair with back-rest mounted on a pivot, which 
allows it to be turned round to suit the direction in 
which the car is travelling. Each pair of seats is 
not in line, but is staggered to the extent of 8 in., 
thereby allowing the shoulder of one nger to 
overlap the shoulder of his neighbour. This arrange- 
ment considerably increases the width of the passage, 
and consequently conduces to the comfort of passengers 
either seated or moving along the gangway. The out- 
side seats under the canopy at each end of the car 
have been increased in length. The long seate accom- 
modate four passengers, and the short seats two 


passengers. 

It may be added that route-number indicators are fixed 
below the canopies, and that a trial car made to this 
design has given great satisfaction. The Board of Trade 
has sanctioned the use of the car experimentally. 








Suppiigs FOR THE ALLIED GOVERNMENTS.—All ques- 
tions relating to the purchase and export of food supplies, 
munitions of war, and field equipment for the Weeach, 

ian, Russian, and Serbian Governments are now 
dealt with by the International Commission for the 
Purchase of Supplies (Commission Internationale de 
Ravitaillement). © executive office of this Commission, 
and the offices of the French, Belgian, and Serbian 
delegates thereon, are at India House, Kingsway, W.C., 
while the offices of the Russian delegates are temporarily 
at 192, Cromwell-road, 8S.W. Application for permission 
to export goods the export of which from the United 
Kingdom is prohibited should, if such goods are required 
by the Allied Governments or their accredited agents, be 
addressed in writing to the Commission. 





Tue Surveyors’ InstitruTion.—The Council of the 
Institution have been asked by the promoters of the 
Architects’ Volunteer Training Corps to give it their 
official recognition, and to bring its objects to the notice 
of members. The council are persuaded that the corps is 
fulfilling a useful office, and would urge all members in 
the London district and suburban area who are eligible, 
and who have not already ae a military organisation, 
to give it their support. Even those who are unable to 
train can render assistance by becoming members and by 
assisting the corps to obtain and classify recruits, and 
advise men wishing to join the regular forces of the units 
most suitable to their knowledge and physical ability. It 
is pro that the title of the corps should be changed 
to “‘The Architects’ and Surveyors’ Training Corps,” 
but this still lacks official confirmation. The is 
recognised by the Architects’ War Committee, the Hoyal 
Institute of British Architects, the Architectural Associa- 


| tion, the Society of Architects, the Surveyors’ Institution, 


and the London Master Builders’ Association (under 


negotiation), as the official corps for these professions and 


kindred trades. The Colonel-Commandant is Lieut.- 
Colonel J. W. Marsdin Newton, and the Adjutant 
Lieutenant A. Courtenay Peach. The headquarters are:— 


t : , |The War Bureau, the Architectural Association, 18, 
The stopping-time could be reduced if passengers | Tufton-street, Westminster, S.W. Inquiries and applica- 
hout corresponding | could leave the car at one end while those enter- | tions for membership should be addressed to the Recruit- 


augmentation of the wages cost, At the same time ing boarded the car et the other end. There have | ing Officer, Mr. Allan Potter, at the above address. 
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FAILURE OF STEEL SHIP-PLATES. 
The Remarkable Failure of a Consignment of Steel 
Ship-Plates.* 

By W. J. B. Witson, Member. 


From time to time the rules for testing iron and steel 
for shipbuilding purposes have been discussed and criti- 
cised, but the rules laid down by Lloyd’s are probably the 
most generally used for testing steel for shipbuilding. 
Steel thus tested and is regarded as reliable 
material, which will stand a lot of very rough usage in 
the shipyard before developing any defects. : 

‘ a the ~~ ¢ firm received an order or on ice- 
reaking cargo and passenger steamer, to uilt to 
Lloyd’s highest class under special survey. The material 
for the ehell, which had been tested and passed by 
Lloyd’s, and characterised by the surveyor as excellent, 
failed entirely to stand the ordinary work of the ship- 
yard, and was subsequently condemned by their sur- 
veyors, notwithstanding that it fulfilled all the require- 
ments of the rules as regards testing. . 

The vessel was begun in November, 1907, but, owing to 
delay in obtaining material, the shell plating was not 
taken in hand till the end of December. B strake was 
first worked, but, owing to the difficulty with the flanging 
of the garboard strake plates, several of which cracked, 
the rest of the shell was practically completed before the 
garboard strakes were in place. The garboard strake 
plates which cracked were carefully examined, but as the 
results of both bend and tensile tests were excellent, the 
failure at the time was put down to the severe cold 4 
vailing (about — 25 deg. to — 28 deg. Celsius, or — 13 deg. 
to —18.4 deg. Fahr.). The riveting of the shell was well 
in hand: before the keel riveting was n, but after 
a few garboard plates had been riveted, cracks were 
noticed between the rivets and the edge of the plate in 
the flange portion. These plates were condemned by 
Lloyd’s surveyor, and cut out, During the process two 
of them cracked badly in the neighbourhood of the keel 
rivets, and @ppeared to be little better than hard baked 
clay, as a single blow with an ordinary hand-hammer 
knocked piecés out of the flanged portion (Fig. 1). 

This sudden change in these plates, which had with- 
stood flanging, punching, riveting, and in some cases also 
——- was very remarkable, and the job of riveting 
the keel was at once stopped until a thorough hammer- 
test of the flanged portion of all the remaining garboard 
plates had been made. This proving _ y satisfac- 
tory, the riveting was resumed, and the riveters were 
ordered to report immediately any cracks ; but only one 
or two occurred, and these were of a minute description. 

About this time the cold again became very severe, and 
on January 11, 1908, garboard plate No. 4 starboard, 
which had then been riveted in the ship three weeks, was 
found to be badly cracked. he crack started from a 
rivet-hole in the flanged portion, and went off into the 

late in a transverse direction, being about 10 in. 
ong and about ;} in. open at the widest part (Fig. 2, crack 
marked at X). This was clearly a case of eee 
rupture ; in fact, the conditions were precise ly a8 those 
described in Holmes’ ‘‘ Practical Shipbuilding” ( 575, 
ay ag 562). When this plate was cut out, the mate- 
rial in the way of the keel-rivets cracked in the same way 
as those described above, and a new hammer-test was 
therefore made, with startlingly different results to the 
previous one, as every plate in the gar strakes (with 
the exception of those previously re ) cracked, 

ieces falling out in some cases. These plates were there- 

ore condemned and cut out. So far the cracks had been 
entirely confined to the flanged portion of the garboard 
strakes ; but during the cutting-out of the edge-rivets 
connecting the above plates to B strake, several of the 
plates in B strake also cracked. A new survey was then 
made by Lloyd’s, and pieces cut out of plates in the ship, 
rolled from different charges, were tested. The tests are 
given below, and all proved satisfactory to the surveyor. 
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E.P.8 ..| 38.0 7.8 | 206.4 200 10,660 35.95/ 226 26 30 
D.P.1 ..| 38.0 9.8 | 372.4 6,700 44.84/ 28.4 21 82 


Bend tests were excellent so long as the test-pieces were 
not taken near any rivet-holes. Chemical analysis for 
phosphorus gave a percentage of 0.063, which cannot be 

ed as affecting the material. After tests, one 
may judge the astonishment created when one blow of a 
heavy hammer was sufficient to knock large pieces out of 
the flanged portion of plate A.S 6. 

The net result of this survey was that all plates rolled 
from the same charge as the board plates, together 
with several plates which had surface defects, were 
con e latter had been filled with some com- 

ition, which fell away during riveting. One plate 
two holes which had filled up. A thin 
feeler into these holes penetrated 1} in., while the 
maker's brand was not 12 in. away, on the same side of 
the plate. This plate was returned to the makers, after 
having been specially pointed out to Lloyd’s surveyor. 
The condemned twelve in number, were in various 
strakes of the apa, and during their removal, 
despite the care taken, the trouble agreed over the whole 

* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, November 27, 1914. 





of the bottom of the vessel. As an example, plate E.P. 3, 
4 in. thick, which had been punched, sheered, bent, 
riveted, and caulked without any trouble, had to have the 
rivets in its lower edge removed in order to take out a 
plate in D strake. en the rivets were centre-punched 
preparatory to drilling them out, the plate E. P. 3 cracked, 
although it was not actually touched by the hammer, 
which was only an ordinary hand-hammer. In the lower 
edge of this plate, when all the rivets had been drilled 
out and driven, the author found sixteen c 8. 

This te was examined by Lloyd’s sur- 
veyors, when it was plainly shown that one blow with a 
tledge-hammer was sufficient to cause cracks to appear 
between the edge and butt rivet-holes ; but although the 
hammering was continued, not asingle crack would travel 
far into the plate away from the rivet-holes. The failure 
still continuing, a new survey was made by two of Lloyd’s 
surveyors, one of whom had previously tested the steel. 
Tests were made, which are annexed; but these, like 





Sample No. Mark. 
3 0.8.6. Worked cold. This plate has only small 
cracks, but a bad surface. 
4 O.P.5. Worked cold. These plates crack when 
5 EP3. beaten between the rivet-holes with a 
z sledge-hammer. 
Tensile Tests. 
a - 7 a ly 
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all the others, threw not the slightest light on what was 
really wrong with the steel. The treatment of the steel 
was criticised, and the author _—_ three days of severe 
cross-examination, but was able successfully to refute all 








EXTRACT FROM OFFICIAL REPORT. 


Five test-pieces were taken from each of five plates, 
one for bending with rough sheered edges, two for temper 
bend, three for tensile, four for forge, and five for punch- 
ing tests. These test-pieces were taken from the con- 
demned plates. The remarks ‘‘ worked hot” or “‘ worked 
cold” are to distinguish between plates which had been 
in the furnace and those that had not. 














Fig. 2. 


Cold-Bend Tests.— All the above samples with rough 
sheered edges bent double. . 7 

Temper-Bend Tests.—The samples were heated to a low 

cherry-red and tempered as per rules. Sample No. 3 
was doubled and cracked slightly ; sample No. 4 was 
doubled and cracked shortly before being doubled ; sample 
No.5 was doubled without cracks. 
., Forge Tests.—A hole was punched in each sample after 
it had been heated to a low red-heat. Then the sample 
was cut lengthways from the hole to the end of the sample, 
and the two ends were bent on the small edges through 
180 deg. (see Fig. 3). 

Punchang-Tests.—Sample No. 4.—A row of holes was 
punched in oneside of sample. Two holes were drifted 
so as to enlarge the original diameter by }in. At the 
end of the rows Mage in this sample two old holes 
were existing. plate was now bent (flanged) hot 
to an angle of 90 deg. and allowed to cool slowly. It 
was then hammered so as to call forth bending over the 
row of holes. The metal between the old holes and the next 
new holes cracked first, and the next blow broke the sample 
over the line of holes, an end piece breaking right off. 
The other side of the sample was punched in the same 
way, and it was tried to bend the material cold over the 
line of holes ; the material bent through 45 deg. without 
any cracks appearing. 

Sample No. 1.—A row of holes was punched in the 
plate, and two old holes, one at each end of the row, 
were cutaway. The sample bent (cold) over the line of 
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holes, and broke almost directly. The piece broken off 
withstood bending to 90 deg. (see Fig. 4). ‘ 
After these tests had been made, the surveyors main- 
tained that as the steel passed the tests laid down in the 
rales, they were not justified in blaming the material, 
unless a test could be devised which would, in their 
presence, prove the steel to be at fault. ; 7 
The author, who had made scores of tests with a like 
object, had found one that gave the required results, and 
the description of this test, taken from the official report, 
is here given, together with photographs of the plate :— 
“ At last a butt-strap, which had not been worked into 
the vessel, and a plate of material made in a S 
steel works —_ stamped L? and branded with maker’s 
name and charge numbers), were placed in a mixture of 
snow and salt, and the temperature of these plates 
reduced to —20 deg. Celsius (-4 deg. Fabr.). The 
plates were then quickly punched on one side for double 
riveting, and riveted together, care being taken that the 





edges of the plates opposite the holes were kept cool with 














Fie. 8. 
ice (as much as possible to represent conditions when 


pre | in alow temperature). After the plates were 
allowed to cool down, the rivets were driven out, during 
which operation the one plate cracked badly, and a piece 
fell out. The broken plate is shown in the foreground of 
Fig. 2, and a detail photograph is given in Fig. 5. The 
plate from the Swedish steel works was also inspected, 

ut did not show the least signs of c 

“*From another plate two strips, 60 mm. wide, were 
cut, and four holes, § in. in diameter, and 44 diameters 
omnes, were punched, and the strips riveted together. 

he same was done with two similar strips, but with 
drilled holes, the temperature at the time being about 
+ 4 deg. Celsius (39.2 deg. Fahr.). After cooling, the 
strips were bent through an angle of 25 deg.; the outer 
strip was found to be broken right through in a 
rae (Fig. 6), and cracks found in the drilled sample 


hese butt-strap tests were sufficient to convince all 
concerned that the material was really entirely spoilt by 
riveting, as the extracts from the report of the surveyors 
given below show, and in which the builders are relieved 
from all blame, the workmanship being characterised as 
first clase. A further proof that the material was bad is 
the very conclusive one of the new Swedish material, which, 
although worked in the same way, gave no trouble at all. 


Extracts From Surveyror’s Report. 


** Samples cut from the centre or near the centre of the 
plates were then flanged under different circumstances, 


and the results of these tests seem to indicate that the | of science. Extracts from his report, which shed further 


material is liable to crack, and is becoming very brittle 
when heated and hammered, even when this hea‘ only 
reaches the temperature called forth in the plates by the 


hot rivets. : ; 

sig the nature of the cracking, I beg to inform 
you that I never believed that steel could break so badly; 
@ single blow with a hammer of about 6 lb. weight was 
sufficient in most cases to crack the material between the 
holes or between the holes and the edges. A strong blow 
broke whole pieces from the edges, and even we have 
beaten a hole of about 6 in. in diameter in one blow with 
a light sledge-hammer. Before riveting, these plates 
could be punched, bent and hammered, but as soon as 
the plates been riveted the steel was spoiled altogether 
. . . 1 may still add that in my opinion the shipbuilders 
are not at all to blame. The workmanship seems to be 
first class, and every precaution . ~ms to have 
to treat the material well.” p ‘ 

That material such as has been described in this paper 
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k1e. 9. 


is manufactured and afterwards tested and passed by the 
various classification societies as an everyday occurrence, 
the author does not for one moment insinuate, nor, 
further, that the utmost has not been done by the 
societies as far as the recognised tests would allow; but 
the accompanying photographs (Figs. 8 and 9), taken from 
Paagned and coo a vessel which the —< 
rm repaired, show that t Pewee 407 “utmost” is sti 
insufficient. This vessel, although built for traffic in the 
Baltic in winter, got severely nt in pack-ice. 
Fig. 8 shows the indented side, although not giving a 
good idea of it. Inside, the cargo-hold’s frames had been 
sheered as if cut by a knife; stringers and knee-plates 
coumastinn thom ¢p ballibends Ween bent and twisted as 
if made of lead. These facts give some idea of the ter- 
rible pressure boats built for winter traffic have to with- 
stand, and, therefore, of the necessity of using only the 
very finest material. Fig. 9 is from the same . 
Here the material was entirely of the same character as 
dealt with in this paper. ith regard to the other 
vessel, the author feels certain that had not the first 
cracks been observed, the vessel would have been 
launched, fitted out, and classed 100 A1, and that the 
first attempt at ice-breaking would doubtless have ended 
disastrous! 


y- 

At the instance of a friend, the case of the plates dealt 
with in this pa was submitted to Professor J. O. 
Arnold, of the University, Sheffield, to whom the suthor 
is very deeply indebted for the most interesting and 
exhaustive tests which he made of this steel in the interest 








light on the subject, are given below. 


Department of Apolied Science, 
2 5 t. George’s-square, Sheffield. 
Dear Sir,—With reference to our examination of the 
broken ship-plate from Finland, we have obtained the 
following results :— 


Chemical Analysis. 


Per Cent. 
CC .. 0.05 
Gr. Trace 
Si 0.08 
Mn 0.86 
8 0.08 
PY * a m 5 , 0.06 
As , Trace 


The material is a dead-mild steel which, from a chemical 
point of view, is not of very good quality. A micro- 
graphic examination of the material showed the structure 





Fic. 10. Fracrursp Sarpe-Piate. TRANSVERSE 
Section. Maaoniriep 184 Diameters. 


’, reproduced in the accompanying micrograph (Fig. 10). 


The very small carbon contents are centred into dark 
etching areas, best described as the fourth phase of 
pearlite—namely, when it is passing into ferrite and mas- 
sive cementite. When s high sulphur a8.9.08 per 
cent. is present, dove-grey areas of sulphide of manganese 
are scattered through the steel in very appreciable 
numbers. The crystals have sharp angular boundaries ; 
indeed, the material appears to have been overheated in 
the manufacture, and gravely injured by the operation, 

A number of alternating stress tests were made, Giving 
extremely unsatisfactory results. The conditions of test- 
ing were the standard method adopted here—viz. : the 
bars were § in. in diameter, and the distance from the 
zero of stress to the plan of maximum stress 3 in. ; the de- 
flection each way on the zero plane was @ in., and the 
rate of alternation 650 per minute. 

mild steel should endure a minimum of 300 
alternations of stress. The faulty steel, however, in 
eight tests averaged only about one-third of this, or 100 
alternations. This is the worst steel of its class I have 
ever examined under alternating stress. 

I have not had the tensile tests made, as in such cases 
thiese would be of very little use, pony pres very fair 
results. As regards the bends, I send three of the 
bars used in the alternating-stress tests. As you will see, 
they have bent double without any sign of a flaw. This 
also is quite usual. 

I am a little puzzled as to the origin of this steel, since 
the high one bay per cent., suggests an acid steel. Ib 
may, however, be a basic steel, over-treated with ore, to 
which manganese and silicon have been added in the 
ladle. If the carbon were, say, 0.2 per cent. instead of 
0.05 per cent., I should with some confidence class it as 
Bessemer steel; as it is I find it difficult to suggest its 
method of manufacture with any degree of certainty. 

_ The overheating to which I referred would take place 
in See Se from the slab ingots. When 
such ingots are to too high an initial temperature 
and rolled, they leave the rolls at too high a tem ure, 


1 | Cool too slowly and crystallise; and if such plates are 


stacked in heaps to cool, it is obvious that the cooling is 


still slower, and the crystallisation more perfect, and 
hence more a ° 


remain, dear Sir, yours faithfully, 
J. O. ARNOLD. 

That the ordinary methods of testing were in this case in- 
sufficient to detect this bad material certainly seems to place 
shipbuilders and others in a position in which they run 
grave risks. It is certainly worth considering whether 
the tests, in connection with which a mixture of, snow 
and salt was used, described above, should be adopted or 
not, as they decidedly detected the fault in this steel. 





Surrace-Grinpine Macuing: Apprenpum. — With 
reference to the “‘ Linisher” surface-grinding machine, 
illustrated and described on rage St at our last week’s 
issue, we are now informed by Mr. R, H. Lash that he is 
not the designer of the machine. The machine was 
patented by Mr. R. Townsend. and Mr. Lash, whose 
address is 31, Carburton-street, London, W., has special 





manufacturing arrangements with the inventor, 
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REINFORCED OONCRETE, CONCRETE- 
CASED STEELWORK, AND THE EFFECT 
OF FRUST ON CONCRETE. 

Tux following abstracts of read at the ordi- 

oan meeting of $ the Institution of Civil eieene on 

Tuesday, December 1 :— 

Tests of Reinforced-Concrete Structures on the Great 
Central Railway. 
By James Bensamin Batt, M. Inst. C.E. 


Tue Great Central Railway Company have completed | th 


within the last six years several considerable works in 
reinforced concrete, the more important of which include 
a bridge carrying a public road over their main lines at 
Ashton-under-Lyne, believed to be one of the heaviest 
reinforced-concrete bridges of its type yet constructed in 
England; a bridge carrying a new and tramway 
over the Grimsby District Light Railway at Immingham 
Dock; and several reinforced-concrete bridges in the 
dock area at Immingham, as well as a — ¢ engine-shed 
at Immingham Dock, the foundations an —— which 
are constructed in reinforced concrete throughout. 
Reinforced-Conorete Over-Bridge, Ashton-wnder-Lyne.— 
This bridge consists of girders of three spans. 
The main girders also form the parapets of the bridge. 
On a level with the bottom booms are formed the main 
deck-beams or cross-girders, and between these again are 
the smaller deck-beams to the main girders, cup- 





porting the reinforced t x entire 
superstructure is reinforced with round bars on the 
Hennebique system. 


The abutments at each end are of mass concrete, but 
the piers are and reinforced. The main ers 
only rest on the abutments, and are not anch down 
in any way; moreover, they are not continuous, there 
being a space of 14 in. between the girders over each of 
the intermediate supports for ex ion ; thus each span 
is independent, and consequently any slight settlement 
which may take place in the abutments or piers will not 
affect the stresses on the reinforcement, in each case 
the full bending-moment effects due to both dead and 
live loads were taken into account. Both tensile and 
compressive reinforcements were used in all the beams, 
the percentage of reinforcement in the main girders being 
exceptionally high, on account of the small area available 
in the compression flange. 

The bridge was tested with a dead-load of 1 owt. per 
sq. ft., and a rolling-load of two 16-ton traction-engines, 
each drawing a lorry loaded with om toa hd of 
32 tons, or a total moving load of 96 tons. In all cases 
the recovery was complete after the load was removed. 
The working stresses were limited to 700 lb. per sq. in. 
maximum compressive stress on the concrete, and 14,000 
Ib. per sq. in. tensile stress on the reinforcement. The 
actual cost of the work, as carried out in reinforced con- 
crete, amounted to 59171. The estimated cost of a similar 
structure in steel and masonry was 83901. 

Reinforced-Concrete Bridze ey! New Road and 
Tramw iy over the Grimsby District Light Railway.—This 
bridge, also desi on the Hennebique system, consists 
of a roadway 40 ft. wide, extending over two spans of 
87 fc. 2in. and $1 ft. 2 in. respectively. There are five 
main longitudinal —_ two outer of which also carry 
a reinforced parapet. parapets, however, are not de- 
signed to take any portion of the load stresses. ween 
these main beams cross-beams are arranged, which sup- 
port reinforced decking. The percentage of reinforce- 
ment ranges from 0.60 per cent. in the cross-beams to 
4.67 cent. in the outer main beams of the longer span. 
The bridge was tested with two moving tram-cars, and 
no appreciable deflection was recorded on any of the 
beams. It was designed to allow for the passage of two 
40-ton boiler-trolleys drawn by a 15-ton traction-engine, 
that ion of the bridge not covered by the moving 
loads being loaded with 1 owt. nig = ft. In computing 
the stresses, the various mem were taken as being 
freely supported, and no allowance was made for the con- 
tinuity of the beams or for the fixity of the ends, the 
allowable working stresses being the same as in the case 
of the peoviens tole. The actual cost of this bridge, 
carried out in reinforced concrete, was 29391. The esti- 
mated cost of a similar structure in steel - work and 
masonry was 3500/. 

Four High-Level Railway Bridges, Immingham Dock.— 
These are all skew spans of the same construction. Each 
bridge carrying four tracks over a siding for empty 
wagons, and forming practically a tunnel 86 ft. long. The 
square — between the abutments is 15ft. Both the 
wing- and abutments are and there are in 
ing as the cross-girders, embedded 

raft. The were designed to carry 
~~ i Se-line The ae f thes Sion 
on sing’ span. a cost of these bri 
in reinforced concrete was 3024'. each. The estimated 
cost of a similar structure in steel-work and masonry was 
38002, each. 

Reinforced-Conorete Foundations and Pits for Engine- 
fae at cn ge Dock.—This work consists of i 





pits. Kahn bars were used throughout in the reinforce- 
ment of this work. The actual cost of the work as carried 


out in reinforced concrete papeeete and foundations 
only) was 8850/. The amount of an actual 
for brick pits on a reinforced-concrete slab was 12,920/. 
An estimate for brick pits on concrete carried on timber 
piling was 15,1507. 


Corrosion of Steel Wharves at Kowloon. 
By Somers Howe Ets, M. Inst. C.E. 


The wharves to which this refers were con- 
structed in 1907-9, and are situ: on the mainland side 
of Hong Kong Harbour, at the south-eastern corner of 
Kowloon promontory. They belong to Messrs. 
Alfred Holt and Co., of Liverpool, the ships of whose 
Blue Funnel line, of a capacity of 6000 to 10,000 tons, 
use No. 1 wharf for discharging and loading. Wharves 
Nos. 2 and 3 serve for lighters, native craft, and an occa- 
sional small coasting s' . / 

In 1906, in connection with the construction of a wharf, 
an examination was made of some steel-joist piles which 
had been placed for about four years, and they were 
found to be corroded in a curious and rather alarmiog 
manner. Any steel immersed in sea-water at Hong 
Kong becomes quickly coated with barnacles and other 
shell-fish, and with a dense vegetable growth, particularly 
from near the surface of the water to 15 ft. or so below 
it. Io pted theory that this growth 
protected the metal and prevented rusting. On serapi 
away the growth from a pile of the wharf examined, 
however, it was found that a large number of pits had 
formed in the surface of the steel, varying in size 2 to 
1} in. in diameter and @ in. dee hey were full of 
4 k carbonaceous powder, which was also found in a 
thin layer on the surface of the unpitted steel (though no 
rast or scale could be observed there), and which, on 
exposure to the air, turned to a dark-red colour. This 
powder was found to be sulphide of iron (FeS), and its 
change of colour to be due to oxidation. Sa, 
some particular shell-fish or other marine gro atvached 
to the piles produces large quantities of sulphuretted 
hydrogen when dead and decaying. This sulphuretted 
hydrogen attacks the metal, with an accentuated action 
in certain spots, producing the pits described ; and it is 
evident that when once the process is started, the deposit 
of sulphide favours more rapid erosion beneath it. 

The author examined at that time some steel piles of 
an H-iron pattern, which had been in place only three or 
four years, and estimated that 10 per cent. of the metal 
was eaten away in some sections, chiefly in the form of 
pitting. The destructive effects of the marine growth 
appear to be confined to the part between low-water 
level and 15 ft. below it, the zone of worst corrosion 
extending from 5 ft. to 10 ft. below low-water level. As 
a result of this inspection the author recommended that 
the piles and lower bracing of the main (No. 1) wharf 
should be encased in cemeat concrete; and it was even- 
tually decided to encase the whole of this structure, 
leaving the other wharves—Nos. 2, 3, and that fronti 
the Praya Wharf—with bare steel, which was pain 
with anti-corrosive composition on erection. 

The work of constructing these latter wharves was 
completed in 1908. Since then the superstructure and 
the piles above low-water level have scraped and 
painted annually, and the steel has been kept in fair 
condition, with no marked deterioration, except in one 
year when a longer period than twelve months was 
allowed to elapse between the re-coatings. The yearly 
cost of maintenance is about 100/., for a total deck area of 


34,000 sq. ft. 

wo years after completion, ae one commenced 
on the poe oe — = — pi , oak gee 
tion coating int having t most disap an 
a thick layer of shells and marine growth having become 
attached to the metal. In April, 1913, a European diver 
found that this corrosion had developed throughout to a 
serious extent. 

The method adopted in encasing the piles of No. 1 
wharf was the following:—The piles—12-in. by 12-in. 
80-lb. joists in single unspliced lengths up to 78 ft.— 
were first driven with an ordinary pile-driver. Welded- 
raw Ay mee 2 - in. ins a my —_ oe ee in. 

ick, were then drop; over the pi tap; own 
into the mud with an 8-cwt. wooden hammer. The face 
row of piles, being driven in close piirs, were enclosed in 


with riveted joints. A depth of 4 ft. to 15 ft. of the 
bottom of each cylinder (according to its depth) was then 
filled with 1:2:4 Portland-cement concrete, lowered 
down through the water in metal hopper-boxes, and when 
this had set the cylinders were pumped dry at low water 
and filled with concrete thrown in and rammed in p) 
The wharf superstructure was coated with concrete b 
encasing each member in temporary wooden moulds. A 
minimum cover of 24 in. was provided throughout, the 
concrete being of Portland cement of standard quality, 

and granite broken to pass a ?-in. ring, in the pro- 
portion of 1 : 2: 4 by measure, mixed by hand. 

In July, 1910, when the whole of the work had been 
completed about a year, and the bulk of it for two years, 
the author made an inspection of the wharf and was 
unable to detect any sign of deterioration of the surface, 
but he did not cut into the concrete. Three years later, 
obvious indications of corrosion within were apparent on 
the surface of the concrete. Most of the diagonal 
members had longitudinal cracks in their 
u lengths, above high-water mark, and the under 

of the casing to the deck-beams showed similar 
defects in a few places—all the i 
line. with the outer yy the channels 
Various members are built up. Rust stains were also 
visible on the concrete above high-water level. 





; that above high-water level corrosion 


examination of the whole structure revealed 





cylinders 3 ft. in diameter, built up of }-in. steel plates | usual 


by the presemce of the con- 
ickness of about ¥, in. of rust- 
steel mem in this zone on 
The upper sides of the top 
horizontals could not be examined without removing the 
timber deck, which at the time it was not convenient to 
do. The vertical posts were in slightly better condition, 
apparently owing to the hich encased them 
being of a denser quality, as their position allowed of 
more thorough ramming into place. 

Although the workmanship was not everywhere good, 
the author was forced to the conclusion that even when 
perfectly encased in a 2}-in. covering of sound, homo- 
geneous concrete, the steel was not protected against the 
effect of excessively damp, salt air in that climate. The 
limit of serious rusting may be taken as high water of 
neap tides; below that level the corrosion diminished 
rapidly down to mean-tide level, and there it practically 
disap e lower bracing mem of the wharf 
in question were all found to be entirely unaffected by 
corrosion. 

The author concludes that while steel protected by con- 
crete has little or no tendency to corrode if it becomes 
thoroughly wet twice in the 24 hours, yet when it is ex- 
posed to air rendered constantly damp by the evaporation 
of sea-water, especially in a tropical climate, some other 
external coating must be sought for, either as an addition 
to the concrete or in place of it. The corrosive effects 
of salt, damp air appear, however, even in such a climate 
as that of Hong Kong, to be limited to a zone imme- 
diately above the surface of the water. Steel-work, both 
exposed and embedded in concrete, in warehouses on the 
same property, is not thus affected. Neither, in the 
author’s experience, does the evaporation from fresh 
water affect steel embedded in good concrete. 


FE 





Concreting in Freezing Weather, and the Effect of Frost 
upon Concrete. 
By Joun Hammersiey-Heenan, Assoc. M. Inst. C.E. 


The engineer who is called upon to carry out work in 
during the winter finds that the methods of con- 

struction which were satisfactory in the summer will need 

considerable modification to suit winter itions. 

Concrete work, aly the lighter forms of reinforced 
concrete used in building construction, needs greater care 
and supervision. Asa result of considerable experience 
—_ during the last few years, it can be said that the 

reezing of concrete will not damage it if it has first had 
a chance to set under favourable conditions for about two 
days. The effect of the vege is simply to delay the 
process of hardening, which will again under 
suitable conditions, and will eventually attain its full 
strength. If concrete is frozen before it has commenced 
to set, it will not be injured if precautions are taken to 
prevent it from freezing again after it thaws until it is 
sufficiently hardened to withstand the effects of subse- 
uent freezings. It is alternate essay By thawing 
p mer the process of setting that causes 

To meet the foregoing conditions, when carrying Sut 
concrete work in winter, it is necessary to devise means 
of mixing the concrete with materials freed of frost, 
placing it in the forms before it has commenced to freeze, 
and then protecting it and keeping it warm for about 
two days. After that it may be allowed to freeze without 
fear of its being In the case of concrete-in- 
mass of large bulk it is unn to apply external 
pest, } ws the - body _———— pone sufficient 

t during the oO ening to enable mass 
to set; all thas Cin be: is to tect the outside 
of the concrete so as to keep the heatin. This can best 
be done by covering the concrete with clean straw. 

For light sections of concrete, such as reinforced con- 
crete, poured at a tem ture not below 22 deg. Fahr., 
some engineers allow salt to be used in a proportion not 
exceeding 10 per cent. There are many arguments for 
and against its use. The author prefers not to use it, 
except in marine works when the concrete is mixed with 
sea-water and the salt is admitted in that form. He has 
found that, instead of using salt, good results will be 
obtained for temperatures that do not fall below 22 deg. 
Fahr. by heating the water with a steam hose taken froin 
the mixer boiler, and when necessary ing a few coke 
or wood fires on the heaps of sand and crushed stone, the 
tions being taken to protect the concrete 
when in the forms, as described later. 

For lower temperatures than those referred to above, 

ter precautions must be taken to heat the ingredients 
y means of steam coils or radiators. : 

The concrete having been mixed, and the portion of 
the work to be carried out a the floor imme- 
diately below itshould be partiti off with ins, 
and coke stoves under the fioor-slab, | 
about one stove to every 800 sq. ft. of floor- Al 
loose dirt and snow must be removed from the forms with 
brooms, and a steam-hose should be applied to remove all 
ice and frost, the steam playing continuously over the 
forms in advance of the concrete, thus warming them in 
readiness for the concrete. The concrete should be poured 
quickly and a and as each section is com- 

a tarpaulin may drawn over it, su 
wooden strips about 6 in. above the surface i 
crete. In most cases this protection will be sufficient, 
but during very cold weather it will sometimes be found 
necessary to form a sort of vent over the floor, in 
which extra stoves — ae to protect the work 
of the concrete. Great 


hardened sufficiently. During summer 





author has allowed the supports from the 
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slabs to be removed in four days, but on other occa- 
sions four weeks have not been found to be too long. 
There are many examples of concrete works which have 
stood the test of time without showing any signs of being 
affected by frost; but, on the other hand, a few cases 
have been reported of very serious corrosion due to the 
action of frost, such as bridge piers and reinforced- 

J ade ar the inf ti vailabl , 

i m the information a e at presen 

a) * in air in a dry locality need not be 
affected by any more than good building stone, and 
probably it will stand much better. Ooncrete always 
submerged under water is protected and need cause no 
anxiety. But concrete alternately wetted and frozen 
must protected from frost. On work which is being 
carried outat Halifax, Mr. John Kennedy, M. Inst. C.E., 
is protecting the concrete piles between high and low 
water with a covering of wood about 2 in. in thickness, 
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products, and also include the results of chemical and 
mechanical tests. 


Steam- Engines.—From Messrs. Robey and Oo., Limited, 





















































CATALOGUES. 


from Mears 5'W. Francie and’ Oo,, Limited, 64 t0 70, 
essrs. S. W. Francis an , Limited, 64 to of Globe Works, Linocol have received 
Gray’s Inn-road, W.C., a copy of their latest catal of ak f Uniflow” ston i * Theos 


attractive catalogue of ‘‘ Uniflow” steam-engines. These 
steel rolling shutters, wood revolving shutters, sh ts, i have drop-valves for steam admission, and 
collapsible gates, sun - blinds, plate. glass factas, 0. quien tqeen th i of 
umerous examples of the firm’s productions are illus-| the cylinder, ports being uncovered by the piston 

by near the end of each stroke. The steam thus travels 



















Refuse-Destructors.—A << their new catalogue of 
refuse-destructors on the ‘* Horsfall” system bas been 
issued by the New Destructor Company, Limited, 
Welsbach House, Gray’s Inn-road, W.C. Several in- 
stallations are illustrated and described, and working 
results are given. Clinker-crushing and screening plant, 
tin-bal machines, mortar-mills, and other accessories 
are also dealt with. 





f projects, taken from the Board of | ingot moulds, railway-chairs, -wheels, plummer- 
eae eg aie Si eas te, 
rojects can be obtained from the Commercial Intelligence r 
Branch, Board of Trade, 73, Basinghall-street, London, | to 40 tons in weight. 
E.C. 


Australia: The Imperial Trade Correspondent at we - Bo yt! rj ie. Armstrong — 
Adelaide reports that that city is threatened with a dom, Wee sp lennncnentnd, a.caiaradl a Gane 
water famine, and bores and wells are being put down entitied “ ete ‘4 Hobbi ving tl py Bea) dey: mms 
by manufacturers and others as an insurance against the | The booklet contains much “aseful i eae ae 
stoppage of their businesses. One result of this ~ subject, and illustrates examples of hobs which the firm 
is that there will probably be» brisk demand for filters manufacture in their well-known ‘‘ A.W.” and “ A.W. 
of all x 8 Some, aes a a cheap and simple Premier ” high- steels for hobbing spur, worm, and 
— es a AL 2 also bo sequised. iral gears, and for cutting sprocket-wheels, castellated 

New Zealand: H.M. Trade Commissioner for New shafta, &c. Examples of ony: fe of “A.W.” 
Zealand reports that tenders are invited in the local} ): 1 \ 0 od i i pg “=< PL ptt 
Press pd ae as —— y <4 Parlia- a e ort size up to 48 in. long and 44 in. in diameter. 
ment Buildings ai ington. Ten on the proper : } , . 
forms will be received up to noon on January 8, 1915, at | Prices are stated for hobs for cutting spur-gears. 
the Public Works Office, Wellington, New Zealand. The 
time for the receipt of tenders being limited, this inti- 
mation will be of use only to firms having agents in New 
Zealand who can be instructed by cable. 

France (Algeria) : The following information was pre- 
pared, prior to the outbreak of the war, by the British 
Vice-Consul at Constantine. The Biskra-Touggourth 
Railway opens up the Sahara Desert in a very great 
measure, and considerably facilitates communication with 
the many tribes, whether nomadic or living in the 
numerous and ever-increasing oases. It is possible that 
there may be here a market for red and printed cottons 
and calicoes, such as are sold to the natives of India. 
There is still a market for all kinds of mining machinery, 
light portable railways, and all tools and equipment 
required by p and for mines in their initial 
stages of exploitation. Ina general way the services of a 

agent are necessary to push the sale of these articles, 
as the market is not sufficiently important to —s the 
opening of branches or the sending out from United 
Kinghom of special agents. In all cases prudence is 
recommended in credit deali with Algerian firms. 

Spain: The Gaceta de Madrid publishes a Royal 
Decree authorising the Ministry of Finance to present to 
the Cortesa Bill for the approval of certain extraordinary 
and supplementary credits, including, inter alia, the follow- 
ing items in respect of the Ministerio de Fomento :—Con- 
struction, repair, and upkeep of roads, 10,800,000 pesetas ; 
surveys and material, &c., for hydraulic works, 140,300 
pesetas ; dredging and other port and river improvement 
works, 1,000.900 pesetas ; construction and working of 
the Avila-Pefiaranda Railway, 500,000 tas ; railway 
from Estella, through Vitoria, to link up with the 
Durango-Zumérraga line, 400,000 pesetas ; strategic rail- 
way from Puertollano to La Carolina, 300,000 pesetas. 

‘colombia: The Diario Oficial, Bogot4, contains a decree 
authorising a Technical Commission to make surveys and 
to present to the Ministerio de Obras Piiblicas plans and 
estimates for the completion of the Girardot-Ibagué 
section of the Pacific Railway. After these studies have 
been concluded, the Commission will proceed to make 
surveys for the section between Ibagué and Calarc4, and 
finally for the continuation of the railway to Palmira. 


y 
vor wit , : of floor space are other im t advantages claimed for 
which it is hoped will prevent the action of frost. Iron Castings.—Messrs. Head, Wrightson and OCo., | “‘Uniflow” engines, and claims are obviously just 

[éasited, of Goakton Forge, Worten seed, Stockton-on- man ee ape of the firm's = “ES” hori- 

‘ees, have sent us a little > illustrating examples | 200! ler condensing ‘‘ Uniflow” engines is 

COLONIAL AND FOREIGN ENGINEERING | of iron castings manufactured by them a: illustrated and described in detail, and weights, dimensions, 
PROJECTS. include segments for large sewers and tube railways, | and other data are given of engines of this type, varying 

We give below a few data on several colonial and | bollards, tanks, rolling-mill housings, blast-furnace parta, | from 100 to 850 indicated horse-power. Se examples 

: : : engines used for driving factories, mine-fans, and 


of 

electric generators are illustrated in the ca 

ticulars are also given of under-t “ Unifiow ” i 

which are listed in six sizes, condensing and’ non. 
The former range from 20 to 200 horse- 


&c. The firm’s foundries have an annual capacity 
of 100,000 tons, and single castings can be supplied up 


other of the firm’s productions, including air-com- 
and winding-engines, are illustrated in the cata- 
and some ul tables and notes on belt-driving 

and rope-driving are also included. 

Transformer Oil - Dryers and Filters.—The British 
Thomson-Houston Company, Limited, of Rugby, have 
sent us & very interesting descriptive price-list dealing 
with their dryers and filters for transformer oil. The 
pecnenee, of 0 Sey cent qeeeniege oS Geer te tame 
ormer oil greatly reduces its i ting ny and 
in order to obtain a dielectric strength of 40,000 volts in 
the standard test (i.c., between discs 1 in. in diameter 
0.1 in. apart), as is required for all high-tension work, the 
oy of water present in the oil must not exceed 
.001 per cent. Fine dust, oy if metallic, is 


Double- Bottom Block for Cranes, &c.—Messrs. 
Herbert Morris, Limited, of Empress Works, Lough- 
borough, have sent us some particulars of the Morris . } u 

tent double-speed bottom block for cranes and other | almost as deleterious as water, so that drying of the oil 
Eitsing appliances The object of this device is to enable | alone is not sufficient. It isalso necessary to remove any 
light to be lifted at twice the normal speed, and it| sediment which may result from long-continued heating, 
can be applied to any crane, pulley-block, or travelling in order to preserve the normal ty of the oil, and 
gear in which the lifting chain passes round a pulley 
attached to the hook. For this purpose the block is pro- 
vided with an attachment for linking on to the “‘live” 
side of the chain, so that the load is supported and lifted 
seonah Gquak Octane to food Mah Ip Se cup i 
n 8 vio’ e in this wa 

4 i 4 from the bottom of the transformer tank 


device. At the same time, the normal lifting 
ment for heavy loads can be used by merely detaching 
the link from the chain. The blocks are made in ten| fil 
sizes, for maximum loads ranging from 1 to 15 tons. 


Coating Objects uith Metals.—A four-page pment, 
briefly describing the Schoop process of depositing 
outa, and mentioning some of its many y ye 
has come to hand from the British Metal 

pany, Limited, of Queen Anne’s Chambers, Tothill-| d 
street, Westminster, S.W. The process was described 
in a paper submitted to the Institute of Metals by Mr. 
R. K. Morcom, and reprinted in our issue of Septem- 
ber 25 last, on 382, where full particulars of it will 
be found. Briefiy the process consists of melting and | j 
pulverising the metal by means of a ps, ap low- | i 
pipe, and spraying it on to the surface to be coated by a 
jet of com air. In this way adherent or non- 
adherent deposits can be produced. Adherent deposits 
may be used for protecting surfaces against physical, 
chemical, or mechanical influences, as well as for 
omen —/_ - —— - electrically 
conductive. ey may or the ornamenta-| given of apparatus for out the windings of trans- 
tion of the surfaces of metals, wood, plaster, pottery, f tehice thay one aihed® ith oil. rhe 

glass, fabrics, and other materials, Non-adherent de- i 

posits can be used for the production of seamless metal 
tubes, — printing-blocks, dies for striking | ; 
medals, and for ucing objects in metals. The 
company have a laboratory at Wolverhampton, where 
they demonstrate the process to intending purchasers. 


Lubricating Grease, 4&:c.—The Keystone Lubricating 
Company have sent us from wig Few dépot at 
Whittle’s Croft, Ducie-street (City), | ester, a quan- | has 
tity of printed matter relating to their products. 
it 1s a catalogue giving full particulars of ‘‘ Keystone 
— This substance is a purely mineral grease, pro- 

uced by the treatment of petroleum, and contains no 
resin, graphite, soapstone, or other added ingredients. 
It will keep indefinitely, and is claimed to be quite un- 
affected by fresh or salt water or steam. In order to meet 
all requirements, ‘‘ Keystone” grease is onpenes in eleven 
different densities, and full particulars of the ies 
of each grade are given in the catalogue. Greases for 
per nolo wire-cables pre ae dealt with. The | benzol 
cal e ustrates screw spring ps, 
oy eh ** Keystone” grease, and es some | f 
useful notes on the lubrication of i 








Rattway ConstRucTION IN Norway.—The Norwegian 
Storthing passed in the year 1908 a complete plan for rail- 
way construction for the ensuing toulee years, till 1920. 
It was intended that a new plan for continuing the 
development should be ready in good time. As the 
original plan has been abandoned in some respects, as for 
instance, in the building of the Rauma Railway and 
the Thelemark Railway, the drawing up of a new plan 
has now become a necessity. The preparatory work in 
this connection is progressing, and the railway authorities 
expect that they can get the new programme ready to be 
laid before the legislature in the year 1918. 


_ Moror-Oars in Denmarx.—The number of motor-cars 
in Denmark is rapidly in ing. On September 1 last 
2 aE 3430 a with 
an aggregate capaci orse-power. Two years 
may = ae ny sonemned to 1587. "The 
im | American-n motor-cars are increasing, 

figures being, respectively, 40, 83, 61, and 106 for the 
years 1910 to 1913, and for the first seven months of 
1914. The American cars are somewhat lighter—about 





recently, on the occasion of a fire which 
occu: at the Lowca Coke-Ovens. The Worki 
Brigade received the summons at 10.15 a.m., and 

the scene of aS miles away, at 10.30 a.m. 


Four tanks, containing about 3000 gallons of naphthaline 





ae jets 

greatly reduced by their use. A binding case contain operating, the fire was extinguished at 12.10. The fire 
5 per cent.—than the all-round av demand is | a set jasned by the firm at f mock remem was prevented from spreading to the large cylindrical 
for motor-cars of the smaller sizes. are, further, in | since May, 1911, has also been received. lletins | tanks ; the itude of the flames may be realised by 
Denmark 5248 motor-cycles, averaging in capacity 24 | contain articles on the lubrication of different classes of | the fact that 60 tons of ammoniacal liquor were pumped 
horse-power. machinery, give full particulars of company’s 


by the motor-engine before the fire was subdued 
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**ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 

Reed Fn ld none is mentioned the Specification is not 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copi: i may be obtained at the Patent Office, Sales 

Buildings, Chancery-lane, W.C., at 


0 

advertisement of the nce of a Complete 

ion is, in each case, given after abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 

the advertisement of the nce of a Complete Specification, 
grive notice at the Patent O, of opposition to the grant of a 

. Patent on any of the grounds mentioned in the Act. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


fs. 0, and the Power- 
Plant Limited, W: yton. Toothed 
Gearing. [i Fig.] September 17, 1913.—In toothed gearing 
for very ie powers, particularly in connection with steam 
turbines, it is necessary to use pinions of comparatively small 
diameters in order to keep the tooth-velocities within admis- 
sible limite. Such pinions are of at face-width on account 
of the comparatively small tooth-pressure which mut be 
used at high tooth-velocities. U 
two bearings, one at each end of the pinion, are used. Above 
such face-widths, the pinion must be supported by at least 
three bearings, two at the ends, and one in the centre of the 


to a certain face-width, | 


than the neutral part o of the blades, which is about midway of 
their axial length. An annular space c is thus left between the 
terminal edge and the periphery of the wheel b, th h which 
¢an induced current of fresh air can pass, as indicated by 
arrows, into the casing from the suction side, and a part of 
which current can enter centripetally into the spaces or 
between the negative ends of the blades, while the remai 
the induced current fiows axially along the outer 
negative end, and joins in or ccmbines with the air which ic 
whirling round along the concave interior circumference of 
the casing, as well as with the fresh air which is being directly 
discharged from the positive end p of the fan-wheel, and the 


ier of 





| 








ind 


d air thus admitted adds to the volume being discharged 





face-width, in order to prevent the pinion from b gq exces- 
sively under pressure of the teeth. The invention consists in the 
employment of wheels divided into two or more parte, loosely 
mounted on the shafc, but connected thereto and to each other 
by means of compensating links, the distance between the 

of the wheel being sufficient to allow the pinion gearing there- 
with to have an intermediate bearing or _— The wheel 
shown is divided into halvesa anda}. b is the wheel-shaft with 
a flange cin the centre, arranged between the two half-wheels. 
The two half-wheels are spaced as shown, sufficiently to 
enable a pinion having a third bearing at the centre to be 
employed, and are loosely mounted on the shaft, making a good 
fit, being prevented from lateral movement in the centre by 





bearing against flange c, and at the ends by nuts and washers. 
In flange c a suitable number of circu'ar slots k are provided for 


carrying the compensating links or keys d. The wheel bosses | 


are provided on their sides adjacent the flange c with a number 
of square slots ¢! corresponding in number to the slots k, and 
with which the compensating links or keys d@ also engage, said 
links being pee held in the slots k by means of shrink- 
rings f. the wheels are of the helical type it is 
desirable to provide means to prevent the half-wheels from deflect- 
ing under the stress, and for this pu: the linked distance- 
bolts g are provided, connecting the half-wheels as shown. The 
action of the above-described compensating, or balancing, arrange- 
ment is as follows :—As the half-wheels a, a! are mounted loosely 
on the shaft and are only connected thereto by means of the links 
d and the flange c, an excess of pressure on half-wheel a, for 
example, may have a tendency to Geplase it against ba!f-wheel a! 
in the direction of the arrow p. Such excess pressure 
transmitted from the rim to the boss, from the boss to the com- 
agrey | links d, and will tend to move said compensating links 
in the directions indicated by the arrows. The portions of the 
links engaging with the wheel bosses will act like the levers of a 
balance, and will move until equilibrium between the pressures 
on the two half-wheels is re-established. If the excess 
should be on the half-wheel a! instead of on a with 
direction of rotation, the action would be the reverse of that just 
described. (Accepted September 28, 1914.) 


jel therewith, 
of a single intake fa 
the central part of the 


out of the casing, without the said induced air having to pass 
through the fan-wheel } at all. By this improved construction of 
the enclosing casing round the fan-wheel, the additional volume 
| of air admitted by inducti i the total volume dealt 

with that a much smalier d ameter of fan-wheel can be employed 
| for the required duty than if all the air had to paes through the 
| wheel itself, but of course the velocity of di or the pressure 
| set up thereby will only be a resultant between that of the direct 

discharge from the fan-wheel and the volume of induced air 
| which is being admitted at atmospheric pressure. (Accepted 
| September 23, 1914.) 





SHIPS AND NAUTICAL APPLIANCES. 


6028/14. J. M. Remeay, Kilmarnock. Rudder 
| Pintles. (3 Figs.) March 10, 1914.—This invention relates 
| to rudder pintles, and has for ite objects to improve the methods 
| of fastening them, so as to make certain classes of uppermost 
| pintles more easily tightened when they became slack, and more 

easily taken out for repair or replacement ; also to remove in an in- 
expensive way the obstruction which a certain type of lowermost 
| pintle presents to ropes rubbing along the keel of a ship, by the 
| use of a nut placed upon the upper side of the sternpost gudgeon 
and the shaping of the rudder pintle, so that it can be with- 
| drawn do A ding to this invention, the nut fastening 
the pintle is placed upon the upper side of the sternpost gudgeon, 
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and the pintle is so sha that it can be withdrawn down- 
wards, the position of the rudder gudgeon being above the 
fastening nut. The drawing illustrates the application of the 
invention to the lowermost rudder pintle A, which is fastened to 
the sternpost with a nut B placed on the u side of the stern- 

tt gudgeon ©. The pintle A is so sha that it can be with- 
} ~aod downwards. intermediate ition of nut B and the 
shape of the pintle A permits of the tightening of this pintle and 
also of its withdrawal for repair or renewal whilst the rudder is in 
place, and dispenses with any mut or other jection on the 


underside of sternpost ga n C which would be liable to foul 
— rubbing along the keel of theship. (Accepted September 30, 
1914.) 


TEXTILE MACHINERY. 


95/14. BR. E. Starkie, Burnley. Looms. (3 Figs.) 
May 18, 1914.—This invention relates to a device for letting-back 
in the take-up motions of looms, and consists of an extended 
catch-wheel bracket bearing the catch-wheel stud, which has fixed 
at its inner extremity a catch-wheel with a projecting pin, the 
said pin engaging with a slot in a loosely-mounted ratchet-wheel, 
the being 80 arran that when the catches are released, 
the pin engaged in the slot of the ratchet-wheel falls to the other 





ving the amount of let-back required. Fixed to 

the catch-wheel bracket B, which is 

to receive the ratchet-wheel E in 

-wheel A, both being mounted on the 

stud D. The bracket B is also provided with a 
catch H. The 





more or less over the intake end of the fan-wheel, but not further 





slotted pro F to the holding 

T's ontisd ty the catch whet “A. Fig. 1 shows the catch- 
the usual catch-wheel A firmly fixed 

on the end thereof, allo -wheel E to work 


wing the ratchet 


freely, being loosely mounted upon the catch-wheel stud D. 
Fig. 2 shows a detailed drawing of the ratchet-wheel E, with a 
slot G and Te cover M, provided with adjusting-screw to 
regulate the size of the opening of slot G. The hold-catch H is 
fixed loosely on the projection F to hold the ratchet-wheel E in 
position whilst the let-back is taking place. When the loom is in 
motion, the actuating-lever K pulls the catch-wheel A, while the 


the | holding-catch H retains the wheel E from slipping back, the pin J 


dragging the ratchet-wheel E. When the weft is broken, and the 
weaver desires to let-back, he releases the catch L on the catch- 
wheel A and the usual detent for the said catch-wheel, whilst the 
pin J falls back to the epposite end of the slot G, and so performs 
a let-back, and prevents thick and thin places in the cloth. If 
the loom weaves without weft, and the weaver desires to pull 
back, he can do == releasing the catch L on the catch-wheel A 


and the holding-catch H. (Accepted September 23, 1914.) 
MISCELLANEOUS. 
20,676/13. J. Drewry, Letchworth. Accelero- 


8. 
meters. [12 Figs.). September 13, 1913.—This invention relates 
to designed.to measure, by means of the displacement 
of a liquid with respect to its container, quantities directly 
derivable therefrom, such as the force producing the accelera- 
tion, resistance to motion, power meen oe and other quantities 
such as gradients or inclination, the uation of the scale being 
determined in each case in accordance with the quantity to be 
measured. Apparatus for the purposes referred to, and in accord- 
ance with the invention, comprises a reservoir containing 
liquid, a small-bore tube communicating with the lower part of 
the reservoir, and a return connection to the upper part of the 
reservoir, the whole forming a closed circuit partly filled with the 
said liquid. A nts the liquid column contained in a tube 
connected with the lower end of a reservoir B of comparatively 
large ity, the diameter of the tube a sufficiently small 
to maintain a capillary surface at the end of the column, this 
surface constituting the index of the apparatus. The tube A is 
doubled on iteelf and connected with the upper end of the reser- 
voir. If the instrument is attached to a movable body in such 
manner that the centre line CD is parallel to the horizontal 
line or motion, any change of velocity or of its relation to the 
horizontal will cause the liquid to move with respect to its 
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envelope, and the meniscus of the liquid column to be dis- 
Pp to an extent dependent upon the rate of change of 
movement or of the change of inclination and upon the relatiye 
areas of the tube and the reservoir. This displacement of the 
meniscus is read on a suitable scale F, the zero of which may, as 
shown, be at the bend of the tube A, in which case the quantity 
of the liquid in the reservoir is adjusted to as to bring the 
meniscus of the liquid column to the zero point on the scale when 
the centre line C, D is horizontal. Since the movement of the 
indicating meniscus is due to the moment of inertia of the fluid 
in the horizontal or slightly inclined tube, and the resistance to 
such movement is consequent on the change of level of the fluid 
in the reservoir, it follows that a variation in the shape of this 
reservoir either above or below the neu ral or zero level of the 
fluid will afford varying degrees of resistance. For example, if 
the cross sectional area of the reservoir be decreased above the 
neutral level, the fluid flowing into the reservoir, due to its dis- 
placement in the horizontal tube, will cause a higher level in the 
reservoir than if the cross-section of the same were constant, and 
consequently a different value is given to the scale reading. The 
shape of the reservoir may therefore be varied in order to give 
different values at different 8 of the scale, or to give a uniform 
or substantially uniform value to each division of the scale, or 
alternatively an adjustable plug or displacer may be provided 
whereby the effective shape of the reservoir can be wasted 80 as to 
effect the same objects. (Accepted September 23, 1914.) 


20,845/13. K. Rotherham, Coventry. Liquid-Depth 
Gauge. [1 Fig.) September 16, 1913.—The object of this 
invention is to provide a combination of tank-filier, strainer, and 
liquid-di ‘auge, and all fitting together into one hole in the 
& dial and index-box. 2 is a bayonet locking-cap. 3 is 
a glass cover. 4 isa screwed glass locking-ring. 5 shows one of 
the bayonet lugs. 6 is a head-piece attached to a perforated 
tube 6a. 7 is a piece of gauze fitting over the perforated 


tube 6a. 8 isthe bottom end of tube with centre hole covered 
9 is the bottom plate of the liquid-depth gauge. 


with gauze. 
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11 is a screwed ring which is soldered in the tank- 

18 are float guide-rods. 14 is a twisted spiral centre for 

opring disc for locking the bayonet joint on 

e er consists of a tube 6a, 

. the head-piece 6 

formed bayonetted or a screw-down attachment in 

to fasten the liquid-level gouge into the strainer. Th 

centre of the cap 2 is bored out, and the dial and index-box 1 is 

and liquid-depth 
, 1914.) 


ee 
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soldered into the cap, so that the arn hey A 
gauge are as one piece. (Accepted September 
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STRESSES IN ROTOR BINDINGS. 
By Artuur Mor ey. 


In high-speed machinery, an important element 
of a rotating piece is some form of binding having 
a considerable initial tension, and at high speeds 
resisting centrifugal forces exerted by material 
which it binds. ‘Probably the best known example 
is the binding-wire on the rotor of an electric 
generator. In the design of such bindings a ques- 
tion arises as to what total stress is induced in the 
wires. On reference to ext-books of design of 
electrical machinery it is found that in some cases 
the initial tension only is taken into account, and 
in others the only stress allowed: for is that result- 
ing from the centrifugal force of the whole rotating 
mass, including that of the wire itself. What 
actually happens, of course, is that the centrifugal 
forces induce in part an increase of tension in the 
binding, and in part a diminution in the compres- 
sion of the rotor, which compression initially 
balances the tension of the binding. The pro- 
portion of centrifugal force which is effective in 
increasing the tension of the binding depends upon 
the relative elasticities of the binding in tension, 
and the rotor in radial compression. The calcula- 
tion is analogous to that for a statically indetermi- 
nate structure. The estimation of the elasticity 
of the rotor under radial compression may or may 
not be practicable, depending upon the form of 
construction. In the case of a number of radial 
segments of metal in contact, the estimation would 
not be difficult, and in some others an experimental 
determination during binding would probably offer 
no great difficulty, and might provide useful data 
for similar cases; it would, of course, be important 
to eliminate any non-elastic strains. 

The principles of the stress determination may 
be illustrated by the simple case, of which there are 
occasionally practical examples, for easy removal, 
of a thin, hollow bronze hub, containing uniformly- 
distributed loose, free masses, the hub being 
bound with a layer of thin steel wire and rotated 
at high speed (see diagram annexed). 

Let A be the area (viz., length inside flanges x 
thickness + end flange sections) of a half section 
of the hub, in square inches, and let there be n 
turns of wire each of cross-section a square inches. 
Let f, be the unit stress in the steel wire, and f', 
the unit compressive stress in the bronze hub, and 
let f and f! be the corresponding unit stresses 
when the angular velocity of the rotor is radians 
per second, all unit stresses being in pounds per 
square inch, 

Let E, and E, be the values of Young’s modulus 
for steel and bronze respectively in pounds per 
square inch. Let R be the radius of the hub 
(assumed to be large in comparison with the thick- 
ness of the hub and binding), and let r be the 
distance of the centre of gravity of the inner 
rotating mass of W pounds in a half hub cut off by 
a plane through the axis. Then the centrifugal 
force exerted on the hub by the loose masses 


io © ty pounds, where g = 32.2 x 12 in. 


per second per second. The centrifugal forces 
exerted per inch of arc by the wire and hub 


1 
respectively are ““” 4? R and Aw R, where 


g g 
w and w! are the iespective weiglits of steel and 
bronze per cubic inch in pounds. 
_Equating the initial forces (at rest) across a 
diametral plane— 


Qnafp=IASi,orfr="" fo. - (I) 
ne the forces across a diametral plane at a 
spe 


W ey 4 2POY wopey 
: z K /(2) 
w R2=2A/f tn Sl ea. = 
I) + K, or f —?* os 
where K = the resultant centrifugal force of the 
mass of the half rotor 
Ww 


2naf=2Afi+ 
2Awl 
g 


wr + 2240 opr, 2AW oR. | (3) 
g g 

Due to the centrifugal tension, the wire stretches 
and the hub compression is relaxed; for small 
radial depths in comparison to diameters the essen- 
tial fact is, that so long as contact is maintained 
between the binding and the hub, the changes in 
their circumferential strains are equal. Hence, 


f-fy aff 4) 


E, 





and substituting the values of f', from (1) and /’ 
from (2), 


f=fy Five. . (6) 
1+, — 
K na 


The extreme cases are (a) that of a very thin hub, 
in which A is very small compared to na, and (5) 
approaches 
S=h+ ,™ - ©) 
na 
i.e., the initial tension, plus that arising from all 
the centrifugal force, but the initial stress itself is 
also small. (b) That of a very rigid hub, in which 
A is large compared to n a (or the Young’s mcdulus 
of the hub is large compared to that of the wire) 
when (5) approaches 
f=h - (7) 


i.e., the initial stress only. 
“ni Wires of Section a” 
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Numerical Example.—Hub, say 3 in. long, 0.1 in. 
thick, bound by 500 turns of No. 18 S.W.G. wire. 
@ = 0.0018096 sq. in.; n = 500; na = 0.9048 sq. in.; 
na/A = 3.016 = 3 approximately; E, /E» = say 2. 

Then from (5) :— 

~ K/2na “ 6 K 
(Pht cist "At0 "ga 
i.e., the initial tension plus # of the tension 
arising from the centrifugal force of the total mass 
of the half rotor. 

In the more general case, if it is found by experi- 
ment or estimation that the hoop or circumferen- 
tial tension required per inch of purely elastic 
reduction of the rotor diameter is e pounds, then 


equation (5) becomes 
K/2na (8) 
f= fot 2eR : 
1+ - 
nak, 


Stresses will, of course, also arise (with change of 
temperature) due to unequal coefficients of expan- 
sion of the materials of the hub and the binding. 
These may conveniently be estimated separately. 
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History and Romance of the Petroleum Industry. By J. D- 
Henry. Illustrated by P. Prmtorr and Erio Swin- 
STKAD. Vol. I. London: Published by the Author, 
4, London Wall Buildings. [Price 10s. net. ] 
UnQuesTIONABLY the author is in an admirable 
position to write the history of the petroleum in- 
dus' He has seen it in operation in many parts 
of the world, giving employment to all sorts and 
conditions of men; he has known those who have 
guided its growth from small beginnings to full 
maturity, creating one of the mammoth factors 
of the world’s trade and commerce ; he has had 
opportunities of noting how its hopes and promises 
have swayed and unsettled men’s judgments, 
leading to those panics and share gambles whose 
remembrance is neither pleasant nor edifying. 
Provided with information of the influence of petro- 
leum on tra rt and engineering, he is well 
ualified to tell the tale of marvellous enterprise 
that has préfoundly affected the recent a 
ment of both. But he lacks one important quali- 
fication—that of a sense of proportion. He has no 
well-develo scheme, and whether this first 
volume will expand into three or a dozen, he is 
unable to decide. Little episodes are magnified 
into important events obscuring real issues, 
repetitions are frequent and annoying, the 
rogress of the tale is irregular and involved. 
f the work is made long enough, all the facts 
may appear, but they will be covered by such 
a mass of detail that it will need a second 
historian to dig them out and exhibit them in a 
coherent and effective manner. This is the more 
to be regretted, because the history should be in- 
tensely attractive, being the history of an indus- 
trial revolution. Within the last sixty years— 
within the lifetime of many who must have been 
present at its birth—the industry has wrought a 





radical change in established procedure, enlarging 
the possibilities of engineering and mechanical 
science. The existence of the aeroplane and the 
submarine is traceable to the products of petro- 
léum ; it has furnished an effective and economic 
substitute for coal ; the ever-increasing demand for 
the crude product has called forth the pipe-line and 
the tank-steamer, leading to important new de- 
velopments in old industries. 

e author has not only to explain this rapid 
progress, but to correct some errors that time and 
circumstance have combined to create and spread. 
Perhaps one might say that his main and laudable 
purpose is to render justice where it is due, and to 
resuscitate reputations that have been wrongly 
besmirched, either by accident or design, and to 
enable later comers to see the development of the 
petroleum industry in its proper ge In 
this endeavour the author will have cordial 
support, for an impartial inquiry is necessary, 
and well timed. The commanding position that 
the United States now occupy, when huge fleets 
are required to carry its oil product in bulk on both 
the Pacific and Atlantic Oceans, makes it difficult 
to realise that America was not always supreme in 
oil. The American people are apt to overstate their 
case, and to claim that it is to some peculiar merit 
in the American character that the world owes the 
birth and development of this industry in every 
feature from inception to consummation. No one 
could be more loyal and appreciative of American 
enterprise than is Mr. Henry, who fully admits the 
effect of the revolutionary impulse given to oil pro- 
duction by the successful drilling of the first oil- 
well at Titusville, and pays ample tribute to the 
engineering skill and resource which has ever 
characterised the progressive movement. He recog- 
nises the financial enterprise ‘‘that has created a 
trade of its own, opened the markets of the world 
for itself, and developed its own systems.” He is 
not, however, carried away by the urgency of the 
American claims, and in strict justice he asks us to 
remember that Galicia was the scene of the com- 
mercial beginning of the petroleum world; that 
Dr. Young was at work in Scotland on paraffin 
products before oil was procured in commer- 
cial quantities at Oil Creek; that oil-carrying 
vessels were owned by Russians on the Caspian 
Sea, pioneers of the large tank-ships built later 
on the Tyne for the American trade. It may 
well be that, coming later in the field, all the 
more credit is due to the American character in 


overtaking and passing other nations, who had 


had the opportunity of working oil in com- 
mercial quantities. Mr. Henry says, and we think 
he is justified, that the two factors that have con- 
tributed to the foremost position that America now 
undoubtedly holds are the successful achievements 
in rock-boring for oil-wells, and the business apti- 
tude displayed by Rockefeller and his colleagues. 
If these two factors are viewed aright, ‘‘ we find 
that the pioneering honours of oil production and 
commerce must go to Russia, that British oilmen 
led the way in oil-refining experiments, that an 
ocean-borne business was first made possible by 
those few Tyneside firms which ‘‘ converted” and 
built oil-carrying eailers and tank-steamers to the 
order of London oilmen.” =, 

These are large issues, affecting the welfare of 
nations and the social and industrial progress of 
the world. They command ready attention, and 
are worthy of careful analysis. e discussion of 
the merits and achievements of individuals is on a 
different plane, and however much we may admire 
the author’s devotion and loyalty to the memory of 
Colonel Drake, his lengthy defence of that worthy 
pioneer, involving an excursion into dreary polemics, 
occasions weariness and makes his tale of intelligent 
and scientific organisation appear small by compari- 
son. The whole dispute arises over the share 
Colonel Drake had in drilling and pumping the first 
oil-well that gave birth to this gigantic industry, 
and contributed so materially to the comfort and 
happiness of mankind. There is little doubt but 
that Drake’s determined perseverance and rooted 
conviction of ultimate success overcame many 
obstacles, and probably by some months anticipated 
the inevitable development. Whether he was an 
employed agent by a commercial company or an 
independent prospector seems to us of as little 
consequence as whether the idea of pumping oil 
from subterranean sources was his original notion 
or derived from others. He appears to be entitled 
to the credit of perceiving more clearly than most 





that oil in quantity was to be found beneath a 
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rock formation that could only be penetrated by 
power-moved tools. Whenever a new thought 
dawns, opening up a wider arena for progress 
and exeriion, or some new departure is made 
from old grooves offering a more favourable 
standpoint for further conquest of the unknown, it 
will be found that though one man attain the height, 
he is not alone in the race for pre-eminence. New 
ideas are the product of the time rather than of the 
individual, the experience of generations has pre- 
ed the way for the final illumination. Newton and 
ooke raced for the discovery of the theory of gravi- 
tation, Darwin and Wallace for that of evolutionary 
processes, Lockyer and Janssen to unriddle the 
secret of solar prominences. Drake and Bissell and 
Fletcher, with others, strove for the prizs of dis- 
covering petroleum in large quantities; accident and 
character gave it to Drake. He is entitled to the 
greatest credit in sticking to his task of drilling for 
oil, and oil only, in face of obstacles which would 
have discouraged weaker or ordinary men. But 
did Drake know what he was doing ; had he that 
penetrating genius which prompted him to see in 
these subterranean oil stores a source of energy 
that would minister to the world’s needs, or even 
prove the cheapest and most widely used illu- 
minant science has discovered? If Drake realised 
the future, however dimly, he is entitled to all the 
monuments that those who have admired his genius 
or profited by its results can erecf to his memory. 
But Mr. Henry is not able to make us see in the 
hero of this dramatic incident of tapping the first 
oil-well more than indomitable constancy rewarded 
by rare good fortune. 

There is no evidence that Drake appreciated 
the value of this new mineral to commerce. His 
sole aim was to produce a larger and cheaper 
supply of oil for medicinal and, possibly, illumi- 
nating purposes; and having accomplished this 
task, he withdrew. He was in the position of a 

eneral who, having won a great victory, fails to 
ollow it up, and permits others to gather the 
fruits of the harvest that might have been his. 
We yield to Drake our sympathy, to others the 
admiration that success always a Drake’s 
subsequent career was sad ; he suffered from actual 
nen and want. While others reaped enormous 
ortunes, this pioneer was forgotten and un- 
honoured. His fate was as undeserved as it was 
melancholy, but genius of another order was 
required to achieve that material success which the 
world alone prizes. However unmerited and tragic 
his fate, it was shared by many other pioneers who 
laboured, not wisely but too well, in the unworked 
oil-fields of Pennsylvania. 

The lfe of such a man illustrates both the 
history and the romance of the petroleum trade. 
It offers an epitome of what happened on a large 
scale in towns where obscurity suddenly gave way 
to meteoric fame and a brief notoriety, followed by 
quick decline and absolute decay and silence. A 
reference to the history of Pithole may serve to 
emphasise this surprising tale of marvellous de- 
velopment and as complete an abandonment which 
overtook many a less-known spot. But who now 
even remembers Fithole, which once boasted a 
string of palatial hotels to accommodate the rush 
of strangers, speculators, and adventurers of all 
kinds who sought its hospitality? Its streets 
adorned with imposing buildings. its banks, its 
churches, its schools, and its music-halls, saloons, 
gambling-hells, and dens of vice and infamy have 
all gone as completely as if they obeyed the genius 
of Aladdin’s lamp. rom a barren state it rose 
within one year to a city having a population of, 
perhaps, 20,000 inhabitants ; its post-office boasted 
a volume of business surpassed by only two others 
in the State. Five brief years saw a decline to 
less than a score of ruined residents, and a few 
years later not a human being lived on the spot, 
and nothing could indicate to a stranger where the 
city had once stood. ‘It would require the 
acumen and active scrutiny of the traveller to form 
a probable conjecture as to the actual site of the 
most wonderful town the oil regions of Pennsylvania 
have produced.” It goes without saying that the 
recital of tales of such contrasts of prosperity and 
decay prevents Mr. Henry’s book from being dull. 
There are chapters of absorbing interest, and if the 
author had understood the value of compression, his 
volume would have been of the most fascinating 

aracter 


The outbreak of the war has induced the author 
to add a postscript on the g phical 


ition 
and extent of the oil-fields and oil-fuel sal poteet 


resources of Germany and the countries engaged | 
in the life and death struggle. This isan important 
and valuable contribution, and, we may say, of a| 
reassuring character. For with us petrol is an| 
exotic product, and the maintenance of an abundant | 
supply is imperative for our well being. It is there- 
fore eminently satisfactory to read that, in the | 
opinion of this expert, ‘‘ our country, France, and | 
Russia, and, indeed, every country with which we 
are allied in this war, are in an infinitely better. 
position than Germany in relation to the world’s 
chief oil-fuel and petrol-exporting centres.” This, 
of course, was written before Russia had advanced 
so far into Galicia, threatening the rupture of trans- 
ep connections between Germany and the Galician 
elis, a main source for Central Kurope. 
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FOUNDRY CRANES AND POWER 
AGENCIES.—No. III. 


By JoserH Horner. 


Tue system of overhead tram-rails, also termed 
mono-rail, and originally telpher system, has been 
extensively developed in those foundries where 
light work is handled. For convenience, for 
general utility, and for economy of installation 
combined, this system occupies an unassailable 

sition. Its rivals are the floor-tracks, the over- 

ead travelling-cranes, and the swinging jib-cranes. 


Yet the rivalry of these cannot be taken very 


seriously in foundries where the loads that are 
regularly handled do not exceed 1 or 2 tons. As 
the overhead trolleys can be operated by hand, or 
by air or electricity, this adaptability to power 
supplies is much in their favour. By far the larger 
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Fic, 20. Pneumatic Hoist, py Messrs. Reave. 
AND Co., Limitep, Ipswicn. 


number are hand-operated by the men on the 
floor, but the Melenpousell electric trolleys 
frequently provide a seat for the attendant in a 


e. 
“The utilities of floor-tracks are limited to trans- 


port. Overhead tracks combine provisions for both 
transport and hoisting. The floor-tracks came first 
because they were a natural development from the 
flat plates of cast iron that were laid in many 
foundries in order to lessen the labour of pushing 
wheel-barrows laden with pig, sand, boxes, and 
castings on sand floors. Where these were not 
laid a common practice was to make a temporary 
smooth track with 3-in. deals laid on the sand. 
From these crude methods the admirable system 
of floor-tracks has been elaborated with rails, 
switches, curves, and turntables. These occupy 
some of the floor space, but this is hardly objec- 
tionable, because a clear central gangway must 
generally be maintained in any foundry. But 
overhead tracks do not encroach on the floor at all, 
and as they permit of the combination of hoisting 
with transport, they are employed in many foundries 
where light castings are handled. Even in the 
economies of traction the saving is very great, 
the loads handled being probably from fifteen to 
twenty times as great as those whieh ean be dealt 
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with by labourers pushing barrows on the sand 
floors. 

In connection with these overhead lines the 
hoisting question assumes another character, that 
of the choice between the hoisting-tackle which 
can be carried on overhead tracks, and the light 
overhead travellers, or the fixed jib-cranes. The 
proper spheres of each of these two latter alter- 
natives have already been stated. The first covers 
the entire foundry area ; but several travellers 
would be required to supply the demands of a 
large foundry, and they are ex ive. A number 
of light hoists can be installed for the cost of one 
traveller, and by a well-arranged disposition of 
tracks the whole floor practically can be covered. 
A medium course can often be adopted with advan- 
tage—a combination of overhead tracks with over- 
head travellers and with jib-cranes. The tracks 
may be localised or may be feeders to the other 
hoisting-machines. They may be located next the 





In this duty, the rivalry between floor-tracks and 
overhead runways becomes nearly a dead - heat. 
Yet, on the whole, the advantage lies with the 
latter, not in respect of the expense of installa- 
tion, but in its higher flexibility. It is not easy to 
keep floor-tracks clear of sand and of other obstruc- 
tions. There is no trouble of this kind with over- 
head tracks. The fact that floor-space is perma- 
nently occupied with narrow - gauge tram - lines, 
while runways do not take up space, is an objec- 
tion to the former which is more apparent than 
real, because space below runways must be left 
clear enough for the men to walk about in order 
to pull the trolleys along. In favour, however, of 
overhead runways is the fact that they are much 
lees liable to get out of alignment than floor-ttacks 
are, and even running is essential to easy working. 

Almost all runway-tracks are fo:med of I-beams, 
on the lower flanges of which the trolleys run. The 
supports are attached usually to roof principals or 











to be traversed from the air supply are great. 
The direct-acting vertical hoist is also often in the 
way ; it shortens, too, the height of lift, since the 
tracks are rarely more than 8 ft. to 10 ft. above 
the floor. To avoid this defect, many air-hoists are 


dis with the axis horizontal. 
e electric trolley-hoists are employed with 
increasing frequency. They are free from the 


drawbacks to which the compressed-air hoists are 
subject. With the general introduction of elec- 
tricity into foundries, its advantages are readily 
extended to the hoists. These occur in various 
designs, ranging from the simple pulley-blocks, 
motor-driven, to the geared hoists driven through 
spur or worm-gears, and usually being self-sus- 
taining. Two types are available: those which are 
controlled from the floor by dependent chains or 
wire ropes, and those in which the attendant is 
provided with a seat in a cage attached to the hoist. 
A dependent-rope type is also made in which the 
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Fics. 21 anp 22. Pneumatic Horst ARRANGED TO Run ON OVERHEAD 
Tracks, BY Messrs. ReEaAvELL anv Co., Limrrep, Irswicu. 


cupolas or about the core-stoves, or over light 
moulding-machines or sand-bins, as may seem desir- 
able to the management. 

Overhead tracks should not be situated at more 
than 8 ft. or 9 ft. above the floor. It has been 
demonstrated that this is the most economical 
height for operation. A man can propel a load of 
1 ton at this height with ease, though he cannot 
do it if the height is much increased. 

A powerful ment for the overhead tracks is 
that they take charge of a large volume of light 
tasks, outside of those which are thrown on the 
hoisting tackle, tasks which are otherwise per- 
formed by the labourers, either carrying or trans- 
porting by the aid of barrows. The expenses for 
unskilled labour, which always bear an undue pro- 
portion to the cost of moulding in the foundries 
that are unprovided with floor-tracks or overhead 
trolleys, are thus reduced. Light castings, weigh- 
ing @ few pounds each, are transported in boxes 
thus, and bins of sand, cores, lifters, the smaller 
ladles of metal, all this light transportation, as 
distinguished from hoisting, is taken away from 
rent — of labourers and transferred to the smooth 
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to brackets attached to principals or to walls or 
columns. Switches, cross-overs, and turn-tables 
are fitted as required. The trolley runs on four 
flanged wheels, with treads which are bevelled to 
fit the bevelled edges of the lower flanges of the 
joists. The axles in good designs run in ball- 

rings. Such trolleys may carry a plain hook 
for mere traversing, or chain-blocks of differential 
or duplex or triplex types, or air hoists or electric 
hoists run on them, so that all possible require- 
ments can be met. 

In the absence of a power plant, the hand chain- 
blocks are serviceable for light loads for which the 
regular crane service would be wasteful of time. 
The aE sphere of these blocks lies in the hand- 
ling of loads not exceeding a ton, and preferably 
of those below half a ton. The higher-powered 
blocks are slow in action. But loads of a few 
hundredweights cover the range of work handled 
in many foundries. In most of the r foundries 
now either compressed air or electricity, or both, 
are installed, and in these the hand-hoists may 
nw be supplemented with air or electric 

oists, or may be superseded entirely by these. 
Air-hoists are open to objection when the distan ces 








Fies. 23 to 25. Dovusie-Purcnasz Pneumatic Hoist aTTacHED TO A 
‘© Jip-Crang, By Messrs. Reavewt anp Oo., Limirep, Ipswicn. 


handles are brought away to some distance from 
the hoist, so that the o tor is not subject to 
discomfort by the metal in the ladle, as he would 
be if seated above it. 

The plainest trolleys are those having sides 
carried by the wheels, with a hook from which the 
hoisting-tackle is hung. Properly, the two sides 
should be separate castings or plates, united with a 
pin connection, rather than in a solid piece, in order 
to ———s for any slight irregularity in the track 
or in the loading, which would throw more weight 
on some wheels than on others. The wheels, as in 
travellers, should be turned on the treads, or else 
chilled, and preferably be ground. 

The Curtis trolleys for single I-beams have equali- 
sing steel frames carried on a pin, which permits 
the trolley-wheels to adjust themselves to inequali- 
ties in the flanges. The wheels are angled to suit 
the bevels of the flanges. The bosses are bushed 
with a steel shell, and contain Hyatt flexible roller- 
beari the bushing being adopted to prevent 
the rollers from cutting into the cast iron. lleys 
for double I-beams have the wheels bushed simi- 
—— Hyatt bearings. 


e lightest trolleys for carrying loads of from 
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a ton to 30 cwt. have nothing but the smooth 
wheels for traction. A man can pull or push them 
along without unusual exertion. But beyond this 
load other methods of propulsion are adopted. 
The simplest is the hand spur-geared trolley, in 
which power is gained through pinion and gear, 
operated by a —— chain on a sheave on the 
marae te is is much better, even for the 
smallest trolleys, than the mere pull on the hook, 


because the load has to be drawn to a considerable. 


distance out of perpendicular before the trolley 
moves. For the same reason it cannot be stopped 
so precisely and accurately as a spur-gear-driven 
one can be. So for this reason many of the 
lightest trolleys are fitted with £ drives. 
The electric trolley, combining trolley and hoist, 
is either a in wy + te chain block, or a motor- 
driven trolley and hoist. The speed of travel 
varies, an average being from 250 ft. to 350 ft. per 
minute. 

Air-hoists are a class of manufacture seldom 
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Fies. 26 ro 28. Pneumatic Hoist, By THE 
Guioge Pyeumatic Enorngerine Company, 
Leaitep, Lonpon. 


handled by the general crane-builders. The firms 
who make these combine the construction of pneu- 
matic appliances with the air-compressors for 
actuating them. The standard pressure adopted 
is 80 lb. per sq. in. The early hoists were fre- 
quently jerky, and uncertain in action, consequent 
on the high elasticity of the air and on the presence 
of leakages. They were heavy, adding excessive 
dead-load | to be moved. For these reasons they 


were less suitable for foundry work than for the | Co 


- original services for which they were designed, as 
ice plants, provision stores, and general industrial 
purposes. Any suspicion of jerkiness is fatal to 
the employment of hoists that have to draw pat- 
terns, set cores, close moulds, or pour metal. 
Methods of governing have been devised to ensure 
smoothness of movement, as oil-governing and air- 
balancing, with numerous variations in details, 
until now the hoists of the best firms leave nothing 
to be desired. Lightness is secured by the employ- 
ment of steel tube for the cylinders of the larger 
hoists. They are also arranged.in different ways 
to accommodate head-room, being pendent, or 
horizontal, independent, or forming portions of 
horizontal jib-cranes. 

Fig. 20, 720, shows one of the hoists by 
Messrs. Reavell and Co., Limited, of Ipswich. The 
barrel is of cast iron. The rate of lifting is governed 
by a three-way cock at the bottom in connection 
with the air supply. The hoist is suspended from 








the ~_ » and the cock is operated by dependent 
chains. Very fine adjustments can be obtained as re- 
quired for foundryservice. The cylinder connections 
are modified to suit the horizontal disposition on 
tracks and on jib-cranes. Figs. 21 and 22, page 721, 
show the horizontal arrangement. They illus- 
trate the proper way to design a hoist when head- 
room is limited. In this instance a 6-ft. lift is 
obtained, with head-room of 12 ft. lin., using a 
double | preg The cylinder has cast on it lugs, 
to which plate brackets are bolted to the pins 
for the running-wheels above, and for the hoisting- 
sheave below. The movements of the piston are 
transmitted to the sheave at the end of the piston- 
rod, so that the outward movement lifts the load, 
and the inward one lowers it. The rope is anchored 
to the cylinder- cover. The lator valve is 
actuated by a dependent chain. Flexible metallic 
tube makes the connection between the air-main 
and the hoist. 

The design of a double-purchase hoist is shown 





the piston is in its upper position, with the full 
pressure beneath, then, upon the left-hand (“‘lower’’) 
chain being pulled, air is admitted to the top side 
through the pipe E, so that the piston travels 
downward, due to the difference in area caused b 
the piston-rod. Upon the chain being rel 
the valve B automatically returns to its central 
ition, and the load is sustained at the desired 
~ wy If the right-hand (‘‘hoist’”’) chain be 
pulled, the space on the upper side of the piston 
is put in communication with the exhaust, so 
that the piston rises with a slow, regular move- 
ment ook’ without jerking. The disc-valve B 
is kept upon its seat by a spring when the air is 
off, while it is kept tight with pressure of air when 
the latter is admitted at A. A drain-plug is fitted 
at the lower end of the valye-box to release any 
accumulated moisture from the cylinder, and an 
oil-cup is provided at the inlet to the valve-box. 
This oil-cup admits two drops of oil every time the 
load is raised. A plug in the upper cylinder-head 




















Fic. 29. ConTroLugR ror Founpry SERVICE, BY THE SpracGuE ELectric WoRKS OF THE 
Generat Exzcrric Company, New York, U.S.A. 


by Figs. 23 to 25, page 721, attached to a jib crane 
for foundry service, this being made for serving a 
pickling-bath. The cylinder is attached vertically 
to brackets bolted to the post. The rope is anchored 
to the jib above, and, passing over the guide- 
pulleys seen, lifts and lowers the load by the 
inward and outward movement of the piston. 
The crane swings in a footstep bolted to the foun- 
dation and in a bracket bolted to the wall above. 
The framing, built of channels, is clearly shown. 
The , aes hoist shown by Figs. 26 to 28, 
annexed, is by the Globe Pneumatic Engineering 
mpany, Limited, of 1, Victoria-street, West- 
minster, S.W. It is of the air-balanced type, 
and is particularly adapted to foundry work 
where a good s -control is necessary, as in 
the case of a ladle being emptied, or in pattern- 
drawing, and where a varying load has to be 
considered. The — of hoisting and lowering 
is largely independent of the operator or of the 
load to be lifted, and these machines will sus- 
tain a varying load with practically no change 
in the position of the piston, while the full load 
may be disconnected from the rod when the valve 
is closed with but a small movement of the piston. 
This type of hoist is not quite as economical as the 


simple- re design, in which one side of the 
piston is = to the atmosphere, and the other to 
ure, but the latter would only be of use in 


oading wagons and where delicate control is not 
necessary. 

Air enters at A, and the lower side of the piston 
is under constant full pressure. Assuming that 





is provided to supply about 4 pint of cylinder-oil 
once a month. To prevent any accident, on account 
of failure of air supply during lifting or lowering, a 
check-valve C is fitted in the supply-pipe. These 
hoists are made in various types for horizontal 
positions, the usual lift being 4 ft., and the diameter 
of the cylinders varying from 4 in. to 19 in., with a 
lifting capacity of from 860 1b. to about 94 tons 
when supplied with air at a pressure of 80 lb. per 


. 

The hoists constructed by the Curtis and Co. 
Manufacturing Company, of St. Louis, U.S.A., lift 
loads which range from about 800 lb. to 20,000 Ib., 
and have bores from 4 in. to 19 in. respectively. 
The tube of the first size is of brass, all others are of 
steel tube, ground on the inside. The upper head, 
whence the hoist is suspended, is of steel, screwed to 
the cylinder ; the lower head is of cast iron, bolted to 
a steel ring, which is screwed outside the cylinder, 
thus avoiding long side-bolts. The piston leather 
is is of cup form, with spring pressure to keep it in 
contact with the cylinder. The valve, of bronze, 
is of the disc type, actuated by pendent chains to 
hoist and lower. It moves through an are of 120 
deg. A spring centring device returns the valve 
automatically to its central position, covering the 
ports immediately the operating chains are released, 
thus holding the load at any point. 

Given the central unit, the cylinder, the different 
requirements which occur in foundries are provided 
for with modifications in the arrangements of detail. 
The pendent cylinder is the simpler design, most 
generally perhaps preferred because of its sim- 
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plicity and lower cost when head-room is sufficient, | the other end. The effect is that the loads, whether 
and when the presence of the cylinder always | light or heavy, will be lifted at practically constant 
hanging vertically is not objectionable. It is then | speed, irrespectively of any speed-control by the 
simply suspended from the trolley, usually by | operating valve. Pneumatic cushions can be pro- 
means of a hook inserted in the head or on trun- | vided to the cylinders in connection with the speed- 
nions lower down on the body. But other arrange- | boxes to stop the motion of the piston gently at 
ments are often desirable. One is a horizontal | each end independently of the operator. 

disposition, with the cylinder suspended in a hori-| These cylinders are fitted to trolleys for over- 
zontal position from two trolleys running on the | head tracks, as stated. Other methods of utilisation 
tracks. In another it runs upon the horizontal | are to jib-cranes and to overhead travelling cranes 
jib of a foundry crane. In both these cases the |and gantries, each being suitable for foundry ser- 
cylinder is attached to end-brackets, which, in turn, | vice. The jib-cranes are either plain bracket cranes 
are bolted to the rolled joists, which form a self-| comprising a jib and ties only attached to a wall, 
contained framework for the cylinder and its neces-|and swivelling around their pintles ; or they 











sary fittings. The unit can be suspended from | 
trolleys running on rolled joists, I-beams, or to 4 | 
crane-jib. Or it can be bolted to the jib of a crane | 
or to a ceiling or to a wall, 


Fic. 30. InsTaLLATION OF 


Among the variations made by the Curtis firm is 
the air-balanced type with a quick-power return to 
the stroke, which is suitable for foundry service. 
The lift is not direct, but is similar to that of 
hydraulic cylinders, but instead of the chains of the 
latter, ropes are used passing over sheave-pulleys 
and geared either 2 to1, 4tol,or6tol. That is, 
the rope travels twice, four times, or six times the 
piston stroke respectively. The power capacity is, 
of course, much less in the long-travel hoists than 
in the shorter-travel ones. In the 2 to 1 class it 
ranges from 800 lb. to 9000 lb. In the 6 to Lelass 
from 250 lb. to 2900 Ib. on the rope, less friction. 
The power-return stroke to the piston is effected by 
the difference in the area of the piston under pres- 
sure, and is produced by an enlarged piston-rod. 
Cylinders are also made double-acting, with air- 
cushions at each end. Speeds may be governed by 
fitting a speed-control box patented by the firm. 
These boxes, placed in the port-pipes, automatically 
provide regulation independentty of the operating- 





valve, both for the admission and exhaust of air to 
or from each end of the cylinder, independently of 


comprise post, jib, and ties; or post, jib, and strut. 
In the bracketed cranes the jib is a single-rolled 
joist I-beam, a form which is well suited to the 
trunnioned hoist. This swings on the trolley, 





Spracue Etectrric Horsts. 


which is moved along the beam by hand. The post- 
crane with single I-beam and tie carries a pendent 
hoist hung from the trolley which runs on the 
lower flanges. In a more powerful design two 
channels are used, set back to back, with a clear 
space, between which a trunnioned hoist is sus- 
pended on a trolley which runs along the top 
flanges. An endless racking-chain is generally 
used for propulsion. In the third design, that of 
the post, jib, and strut, the cylinder is located 
between the channels which form the post, and a 
trolley-carriage only runs along the jib. The load 
is lifted by the movement of the piston-rod, the 
end of which carries a sheave, whence the ro 
passes over a guide-sheave to the sheaves on the 
trolley, and around the snatch or pendent sheave 
to which the hook is attached. \ 
The overhead travelling cranes using air-hoists 
have the main beams of rolled joists and the end 
beams of steel castings. The main beams are o> 
or double for the heavier types. In the first the 
trolleys run on the lower flange, the hoist being 
dependent, In the second the trolley runs on the 





top flanges of the beams, and the trolley is pendent 
therefrom, or, preferably, is hung on trunnions. 
In the heavier cranes the travelling is done by a 
long shaft geared to the running wheels, and 
actuated by hand by an endless dependent chain. 

In the gantry design, which is suitable for yard 
use, for handling materials and boxes, two dleer- 
natives are given. In one the cylinder hangs 
between the gantry beams, being suspended on 
trunnions in the trolley. In the other the cylinder 
is carried horizontally on brackets bolted down on 
the beams. A sheave at the end of the piston-rod, 
with guide-pulleys, moves the hoisting-rope. The 
trolley is racked by power. 

Another application of these hoists is the break- 
ing of scrap with a falling ball. A steel framework 
with spreading legs encloses a space to receive the 
scrap. The ball is drawn up and suspended near 
the top of the framing, being controlled centrally 
by means of a guiding-bell. The hoist-cylinder is 
attached to the outside of the framing, with ite 
piston and rope-sheave located Souetente. Moving 
down it draws up the weight, which is released 
automatically. 

Electric hoists are characterised by numerous 
variations to suit different powers and kinds of 
service. The general construction of the Sprague 
hoists is as follows:—The motor, controller, and 
drum are enclosed in a cylinder composed of two 
castings bolted together and suspended from the 
trolley. The gears also are enclosed separately. 
A brake-pulley is mounted on the armature shat, 
which is gripped with pivoted levers that are 
automatically applied when the motor is stopped, 
and released by the starting of the motor. A 
or type of foundry controller is fitted (see 

ig. 29, page 722), constructed similarly to the 

ordinary drum type of street railway controller. It 
is of cylinder type with stationary spring fingers, 
and with a central cylinder, bearing contact-plates 
which pass under and make contact with the 
stationary fingers. The fingers and contacts are of 
copper. The controller has a bevel-gear arrange- 
ment at the end, operated by a rod with a spade 
handle at the end. It has been found that the 
operator can feel the various steps with this 
arrangement better than with the ordinary rope- 
and-wheel method. 

A mechanical load brake is provided which con- 
trols the lowering speed. It is of the screw-and- 
disc (Weston) type, having three discs geared to 
the intermediate shaft. During lowering the load 
tends to operate a coarsely pitched screw through 
the gears, pinching the middle disc, which is pre- 
vented from turning by a roller pawl. The result- 
ing friction arrests the downward motion of the load, 
which is only continued by driving the screw with 
the hoist-motor. These hoists are suspended from 
= trolleys or from geared —— the gears 

ing operated by a dependent endless chain, or 
to motor-driven carriages with single-speed con- 
trollers. When loads exceed 2 tons, motor-pro- 
pelled trolleys are made, and two, three, or four 
ropes are reeved. ae are operated from below 
or from a cage. In the first case, the ropes are 
kept clear of the hoist by means of an outrigger, 
as shown in Fig. 30, annexed, so that the operator 
on the floor can stand at some distance away from 
the load. When a cage is fitted, it is brought to 
one side. Separate motors are used for hoisting 
and travelling, each with rheostat speed-control. 





Ovr Locomotive Exports. —The exports of loco- 

motives from the United Kingdom showed further 

in November, the engines shi for the month 

ing valued at 356,798/., as com with 267,560/. in 
November, 1913, and 230,644/. in November, 1912. 


Tue Trrs.—On Friday, December 11, Sir Hugh Bell 
presided at a meeting of the Teves Conservanc mmis- 
sion at Middlesbrough. In reviewing the trading of the 
Tees for the past twelve months, Sir Hugh said the year 
commenced inauspiciously, but now the trade of the 
ports was improving, and, he thought, was likely to 
improve. With regard to the finances of the Commis- 
sion, the net revenue showed a decrease of 13,264/., an 
increase in expenditure of 29,567/., and a deficit for the 
year of 19,5447. The receipts for the year amounted 
to 130,142/., being a decrease of 15,286/. on 1912-13. This 
decrease was mainly in the feceipts from river dues 
owing to the war. There had been « decrease in the 
number of ships cleared of 652, and a decrease in the net 
registered tonnage of 451,569. tons. hg Hy year 
25,7301. had been expended on dredging. e debt of 
the Commissioners at the close of October was 624,539/., 
showing a reduction in five years of 103,161/., notwith- 
standing expenditure for new plant and dredging, widen- 
ing, ond improvemente. 
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INDUSTRIAL NOTES. 


From the Board of Trade Labour Gazette of the 
16th inst. we learn that employment in November 
showed a further marked improvement ; indeed, some 
shortage of male labour was reported, owing ly to 
war contracts and partly to enlistments. e engi- 
neering, shipbuilding, cutlery, woollen, worsted, 
hosiery, leather, boot and shoe, and the wholesale 
clothing trades showed even greater activity than in 
October, and much overtime was worked. ters 
and woodworkers were busy with the erection of 
military huts. The cotton trade, though still bad, 
showed a considerable recovery, and there was a 
great reduction in the amount of short time reported, 
especially in the spinning branch. There was 
also an improvement in ‘the tin-plate, iron and 
steel trades, printing, furnishing, and glass trades. 
Employment at coal-mines om ig-iron blast-fur- 
naces continued fairly good, but there was a slight 
falling-off in the linen and jute trades, and a further 
seasonal decline in the brickmaking industry. In the 
lace trade there was again an upward movement in 
the curtain branch, but the other sections of the trade 
continued very depressed. The bespoke tailoring and 
the dressmaking, millinery, hat, and collar trades 
were also adversely affected. Compared with the high 
level of November, 1913, there was an improvement 
in the industriee affected by war contracts, but in the 
other trades there was a decline. This decline, which 
was apparent before the war, was most marked in the 
—"9 pig-iron, cotton, lace, pottery, and brick 
trades. 

The changes in rates of wages taking effect in 
November affected 179,000 workpeople, and resulted 
in a net decrease of 1900/. per wook. This decrease 
was mainly due to a reduction affecting 140,000 coal- 
miners in Durham, but there were reductions 
affecting 2500 ironstone miners and blast-furnace men 
in Lincolnshire, and 3130 steel-melters, &c., in various 
partes of England and Scotland. The largest increase 
affected workpeople in engineering works in the 
London district. 

The number of trade disputes beginning in Novem- 
ber was 25, and the total number of workpeople in- 
volved in all disputes in progress during the month 
was 8061, as compared with 20,677 in October, 1914, 
and 55,094 in November, 1913. The estimated total 

gregate duration of all disputes in progress durin 
the month was 84,500 working days, as compared wi 
192,500 in October, 1914, and 857,200in November, 1913. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ending Nov- 
ember 13, 1914, was 31,932, as compared with 31,981 
in the previous five weeks, and with 22,580 in the four 
weeks ending November 14, 1913. The average weekly 
numbers of vacancies filled for the same periods were 
24,220, 24,729, and 17,310 respectively. 


The general level of the retail prices of food in 
Berlin in October rose to 16.4 per cent. above the 
July level ; the corresponding figures for August and 
September were 13.3 per cent. and 10.5 per cent. 
respectively. As compared with September, there 
was an increase in the price of all the principal articles 
of food except beef and mutton, which fell slightly, 
and wheat bread, sugar, coffee, and milk, which 
showed no change. he most marked advances 
occurred in peas, haricot beans, lentils, rice, pota- 
toes, and eggs. Compared with July, there were 
substantial increases in October in the prices 
of all articles except sugar and milk (which were 
unchanged), and wheaten flour, beef, pork, and 
coffee, the advances in which were relatively moderate. 
Mutton, which is not generally eaten in Germany, 
and also veal, showed a slight fall in price. The 
articles in which a change in price has the greatest 
influence on the cost of housekeeping in Berlin are rye 
bread, pork, beef, butter, potatoes, peas, beans, and 
lentils, and the prices of these foodstuffs for October 
were 14.3, 8, 4.7, 11.5, 125, 110, 64, and 75 per 
cent. greater than their prices in July last. 

As s the wholesale prices of wheat, rye, oats, 
and berley in Berlin, all four cereals showed increases 
over July, which grew in magnitude in each of the 
successive months of August, September, and October. 
For the latter month, compared with July, the in- 
creases were 26.5 por cent. for wheat, 30.5 per cent. 
va ag 26.1 per cent. for oats, and 48.4 per cent. for 

ey. 








In this country the average change in retail food 

rices during November was an advance of between 

and 3 per cent. Some increase in price was recorded 
for most articles, but the only cases of an average 
increase exceeding 3 per cent. were egge, tea, and fish, 
for which the advances averaged about 13, 12 and 6 
per cent. respectively. Following the increased duty, 
the prices paid for tea advanced usually by 2d. or 
3d. per pound, the average increase being about 
2id. in both large and small towns. There were 
further reductions in the price of sugar, the decline 
averaging between 2 and 3 per cent., and bacon 





and margarine showed a decrease of about 1 per 
cent. As com with July, sugar and show 
the greatest advances; the prices of both ave’ 
about two-thirds above the level of July, but it id 
be remembered that the increase in the price of eggs is 
partly due toseasonal causes. Fish and imported meat 
are p be much dearer. Potatoes alone among the 
articles considered are cheaper than in July. Combin- 
ing the figures for all the articles dealt with, and 
allowing for their comparative importance in working- 
class household ex iture, the average level of prices 
at December 1 was higher than that in July by about 
17 per cent. in the large towns and 15 per cent. in the 
small towns and villages. 

The Board of Trade are informed by the Advisory 
Committee of the National Federation of Meat- 
Traders’ Associations that the retail prices of home- 
killed beef need not be more than ld. per pound higher 
than & year ago, coarser joints being advanced some- 
what more than prime joints. Home-killed mutton 
has advanced less on the prices of a year ago than 
home-killed beef. Pork pe veal are also somewhat 
dearer than a year ago. On account of the restricted 
supplies of imported chilled and frozen beef, the com- 
mittee consider that an advance, compared with the 
prices ruling in the middle of July, of 1d. to 2d. per 
pound for prime joints, and 2d. to 3d. per pound for 
coarser parts, may still reasonably be charged. For 
impo! frozen mutton the advance need not exceed 
2d. per pound. 





Materials for tracing the manner in which the 
course of employment in Germany has been affected 
by the war are furnished by the returns made each 
month by the German trade unions to the Imperial 
Statistical Office, and summarised in the Reichsarbeits- 
blatt, the journal of the German Department of Labour 
Statistics. The latest available statistics of this kind 
relate to the month of October, when the total mem- 
bership of all unions making returns was 1,347,222, 
exclusive, as far as ible, of members called up for 
military service. e percentage out of work at the 
end of July was 2.9, and the proportion at the end of 
August, the first month of the war, was 22.4 per cent. 
Since that time the position has considerably im- 
proved, mainly owing to large orders placed by the 
military authorities, so that by the end of September 
the percentage reported unemployed had fallen to 
15.7, and by the end of October to 10.9. 

As regards the month of October, the Reichsarbeits- 
blatt states that: ‘‘ The improvement in the state of 
the labour market, which set in during September in 
nearly all branches of industry, was maintained during 
October. This was particularly the case in trades 
engaged either directly or indirectly in supplyin 
military needs. The improved conditions oxtuuied 
to almost all trades, even to those concerned with 
articles of luxury, such as working in gold and silver. 
The building trades formed the only industrial group 
which did not, on the whole, exhibit an improvement, 
and this exception was, to some extent, due to bad 
weather.” 





The hearing concluded in the Chancery Division, 
on the 9th inst., of two actions against trade unions. 
The first action was brought by nineteen members of 
the Amalgamated Society of Carpenters and Joiners 

inst the society as a whole, and the second by five 
members of the General Union of Operative Carpenters 
and Joiners against the General Union as a whole. 
In both cases the plantiffs asked for a declaration that 
a resolution fining them 2/. and expelling them from 
their unions was invalid. Plaintiffs stated that they 
refused to come out on strike at the Ford Motor 
Works, Manchester, in support of the tin-plate 
workers. They alleged that the tribunal which passed 
the resolutions was not properly constituted. De- 
fendants contended that there were bond fide disputes 
between the unions and the Ford Motor Company. 
They pleaded that both unions were illegal societies 
and could not be sued in this case. His Lordship, 
giving judgment, said on pure merits it was tepenithe 
to justify the defendants’ conduct towards the 
plaintiffs, but as regarded the legal question, the 
unions had been held to be illegal societies. Both 
actions therefore failed, and must be dismissed. 





It will be remembered that shortly after the out- 
break cf the war Liverpool seamen demanded 1/. per 
month increase in wages to cover extra risks in navi- 

tion. The Board of Trade intervened, and the 

ispute was referred to arbitration, the result being 
that an extra 10s. per month will be paid to sailors, 
firemev, and stewards. This allowance is retrospec- 
tive, and will take place from November 28 last. 


At a meeting of the Durham Coal Trade Conciliation 
Board, held in Newcastle on the 15th inst. , the Durham 
miners’ representatives asked the colliery-owners to 
fo the 3? per cent. reduction in wages made on 
the 26th ult. The men put forward the circumstances 
due to the war as their reason for the request, but at 








the close of the meeting, which lasted an hour, the 
owners intimated that they were unable to comply. 


According to the December report of the United 
Society of Boiler-Makers and Iron and Steel Ship- 
builders there has been a remarkable improvement 
in the employment of its members during the month 
of November. When the report was issued, only 
1788 members (2 8 per cent.) were unemployed, where- 
as the figures for the previous month were 4296 mem- 
bers unemployed, which is 6.4 per cent. of the total 
membership. Unemployment is now, in fact, very 
little greater than it was at this time last year, when 
1654 members (2.7 per cent.) were unemployed. The 
union is taking up the question of steady employment 
and good time-keeping with the employers, and the 
report also deals with a scheme for making up rivet- 
ing squads. It is recommended that members failing 
to accept employment, either in or out of their own 
district, under the proposed conditions, should not be 
allowed to come on to the Society’s funds. The union 
has invested a sum of 30,000/. in the War Loan. 





The Society of Amalgamated Tool - Makers also 
reports a satisfactory state of affairs with regard to 
unemployment. The recen'ly-issued report for Nov- 
ember states that only 39 members out of a total of 
15,121 are out of employment, whereas in November 
of last year, when the membership was only 11,365, 
the number of members unemployed amounted to 156. 
We also learn from the report that negotiations, 
resulting in an advance of 2s. a week, have been 
carried on at Birmingham and Leicester, a two years’ 
agreement having been secured in each case. It is also 
stated that the executive committee of the Society 
has withdrawn its opposition to the employment of 
Belgian refugees in this country, since fresh assurances 
have been given that trade-union rates and conditions 
will be observed in all cases. 





The Industrial Commission of Wisconsin made an 
award directing the Nekoosa-Edwards Paper Com- 
pany to pay the widow of Pat Smith the sum of 
2040 dols. on account of his death. The company 
brought action in the Circuit Court of Dane County 
to set aside this award. The Circuit Court of 
Dane County set aside the award of the Commis- 
sion on the ground that it had acted in excess of its 

wers in making theaward. The Supreme Court of the 

tate, three judges dissenting, reversed the judgment of 
the court below, and directed that the award of the 
Industrial Commission be affirmed. Judge Timlin, 
who delivered the opinion of the court, said, in part : 
—‘*It is quite possible for a person to be in an 
intoxicated condition, which condition proximately 
caused the accident which proximately caused the 
death, and yet not be guilty P wilful misconduct. The 
drinking of intoxicating liquor is wilful in the sense 
of intentional, but the mere fact of drinking is not 
misconduct, By Section 1561, any person found in any 
public place in such a state of intoxication as to be un- 
able by reason of his condition to care for his own safety, 
is guilty of a misdemeanour. This is misconduct, and 
if one intentionally puts himself in this condition he 
might be said to be guilty of wilful misconduct. But 
there are many cases where, although the drinking is 
intentional, the intoxication is not, as, for instance, 
where one by reason of fatigue, hunger, sickness, or 
some abnormal condition becomes intoxicated in con- 
sequence of imbibing a quantity of liquor which ordi- 
narily would not so affect him. While intoxication in 
such case to the degree specified might be a mis- 
demeanour under the statute quoted, it is not neces- 
sarily wilful misconduct within the Compensation Act. 

“Phere was evidence in the instant case that 
deceased was slightly intoxicated, that he drove out 
of a clay pit standing up on his load, that he was 
perfectly able to take care of himself and drive his 
team when last seen alive. There was, therefore, room 
to find upon the evidence not only with respect to the 
degree of intoxication, but that there was no intention 
or purpose to put himself in a dangerous or helpless 
condition of intcxication. The Industrial Commis- 
sion finds that Smith was in an intoxicated condition, 
which proximately caused the accident, but that 
the accident was not caused by wilful misconduct. 
This means that he did not wilfully bring upon him- 
self such degree of intoxication. 

‘*There is no claim that the award was procured by 
fraud, and the findings of fact support the award. 
Hence, we reverse the judgment of the Cirouit Court, 
and direct that the award of the Industrial Commis- 
sion be affirmed.” 








Prrsonat. — Messrs. William Jacks and Co., metal 
merchants, inform us that they have now opened a branch 
of their business in Sieningiom, at The White House, 
111, New-street, under the management of Mr. Claude A. 
Parson.—Messrs. Scholey and Co., Limited, electrical 
and mechanical engineers, announce the change of their 
address, which, on and after December 24, will be 56. 
Victoria-street, Westminster, 8S. W, 
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GERMAN IRON AND MINING INDUSTRIES 
AND THE WAR. 


At several general meetings of large German iron, 
steel, and mining undertakings interesting statements 
have been made regarding the general effect of the 
war on the industries concerned. At the annual 
meeting of the Hasper Iron and Steel Works the 
chairman eaid that the war had taken the German 
industry entirely by surprise. Owing to the failure 
of the railways, of the telephone, and so many em- 
ployees being called to take up arms, great confusion 
was caused, and it was not to be wondered at that 
many works had to close for a time. Thanks, how- 
ever, to reawakened energy, and to the care of the 
au‘ horities, it had been possible to start work in 
and to = a oe, the hands left. “Phe 

uantity of goods despatch uring August was only 
om s]l at most works ; September an October brought 
an improvement, and at the end of November the 
—ae rate of employment was about 60 per cent. 
For this percentage there was work, and thus they 
had attained the goal which had been eet before them 
at the beginning of the war—viz., that enough should 
be earned to cover costs, interest, and writings-off, so 
that the war — be concluded without suffering 
any loss of capital. Increased employment could not 
be looked for at present. Germany had of late years 
become a great exporting country, and export trade 
failed during the war, excepting to the neutral coun- 
tries. Exports amounted to about 30 per cent., and 
of this from 7 to 8 per cent. went to Holland, the 
Scandinavian countries, Austria, and Italy. Conse- 
quently there was a big gap, added to which there was 
the decreased activity in the building trade at home 
and in other branches. On the other hand, the war 
had given increased employment in all war requisites, 
and in the coal and iron centres there was a strong 
demand for skilled labour. 

As regards iron ore the industry had supplies for 
some time to come. The magnetic ore hitherto impor- 
ted from Sweden would owe be replaced by Minette 
ore from German and French Lorraine. These ores 
were at present poor in iron, because the present labour 
conditions did not allow of careful screening. They 
therefore could not stand the high rates of carriage. 
The Government might here help materially by intro- 
ducing the promised reduced tariff for Minette coal and 
cokes on the Rhine-Herne Canal. 

The principal thing for German industry, the chair- 
man said, now that the influence of Rogland was 
annihilated, was that the war should be carried on 
with all possible energy, even if it should last longer 
than had at first been reckoned. As far as the 
Hasper Iron and Steel Works were concerned, the 
S:emens-Martin works and another branch were en- 
tirely idle, because it had not been possible to find 
the necessary hands. As far as the other branches 
were concerned the employment had now reached about 
60 per cent. of the normal. The months of August 
and September brought losses, but this had now been 
overcome. The Jarny mines in French Lorraine, which 
this company owned jointly with the Phenix Com- 
pany and the Heesch Company, had so far been spared 
from the terrors of the war. The water, however, 
entailed daily a there, but it was hoped that 
the mines, by the aid of the German administra- 
tion there, could soon be worked again. The old 
complaint, made for many years, that the Rhenish- 
Westphalian Coal Syndicate fixed their coke at too 
high @ price, was again brought forward. As others 
seemed to hold the same view, a reduction might 
be looked for, in anticipation of which they had 
again started their third blast-furnace towards the 
end of October, although they had no sale for all this 
pig iron ; but they were anxious to help the Coal 
Syndicate in the matter of a larger manufacture of 
a ce nae benzol, and ammonia. 

The Lorraine combine of iron works, the Aumetz- 
Friede, lately decided to extend work and especially to 
increase the output of the blast-furnaces now in 
operation. The demand for rolled material was com- 
paratively satisfactory, and the supply of coke had 
become more abundant. Shortage of heer was making 
itself felt in the mines and in the matter of 
This might somewhat interfere with continuous work- 
ing and extension. The supply of ore will, however, 
soon be replenished by arrivals from stocks at the 
Murville mines. 

Several concerns in the iron industry have announced 
materially reduced dividends. Thus the Augsburg- 
Niirnberg erga Company is only declaring 8 per 
cent. for the last financial year, against 16 per cent. 
for the preceding 
marks having been written off on account of the war, 
in addition to statutory writings-off of 2,343,627 marks. 
The large Bochumer combine in the mining and cast- 
steel industries had, shortly before the war broke 
out, proposed a dividend of 14 per cent.; the general 
meeting was postponed, and the board has now decided 
to reduce the dividend to 10 per cent. and to write off 
1,500,000 marks on finish products, outstanding 
Secounts, &c. Other writings-off amount to about 


year, an extra sum of 2,000,000 th 





4,000,000 marks ; the share capital is 36,000,000 
marks. 

On the other hand, the Bismarckhiitte has declared 
the same dividend as last year—viz., 9 per cent.—the 
— being almost exactly the same (1,969,090 marks). 

cts for the current year were stated to be satis- 
factory both as regards articles for peace and for war. 
The share capital is 16,000,000 marks. 

The Westphalian Copper and Brass Company has 
reduced its dividend for the last financial year from 
8 to4 per cent. Employment at present is satisfac- 
tory, but uncertainty naturally prevails as regards 
the future. 

We learn from the report presented at the recent 
annual meeting of the large Phoenix Company that the 
net profits for the last financial year will allow of 
the same dividend as for the preceding year (15 
per cent.), but having regard to the present position 
a dividend of 10 per cent. was declared. The 
acceunts owing to the ow by hostile coun- 
tries are not heavy (only about 3,000,000 marks), 
and against that sum the company owes about 
1,000,000 marks. Even if this money should be forth- 
coming at the end of the war, it is not available at 
present. In addition, the Phenix Company possesses 
extensive mines in foreign countries, especially in 
France ; those in French Lorraine are still un- 
damaged, the German troops being in the district, but 
they have not been worked for some time now, and 
keeping them in working order means a continuous 
expense. The fate of the mines in districts still in 
French ion is uncertain; it is not known 
whether they have been damaged, and, if so, what 
compensation can be reckoned upon, but it has been 
deemed advisable to increase the writings-off under 
this head. The effect of, and losses arising from, the 
war cannot be overlooked at present. Owing to the 
large extensions now in progress, which will be pro- 
ceeded with, the bank deposits are only about half of 
what they were a year ago—viz., respectively 17,500,000 
marks and 33,500,000 marks. During the first four 
months of the current year the shipments of iron pro- 
ducts amounted to 273,710 tons, against 408,430 tons 
for the same period last year. This represents about 
65 per cent. of the normal working of the mines, and 
for the immediate future an employment of 50 to 60 per 
cent. is reckoned upon. The output of coal during the 
first four months of the current year was 1,220,510 
tons, against 1,776,026 tons for the same period last 

ear. Orders in hand on November 1, those from 
ostile countries having been deducted, amounted 
to 266,000 tons, against 430,000 tons at the same 
date last year. The net profits for the first quarter 
of the current year were 4,380,000 marks, against 
11,081,000 marks for the same period last year. 
Matters would have looked still worse had not the 
company, owing to the large stocks at the works, 
been able to work a couple of months without fresh 
supplies of any moment. 

As regards the present position, some departments, 
busy with war requisites, compensate for the lack 
of employment in other branches, based mostly upon 
export ; for instance, the wire works. For the next 
few months there is not likely to be any change in this 
respect ; what may happen after that, no one can fore- 
tell. The value of the company’s iron works and mines 
stand in the book at 89,000,000 marks, and the coal 
mines at 55,000,000 marks. The sage sales last 


a amounted to the substantial figure of 182,000,000 
marks. 
At the annual meeting of the Hoesch Steel 


Works, Dortmund (dividend 15 per cent.), the em- 
ployment was said to amount to about 65 per 
cent. of the average, and orders in hand were 
enough to pay 4 up this degree of employment for 
some three to four months. An increase of the pro- 
duction can hardly be looked for at present, partly 
on account of the shortage of skilled labour. Nor 
is it possible to increase the supply of iron ore, 
as there is a marked shortage of labour at the 
mines in which the company is interested. This 
again means that the present output of pig-iron can- 
not be increased. 





Our Coat ABRoap.—The war is now reducing our coal 


exports to an appreciable extent, no shipments being|and W) 


made at present to Germany, Austria and Hungary, 
Roumania, and Turkey. 


The aggregate shipments in the 
eleven months 


November 30, this year, were 
poset nce” vey as -_ wna a4 tons in = 
corresponding peri an 747, tons in 
corres} ing period of 1912. These totals were increased 
to 57,951,092 tons, 70,160,934 tons, and 61,070,280 tons by 
@ addition of coke and patent fuel. Account should 
also be ? ~ of ao shi on the use of —— 
oo in foreign trade; these shipments amoun in 
the first eleven months of this year to 17,287,364 tons, as 
compared with 19,189,501 tons, and 16,734,586 tons. In 
one way or another coal accordingly left the shores of the 
United Kingdom in the eleven months ended Nov- 
ember 30 to the extent of 75,238,456 tons, as compared 
with 89,350,435 tons in the corresponding eleven months 
of 1913, and 77,804,866 tons in the corresponding eleven 
months of 1912, 





** THE INFLUENCE OF BANKS ON 
INDUSTRY.” 
To THe Eprror or ENGINEERING. _ 

S1r,—The interesting leading article in your issue of 
December 4, under above heading, is inclined to 
overlook the fact that the first duty of bankers is towards 
their shareholders ; and whilst shareholders prosper it is 
listle wonder that bankers abstain from a class of business 
which must necessarily be more hazardous than their 
— b eve and safe — . . » 

poin out in your arti © primary object 

industrial banks woe be to pocanete aad foster trade 
with the most powerful of all weapons—namely, finance. 
But = should our Government be expected to assist in 
these directions when already this country vides 
capital for industry abroad on the largest possible scale, 
but without our Government considering it necessary to 
ensure that preference must be given to British material 
in the spending of this British money ? 

Without discouraging new methods of yee | trade, 
why not take advantage of the channels al: y avail- 
able? Recognition on the part of the Government that 
industrial matters deserve ordinary common-sense treat- 
men? would seem the first necessity. That the Govern- 
ment are capable of action has been shown by their treat- 
ment of commercial matters during recent critical times. 

T am, Sir, yours faithfully, 


E. J. 
32, Roland-gardens, S.W., December 15, 1914. 





Sm W. G. Armstronc, WairwortH anp Co. — The 
trustees for the debenture-holders of Argylls, Limited, 
have issued a circular intimating their approval of the 
sale of works at Alexandria, near Glasgow, to Sir W. G. 
Armstrong, Whitworth ana Oo., Limi and acceptance 
of the offer of the liquidators, Argylls, Limited, to pay 
the debenture-holders out of the purchase price the 
amount of their respective holdings—viz., 142,964/.—with 
interest to the date of the liquidation. The trustees 
state that the price offered for the works and ground at 
Alexandria, ae feu duties, and also including the 
movable | ny which is valued at 11,933/., and which 
does not form part of the debenture-holders’ security, is 
153,800. The only other security held by the trustees 
for the debenture-holders is the Bridgeton works, which 
are valued approximately at 6000/. 





German TRADE witH CanapAs.—A special eqert on 
German trade with Canada has been prepared by His 
Majesty’s Trade Commissioner for the Dominion (Mr. 
C. Hamilton Wickes). The value of the German 
imported during the fiscal year ended March 31, 191 
amounted to only about 2,900,000/., as com 
with 28,500,000/. from the United Kingdom, and 
90,600,0002. from the United States. The most im- 
portant branch of Germany’s trade with Canada con- 
sists of low-priced imitations or reproductions of British 
manufactures. British manufactures, which are usually 
of higher price than the German goods, but of intrin- 
sically greater value, require to be given greater pub- 
licity, as well as assistance by first-class selling methods, 
to enable them to compete with low-priced goods. I 
is well known that this side of trade is neglected, and 
in many cases the British manufacturer handicaps himself 
further by indifferent know] of the local market con- 
dition. Copies of the report, which also contains detailed 
statistics of Germany’s trade with Canada during the 
years 1908-9, 1912-13, and 1913-14, may be obtained by 
United Kingdom manufacturers on a to the 
Commercial Intelligence Branch of the of Trade, 
73, Basinghall-street, London, E.O. 





Roya Institution Lecrures.—The following are the 
lecture ts at the Royal Institution, before 
Easter :— essor ©. V. Boys, a course of six experi- 
mentally illustrated lectures, adapted to a juvenile 
auditory, on “Science in the Home” : “‘ Mechanics in 
the Home,” December 29; ‘‘ Chemistry in the Home,” 
December 31 ; “‘ Fluids in the Home,” Jan 2; ‘Heat 
in the Home,” January 5; “‘ Electricity in Home,” 
January 7 ; ‘‘ Light in the Home,” January 9. Professor 
William J. Pope, two lectures on ‘“‘ Colour Photography 
—Scientific Applications”: 1. “ ey Apprecia- 
tion of Colour in Monochrome,” 2. ‘* Photography in 
Natural Colours.” Professor Sir James G. Frazer, two 
lectures on ‘‘ The Belief in Immortality among the 
Polynesians.” Dr. Henry G. Plimmer, three lectures 
on ‘‘ Modern Theories and Methods in Medicine”: 1. 
** Medicine and Science.” 2. ‘‘ Immunity.” 3. ‘* Methods 
and Results.” Dr. Chalmers Mitchell, three lectures on 
** Zoological Studies : War and Evolution”: 1. ‘ Nations 
as Species.” 2. “8S le of Species.” 3. “ epee 
Nations.” Sir Herbert Warren, two lectures on ‘Poetry 

ar.” Dr. Aubrey Strahan, two lectures on 
**London Geology:” 1. “‘The Form and Structure of 
the London Basin.” 2. Ground th - 
Dr. Richard T. Glazebrook, two lectures on “‘ Aerial Navi- 
Ss Principles:” 1. “‘ The Requirements of 
heory.” 2. ‘* The Requirements of Practice.” Dr. Wal- 
ford Davies, two lectures on ** Music:” 1. “‘To Untrained 
Listeners”. (illustrations by lecturer); 2. ‘‘ Emergency 
Music” (illustrations by a small choir). Professor Sir 
J.J. Thomson, six lectures on ‘‘ Recent on 
Atoms and Ions.” The Friday evening meetings will 
commence on January 22, when Professor Sir James 
Dewar will deliver a discourse on ‘* Problems of je ra 
and the Rare Gases.” Succeeding discourses prob- 
ably be.given by Dr. _ k, Professor A. W. 
Orossley, Dr. William 8S. Bruce, Professor E. B. Poulton, 
Rev. A. L.. Cortie, Sir Rickman John Godlee, Pro- 
fessor G. H. Bryan, Professor Sir J. J. Thomson, and 
other gentlemen, 
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MICHELL THRUST-BLOCK FOR THE 
8.8. ‘*“CIUDAD DE BUENOS ATRES.” 


On this page and on e 727 we illustrate the 
Michell thrust-blocks fitted by Messrs. Cammell Laird 
and Co. to the 6000-ton turbine-driven liners Ciudad 
de Buenos Aires and Ciudad de Rio de Janeiro. These 
are twin-screw geared-turbine steamers developing 
about 2625 horse-power per shaft, the shaft diameter 
being 9 in., and the revolutions at full speed 260 per 
minute. As Mr. J. Hamilton Gibson has pointed 
out (Proceedings of the Institution of Civil Engi- 
neers, vol. cxcvi.) a geared-turbine drive proves parti- 
cularly trying to a thrust-block of the ordinary type. 
With a reciprocating engine the torque is not absolutely 
uniform, and the thrust, of course, varies in correspond- 
ing degree. There is thus little pulsation in the load 
o. the rubbing surfaces of the thrust-block with a re 
ciprocating-engine drive, which appears to favour the 
introduction of the lubricant between the rubbing 
surfaces. With geared turbines, on the other hand, 
the pressure between the thrust surfaces is almost 
absolutely steady, a condition which tends to check 
the flow of the lubricant between the rings and collars. 
Trouble has, therefore, been experienced when the 
ordinary type of thrust-block has been fitted to geared 
turbines, although the conditions were nominally 
identical with those of thrust-blocks working quite 
satisfactorily with reciprocating drives. The ordinary 
thrust-block is, moreover, costly to construct and 
cumbrous. A by-no-means negligible fraction of the 
power applied to it is wasted in friction, and that it 
still remains in use is, in view of our present know- 
ledge, somewhat surprising. 

The principle of the Michell bearing has been 
repeatedly described in these columns, so that it is 
unnecsssary to do more now than recall that the 
thrust is transmitted from the running part of the 
bearing to the standing part through a series of 
sectors supported in such fashion that the resultant 
thrust on each passes through a point one-third’ the 
width of the block from its trailing edge. Under 
these conditions each block takes a slight tilt, the 
interspace between it and the face of the opposing 
collar being about twice as wide at the leading edge 
of the block as at the trailing edge. This condition 
has been shown by theory to that most conducive 
to the flow of lubricant between the surfaces. The 
result is that extraordinary pressures can be carried, 
the limit of endurance being, in fact, fixed not by 
limits of lubrication, but by the resistance to pres- 
sure of the metal surfaces themselves. In some 
experimental work loads of over 5 tons per sq. in. 
have been carried without any lubrication diffisulties, 
though under this pressure the white metal itself 
began to flow. 

general view of the bearing is represented in 
Fig. 1, annexed, whilst Figs. 2 to 6, page 727, show 
details of its construction. The shaft, which, as stated, 
is 9 in. in diameter, rests on ordinary bearings at each 
end of the thrust-block housing (see Figs. 2 and 3), 
and has but two collars, of which one is used in forward 
running, and the other when running astern. One of 
these collars is shown exposed in Fig. 4, the distance 
between the opposite faces of the two being 20 in. 

A bridge-piece A, Figs. 2 and 4, embraces the shaft 
between the collars, being split in halves, as shown in 
Fig. 6, so that it can be placed in position. It is pro- 
vided with lugs to take the 2}-in. bolts shown in 
Fig. 4, by which the thrust is finally transmitted to 
the housing, and is clamped in place by the double nuts 
shown. Beside: being = radially, the bridge-piece 
is also divided along a plane normal to the axis of the 
shaft, the components being held together by bolts 
passing through the 1}-in. flanges shown. This joint 
makes possible small adjustments in the total length 
of the bridge-piece, by using in the joint packings of 
different thicknesses. A set of eight pivoted blocks 
(see Fig. 5) at each end transmits the thrust from the 
corresponding collar to the bridge-piece. Keys let into 
the faces prevent the segmental blocks being carried 
round b the motion of the opposing collar, whilst the 
are held in place radially by half hoops B of steel, 
studded to the bridge-piece, as best seen in Fig. 5. 
To ensure an ample supply of lubricant, the co 
dip into oil confined in the lower part of the housing, 
and by the serrations shown pick up oil, which they 
deliver to the guides C which feed the oil-cups, shown 
in the bridge - piece at D. These by appropriate 
channels deliver the oil to tne annulus between the 
shaft and bridge-piece, best seen in Fig. 6. From 
this annulus the oil makes ite way out, and back. into 
the orm Ey between the faces of the collars and 
segmental blocks. A light wrought-iron cover, best 
seen in Fig. 1, protects the block from the dust and 
dirt of the engine-room. 

Provision is made for the cooling of the oil in the 
bottom of the housing by means of the cold-water 
circulation pipes, shown in Figs. 2 and 3. On trial, 
however, the blocks were found to run perfectly satis- 
factory when merely air-cooled. With the shafts 
running at 260 revolutions per minnte, and trans- 
mitting 2600 horse-power, e oi] temperature did 
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not rise beyond 148 deg. Fahr., the engine-room tem- 
perature being 90 deg. Fahr. There was no discolora- 
tion of the oil at the end of an 184-hours’ run. The 
block in the present case is lightly loaded, the pres- 
sure being but 300 1b. per sq. in.; but this figure, 
though low for a Michell block, is about six times as 
much as is commonly permissible with the ordinary 
tyne of thrust-block. 

Mr. H. T. Newbigin, of 3, St. Nicholas-buildings, 
Newcastle-on-Tyne, who is Mr. Michell’s agent in this 
country, was responsible for the design. 

The bearings were made at Birkenhead by Messrs. 
Cammell Laird and Co., Limited, under the patentee’s 
license. 





HORIZONTAL DRILLING, TAPPING, AND 
BORING-MACHINE. 

On e 730 we illustrate a horizontal drilling, 
tapping, boring, and milling-machine, constructed by 
Messrs. William Asquith, Limited, of Halifax, for a 
British railway company. 

This machine comprises a strong pillar, arranged to 
traverse by hand and power over a bed of heavy sec- 
tion, on which it can be securely locked when desired. 
The pillar is also arranged to swivel through an arc of 
90 deg. by gearing operated from the saddle. An 
index arrangement is provided to ensure accurate 
adjustment. 

e drilling-sadc.e is adjustable on the pillar by a 
screw actuated by a conveniently-placed hand-wheel, 
and can be quickly locked in any position. The saddle 
is accurately balanced to ensure easy adjustment on 
the pillar. The spindle, of hard steel, is 24 in. in 
diameter ; it is adjustable through a strong sleeve, 
which acts as a rigid support when the spindle is out 
at extreme traverse, and has feed traverse of 15 in., 
hand and self-acting. The self-acting feeds (four in 
number) are positive, through gearing, and can be in- 
stantly engaged or disengaged by a friction device. 
Double gear is provided on the saddle to give the 
necessary ds for tapping, boring, and facing, &c. 
The reversing motion for tapping and studding is 
operated by a handle placed on the saddle. e 
spindle is driven by a variable-speed electric motor 
placed at the top of the pillar. 

A strong base-plate, bolted to the bed, carries a 
special work-table, which is arranged to traverse to 
and from the pillar by hand and power motion. This 
special table has also a rotary motion through a com- 
plete circle, operated by hand and power motion, with 
indexing arrangement. The power motions of the 
work-table, and those of the pillar over the bed, are 
obtained by means of a variable-speed motor at the end 
of the bed. The power traverses enable the machine 
to be used ee for milling, &c. 

The area covered by the drill-spindle is 5 ft. by 5 ft., 
5 ft. traverse of the pillar on the bed, and 5-ft. adjust- 
ment of the saddle on the pillar. The work-table is 
5 _ square, with a traverse over the base-plate of 
1 ft. 6 in. 





Tue German Iron Inpustry.—The Bismarckhiitte 
amy om A has declared a dividend of 9 per cent. for the 
last financial year, as in the preceding year. 2,750,000 
marks have been written off, against 2,500,000 marks for 
the previous year. The board states that the company 
is Fa satisfactorily an arg en with — both ~ = 
and peace pu at present the prospects for 
current year leave nothing to be desired, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 2. 

THERE is @ pronounced unwillingness among Ameri- 
can makers of steel products for export to give specific 
information as to orders received, use of the pos- 
sible danger of capture in transit of supplies ordered. 
It is known, however, that steel-rail export orders, 
closed or closing, foot up approximately 100,000 tons, 
35,000 tons steel ties (fur Greece), and close on to 100 
locomotives, of which about one-third are of light 
weight. Pig-iron has sud:lenly improved, sales for the 
week aggregating over 275,000 tons, the bulk of the 
business being placed in the Buffalo district. Pig is 
regarded as at its lowest. Very few large consumers 
are protected by contracts. Conditions exist for a very 
heavy demand owing to very low stocks in makers’ and 
consumers’ hands. This applies to steel bars for agri- 
cultural uses, but buyers are trying hard to do with 

rices what the Germans are trying to do at Ypres. 

he steel-bar demand for 1915 will be exception- 
ally large, owing to the contemplated enlargement 
of the planted agricultural area to meet anticipated 
export demands. Outside of steel rails and pig-iron 
the improvement is not pronounced, though better 
than for a few weeks past. A recent European inquiry 
is for 2000 tons galvanised wire and 20,000 cast-steel 
car wheels. The St. Paul Railroad has ordered 12 
electrical locomotives; the Canadian Trans-Continental, 
450 steel freight cars and 40 sleepers. Norway wants 
5000 tons of track supplies. The Standard Oil Company 
wants 4000 tons fora tanker. Greece wants 20 ad 
motives here. The Atchison Railroad has ordered 12,000 
tons of rails and 6500 tons of tie-plates. The general 
outlook is more encouraging for an improved domestic 
and export demand. Financial conditions are expected 
to improve, and a steady enlargement of demand 
appears to be anticipated. Quotations are asked for 
several thousand tons of billets and slabs for export. 





METALS IN GeRMANY.—The German industry, in spite 
of what the Press generally professes, must suffer terribly 
from war, if for no other reasons than from short 
supply of raw materials, and correspondingly high prices. 
For instance, such a universally-used material as copper 
is now quoted in Germany at about twice the price of the 


current quotation in the open market, tively 220 
marks 100 kg., and 55/. 5s. per ton. uminium has 
gone still higher in proportion, being now quoted at 450 to 


500 marks per 100 kg., against 160 marks at the time of 
the war being declared. Antimony is still worse, now 
costing about four times the price when the war broke 
out, the figures being respectively 45 marks and 200 to 210 
marks per 100 kg. 





Tue “ MecHanicaL WoRLD ” Execrricat Pocket-Book 
FOR 1915.—The 1915 edition of the Mechanical World 
Electrical Pocket-Book maintains tradition in giving 
extra and new matter as compared with previous issues. 
There are, for instance, new sections on electric circuits 
and switching, and synchronising and phasing-out. 
There is @ new section dealing with the troubles 
incidental to alternating-current generators and motors. 
The.section on continuous-cutrent dynamo and motor 
defects;'which has ap) béfore, has been revised. It 
is i form, rendering reference easy, 
and contains just the concise information which a user 
turning up the book might be likely to require. The pocket- 
book is published by Messrs. Emmott and Co., Limited, 
of 65, King-street, Manchester, and 20, Bedford-street, 
London, W.C., at the price of 6d., or 1s. 6d., depending 
on the binding. 
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“CIUDAD DE BUENOS AIRES” AND 
(For Description, see opposite Page.) 


CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND CO., LIMITED, BIRKENHEAD, TO THE DESIGNS OF MR. H. T. NEWBIGIN, A.M. INST. C.E., NEWCASTLE-ON-TYNE. 
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AUTOMOBILE MANUFACTURING AND 
THE WAR. 


A vERY important meeting was held in Birmingham on 
the 1lth inst., under the auspices of the Institution of 
Aut mobile Engineers, to consider the question of finding 
new sources of supply of parts for motor-cars which bave 
hitherto been obtined from the Continent, and to discuss 
x ena the difficulties under which the industry now 

rs. 


Captain J. 8. Critchley, the President of the Insti- 
tution, was in the chair, and over 120 members and 
visitors were present, including representatives of many 
of the big steal firms, such as Messrs. Frith’s, Vickers’, 
Kayser Eilison’s, Flather’s, &c. : 

ny of these gentlemen would not admit that the 
charges brought against the steel manufacturers of Great 
Britain by Mr. Pomeroy in his paper, which opened the 
meeting, applied to them, and thought that the fault lay 
rather with the automobile industry in not knowing what 
they really required. They also blamed the motor-car 
manufacturers for not giving better support to home 
roductions. All the speakers did, however, agree with 

r. Pomeroy that it was desirable that the travellers of 
steel-makers, in fact, of all firms, should be more highly- 
trained men, who could discuss the technical problems 
with the heads of the firms upon whom they called, and 
that closer co-operation between the heads of the two 
parties would lead to much better results than now, when so 
much business was done between the traveller and buyer. 

The stampers complained that their diffisulties were 
enormously inc by the great number of specifi- 
cations of steel which they had to work to, and this was 
a point which cropped up very frequently during the 
discussion. Another feature which Mr. Pomeroy laid 
stress upon in his paper, which was dealt with by eeveral 
speakers, was the question as to whether heat treatment 
should be done by the <7 or by the automobile 
manufacturer after receipt of the stampi here 
appeared to be no general agreement on the subject, 


one speaker going so far as to state that the practice of 
one big steel- maker was to insist upon wy S the 
stampings returned to him for heat treatment befure 


being sent out as the production of his firm. 

Mr. Pomeroy, in his reply, mentioned, among other 
things, that he had received quotations for a simple 
stamping tr.m five different British firms which varied 
between 3s. 6d. and 14s. pm piece, so that it was evident 
that there was a good deal of misunderstanding some- 
where ; it was possible that this was due to some extent 
to the point raised by the stampers that the quotations 
applied to quite different specifications of steel. 

he President summed up the matter by suggesting 
that the first step to be taken should lie in the direction 
of a reduction in the number of steels used, and the fixing 
of a limited number of standards, with recommendations 
as to the parts or class of work for which each standard 
would be suitable. He pro the election of a com- 
mittee to discuss the question as a preliminary, which 
was unanimously agreed to, and Dr. Hatfield, Messrs. 
Brearley, Dickenson, Flather, and Kayser Ellison were 
elected to represent the steel-makers, to act with a 
committee of automobile manufacturers to be appointed 
by the Institution of Automobile Engineers. 

It is to be hoped that the work of this committee will 
not be confined entirely to the limitation of the number 
of steels, but that their meetings will lead to clover 
co-operation between the heads of the steel-making and 
motor-car building firms in all branches of their work, 
which is bound to have an excellent effect throughout. 








Frxe-Tests with Doors.—Some interesting tests of 
the fire-resisting property of 1{-in. deal doors treated by 
the ‘‘Oxylene” process are the subject of report just 
issued by the British Fire-Prevention Committee. ‘The 
**Oxylene” process of impregnating timber, of the Timber 
Fire-Proofing Company, Limited, London, was fully 
described in ENGINEERING, vol. xcvii., page 760. The 
tests recently conducted were made on two six-panel 
deal doors with flush panels, one door being p 
inside a brick opening, and the other outside a similar 
opening. The test consisted of exposure for 60 minutes 
to fire, the temperature ually rising to 1500 deg. 
Fahbr., but not exceeding 1650 deg. Fahr., followed by 
the application of water from a hose for 2 minutes 
from the fire side. The tesy showed that though smoke 
issued through the joints, the doors were standing intact 
without any sign of burning on the outside at the end of 
the 60 minutes, when the gas was turned off. On the inside 
the wood was charred, but at the time the gas was turned 
off the charring did not exceed an average depth of # in. 
On water being directed on the doors from the inside a 

anel of each fell out and water came through several joints. 

‘aper placed on a terra-cotta block, 12 in. away from the 
outer face of each door, was not scorched. The value of 
these reports is considerably curtailed by the fact that 
the Committee does nob venture to draw up any conclu- 
sions. The reports ‘‘are intended solely to state bare 
facts... r they are on no account to be read = 
expressions of opinion, criticisms, or compari a 
spite of this some idea of the value of the process by 
which these doors had been treated may be gained by 
reference to an earlier report by the Committee on 2-in. 
osk and teak doors. Doors of this type subjected to a 
similar test colla so completely that practically nothing 
was left standing at the end of 60 minutes’ exposure 
to fire, flame appearing on the inside at the end of 
5 minutes. Two-inch doors of teak ahd oak are recog- 
nised as fire-resisting by the London County Council, 
but the “‘ Oxylene”-treated deal doors would appear from 
these tests to afford vastly ter protection, their 
resistance really being extremely good. 





THE ROYAL METEOROLOGICAL SOCIETY. 


At the meeting of the Royal Meteorological Society, 
held on Wednesday evening, the 16:h inst.. at the Sur. 
veyors’ Institution, Westminster, Mr. W. F. Stacey, of 
University College, Reading; read a paper on “‘ The Dis- 
tribution of Relative Humidity in England and Wales.” 
He had prepared mean monthly and annual maps of 
relative Pesnidiey, based on the 9-a.m. observations 
made at over ninety stations during the ten years 
1901-10. An examination of these maps shows that in 
winter the air over the interior of the country is more 
moist than that over the coastal regions; that the mini- 
mum relative humidity occurs earlier in the year in the 
western parts of the country than in the eastern; that 
in summer the air over the interior of the country is drier 
than that over the coastal ions; and that the smallest 

of humidity is found in the west and the greatest in 
the interior towards the east. The distribution of tempera- 
ture is the chief determining factor in the distribution 
of relative humidity ; while sea influence, the direction 
and character of prevailing winds, the configuration of 
the country, all have important effects on temperature and 
therefore on relative humidity. 

A paper by Mr. A. E. M. Geddes, M.A., on “ Observa- 
tions of the Upper Atmosphere at Aberdeen by Means of 
Pilot-Balloons” was also read. These observations were 
made at the Observatory, King’s College, during the 
years 1912 and 1913, and in every case two theodolites 
were used, thus securing an accurate determination of 
the flights to a level of 3000 metres. In clear weather 
the upward velocity of the balloon is shown to be fairly 
uniform, but to depend on mor: than the free lifs. 
When clouds are present they influence considerably this 
velocity, the effect differing according to the nature of 
the cloud. The gradient, wind velocities and direction~ 
have been calculated and compared with those actually 
found by observation. 





Tue Royat AGRICULTURAL Socizty.—At a meeting 
of the Royal Agricultural Society, held in London last 
week, Lord Northbrook in the chair, it was announced 
that it had been decided to proceed with the arrangements 
for holding the Royal Show at Nottingham next summer. 
The Society had built up a reserve fund, which would 
enable the Show to be held even if it were to result in 
some loss. In view of the activity throughout the country 
of manufacturers engaged on Government contracts, it 
had been decided to postpone the tests of agricultural 
tractors and ploughs, originally fixed for 1915, until 1916. 





Tue Merropo.titan WATER Boarp.—During the past 
year a contracp has been let for two stoi reservoirs 
in the Thames Valley, ous Coen = —~" of 
an te capacity of 7,000,000, gallons, together 
wah an intake channel from the River Thames just 
below Penton Hook, inlet, outlet, and other incidental 
works. The water abstrac from the river will be 
gauged through three Venturi meters, each istering 
amounts between 10,000,000 and 100,000,000 gallons per 
day. Venturi meters will also be provided at the outlet 
for gauging the water supplied from the reservoirs. The 
outlet pipes from the reservoirs will be 7 ft. in diameter, 
and arrangements will be le for discharging water 
either into the existing Staines aqueduct, which runs 
along the northern side of the reservoirs, or into the 
7-ft. diameter main conveying the water to Kempton 
Park, where it is intended to construct additional 
filter-beds, and from thence a pipe of smaller dia- 
meter will be laid to supply water to the Board’s 
existing Hampton works. he contracts have been 
let for the construction of a service reservoir at 
Shooter’s Hill to contain approximately 1,000,000 gallans, 
and at Westerham Hill and Betsoms Hill each to contain 
300,000 gallons. These reservoirs will be constructed 
with side walls and floors of mass concrete, and the roofs 
of reinforced concrete. The reservoirs will be lined com- 
pletely with asphalt. A tunnel, of 16 ft. internal diameter 
and lined with cast-iron segments, has been driven 
through the London clay under the Thames between 
Twickenham and Richmond, and the contractors are 
now proceeding with the laying of three lines of 36 in. 
and one line of 30-in. steel main. Tenders have been 
invited for the erection of pumping-station buildi 
at the new well recently completed at Shorilan 
in Kent. The water-tower, containing an elevated 
steel tank, to contain 30,000 gallons, has been completed 
in the neighbourhood of Potter’s Bar, Enfield, and is now 
in use. Additional pumping installations at Crickle- 
wood and Fortis Green have been brought into use; each 
of these installations consist of three units, each com- 
prising 160 brake-horse-power, three-cylinder Liesel oil- 
engines, driving helical gearing and horizontal three-throw 
ram-pumps he Board is promoting a Bill in the coming 
session of Parliament seeking powers for the following : 
—The construction of service reservoirs at Bourne 
Hill, near Southgate, in their Northern District ; and in 
the Kent District, Eltham, Grove Park, Bromley, Farn- 
borough, Chelsfield, Sundridge Park, Bickley; the sinking 
of a well and the erection of pumping machinery and build- 
ings at Eynsford ; the construction of additional filter-beds 
at Walton-on-Thames; the laying of a main from Walton 
to their Brixton Works and thence to the Beachcroft 
Reservoirs at Honor Oak; the laying of a main from 
Nunhead Reservoir to connect to a main in Queen’s- 
road, Dulwich, supplying water to the Kent district ; the 
driving of a tunnel under Grove-lane and Dog Kennel- 
hill, Dulwich, to accommodate a large-size main. In 
the Kent district, during the coming year, a duplicate 
well at Southfleet is to be completed, and wells are to be 
sunk at Sundridge and Bexley ; when these wells are com- 
pleted pumping machinery and buildings will be erected. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a strong tone, but business 
was limited to two lots of Cleveland warrants at 52s. 3d. 
January 20, and 533. three months. The closing quota- 
tions were called 52s. 44d. cash, 52s. 7d. one month, 
and 53s. three months sellers. In the afternoon Cleveland 
warrants were just a trifle easier, and other two lots— 
making 2000 tons for the day—were done at 52s. 2d. cash, 
with closing sellers at 52s. 24d. cash, 52s. 5d. one month, 
and 52s. 11d. three months. Oa Friday morning the market 
was quite idle, but the quotations for Cleveland war- 
rants were very firm, with sellers naming 52s. 9d. 
cash, 53s. one month. and 53s. 6d. three months, but 
buyers only offered 52s. 14d., /23. 44d., and 52s. 10d. respec- 
tively. The afternoon session was also idle, but prices drew 
nearer. Clev warrants were quoted by sellers at 
52s. 7d. cash, 52s. 10d. one month, and 533. 4d. three 
months, with buyers at 52s. 4d., 52s. 74d., and 53s. 1d. 
respectively. Monday morning saw little change in the 
conditions, but Cleveland warrants were stronger at 
523. 8d. cash, 52s. 1ld. one month, and 53s. 5d. three 
months sellers. There were no transactions. In the 
afternoon the upward movement made further progress, 
and 1500 tons of Cleveland warrants were put through at 
52s. 11d. cash, 52s. 9d. seven days, and 53s. 3d. one month. 
Closing sellers quoted 53s. 1d. cash and 53s. 4d. one month. 
On Tuesday morning there was a notable advance in the 
price of Cleveland warrants, when an increase of 11d. per 
ton was recorded. The turnover consisted of 3000 tons at 
53s. 6d. fifteen days, and from 53s. 104d. to 54s. 141. one 
month, with buyers over at the latter figure, and sellers 
at 54s. cash and 54s. 3d. one month. In the afternoon the 
tone remained strong, but a were just a shade 
down from the morning. The business only amounted to 
1500 tons of Cleveland warrants at 54s. one month, and at 
the close sellers quoted 53s. 104d. cash, 54s. 14d. one 
month, and 54s. 74d. three months. When the market 
opened to-day (Wednesday) the tone was steady, but it 
eased off later. Cleveland warrants, 500 tons, changed 
hands at 54s. one month, with buyers over at 53s. 8d., 
and sellers at 53s. 11d., while for the other positions sellers 
named 53s. 74d. cash and 54s. 3d. three months. In the 
afternoon the market was weak and idle, and sellers of 
ee warrants quoted 53s. 44d. cash and 53s. 74d. 
one month. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has become somewhat stronger, and there seems 
more disposition to buy. Quite a good demand exists at 
present, and for prompt lots, and the price is from 
112. 7s. 6d. to 11/. 10s. per ton, Glasgow or Leith. There 
is a fair inquiry for forward parcels. 


Scotch Steel Trade.—After a spell of quietness the steel- 
makers in Scotland are now experiencing a kind of mild 
boom, which some consider to be largely due to the more 
hopeful conditions prevailing in the warzone. Business 
was much upset in the early days of the war, as we were 
not prepared for the gigantic task before us, but now that 
we have had four months to perfect our ‘‘ war-machine,” 
and to put our house in order, a quiet confidence in our 
ultimate success prevails, and business has once again 
begun to open out all round. The orders booked by 
steel-makers during the past week or two are some proof 
of this, as many schemes which were hung-up in the 
early days of mye pow are —_ under consideration, and 
the carrying out of some of them hasalready been decided 
upon. vernment orders amounting to a large tonnage 
have been responsible for much activity in some quarters, 
and no effort has been spared to push on with that work 
both by night and by day, recognising that the 
quicker the work is turned out the sooner will hostilities 
be ended. Ship and boiler-plates continue in very 
good demand, and although firmer prices prevail, 
there is still a lot of baying going on, as all the 
recent orders have not yet m covered, and raw 
material and fuel have an upward tendency. In the case 
of black sheets the makers are fairly well employed, 
while for sections there is quite a lot of business pass- 
ing. The home trade has picked up wonderfully of 
late, but the same cannot yet be said of the export 
trade. Inquiries are better, and now that most 
of the enemy’s raiders have been accounted for, 
foreign orders are bound to improve, as the insur- 
— of cargoes against war risks has been considerably 
redu 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland also exhibits signs of sharing in the 
general improvement which, is current at ee and 
employment is better. Prices are firm, but without 
change as yet, although an early advance is very prob- 
able. ‘‘Crown” bars are quoted at 7/. 12s. 6d. per ton, 
less 5 per cent. for local delivery. 


Scotch Piy-Tron Trade.—During the past week the 
demand for Scotch pig-iron has 7 improved, and a 
large business has been put through at enhanced prices. 
The better feeling which has been very noticeable in 
general commercial circles has led to increased og yr 
especially on home account, but export trade is also 
rather stronger since the work of clearing the high 


seas of the German warships is being so successfully 


accomplished by our Navy. Hematite is still in 
good uest round 77s. 6d. per ton, and deliveries 
are entioinete ry. Prices are all up, and the following 


are the market quotations for makers’ (No. 1) iron: 

—Clyde, 69s. 6d. ; Calder, Gartsherrie, and loan, 

70s.; and Summerlee, 70s. 6d. (all shipped at Glas- 

gow); Eglinton, 64s., and Glengarnock, 71s. (both at 

_" Shotts, 70s.; and Carron, 72s. 6d. (both at 
th). 
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NOTES FROM SOUTH YORKSHIRE. 
4 SHEFFIELD, Wednesday. 

Hull Coal Trafic.—Further substantial decreases are 
shown in the returns of coal traffic by way of Hull during 
November, but the actual position is not so bad as it 
appears at a glance, seeing that tbe figures relating to 
supplies to the British Admiralty and to the Govern- 
ments of Allied Powers are excluded. The total received 
for the month, 339,266 tons, was only about half the 
tonnage dealt with in Novembsr, 1913; while the total 
for eleven months, 5,254 216 tons, was about two million 
tons less than for the corresponding p-riod of last year. 
Exports for the month totalled 185,768 tons, and for the 
eleven months over 2? million tons, representing respec- 
tive decreases of 100,000 tons and about 1} million tons 
compared with 1913. The a shrinkage of foreign 
trade is mainly accounted fur by the cessation of business 
to Russia and Germany. In November, 1913, 94,000 tons 
went to Russia and 43,000 tons to Germany. ther 
c untries, however, assisted to compensate in some 
measure for the loss. The month’s export of 72,893 tons 
to France was 45,000 tons more than in 1913, while Sweden 
ine her requirements by 21,000 tons to 55,642 tons. 
The reduction was shared by all the collieries in South 
Yorkshire. Denaby and Cadeby Main sent 35,000 ton- 
less, Wombwell Main 18,000 tons less, Bullcroft 12,000 
tons less, Bentley 11,000 tons less, Dalton Main 10,000 
tons less, Dinnington and Manvers Main 6000 tons less 
each, Elsecar and Wath Main 5000 tons less each, and 
LBrodsworth 4000 tons less. 


South Yorkshire Coal Trade.—Prices for all classes of 
fuel have hardened with the reduction of output brought 
about by the short«ge of wagons. From this cause most 
pits are losing on an average one day a week. Derby- 
shire house sorts have been marked up 3d. to 6d. on top 
of the recent advance. Yorkshire household sorts are 
not quotably different, but the general tendency is for 
prices to appreciate. Trade in hard steams is active. 
‘There is a marked improvement in the demand for best 
sorts. Bigger tonnages are going to the Mersey and the 
Humber, and home consumption, particularly on local 
industrial account, is more than maintained. Slacks are 
a steadily improving market, and stocks are being 
cleared. Coke is the only weak feature. otations :— 
Best branch hand-picked, 16s. to 16s. 6d. ;_ y best 
Silkstone, 13s. to 14s. ; Derbyshire best hts, 13s. 6d. 
to 14s, 6d. ; Derbyshire house, 11s. to 12s. " 
nuts, lls. to 12s.; small nuts, 9s. to 10s.; Yorkshire 
hards, 10s. to 1ls.; Derbyshire hards, 9s. 6d. to 10s. 6d. ; 
best slacks, 7s. to 8s.; seconds, 5s. to 6s.; smalls, 2s. to 3s. 


Tron and Ste!.—There is a firm oane in pig-iron. 
The upward trend of values, and the difficulty of securin 
anything approaching prompt delivery. have direc 
greater attention to contract buying. Hematite is the 
strongest feature. West Coast hematites are quoted at 
80s., t Coast at 71s., Lincolnshire No. 3 ay J at 
54s. 8d., Lincolnshire forge at 53s. &d., Derbyshire No. 3 
foundry at 55s., and Derbyshire forge at 52s. Bar iron 
is improving, and the South Yorkshire Makers’ Associa- 
tion has decided to continue its basis quotation of 8/. 5s. 
for crown bars. Sheets remain at 10s. The out- 
standing event of the week has been an important 
conference between the National Engineering Em- 
loyers’ Federation and the Amalgamated Society of 
ingineers. Output at the big engineering firms en- 
ed on urgent work for the Government has been 

elayed owing to a sho! of men to work machines 
and bring material through the first stages of manu- 
facture. The more advanced departments have been 
kept waiting, and if the maximum amount of work is 
to be done, it is essential that this defect should be 
remedied. The conference was private, but it is under- 
stood that the representatives of the Amalgamated 
Society of Engineers agreed to a relaxation of the 
Society’s rules which will enable the simplest form of 
engineering work to done by men who are not re- 
garded by the Society as qualified for membership. Work 
1s increasing at forges and foundries. No concern that 
can in any way participate in the execution of Govern- 
ment orders need be without orders. Such work embraces 
a wide variety of products, including guns, shells and 
armour, swords, gun-barrels, arrows for airmen, military 
tools of all descriptions, knives, spoons, forks, razors, 
drinking-cups, and surgical instruments. The improve- 
ment in the condition of general trade in steel goods is 
maintained, though there are weak patches in export 
business. Billets are firm at unchanged rates. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBrouGH, Wednesday. 

_The Cleveland Iron Trade.—Encouraging accounts are 
given of the pig-iron trade. Producers have recently 
booked good orders, and there are still substantial 
inquiries in the market, though the naval engagements 
in the North Sea have become the all-absorbing topic, 
somewhat to the detriment of business. To some extent 
the improvement in Cleveland pig-iron is attributed to 
speculative deals in warrants, but undoubtedly the prin- 
cipal reason is the larger legitimate demand for home 
use. Much better cy 4 tee iven of East Coast hema- 
tite pig-iron, and in thi Seopa thaws is little facility for 
gambling ; uently hematite is not ham by 
speculative oj ions to any extent. The make of pig- 
iron of all kinds is stated to be fully taken up, ond os 
there is a marked —_ = labour, owing to so many 
workmen having joined Colours, there is little likeli- 
hood of the output being increased. 


means unsatisfactory statistical situation should therefore 
further improve. No. 3g.m.b. Cleveland pig has this week 


-; best large | best 





realised 54s, f.0.b., which is the highest price paid since 
the early part of October last . The general market 
price has now settled to 53s. 9d., and it is rather more a 
eeller’s than a buyer’s quotation. No. 1 is 55s. 9d. to 56s. ; 
No. 4 foundry, 53s. 3d.; No. 4 forge, 52s. 9d.; and mottled 
and white iron, each 51s. 9d. Nos. 1, 2, and 3 Kast Coast 
hematite pig are now fully 70s. That price has been 
paid, and makers, as a rule, ask rather more, some of 
them or ge hd to 75s. Foreign ore has been further 
advanced, pointing out that + ¥ freights and 
much difficulty in securing steamers rendered the 
step essential. Market rates are now based on 23s. 
ex-ship Tees for Rubio of 50 per vent. iy that is for 


early delivery. Contracts over six mon next year 
have been on the basis of 21s. Freights, Bi bao. 
Middles' h, are in the neighbourhood of 9s. Coke is 
steady and . Local consumers who are com to 


purchase have to pay high rates. Durham bee-hive blast- 
furnace coke of average quality is quoted 17s. 9d. to 18s., 
delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland 
the public warrant stores now stand at 1 
Since the ming of the month the stock 
reduced by 4 tons. Shipments of pig-iron from the 
Tees are on only a very moderate scale, and fall consider- 
ably below those of last month. To date this month they 
average 924 tons per working day, the total d tches 
being returned at 12,943 tons, 12,393 tons of which have 
gone from Middlesbrough and 550 tons from Skinnin- 
grove. To the same date last month the loadings were 
given at 33,896 tons, or —s average of 2421 tons, and 
for the corresponding part of December a year the 
clearances reached 44,294 tons, or an average of 3163 
tons per working day. 


Manufactured Iron and Steel. — Very satisfactory 
accounts are given of all branches of the manufactured 
iron and steel trades. Producers have excellent orders, 
and many firms are being pressed for delivery. A sub- 
stantial steel-rail order is expected to be placed locally by 
the North-Eastern Railway Company. The leet 
Iron and Steel Company have booked an order for 4000 
tons of rails. Fairly good Colonial and Continental 
— are in the market, including a 10,000-ton rail 
order for Denmark. Quotations all round are very strong, 
and advances are anticipated. Principal market quota- 
tions stand : iron bars, 82. ; best bars, 82. 7s. 6d. ; 

15s. ; packing iron, 6. 5s.; iron shi 
p-angles, 


sire 
"has been 


8l.; iron Gipcieeh, 


plates, shi boiler- 
plates, 8/. 5s.; steel strip, vloh ay 81.; steel 
joists, 7/. 2s. 6d. ; cast-iron columns, 7/. 7s. 6d. ; cast-iron 
i rs, 4/. 5s. ; light iron rails, 7/. 15s.; heavy 
steel rails, 6/. 7s. 6d. ; s railway sleepers, 7/.—railway 
material net at works, and all other descriptions less 
24 per cent. discount; galvanised corrugated sheets, 24 
gauge, in bundles, 14/. f.o.b.—less 4 per cent. 


pg a oo. — gg poe. Se 
tonnage have m placed wit orth- it Coast ship- 
builders. Messrs. A. F. Klareness and Co., of Lysaker, 
Norway, have contracted with Sir W. G. Armstrong, 
Whitworth and Co. for a steamer of about 12,000 tons, 
to be built on the Isherwood system.—Messrs. a 
and Sons, of Stockton, are stated to have secured an 
order from Messrs. Steel, Young and Oo., London, for 
an 8000-ton cargo-boat.—Messrs. Guthe Brothers and 
Co., West Hartlepool, have placed an order with Irvine’s 
Shipbuilding and Dry Docks, an. Hartlepool, for 
two shelter-deck steamers, with a -weight carrying 
capacity of about 7500 tons each. 





De Dion Cars ror 1915.—The cars which are being 
made by this firm for next year are practically the same 
as last year, with the addition of some improvements 
which are worth notice. The silent chain-gear is still 
retained, but has been considerably modified and 
improved. Formerly two chains were employ and 
while means were provided for their adjustment, it was 
not so easy todo as is now the case. In the new model 
only one chain is employed ; this passes round chain- 
wheels on the crank, cam, and magneto-shafts. The case 
containing the chain has a large detachable cover in 
front, ake smaller one, pivotally connected to the case 
by means of three studs and nuts, at the rear. This 
smaller cover forms a bearing for a short spindle, on the 
forward end of which is mounted the chain-wheel, and at 
the rear the magneto coupling. The to is mounted 
on a bracket forming part of this cover. The stud-holes 
in the cover are elongated, so that should the chain 
require tightening, all that is necessary is to loosen the 
nuts, when the whole cover, with magneto complete, can 
be rocked over the necessary amount, after which the 
nuts are tightened >» The rear suspension of the car 
has been modified by the substitution of semi-elliptic 
springs in place of the three-quarter pattern formerly 
used. A simple new device is seen in the means of 
lubricating the road-wheel bearings. Hitherto it has 
been usual to unscrew the hub-cap ; in the new car it is 
only necessary to remove a small screw in the centre of 
the cap and inject the lubricant by means of a grease- 

mp. The new model should uphold the famous De 
Dion reputation as worthily aa ite predecessors ; the more 
so in that, for the first time, Messrs. De Dion Bouton 
(1907), Limited, 10, Great Marlborough-street, London, 
W., are putting it on the market complete and ready 
for the road with a very full equipment at an inclu- 
sive price, either as a two or four-seater, both ty, 
a * smart design .and of high-grade construction 
and finish. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade remains in much the 
same state. On Saturday it was reported that ample 
tonnage was in dock; that a number of steamers were 
waiting for loading berths ; that many were due to arrive 
within the next few tides, and that colliery owners were 
looking forward to loading upon a large scale up to the 
holidays. Large steam coal has shown steadiness, and 
transactions for deliveries a few days hence have shown 
rather more firmness. which have been 


scarce, 
have also shown strength. best Admiralty large 
has made 20s. to 21s. ; best secondary descriptions have 


brought 18. to 19s.; other secondary qualities have 
made 17s. to 17s. 6d.; best bunker smalls, 11s. 3d. to 
lls. 9d.; and cargo smalls, 8s. 


per 
insurance, &c., to Cardiff or Newport. 

Swansea.—The great undertaking carried on by Lord 
Swansea and other members of the Vivian family as 
smelters of copper ore, silver, zinc, and lead ores, roilers 
of copper and other metals, manufacturers of alkalis and 
super- &c., has been registered as a private 
limited company, with a share capital of 650,000/. 

Newport.—Steam coal has shown little change. Large 
steams have been steady, and smalls have exhibited 
firmness. Tonnage has arrived eatisfactorily. Best 
Newport Black Vein large has been quoted at 16s. 6d. 
to 16s. 9d.; Western Valleys have made 16s. to 16s. 3d.; 
and Eastern Valleys, 15s. 3d. to 15s. 9d. per ton. 


Liantrisant.—In view of great mining developments 
which are expected to take in the area of the 
Llantrisant and Llantwit Vardre Rural Council, a depu- 
tation from the local trades council waited upon the local 
cutee to urge the adoption of comp seeing ceomnes 
for the Ely adjoining valleys. Mr. Idwal Williams, 
in introducing the deputation, said the population of the 
district was destined to increase from 18,000 to 100,000, 
and the Trades Council urged that building should be 
controlled in the public interest, and that the natural 
beauties should be preserved. The Council promised to 
consider the suggestions. 

The Swansea Valley.—There has been a good demand 
for pig-iron at the blast-furnaces at Landore, and busi- 
ness has steadiness in pretty well all departments. 
The tinplate trade has been ra easier, but several 
mills are still idle. There has been a good supply of 
steel ingots and an average production of steel bar. 





New SwepisH IrRono.aps.—In response to invitation 
by the Swedish Naval Department, tenders for the build- 
ing of four new ironclads of the Sverige type have been 
received from four Swedish yards—viz, the Kockum 
Yard, Malmié ; the nd Yard, Stockholm ; and two 
Gothenburg yards. first-named firm was lowest, 
with an offer at about 4,710,000 kr., the delivery of one 
vessel promised in thirty-six months. The desi 
is for q ple-shaft turbine vessels and Bofors-Gull- 


deck armour. The twin-screw system would 
increase both price and time of delivery slightly. The 
Bergsund Y. 


offer was 5,440,500 kr.; time, forty-two 
months. The Gothenburg New Yard quoted 4,949,000 kr. 
for one, and 10,000,000 kr. for two, the first to be de- 
livered within thirty-six months, the second eighteen 
months later. The Lindbalmen Yard asked 5,337,000 kr.; 
time, 344 mon prices were for quadruple shaft 
vessels ; with the twin-screw system the cost would be 
somewhat dearer— from 1000/. to about 3000/. 
a. Krupp Lage ee agg ed fact = 
this company, under existing circumstances, 
increased poe ae by such a large amount as 
- 1 iy attracted much attention, and 
has been received with satisfaction in Germany. By 
raising its capital from 180,000,000 marks (9,000, 0001.) to 
250,000,000 marks (12,500,000/.) the ee Company is 
now the second largest German limited liability company 
as far as share capital is concerned, the first being the 
Deutsche Bank. Of other large German companies, the 
following have the largest share capital :— 


Gelsenkirchen Bergwerks Gesellschaft 
Ham -America Linie - - 
Allgemeine Elektricitate Gesellechaft 
Deutech - Luxemburg Bergwerks 

Geselishaft “ ‘ mt it 
North German Lioyd .. - - 
Deutech - Uberseeische Elektricitats 


Marks. £ 
180,000,000 (9,000,000) 
180,000,000 (9,000,000) 
155,000,000 (7,750,000) 


180,000,000 (6,500,000) 
125,000,000 (6,250,000) 


Geselischaft 120,000,000 (6,000,000) 
mice ka, hay ) athe 106,000,000 (5,300,000) 
Great Berlin Tramway Company 100,000,000 (5,000,000) 

The increase of the capital of the Fried. Krupp concern 
is stated to be due to 


fact that the —s capital has 
of late been largely tied up by extension of workshops, 
purchase of property and coal-mi &c. The demand 
caused by the war have also hecessitated an increase in 
the company’s working capital. The Krupp famil 
taken over the entire new capital, of which f, or 
1,750,000/., has to be paid before the end of the present 


=. The company has paid the following dividends of 
te = :—In 19067, 19 per cent.; in 1907-8, 1908-9, 
and 1909-10, 8 per cent.; in 1910-11, 10 per cent.; in 


1911-12, 12. per cent.; in 1912-13, 14 per cent.; and in 
1913-14, 12 per cent, 
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HORIZONTAL DRILLING, TAPPING, AND BORING MACHINE. 
CONSTRUCTED BY MESSRS. WILLIAM ASQUITH, LIMITED, ENGINEERS, HALIFAX. 
(For Description, see Page 726 ) 


* wa ae is 
Frese « £m. 
——— - 
{ 





yr 





Soy 























Dec. 18, 1914.] 


ENGINEERING. 731 








‘ ” 
AGENTS FOR “ ENGINEERING. 
AUSTRALIA:  Soeben sod Gotch, Limited, Melbourne a 
Turner and Henderson, wee, Sw. uimott am snd 
North Adelaide, 
South Australia. Melvillé and Leen! po, ietoria. 
Avstria-Howoary, Vienna: Lehmann and tzel, Kartnerstrasse. 
Brerum: E. F. Satchell, 45, Avenue de erneawen 
Caxava, Toronto, Ont.: Wm. Dawson and Sons, Manning Chambers. 
Montreal: Sells, Limited, 302 Shaugnessy Building, McGill-street. 
Eprxsuren : John Menzies and Co., 12, 
France, Paris: Chevillet, 22, Ruede la Banque. Settanaies 
and vertisements, Librairie B. Quai des Grands- 
yy — Also for Advertisements, Agence Mavas, 8, Place 
Genmary, Berlin: A. Asher and 3 13, Unter den Linden. Leipzig: F. A. 
Brockhaus. 
Bei ee bed 





, Spink and Co. eenengs Thacker and Co., Ltd. 


, Landing 
ey wood, 143, Deansgate. 
tg and Gotch Limited, W: Auckland, 
Proprietary, ited, Wellington, 
Norway, Christiania: Bogh 
RorreRDaM : 





1, Carl Johans Gade, 41 and 43. 





ADVERTISEMENT RATES. 





The charge ee advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 


av seven words. yment must accompany all orders 
for le advertisements, otherwise their insertion cannot be 
guaran Terms for ed advertisements on the wrapper 
and on wg ee nye 4 be obtained on application. The 

are 12 in. dee 9 in. , divisible into four columns of 

in width. al advertisements will be inserted with all — 


regularity, but absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 








“ ENGINEERING” can be a direct from the Publisher 
post free, for twelve months, the following rates, payable in 


advance :— 
For the United Kingdom ............ £1 9 2 
For Canada— 
Thin paper eens £1 11 6 ($7.65 
Thick Seas encesocces 21 16 75, 
For all other places abroad— 
Thin paper MD sccccncces £1 16 © 
Thick — ovevcesecs 22 0 6 
When fore’ subscriptions are sent by Post-Office Orders, 
<— should be sent to Publisher. 
ign and Colonial 


subscribers Teoeiving incomplete copies 

Ve cemamebapy toauaiel te communicate the fact to the 

er, together with the agent’s name and address, 

accounts are payable to 1a apysenine. I 
crossed “‘ Uni: ion ion of 


HA... FO ion and 
jae Post-Office 
street, Strand, W.O. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 


LIMITED. 
’s Bank, 
ty should be 





We desire to call the attention of our readers 
Oe ee ee ee ee 
and that no connection exists between 
Secsmaah tik aie Ollie Gealihentines Glace cea 
what similar titles. 


a 





** ENGINEERING,” WESTRAND, LONDON. 
“Tauarior Muussns—S008 and 8598 GERRARD. 


= ——— 





aanaeee: - Cass. — Reading-cases which will hold twenty-six 
numbers of “ Enemvssring” may be had of the Publisher or of 
any newsagent. Price 68. each. 





CONTENTS. 
AGE || PAGE 
Stresses L Rotor Bindings Notes from Cleveland and 
— ea 719|| the —_> Counties .. 729 
Sbbeneeboaesante 719 > from South - 
an ae, ore 720) | 


‘The War nd ay 4 731 


m ry United t States 
Delays to Works of Con- 
struction Caused by the 


Foundry Cranes and Power 
Agencies—No. IIL. (Illus- 
Di itsnesaobwocancs 

Industrial Notes .......... 724 )| 

German Iron and Mining 
Industries and the War.. 
“ Influence of Banks on 

ae ae 

Michell Thrust-Block for the 
8.8. “Ciudad de Buenos 
Aires” (Jliustrated) 


725 || 


nels 

‘The Li Limite of aw « a. 
oes. ; lus.) . 

| moves U 





726 || Notes (/Wustrated) ........ 138 
Horizontal D Tap- Physical Backes of 
eee 8... nesasveres _—s 787 
, Pea 726)|Gelonial and Foreign Engi- 
Notes from the -United neering Projects os, 737 
MOD innkenodonsnameins 726 || pound Articulated 
Automobile Manufacturing || 2-8-8-8-2 Type 
ORS CHE WE 6 b0'ndsscu ss 728|| tive for the Erie Railroad 
The Koyal Meteorological _ od sieihdipndat 
_ PEE ee Electricity in the Printing- 
Notes from the North — (illustrated) pw quie 7 
Notes from South York- ENGINBERING Patent 
Pe esenenthslersatenasss 729)| (TUustrated) ............ 744 


With a Two-Page Plate of DETAILS OF COMPOUND 
ARTICULATED 28-882 TYPE LOCOMOTIVE FOR 
THE ERIE RAILROAD, 


733 | Plate maker. 


738 
“ to the inveution of weapons was ever to extend 


serious wound, being able to penetrate armour. 
Se Slowly—very slowly, indeed—the range of the gun, 
both small arm and cannon, was extended, until 
200 yards for the ‘‘ Brown Bess” musket and 1200 
yards for the 32-pounder naval gun re ted 
A-| the limits of effective fire for years. civilised 
nations were then fairly on an avcial aS 
weapons, and none owed an gratitude to 
ite engineers ; for it was no Be ogee armed than its 
neighbours. ‘Even the actual combatants had not 
great cause for thankfulness, for the range of the 
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Until the nineteenth century was + advanced 
the sword and the bayonet were the decisive factors 
in battle. The gun, large and small, played 


Beseeter P street, | its and no army could take the field ‘without 
Dudley, « discussion on Puddling va ey ont ae hn it, but it was not sufficiently powerful to crush 
dling Process,” will be opened by the President. 


the foe and hurl him into rout. Its function was, 
in military parlance, to ‘‘shake” the enemy, and 
render him more vulnerable to the charge, the 
really effective work being done with wea 

not differing in principle from those by which the 
Romans conquered the world. There was a very 
long interval during which the engineer did very 
little for the soldier. The musket was introduced 
about 1446, and the flint-lock in 1520, and there 
was no other invention of outstanding ‘importance 
until the rifle and the percussion-cap appeared in 
the nineteenth century. There is even less to 
chronicle in cannon, for once the art of founding 
was perfected, the only improvement consisted in 
boring them. The changes were so gradual that 
they were adopted practically simultaneously by all 
European combatants, and gave no advantage to 
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THE WAR AND ENGINEERING. 


Ir has long been a commonplace that naval war- 
fare is carried on by machinery. At every dinner 
of an engmeenns society the orator who replies 
for the. older branch of the forces of the Crown 
acknowledges their debt to the engineer, and urges 
his hearers to greater effort, so that the national 
supremacy may be maintained. It is also admitted 
that the success of the Army depends upon its 
obtaining an ample supply of weapons, but the 
intimate connection between the gun made by the 
engineer and the victory won by the soldier is not 
so keenly felt in this case as in that of the Navy. 
Yet it is undoubtedly true that, other things bein, 
equal, success has been attained by the side that had 
the better weapons ever since warfare was waged. 
Primitive man fought, no doubt, with his teeth 
and his nails, and his first attempt at weapons did 


any. 

i was not until the termination of the Crimean 
War that the engineer entered enthusiastically 
into the construction of weapons ; but the rapid 
diffusion of knowledge which characterises the 

resent time has not often allowed him to give 
his clients any very great advantage. There have 
been, however, a few notable exceptions. The 
Prussian needle-gun swept the field in the Austrian 
War of 1866, and made every Government in 
Europe adopt breech-loaders in a hurry. The 
torn ay although it did not bring victory, saved 
many a French rear guard in the Franco- russian 
not go beyond sticks and stones. These cannot} War. The Boers outranged our artillery by the 
be claimed as engineering achievements; but| device of putting big guns on wheels, although 
the flint axe most certainly can, and it is quite | mili experts declared that such artillery would 
conceivable that the first tribe which had a well-| be useless for want of mobility. In the present 
developed flint manufactory rapidly subdued its] war the German howitzers of large size have come 
neighbours. When the enemy broke, the axejas a complete surprise, and have immensely re- 
would complete the rout far more tho: hly than | duced the menace of fortresses. In most of these 
could be done by natural weapons. Probably the] instances the secret of the engineers was well 
next step—and a very long one—was the produc- | kept, and the result has been an immense advantage 
tion of missile weapons. This was, of course, | to their clients ; but, speaking generally, there is an 
preceded by stone-throwing, but the tough skins | equality in arms all over the tinent. An im- 
and hard heads of our early ancestors would not be vement introduced in one country is quickly 
easily damaged by these missiles. What was needed | imitated in another, with the result of greatly 
was some way of in ing the energy stored in| increased expenditure, but no particular military 
the projectile beyond that which could be imparted | advantage. 
to it by one effort of the arm, or, alternatively,| Weapons mainly affect tactics, the chief offect of 
its velocity must have been increased so as to| improvements being that battles are » sw com- 
ensure its penetration. The sling and the bow|menced with the combatants at a grea’ + distance 
represent the efforts of the early engineers to apart than formerly, and that cover h | become of 
fulfil these conditions. These with, later, the| immense importance. But the enthus‘.stic soldier 
catapult were the only weapons for thousands of is not content to watch his opponent ms a 
years which enabled a man to slay his enemy from | telescope. We read to-day of trenches only fifty 
a distance, but they were notable achievements, | yards apart, and of a mades being thrown 
and were the source of many a victory. But the| from one to another, pending the bayonet charge, 
MF ha engineers did not confine themselves to| which finally settles the question of possession. If 
weapous of offence. The bowmaker was often|the engineer had done nothing but invent long- 
Foiled by the armourer even more effectually than | range weapons warfare would not have exhibited the 
to-day the gunmaker is countered by the armour- startling features we see to-day. The first of these 

But armour was expensive and| is the immense size of armies. As the uis of 
heavy, and while the knight and the man-at-arms | Graham pointed out in his able Presidential Address 
were fairly invulnerable to arrows, the horse was|to the Junior Institution of Engineers last Monda 
not, and his fall involved that of his rider. The| night, the t armies of the past were all well 
battle of Poitiers was won in 1356 by the English — 100,000 in number, with the single exception 
— shooting the horses of the French advance | of that of ‘Attila, the “ Scourge of God for the chas- 
, 8 and those of German mercenaries who dis-| tisement of christians.” The armies of those days 
ed to fight on foot. were, of course, drawn from much smaller popula- 
The object of the engineer who applied his skill | tions than at the predent time, but, on the other 
hand, the proportion of tial combatants in a 
country was larger, and it is clear that the numbers 
were not so much limited by want of men, as by the 
difficulties of and commissariat. It is, 
indeed, related that Attila crossed the Rhine with 


their range, so that a man could strike his adver- 
sary and yet remain himself outside the danger 
zone. The gun which followed the sling and the 
bow was not of much greater range, but it required 








less skill in management and produced a more} 700,000 followers, and was eventually defeated at 
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Chalons in a pitched battle ; but one naturally 
feels sceptical about the es. The defeat is 
probably authentic, but is difficult to understand 
if we admit that Attila commanded forces so greatly 
exceeding the usual limits of the time, for his men 
had been almost uniformly victorious inst the 
Greeks and the Romans, and at Chalons were 
mainly opposed to Franks and Burgundians. 
Whether we reject the figures, or whether we 
regard the case of the Huns as the one exception 
that proves the rule, it is clear from history that 
the size of armies was strictly limited by the difficul- 
ties of transport. Napoleon’s maxim was ‘‘ scatter 
to live, concentrate to fight,” but the necessity of con- 
centration in a reasonable time limited the possible 
area over which the army could disperse to live, 
and therefore the number that could be dealt with. 
To-day we see armies of a couple of millions stand- 
ing steadily face to face without a single man 
detached for foraging, and it is quite possible that 
before the war ends there may be ten million 
soldiers crowded into a comparatively small area. 
The first step towards this condition of affairs was 
made when George Stephenson got his ‘‘ Puffing 
Billy ” to work in Northumberland, and the last— 
so far—was the introduction of the petrol motor. 
The intermediate stages are far too numerous to 
mention in detail, but prominent among them was 
the invention of mild steel by Bessemer. The loco- 
motive, the steel rail, the steel steamer and the 
triple-expansion engine, are the all-important con- 
tributions of the engineer to this war, and it is by 
their means that it has been possible to bring all 
these millions of men face to face, and to feed them 
when there. It is idle to speculate what would 
happen if great countries had no railways, 
oa could not maintain large armies in the field, 
because the countries are equally the product of 
the engineer as are their fighting forces, and the 
former would not have come into existence. 

Strategy has been much lost sight of in this war, 
not for want of able exponents on both sides, but 
because it has been largely upset by the aeroplane. 
Asalready explained in the series of articles we are 
publishing on aircraft in warfare, the foundations 
of strategy lie in concealment and surprise, and 
there can be little of these when the modern cherub 
is sailing aloft all over the lines of communication. 
Nevertheless there have been several notable occa- 
sions on which the means provided by the engineer 
have been grasped by the respective generals, with 
more or less effect. The German retreat from Paris 
and the transference of large bodies of troops from 
the right flank to the centre of the line was a 
manceuvre which all the military manuals assert to 
be full of danger, and could scarcely have been 
effected without the aid of motor traction. Whether 
this movement was caused by the discovery of large 
French reserves behind Paris, or whether its purpose 
was to liberate divisions for use in East Prussia, it 
is certain that it was followed by the despatch of 
thousands of men against the Russians, and for 
the first time in history an army was seen fighting 
on two fronts, 600 miles apart. More than once 
men have been transferred from Poland to Bel- 
gium, and vice versd, by the aid of engineering 
appliances, and each time with unpleasant results 
to one or other of the Allies. ilways cross- 
ing a great country are not built entirely for 
strategic reasons, although these are never absent 
from the minds of German engineers, but on the 
frontiers, however, military considerations are pre- 
dominant, and we have recently seen the enormous 
advantage the railways on the borders of Poland 
have been to the Germans. These lines strike the 
frontier at numerous points not far apart, and it has 
been possible by their aid to launch an army at 
some place which could not be foreseen, and where 
there was not a corresponding force to meet it. 
This arrangement fulfils the American soldier's 
definition of strategy, ‘‘to get most men at a given 
spot,” and it was so far successful as to oblige the 
ya to retreat nearly to Warsaw. 

Railways seldom end in defensive positions. 
They naturally follow — bottoms, and hence 
they cannot deliver men and stores at the fighti 
line. Until this war the distance from railh 
has always been covered by horse traction, but it 
is doubtful if this would have availed for the 
immense expenditure of ammunition and the vast 
requirements of food during the mt war. 
Here, again, the engineer has come to the aid of 
the mili man, and thousands of motor vehicles 
are at work ministering to the necessities of the 
armies on both sides. It is pleasant to find in 





Lord Graham’s address a recognition of the fact 
that the engineer does not confine his energies to 
aiding in destruction. The motor ambulance has 
played a most beneficent part, not only by getting 
the wounded into the care of the surgeons before 
their lives had ebbed away, but also by abolishing 
the long-drawn horror of a jolting ride in a country 
cart. It has aided strategy also by carrying officers 
from head-quarters to vantage points and back 
again, and in its simpler form of the motor-cycle 
it has enormously facilitated the carrying of 
despatches, and has kept the commander informed 
of events, particularly during the serious retreat 
from Mons. Tactically the armoured motor-car has 
checked the Uhlan on many occasions, and has 
driven him from villages where his presence often 
meant death to ful inhabitants. 

On asurvey of the situation the British engineer 
has no cause to be dissatisfied. The work of our 
railways in transporting our expeditionary force was 
the greatest piece of transit work ever attempted in 
this country, and was splendidly successful. No 
less than 350 trains, averaging thirty vehicles each, 
were drawn to the port of embarcation and emptied 
within forty-eight hours, without a single mishap. 
The men and stores were taken across the Channel 
and landed in France equally successfully, and ever 
since there has been no break in the chain of com- 
munications. Only last week we learnt from the 
Postmaster-General that 30,000 parcels are de- 
spatched to the army every night by private senders, 
and that all but an insignificant proportion are duly 
delivered to the men, even if they are in the trenches. 
Our guns have held their own against those of Krupp, 
and often have established a distinct superiority over 
them ; while if we have not had any giant howitzers, 
we have not needed them so far, as their only use 
is against fortifications. There is no doubt that 
British engineers could have produced them if the 
military authorities had encouraged the idea, and that 
to do so without official sanction would have been to 
invite disappointment. Our airships have done splen- 
didly, and the number which have had to descend 
within the enemies’ lines for mechanical defects has 
been strikingly small. When we contrast our ideas 
of a year ago on the dangers of aeroplaning with 
the experience of the past four months the change 
is remarkable, and we have to reconsider our views 
on the subject. Even bullets and shrapnel seem 
to make but little difference to the aviators. For 
railway facilities in France we have to depend on 
our allies, and have been well served, while there 
is nothing but praise for our automobiles. With 
the exception of the hundreds of motor-buses sup- 
plied by the General Omnibus Company, the rest 
of the fleet is a scratch lot, in the sense that it 
contains all sorts and makes of vehicles, and many 
of them not recent. The conditions of service 
have often been appalling, and there have been 
numerous breakdowns; but the net result has 
been most creditable to the solidity of British 
material and the accuracy of British workmanship. 

We have already referred to the fact that superior 
equipment may turn the scale in warfare, and that 
it is most difficult to maintain any advance in this 
age of rapid communication. The best-guarded 
secrets leak out in time, and no nation has a mono- 
poly either of material or workmanship. The only 
way in which superiority can be maintained is by 
constant advance. Contentment may be a virtue 
from the point of view of the philosopher, but when 
it is entertained in relation to the munitions of war 
it is the prelude of disastrous defeat. Unfortunately, 
progress is expensive, and the question arises as 
to who is to find the money. Evidently it cannot 
come out of an empty pocket, and the Marquis of 
Graham was well advised in calling attention to 
aspeech of Sir William Beardmore, in which he 
insisted that manufacturers could not make progress 
if they had not the means to conduct somnedh, Cher 
must pay for material and labour, and they cannot 
obtain the use of capital unless they can offer a 
reasonable interest. Governments often think that 
when these three requisites are attained—and they 
are oe twos. interested in the last—they have 
no further responsibility. But an additional surplus 
is necessary if we are to keep in the front rank, 
and we trust that after the war the claims of our 
engineering manufacturers will be scrutinised in a 
less grudging spirit than they have often been in 
the past. py ae the Admiralty has set a fine 
example by deputing Dr. Macnamara to go to the 
naval construction centres and convey to the 
workmen their thanks for the splendid efforts 
they have made in turning out ships and guns 





at an unprecedented rate since the war com- 
menced. Last Monday he spoke in the Tyne 
Theatre, and since then he has visited various dis- 
tricts, and has not only referred in terms of high 

raise to the endurance of the men during lo: 

ours at high pressure, but has also put it on meeel 
that ‘‘the man in overalls is fighting his country’s 
battles as truly as the man in uniform,” and that 
‘*the bench is as important as the trench.” 

The engineer who does not wear overalls, but 
who advances the science he professes, fights his 
country’s battles in times of peace as truly as do the 
soldiers who guard our fortresses. He may have 
nothing to do with guns and explosives ; absolutely 
essential as they are in tactics, they must ever be 
subsidiary to strategy, and there is scarcely any 
advance in engineering which is not reflected in 
strategy or which does not affect the consultations 
fo statesmen preliminary to the declaration of war. 
The little Parsons steam-turbine, which many of us 
saw at South Kensington some thirty years ago, was 
the seed from which the high-speed battle-cruiser 
of to-day was developed ; while the early crude- 
gasoline engine of America was the nt both of 
the motor-car and the aeroplane. No engineer is 
so far-seeing as to know what will be the ultimate 
effect of his experiments and his new designs, but 
of one thi e may be certain, that advance in 
many fields is absolutely essential to his country, 
both for purposes of peace and war, and that as 
long as oy 2 sew n are eagerly sought and 
strenuously followed, we shall never suffer perma- 
— eclipse either in commerce or on the stricken 
field. 





BRASS-FURNACE PRACTICE IN THE 
UNITED STATES. 


Tue United States Bureau of Mines is doing 
generally useful work by inquiring into the elimi- 
nation of waste in mineral industries. The term 
‘* waste” is properly understood in its wider sense 
to include also the waste of human life and health 
and strength caused by obnoxious processes, bad 
ventilation, and dangerous machinery. When the 
waste in the melting of non-ferrous metals was 
— inquired into, big losses were at once recog- 
nised, and Dr. H. W. Gillett, alloy chemist of the 
Bureau, was entrusted with conducting a special 
investigation into brass-furnace practice and con- 
trol. Bulletin 73 of the Bureau is the outcome of 
this investigation, and the 300 pages of this Bulletin 
constitute a very instructive treatise on the prob- 
lem, based upon information supplied by the 
works and on personal studies. 

We see from the Bulletin that, according to the 
Thirteenth Census of 1909, there were 1021 firms 
in the United States which mainly dealt in brass 
and bronze, including rolling-mills, but not includ- 
ing the non-ferrous departments of iron foundries 
nor the numerous brass-foundry departments of 
manufacturers of electrical fittings, cash-registers, 
&c. It is estimated that at present altogether 3600 
plants are melting brass and bronze in the United 
States in bulks weighing from a fraction of an 
ounce up to 10-ton propellers. The net losses of 
metal vary very much, of course, but are averaged 
at 2.5 per cent., and the gross losses in bought raw 
material at 5 per cent. e waste in fuel (coke, 
oil, natural gas or producer gas) is much more 
serious ; from 14 to 16 per cent. of the fuel seems 
really to be utilised for melting, and the average 
efficiency hardly rises to more than 7 per cent. 
These figures mean that about 3,000,000 dols. are 
wasted every year in metal for brass foundries ; 
by more judicious technical control that loss could 
certainly be reduced by one-half, and a couple of 
million dollars might be saved by the introduction 
of improvements of recognised advisability. 

For the purpose of his investigation, Dr. Gillett 
sent inquiry-sheets to 2000 firms ; the twenty-eight 
questions put concerned type of furnace, dimen- 
sions, linings and relinings, output, &c., of same ; 
supply of fuel, waste-heat recovery, number and 
bu Eo heats per day, handling of materials, loss 
of materials, ventilation, safety and hygienic regu- 
lations. About 350 sheets were returned unan- 
swered, the firms no longer being in existence or not 
doing brass work ; 280 firms replied—230 giving 
information, 50 saying that they did not keep 
records which would enable them to comply. Some 
of the replies covered several types of furnaces, 50 
that some 300 sets of complete data were obtained. 
Dr. Gillett afterwards visited some 80 works ; in 
three rolling-mills he was refused admittance, in 
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some others information was refused; usually 
information was given freely ; but the number of 
firms which took no notice at all is very unsatisfac- 
tory. A lack of proper control and proper records 
was largely observed in the works inspected, and 
this want undoubtedly went together with serious 
losses. 

The essence of a compilation of the kind we are 
discussing lies in its details. The Bulletin con- 
cludzs that there is ‘‘no best furnace.” But it 
expresses. a desire for an efticient electric melting- 
furnace—they are not in ordinary use in America— 
and for a pyrometer that the workman can handle, 
and tells the brass-founder exactly how pit, tilting, 
reverberatory furnaces, &c., are worked, how 
they are heated and what the heating costs, 
how long they will live, and how the product 
should be treated. There are no illustrations of 
furnaces ; but we find ample literature references 
and a good alphabetical index. Some manufac- 
turers may, of course, have put their best foot 
foremost in answering questions as to output and 
economy ; the practical man will be able to com- 

are statements and to draw his own conclusions, 

owever. The need of scientific methods in the 
foundry becomes very obvious. In most plants, 
the haziest notions prevailed as to the suitable 
draught. Progress is badly needed also in the 
United States, at any rate, as to the standardisa- 
tion of brasses. People do not quite know what 
to order. Expensive alloys are frequently used 
where an ordinary brass would do ; in other cases, 
a cheap alloy is expected to answer very special 
requirements, and the inquirer is bewildered by 
long lists of possible mixtures, which really may be 
supplied as stated, provided things—gates and 
scrap—do not get mixed = the foundry. Dr. 
Gillett duly emphasises, , that proper care 
should be taken of the men; he suggests conferences 
of the foremen on accidents, for instance. The 
laws are good in some of the United States, as they 
are elsewhere, and they may likewise be very loose 
and especially framed apparently for those who 
like to shirk responsibility. Dr. Gillett appears 
satisfied with the following law of the State of 
New York, which strikes us as deplorably vague : 
‘*There shall be in every foundry, available for 
immediate use, an ample supply of lime-water, olive 
oil, vaseline, bandages and absorbent cotton... ; 
but any other equally efficacious remedy for burns 
may be substituted for those herein prescribed.” 
= lime-water and a little cotton would satisfy 
that law. 





DELAYS TO WORKS OF CONSTRUC- 
TION CAUSED BY THE WAR. 


Tere are probably but few construction con- 
tracts of any magnitude now running in this 
country which are not more or less seriously 
affected by the great war. In most cases, prob- 
ably, the effect will have been to cause delay. 
Delay may be caused in a variety of ways :— 
e.g. (a) many of the contractor’s skilled workmen 
may have joined the Army ; (>) a large part of the 
machinery indispensable to the work of construc- 
tion, or of the specified materials, may have been 
due from Germany or Austria; (c) the sub-con- 
tractor, employed with the approval of the engi- 
neer to do a vital of the work, may have been 
a German firm. In all these cases, delay in com- 
pletion will necessarily follow. Who is to be 
Be Sper therefor ? 

© answer a question of this kind with reference 
to any particular case, one must have regard to the 
terms of the contract. But if the contract is silent 
as to war risk, or as to delays caused by this 
country being in a state of war, one has either to 
see if there is any clause which may accidentally 
meet the case, or else go back to first principles for 
a settlement of the question. 

-Owing, possibly, to the fact that most of the 
forms of construction contract were framed in the 
piping times of peace, there was no need to pro- 
vide for the awful possibility of a European war, 
and even the leading text-books which have dealt 
with construction contracts in all their t variety 
are entirely silent on the matter. Although many 
of the customary forms make no actual provision 
for the “* war risk,” it is possible that some of those 
in existence may empower the engineer in charge 
to extend time where delay is caused by circum- 
stances which could not be foreseen. Let us 
examine a few of them. The following clause is 
sometimes to be found in engineering contracts :— 





** Engineer may or Work.—The 
engineer shall have the power, by notice, to dela 
or suspend the whole or any part of the wor 
during unsuitable weather, or for any other suffi- 
cient reason ; but the works shall be recommenced 
after receiving due notice in writing from the = 
neer. Such delay shall in no way vitiate or invali- 
date the contract, and in no case shall any compen- 
sation for damage, injury, or loss of profit or 
otherwise be allowed the contractor for or on account 
of such delay or suspension of the work.” It is 
difficult to see how a clause of this kind could be 
said to cover war risk, or to enable the engineer tuo 
grant an extension of time. 

Indeed, the power of the engineer or architect, as 
the case may be, is generally so narrowly defined 
that it could not be extended to a case affected by 
the war. For instance, the well-known form of 
contract which has been approved by the Institute 
of Architects provides that :— 

“*If in the opinion of the architect the works be 
delayed by force majeure or by reason of any ex- 
ceptionally inclement weather, or by reason of 
instructions from the architect in consequence of 
proceedings taken or threatened by, or disputes 
with, adjoining or neighbouring owners, or by the 
works or delay of other contractors or tradesmen 
engaged or nominated by the employer, or the 
architect, and not referred to in the specification, or 
by reason of authorised extras or additions, or in 
consequence of any notice reasonably given by the 
contractor in pursuance of Clause 1, or by reason 
of any local combination of workmen or strike or 
lock-out affecting any of the building trades, or in 
consequence of the contractor not having received 
in due time necessary instructions from the 
architect for which he shall have specifically 
applied in writing, the architect shall make a 
fair and reasonable extension of time for com- 
pletion in respect thereof. In case of such 
strike or lock-out the contractor shall, as soon as 
may be, give to the architect written notice thereof. 
But the contractor shall, nevertheless, use his best 
endeavours to prevent delay, and shall do all that 
may reasonably be uired to the satisfaction of 
the architect to pr with the works.” 

It could not be argued that this clause gave power 
to the architect to extend the time on account of 
delay caused by war, inasmuch as that could not 
possibly be described as force majeure. Under the 
powers conferred upon him by such a clause he 
might extend the time if delay was due to an 
exceptionally violent storm ; but a European war 
could not be regarded (for this purpose) as the act 
of God. 

It remains to consider whether, the terms of the 
contract a a contractor who was held up 
through, say, half his skilled workmen having 
enlisted, could plead the war as an excuse for 
delay. It has been laid down that if, from any 
unforeseen cause, without fault on either side, the 
performance of the contract (where there is no 
mention of time for completion) is delayed, the 
loss must remain where it falls (Ford v. Cotes- 
worth (1868), L.R. 4 Q.B. 127); but if the con- 
tractor has entered into any contract, express or 
implied, that there shall be no delay, as, for 
instance, by contracting to finish the work by a 
day named, he is bound to finish the work on the 
day named, or to pay damages to the employer for 
not doing so, unless he is prevented by the em- 
ployer or by an act of God. 

** We agree that whenever a party to a contract 
undertakes to do some particular act, the perform- 
ance of which depends entirely upon himself, so 
that he may choose his own mode of fulfilling his 
undertaking, and the contract is silent as to time, 
the law implies a contract to do it within a reason- 
able time under the circumstances. And if some 
unforeseen cause, over which he has no control, pre- 
vents him from performing what he has undertaken 
within that time, he is responsible for the damage. 
But where the act to be done is one in which both 
parties to the contract are to concur, and both bind 
themselves to the performance of it, there is no 
principle on which, in the absence of a stipulation 
to that eftect, either expressed by the parties or to be 
collected from what they have expressed, the 
damage arising from an unforeseen impediment is 
to be cast by law on the one more than on 
the other, and consequently we think that what is 
implied by law in such a case is, not that either 
party contracts that it shall be done within either 
a fixed or reasonable time, but that each contracts 
that he shall use reasonable diligence in performing 


his 
133. 

The actual facts in that case were that a merchant 
chartered a ship to take a cargo to Callao. She 
arrived in due time, but owing to war between Peru 
and Spain the local authorities stopped her unload- 
ing and caused a considerable delay. The shipowner 
sued for damages for delay in unloading beyond the 
usual lay days. It was held that he could not 
recover. 

From this it would appear that if the contractor 
is bound to time, the loss caused by the war must 
fall upon him ; on the other hand, if the contractor 
is not bound to time, the loss is upon the employer. 

From amongst much that is obscure, one fact 
eme uite clearly : no contract which involves 
illega ing can be enforced. 

It may be taken as established that if the delay 
is caused by something which would have involved 
the making or completion of a contract with an 
alien enemy, performance will be excused. So if 
the completion of a construction contract could not 
be carried out owing to the non-delivery of materials 
which were to have come from Germany or Austria, 
the head contractor could not be made responsible. 
In ‘*Halsbury’s Laws of England,” vol. vii., 

e 431, the law is thus stated :—‘‘ Where per- 
ormance of a contract has been rendered impossible 
by an Act of Parliament after the contract 
was made, the promissor is excused from perform- 
ing his promise, unless it appears that he intended 
to bind himself with reference to the future state 
of the law, for the presumption is that the — 
intend to contract with reference to the law as 
existing at the time when the contract is made. 
The same principle — where the impossibility 
is created by an hae of State, such as a a 
of war or an em imposed upon shipping by an 
Order in Council, “but not ae it Saha from 
foreign law or the act of a foreign State, except 
where the obligations of the parties under the 
contract are mutually dependent, and both parties 
are prevented from performing them.” 


.” (Per Blackburn, J., loc. cit , 1868, page 





IMPURE AIR IN RAILWAY 
TUNNELS. 

Tue last account of investigations of the contami- 
nated air of railway tunnels was, so far as we re- 
member, published in 1900, when A. Mosso studied 
the air of the Rocco-Giovi Tunnel, in Italy, five 
ae > Sas which had acquired a v bad 
reputation. Now the same subject is treated of in 
Bulletin No. 92 of the United States Health Ser- 
vice, which describes researches undertaken for the 

ial of determining the contamination 
of thejair by sulphur dioxide, carbon monoxide and 
carbon dioxide, in tunnels through which coal- 
burning engines or electric locomotives pass exclu- 
sively. The tunnels selected were the Fulton or 
Baltimore-Potomac Tunnel, on the Pennsylvania 
Railroad (coal engines), and the Oamden-Mount 
Royal Tunnel (electric propulsion), both located 
within the City of Baltimore. The investigations, 
which were made by Messrs. A. Seidel and P. W. 
Meserve, have not brought out any unexpected 
results. The air in the Fulton Tunnel was found 
to be disagreeable, but not positively dangerous, 
and the percentages of the three gases mentioned 
were about five times as large there as in the 
tunnel worked by electric traction. The authors 
of the report therefore urge better ventilation, 
although they do not disclose any alarming facts. 

Air samples were taken in the following way :— 
Glass jars of 2.5 litres capacity were chemically 
cleaned, rinsed with alcohol and ether, charged 
with air, evacuated, and then sealed off, the jar 
being scratched in the drawn-out neck, so that it 
could be 2 by pressure of the hand on that 
spot. In the railway-carriage a window was raised 
a little, and a glass tube was fixed in the gap to 
project into the tunnel; by rubber piping this 
tube was connected with the jar, and when the 
neck was broken the jar at once became filled with 
air from the tunnel. The determination of the 
sulphur dioxide was not an easy matter. To 
bubble the air through iodine solution would have 
taken far longer time than the whole journey 
yo the tunnel occupied, and it was intended 
to collect air samples at different points of the 
tunnel. To produce an atmosphere somewhat 
resembling that of the tunnel, SO, was admitted 
into a room, the air of which was well agitated, 
until it smelled like tunnel air. Analyses of this 





air were then made, and it was found that direct 
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nitration of the air, as soon as ible after collec- 
tion, with N/1000 normal iodine solution would 
answer for the weak concentrations. Unless the 
analysis were quickly gm yen the SO, was con- 
verted into SO,, which could not be determined in 
the same way. This direct oxidation, which is 
technically inapplicable unfortunately, takes place 
within an hour or so when the SO, is very diluted 
and moist and the content does not exceed 15 parts 
per million, as in the tunnel. 

There were equal difficulties concerning the 
determination of the carbon monoxide; it was 
effected after long experimenting by means of 
iodine pentoxide. As much as 267 parte per million 
of CO were found ; the corresponding figures for 
the electrified tunnel were 2.9 of SO, and 
25 parts of CO. The determination of the carbon 
dioxide (CO,) by means of barium hydrate and oxalic 
acid does not call for special remark. But some- 
thing may be said on the action of the other gases 
on the animal system. Sulphur dioxide irritates 
the mucous membrane. According to K. B. 
Lehmann, who experimented near factories, up to 
11.5 r million of SO, can easily be borne 
for 10 or 15 minutes ; 15 parts uce irritation, 
and 30 parts cannot be endured for more than a 
quarter of an hour. But the system becomes 
accustomed to SO,, and workers near roasting 
furnaces can bear occasional strong doses; yet the 
illnesses most to be dreaded for them are pneu- 
monia and bronchitis. With carbon monoxide the 
case is different. Whether or not quite small 
percentages of CO will have deleterious effects, if 
inhaled for long a is a doubtful question. 
In a pure atmosphere the CO is given off again ; 
but some physiologists believe that the continued 
breathing of an air sey og as little as 0.04 per 
cent. of CO is injurious in the long run, and that 
miners’ phthisis is really slow CO poisoning. There 
is apparently no getting accustomed to CO, and 
oul poisoning with it seems to render patients 
less able to resist other diseases. The com- 
bines with the hemoglobin in the blood, and 
makes it unfit to take up oxygen. Fatal doses 
of OO, it is known, impart to the victim a healthy 
pink complexion ; but the slow poisoning makes 
miners pale. It is noteworthy that an atmosphere 
containing 0.25 per cent. of CO would cause a 60 
per cent. saturation of the hemoglobin and may 
thus become fatal, all the more so as the gas does not 
betray itself by any smell or other characteristic. 





THE LIMITS OF EFFICIENCY OF 
GAS-ENGINES. 
By Tuomas B. Mortey, B.Sc., A.M.I. Mech. E. 


Tue limit of thermal efficiency of an internal- 
combustion engine is the efficiency it would have 
if the conditions of working were ideal—that is, if 
there were no mechanical losses, and no transfer- 
ence of heat between the working substance and 
the walls of the combustion-chamber and cylinder. 

It is well known that the ‘‘air standard ” effi- 
ciency, which has been adopted asa standard of 
comparison for internal -combustion engines, is 
higher than this limit of efficiency. 

The air standard cycle is supposed to be carried 
out with a working substance whose specific heat 
is constant, and for which the specific heat ratio y 
is 1.4. The efficiency is then given by the 


expression :— 
1 \e4 
n=1- (=) . 
r 


where r, the ‘‘ compression ratio,” is the ratio of 
the total cylinder and clearance volume to the 
clearance volume. 

The chief merit of this standard is its simplicity. 
Actually the specific heat of the gases employed 
increases with the temperature, and this accounts 
for the difference between the air standard 
and the true limit of efficiency, which must be 
calculated with due regard io the actual pro- 
perties of the working substance. The calcula- 
tion of the true limit of efficiency is difficult, 
because the specific heats of gases at high 
temperatures are not yet known with certainty, 
and also the mathematical expressions which seem 
most nearly to give their values are inconvenient 
in form. 

The writer has devised a chart, by the aid of 
which the calculation of efficiencies—and of any 
of the — to which a gas may be subjected— 
is very greatly simplified, and has investigated and 
compared the limits of efficiency which correspond 





to specific-heat data published by different autho- 
rities. 

The chart is an improved modification of that 
described by the writer in ENGINEERING, vol. xcvi., 

e 445. The chief difference in its arrangement 
is that the lines of constant pressure are inclined 
back at 45 deg., so that the adiabatic curve takes a 
more convenient position. The inclination of the 
constant-volume lines is also affected. The chart is 
plotted from revised values of the specific-heat con- 
stants, and is adapted for rapid modification in 
order to suit different values of these constants. 

Ths chart shown in Fig. 1 is based upon values 
of the specific heats given by Professor Stodola in 
the Zeitschrift des Vereines Deutscher Ingenieure, 
June 22, 1912. 

The specific heat at constant volume is of the 
form Ky = a + sT + u T?*, where T is absolute 
temperature, and a, s, u are constants. 

In calories per gramme-molecule, a = 4.67; 
various values for s and u are quoted, but for a 
— example s=0.00174 and w= —0. , 

e density of a gas-engine mixture is in all 
probable cases very nearly 14 referred to hydrogen— 
i.e, its *‘ mean molecular weight ’’ is 28. Hence, in 
thermal units per pound Ky = (4.67 + 0.00174 T 
— 0.000000203 T?) + 28. 


= 0.167 + 0.000062 T ~ 0.725 x 10 -* T2, 
K, is of the form b +s T + u T’, and (b — a) 
R 
=p where R = 


y and J is the mechanical 
equivalent of heat. 

From the density, R is found to be 99 ft.-lb. 
per lb. of gas, J = 1400. 


ca 2 9 — 9.0707, 


= — 
1400 
and 


Kp = 0.2377 + 0.000062 T — 0.725 x 10 - ° T2.* 


The chart. has logarithmic scales of temperature, 
pressure, and volume, so that constant-pressure 
and constant-volume lines are straight. The 
absciss are really entropy values, but instead of 
plotting them from a straight axis of entropy, and 
obtaining curved lines of constant volume and con- 
stant pressure, these latter are made straight, so 
that a constant entropy line or adiabatic becomes 
curved. 

The adiabatic is plotted from the equation for 
the change of rate at constant pressure between 
temperatures T and T,. 


¢ - % = loge + S(T - T)) +4 (T? - T,?). 
Ty 2 


T, may be any convenient temperature, say 300 
deg. Cent. absolute. Then (¢— ¢,) is calculated for a 
series of values of T, and plotted horizontally from 
the sloping constant-pressure line. The resulting 
curve is thus an adiabatic, and all other adiabatics 
—corresponding to the same specific heats—could 
be obtained by displacing this curve horizontally. 
Only one adiabatic need be drawn on the chart. 

The intercept between a pair of constant-pressure 
and constant-volume lines which intersect at T, is 
represented by » 

(b-a) loge T, 
This determines the inclination of the constant- 
volume lines. 

The change of entropy at constant temperature is 


—(b ~ a)loge 5 
or 
(6 ~ a) loge ¥ 

from which the scales of pressure and volume— 
which are equal—are determined. 

The internal energy of the gas, measured from 
Ty, is given by 

I =a(T — T,) +5 (T? — T%) + 5 (T° - T,?). 

Values of I are Pye ee to a uniform scale, 
shown at the top of the chart, giving the tempera- 
ture-internal-energy curve. 
The total energy E is equal to I + ART, where 








* The reason for the maguitede of the difference be- 
tween the specific heats employed in the oe 


blished and the above values is that in ucing the 
Kocmer from the internal. curve in the first 





A= 5 » and can be found from the scales of I and 


ART. 

Except for the determination of I and E, the 
method of using the chart is similar to that de- 
scribed in the previous article referred to, which 
may be consulted for applications other than those 
now described. 

So long as (b—a) does not alter—i.c., if the 
density at 0 deg. Cent. and 760 mm. is the same 
—the only change required to adapt the chart to 
new or new specific heat constants is the 
substitution of another internal-energy curve and 
another adiabatic. 

The two dotted lines in Fig. 1 co nd to 
8s = zero and wu = zero, while a = 0.167. To 
allow for variations of s and u while a remains 
unaltered, the new curves may be readily ebtained 


by plotting from the dotted lines s (T— 300) +5 


(T? — 300%) and ; (T? — 3002) + 3° — 300%) re- 


spectively to the scales indicated. 

If a, as well as s and u, is changed, entirely new 
curves must be plotted. They should be drawn 
on tracing-cloth, and need only then be superposed 
on the original chart. 

Even if (b—a) also is changed, it is an easy 
matter to alter accordingly, on the tracing-cloth, 
the inclination of the constant-volume lines. 

Fig. 2 illustrates the method of using the chart 
to find the changes of pressure, &c., for ideal 
constant-volume cycles. 

The small figure at the right shows the ordinary 
pressure-volume diagram ; two cases are repre- 
sented. 

Corresponding points on the chart and the 
diagram have the same letters. The volume lines 
V,, V, correspond to the given compression ratio. 
The adiabatics A R, 0, D,, C, D, need not actually 
be drawn. For example, C, is determined by the 
intersection of the volume line V, with the line 
for, say, a given maximum pressure, or a given 
maximum temperature. A scale is laid horizontally 
on the chart, as shown, so that a point L on its 
edge coincides with C,. K, the intersection with 
the adiabatic, is marked or noted. From the inter- 
section with the internal-energy curve, the internal 
energy I., is read as indicated. Now the scale is 
lowered, K is kept on the adiabatic, and the scale 
is kept horizontal (it may rest upon a parallel ruler 
and slide laterally along the edge of the ruler as 
required). Where L falls upon the volume line 
V,, fixes the point D,, I,, is read as indicated. 
If required, the pressure and temperature can be 
found by a es in the proper directions to the 
corresponding scales. The original chart from 
which Fig. 1 is prepared is drawn upon squared 
paper, which facilitates its use, especially in the 
reading of the internal energy. 

The thermal efficiency of the cycle ABC, D, = 
Heat rejected - e Ip -Ii, 

Heat supplied dey — In 

These values of I being read from the chart, the 
calculation of n is simple. 

In this manner the efficiencies of a number of 
constant-volume cycles have been determined. 

Fig. 3 shows the results obtained by the employ- 
ment of the data adopted by Stodola. T,,.., denotes 
pac maximum temperature attained in the ideal 
cycle. 

"te his Gustave Canet lecture to the Junior Insti- 
tution of Engineers, delivered in June, 1913, Dr. 
Dugald Clerk republished a table of specific heats 
for tem tures up to 1500 deg. Cent., which was 
originally pablished, by him in 1907. (Proceedings 
of the Institution of Civil Engineers, vol. clxix., 

e 136.) 
Phe expression K, = 0.194 + 0.00005 ¢ has been 
given as an — to these results, but the 
writer finds that 


K, = 0.177 + 0.000104 ¢ — 3.88 x 10-* #? 
or, using absolute temperatures— 
K, = 0.145 + 0.000126 T — 3.88 x 10-° T? 
is a much closer approximation, the difference being 


nowhere ter than 2 cent. 
From the density of  p gases as given by Clerk 
(b—a) is found to be 0.071, so that 
Kp = 0.216 + 0.000126 T — 3.88 x 10-* T?. 


Using these constants, new adiabatic and internal- 
curves have been plotted on tracing-cloth 
for superposition upon Fig. 1. Since (b—a) is prac- 


n=1- 
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tically the same as before, no further alteration of | the constants, and the efficiencies worked outagain, to notice that the efficiencies derived from them 

the chart is necessary. Fig. 4 shows the efficiencies | with the results shown in Fig. 5. are the nearest to the air standard. 

derived from these constants, for T,.... = 1000deg. | The limiting efficiencies, as shown by Figs. 3, 4,, It would appear that the air standard efficiencies, 

Cent. absolute and 1600 deg. Cent. absolute. _and 5, do not differ very widely, and for any given instead of being about 20 per cent. too high, as 
The diagram gives values somewhat higher than maximum temperature they are in a fairly constant stated by Clerk in 1907, are only from 10 to 15 per 

those found by Clerk. He has calculated efficiencies ratio to the air standard efficiencies. ‘cent. too high in usual cases. If this be confirmed, 


for r ranging from 3 to 7, with T,.... = 1273 deg.| The following table shows the ratios as derived it follows that the margin f ible i - 
Cent. absolute, and with Ty. = 1873 deg. Cent. | from the three sets of data :— |ment in the thermal elndentg o cuigineh withhnig 
Fig./. 
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absolute, which differ from those derived from the 
chart by 3 to 4 per cent. and 5 to 6 per cent. 
respectively. 
he difference is probably due to the method of 
approximations adopted by Clerk for adiabatic 
changes ; also he has taken y as constant for the 
compression curve. Clerk’s values for the specific 
heat are believed to be too high. The Gaseous 
Explosions Committee of the British Association 
has published a temperature-internal-energy curve, 
which, as Wimperis has pointed out, corresponds 
very nearly to K, = 0.172 + 0.000075 t, or K, = 
0.1515 + 0.000075 T. 
The chart has been adapted for these values of 


Scale for Determination of Log, z 


a + 0-15185 
b - 0-2222 
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u- 0-0 





3 4 5 a Bor 
yusie) Compression Ratio r. 





Deg. 0. Abs. Deg. U. Abs. | Deg. O. Abs. 


Stodola (Fig. 3) ...90 .86 .83 .91 .87| 85.93 | .89 .86 
Clerk (Pig. 4) .. ..|.876 .88 — | .88/| .86| — |.89 .66 — 
British inti 





~The data given by Stodola in 1912 are based upon 
the then most recent research, and it is interesting 
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Ratior 
on the coustant-volume cycle is greater than has 
hitherto been supposed. 

In the Diesel-engine cycle, with reception of heat 
at constant pressure and rejection of heat at con- 
stant volume, more variables are involved, and it 
is more difficult to state general conclusions. As 
an example of the results obtained, however, the 
case ofa Diesel engine tested by Professor Dalby 
(Proceedings of the Institution of Naval Architects, 
1914, or ENcingER1NG, April 10, 1914) may be taken. 

The compression ratio is 14.3 ; the ratio of the 
volume at ‘‘cut-off” to the clearance volume is 
1.56. The air standard efficiency is 0.62; the 
efficiencies found from the chart using the con- 
stants based upon the data given by Stodola, 
Clerk, and the British Association Committee are 
0.553, 0.551, and 0.558 respectively, or about 
90 per cent. of the air standard in each case, 
although it must be remembered that the maximum 
temperatures differ somewhat. 

In his Gustave Canet lecture, in 1913, Dr. Clerk 


Ratio of Limit of Efficiency to Air Standard Efficiency. | made the statement that further ific heat ex- 
— — —— | periments were in p' by which he hoped to 

r=3, r=7 | r=10 |arrive at greater certainty. All interested in the 

———— | —_— - peneiine of the internal-combustion engine will 

Source of Data. Tmax. in Tmax. in Tinax. in ook forward with great expectation to the results 


of this research. 





Committee (Pig. 5) 88 .84 81.90 .86 | .88|.915 .88 .845 | Wain, Copenhagen, for two Diesel a 


other at the end, of 1916; and another Norwegian firm 
imilar boat, also to be delivered in the 
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NOTES. 
AMERICAN DEPRESSION. 


Reports from America still bear witness to great 
depression in many branches, and matters are 
generally pronounced to be much worse than they 
were in the panic year 1907. Although the great 
European war has benefited certain branches, others 
have suffered and tend towards a worse condition. 
The action against the trusts is by many considered 
a little too precipitate, with the result that the 
effect is felt by many whom it was not intended to 
harm. The net earnings of the railways in the 
United States for the year ended July, 1914, show 
a decrease of 102,000,000 dols., the Inter-State 
Commerce Commission not having granted the 
railways the asked-for advance in rates, although 
the existing rates are low—lower, in fact, than 
almost anywhere. The Gary Steel Works have 
been running very short hours for the last four 
months, and 5000 men have been discharged. The 
International Harvester Company has lost nearly 
all its European business, and having been de- 
clared for a trust, the company is debarred from 
doing business in several States ; the McCormick 
Works have been partly closed, and many men 
paid off. The Western Electric Company, whose 
new plant in Antwerp is said to have suffered 
severely from the bombardment, is practically doing 
no European business at present, their cable depart- 
ment has been closed and most of their plant is 
only running reduced time, five days in the 
week ; they have paid off several thousand hands. 
The American Can Company works only half 
time, and 1200 men have been paid off The works 
here referred to are Chicago concerns, but the same 
conditions prevail in Pittsburg, around New England 
and New Jersey. To show the general feeling of 
depression it may further be mentioned that the big 
Chicago firm of Marshall, Field and Co. has dis- 
charged a very large number of clerks and assis- 
tants. Altogether the estimate of persons at the 

resent moment out of employment in the United 
Btates reaches the alarming aggregate of about 
4,000,000, and now the winter is beginning. On 
the other hand, the war has, of course, benefited 
some special branches. Manufacturers of fire- 
arms, harness, saddlery, &c., are very busy, and 
the export of grain and feeding stuff goes on at 
a very high rate; but this is not enough to alleviate 
the general depression. And it should be remem- 
bered that the war has been the cause of a number 
of large engineering contracts being cancelled, or, 
in any case, left in abeyance for the time being, and 
both the number of hands and engineers of some of 
the largest contracting firms have been reduced to 
half or quarter of their average muster. In some 
cases a fair amount of consideration is extended to 
the employees, so that amongst the engineers the 
single men have to leave first, then the married men 
without children, those with a family being kept as 
long as possible, though often on a reduced salary. 


Tue Huexes Inpuction-BaLance. 


The announcement that the Hughes induction- 
balance is being used to locate bullets in the 
wounded victims of the war recalls the fact that 
this instrument was first employed for this purpose 
when President Garfield was shot by Guiteau. 
The idea of using the instrument in this way 
seems to have originated with Professor Graham 
Bell, the inventor of the telephone, who, in view 
of the difficulty found by the doctors in deter- 
mining where the assassin’s bullet had lodged in 
the President's body, cabled to this country askin 
Hughes to cable back whether his balance coul 
be used for the purpose of finding the situation 
of the bullet, and, if so, to add instructions 
for the assembling of a suitable instrument. 
This was done, and, with an induction-balance, 
improvised on Hughes's directions, the position was 
rapidly and accurately determined. fh fact, the 
rapidity with which the observations can be made 
constitutes one of the greatest advantages of the 
balance for use in military hospitals. The general 
features of the Hughes induction balance are re- 

resented in the annexed figure. Here A and B 

enote two parallel equal coils of wire similarly 
wound and so arranged that the distance between 
them is adjustable at will. These coils are con- 
nected by flexible leads, as shown, with another pair 
of equal coils Cand D, oppositely wound, mounted 
we wr to each other at a fixed distance. Into 
the circuit of A and C is interpolated a battery and 
a microphone F, whilst a telephone G forms part 





of the circuit which includes Band D. A clock H 
mounted on the frame of the microphone gives rise 
by ite ticking to a succession of variations in the 
microphone current, and by induction a current 
co! nding to each tick of the clock is generated 
in the telephone circuit. Since, however, the coils D 
and C are oppositely wound, whilst A and B are 
similarly wound, the current induced in D tends 
to oppose that induced at B, and by adjusting the 
distance between A and B, the one can be caused 
absolutely to neutralise the other, in which case 
the ticking of the clock is inaudible in the tele- 
phone. If, however, after this balance is secured, 
the pair of coils C D are brought near a piece of 
metal, such as a bullet, currents are also induced in 








this metal, and some of the energy which would 
otherwise produce current in D is dissipated in the 
bullet. The consequence is that the balance is 
upset, and a new adjustment of the distance 
between A and B must be made in order that the 
telephone may remain silent. The nearer the coils 
are brought to the bullet, and the more exactly 
their centre line intersects the bullet, the louder is 
the sound in the telephone. Hence, by bringing 
the coil over the body of a wounded man, the 
direction in which the bullet lies can be ascer- 
tained, whilst by noting what adjustment of A and 
B is necessary to reduce the telephone to silence, 
the depth below the surface can found, since it 
is only necessary to find the distance from C D to 


which a similar bullet must be brought in order} 4 


that the telephone shall be again reduced to silence, 
after the coils CD have been removed from the 
neighbourhood of the patient. 


Tue Lonpon County Councim Evectrictty 
ScHEME. 


Further particulars of the Bill for the constitu- 
tion of an Electricity Authority for Greater London, 
which is to be promoted in the 1915 session by 
the London County Council, were furnished at the 
meeting of the Council on Tuesday last. In its 
general scope the Bill is to follow the lines with 
which we have already dealt more than once, but a 
few minor alterations have been determined on. 
The Authority is to consistof twenty-seven members, 
eighteen of which will represent the London County 
Council, twothe Middlesex County Council, one each 
the County Councils of Essex, Hertfordshire, Kent 
and Surrey, and one each the county boroughs 
of East Ham, West Ham, andCroydon. Fourteen 
of the London County Council representatives must 
be members of the Council. Other representatives 
need not be members of the appointing authority. 
—e powers of compulsory purchase pos- 
sessed by the various councils concerned will pass 
to the new authority, which will have power to take 
or lease, or acquire by agreement, the undertakings 
of any 4 or local authority now supplying in 
the area. 
supply energy (a) to any authorised distributor in 
the area, or in areas contiguous to the area ; (b) to 
any company or body working any railway, tram- 
way, canal, water works, or system of docks ; and 
(c) for general purposes; (i) in any area not forming 
= of the area of supply of any authorised distri- 

tor, or within any such of an area if no 
supply is being given ; (ii) in the district of an 
authorised distributor with the consent of that dis- 
tributor. Obligation to supply is provided, subject 
to conditions, with a penalty for failure. he 
maximum price for bulk supply or for power supply 
to any railway, &., is 3/. 10s. a kilowatt of the 
maximum power supplied plus 0.25d. a unit, Pro- 


he new body will have authority to| be 





vision is made for revision of the maximum price 
after five years. The powers relating to supply, 
the execution of works, and the purchase or transfer 
of other undertakings are to be transferred to a 
company for a period not exceeding fifty years, and 
at the expiration of this period the company is to be 
~ @ sum equal to its capital. The Authority will 
»e empowered to make advances to the company for 
the purchase of any undertaking, and to the extent 
of two-thirds of any other capital expenditure. For 
these pu the Authority will have power to 
issue stock to the present extent of 10,000,000/. 
Such stock will be based on the security of the 
new undertaking, and on the rates of the districts 
concerned. The net revenue is to be devoted to 
meeting the stock charges, providing sinking funds, 
&c., and the company may pay a dividend up to 
8 per cent. Any further profits after these various 
charges have been met are to be expended in 
reducing prices and the relief of rates. As com- 

ed with the proposals in their earlier form, the 
fonctions of the Technical Committee have been 
considerably widened. This Committee, which is 
to consist of the Chairman of the Authority, its 
financial adviser and engineer, and an outside 
member appointed by the Board of Trade, and is 
to form a link between the Authority and the 
company, originally had its functions fairly defi- 
nitely laid down and limited. It is now proposed 
that the Authority may delegate any of its powers 
to the Committee. 





REINFORCED-CONCRETE SLEEPERS FOR TRAMWAYS.— 
The newer lines of the Berlin tramways were from the 
end of 1912 to the middle of 1913 supplied with about 
25,000 reinfurced-concrete sleepers, and some 8000 sleepers 
of the same kind will be delivered to the tramways in the 
course of the present year. 





Contracts.—Erith’s patent automatic timber-dryer is 
being installed by H.M. War Office at Woolwich Arsenal. 
Erith’s Engineering Company, Limited, 70, Gracechurch- 
street, London, are also furnishing a very large extension 
of their automatic timber-dryers to Messrs. Armstrong, 
Whitworth and Co., Limited, of Elswick.—The Edison 
and Swan United Electric Light Company, Limited, have 
received the lamp contract for the supply of ‘‘ Royal 
Ediswan” lamps for next year’s requirements for the 
Cunard Steamship Company. 





Tuk NorTHAMPTON PoLyTEcHNic INnsTITUTE.—Last 
Friday, the 11th inst., the annual prize-distribution took 
lace at the Northampton Institute, St. John-street, 
mdon, E.C. The presentation was made by the Right 
on. Lord Moulton of Bank, M.A., LLD.. F.R.S. 
The laboratories and workshops were open to inspection, 
and revealed the wide range of most useful work which 
is undertaken at this flourishing institution. Among 
the more technical subjects dealt with we may note the 
following: Dynamo construction, die-sinking and chasing, 
clock and watch-making, cookery, dressmaking, em- 
broidery, modelling, jewellery and diamond-mounting, 
copper-plate printing, bookbinding, carving, silver- 
smithing, automobile and aerial locomotion, fuel and gas 
analysis, mechanical and electrical engineermg, technical 
optics, including lens-grinding and microscope-making. 
In addition, there are classes and laboratories dealing with 
the principles of the various sciences involved in the arts 
and industries enumerated. The Institution is doing 
most useful work under the care of the Principal, Dr. R. 
Mullineux Walmsley, F.R.S.E. 





Tue GOVERNMENT AND ‘TRADE.—At a meeting of 
the British Engineers’ Association held at Manchester 
on Tuesday. the 15th inst., Mr. Wilfrid Stokes, Chair- 
man of the Executive Committee, referred to the neces- 
sity for reconstructing those Government departments 
which deal with foreign trade, by establishing a new 
Board of Industry. He said :—‘‘ A paid Council, composed 
of the best business men of the country and representa- 
tives of the — Commissioners of our Self-Governin 
Dependencies, the India Office, and the Agents-Gen 
of our Colonies, should be formed, and should meet at 
intervals to decide upon the general policy to be followed. 
Tt should be the duty of some of the members of Council 
to visit foreign countries and our Colonies to collect 
information at first hand. The head of this Council 
should be, ipso facto. a member of the Cabinet, and should 
@ permanent official, chosen for his ability and in 
receipt of a high salary. The Council should have « 
Parliamentary Secretary as its mouthpiece, appointed by 
the Government in office, and the department should be 
named the Board of Industry. umerous qualified 
Trade Commissioners should be appointed in our De- 
pendencies and Colonies, and in foreign countries, with 
adequate staffs and ample office accommodation. The 
function of these Commissioners would be to promote the 
foreign trade of the Empire, thus relieving the Consuls 
of that portion of their work. Our Am ors and 
Ministers should be provided with ample funds to further 
British trade interests by legitimate means. The Com- 
mercial Attaché service should offer a separate and dis- 
tinct career, and should be made sufficiently attractive 
to secure the right men. Owing to the f tal 
character of these reforms, there is only one way of 
attaining them, and that is by universal co-operation.” 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on November 27, 1914. at the 
Imperial Co! of Science, Dr. A. Russell, Vice-Pre- 
sident, in the chair, a paper entitled ‘‘ Wote on the Con- 
duction of anno | at Point Contacts” was read by 
Mr. A. F. Hallimond. 

The paper deals with the “characteristic” or volt- 
ampere curves given by various ‘‘ point” contacts when 
the voltage is slowly varied. The curves were plotted 
by means of a form of rocking-mirror galvanometer, 
which projected the characteristic as the path of a spot 
of light on the screen, the co-ordinates being respec- 
tively proportional to the current and voltage. 

The first part describes the behaviour of a typical con- 
tact, zincite-tellurium. The well-known unilateral curve 
is terminated by a sudden breakdown of resistance, after 
which the contact has a more symmetrical characteristic 
of lower resistance at the origin. By allowing the con- 
tact to stand under a certain voltage with zincite positive 
it may frequently be restored to the condition of high 
resistance, in which it again yields the unilateral curve. 

The second part describes the results obtained on 
examining the characteristics for the forty-five contacts 
possible between ten chosen substances. The conclusion 
is reached that the results in all cases are similar to those 
given by zincite-tellurium. No line could be drawn sepa- 
rating ‘‘ metallic” contacts from those in which one or 
both conductors were ‘‘crystals.” : 

The results obtained are expressed in terms of a series 
in which the higher member behaves towards the lower 
as zincite to tellurium. 

Series: zincite, brookite, molybdenite, chromium, 
— inserite, chalcocite, copper, chalcopyrite, tel- 
urium. 


In the third part the conclusion is drawn that in a con- 
tact yielding the unilateral (high resistance) curve, the re- 
sistance lies within the surface of the member standing 
higher in the series. Rough measurements showed that the 
weight required in these contacts diminished from about 
1000 grammes for zincite to very light contact for the sub- 
stances lying near tellurium, and it is suggested that this 
gradation in weight determines the relative positions 
arrived at for the respective substances. 

Mr. Duddell thought the author’s method of obtaini 
continuous curves much more satisfactory than the ordi- 
nary method, as it gave less chance of the point contacts 
altering during the experiment, and, further, the arrange- 
ment of the minerals in the table he gave appeared to 
have some correspondence with their order of sensibility 
when used as wireless detectors. 

Mr. D. Owen attributed much of the success of the 
author’s experiments to the attention paid to the rr 
paration of polished surfaces of contact. It would be 
useful if the author would specify the curvatures em- 
ployed. The two types of characteristic might be 
accounted for by the greater or less extent to which the 
electrostatic attraction between the contacts extend, type 
B occurring when that effect was large. Calculation 
proved that, assuming a potential difference of only one 
volt, and a distance apart of 10—’ cm. (ten times the mole- 
cular distance), the temtatin pull was of the order of 
1000 gm. wt./mm?. It might in some cases be much 
greater than this. 

Mr. P. R. Coursey thought the chief point of interest 
in the paper was the table in which the substances were 
arranged in the order of the effects obtained with them. 
It would be of considerable use if some connection could 
be found between this arrangement and some of their 
physical or chemical properties. He asked if the author 
had obtained any evidence of a hysteresis effect in the 
contacts. With reference to the jumping of the charac- 
teristic from the “ A” to the ‘‘B” type of curve by the 
application of excessive voltage, it seemed evident 
that this must be what happened when a strong ‘* X” was 
received, though he had noticed with a zincite-tellurium 
detector that the impactof a strong atmospheric often in- 
creased the sensitivity of the contact. On one occasion he 
had obtained a curve with a particular zincite-bornite con- 
tact which was concave to the volt axis on the side with 
zincite positive, but convex with zincite negative. He had 
failed to obtain this with other samples of the same 
minerals. 

Professor Fortescue communicated the following : 
The curves given are very interesting. I have re- 
peatedly noticed the same thing with the zincite and 
= series of contacts. The breakdown is apparently 

ue to increase of area of the contact, brought about by 
the increase of mechanical pressure, or by the softening, 
or even fusing, of one of the materials when high voltages 
are applied. The restoring effect of the reverse current 
is not 80 easy to explain : gnome | it may be some electro- 
lytic agtion. I have never found a point which had been 
reudered conductive by heavy mechanical ene 
restored in this way. The tabulation of the substances 
can also be carried out from their thermo-electric pro- 
perties with similar results. Carborundum, however, 
presents a difficulty, as it can be strongly — or 
negative, and is, to a large extent, independent of the 
mechanical pressure. 

The author, in reply, thought it likely that some con- 
nection would exist between the table and the behaviour 
of the contacts as detectors. He had not been able to 
connect this series with one derived from other physical 
properties. He had noticed hysteresis as described by 
Pierce, but assigned it to alteration and recovery. The 
action of an ‘* X ” on the detector could scarcely be pre- 
dicted from the change in the characteristic alone. If 
the ‘‘ X” were strongly damped, the firat impulse might 


tend either to breakdown or recovery. The curvature of | the 


the surfaces appeared to be immaterial, and no special 
shape beyond that of a blunt point was attempted. He 
did not think the electrostatic attraction offered of itself 





any possibility of a unilateral effect, since the force on 
in ing + and — signs would be the same. Some 
other uni property would still be required. The 
recovery of the contact was undoubtedly one of the most 
difficult features of these curves. It seemed impossible to 
conceive a mechanical change which would be reversible 
to such an extent. He felt that the published thermo- 
electric data which he had encountered were too sparse 
and too conflicting to permit a comparison with any 
d of certainty. 

paper on * The Thermal Conductivity of Badly-Con- 
ducting Solids” was read by Mr. T. Barratt. 

The thermal conductivities of several typical solids of 
low thermal conductivity have been determined by 
same method, and, in the main, the same apparatus, as 
was recently employed by the author for pure metals and 
alloys. The substances tested include electrical .insu- 
lators, such as glass, fused silica and ebonite, various 
kinds of wood, and some partial conductors of electricity 
—viz., carbon and graphite. 

In a former paper it was shown that the thermal 
conductivity k is given by 
H? coth? a / 

pqhvVv?’ 
or, where / is sufficiently great, 

k= _» 
pqh Vv? 
where H is the heat given to one end of the specimen, of 
1, perimeter p, and cross-sectional area g ; V is the 

i ce of temperature of the “hot” end of the speci- 
men and the enclosure ; ’ is the heat lost from 1 sq. om. 
of the surface per second when its temperature is 1 deg. 
Cent. above that of the enclosure ; and 
hp 
qk 
In nearly every case the simpler form of the equation 
could be used. 

For the first time in the measurement of thermal con- 
ductivity a direct comparison of this quantity in the case 
of a non-metal has been made with that of a metal—viz., 
bismuth—whose conductivity is of the same order of 


k= 


ning | magnitude as those of some of the non-metals. 


The results agree well with those obtained by Pro- 
fessor Lees’ ‘‘ disc” method in cases where direct compari- 
son is available. 

Dr. Harker mentioned that the formula used by the 
author assumed that the isothermal surfaces in the speci- 
men were plane. This would not be far wrong in the 
case of good conductors, but it might introduce serious 
error in the case of substances such as those now treated. 
He also doubted the validity of the assumption that h 
was proportional to V for any but very small differences 
of temperature. The results given in the ) way for fire- 
brick were about twenty times lower than those given by 
other observers, including recent determinations of his 
own. 

Mr. F. E. Smith asked why the second platinum 
thermometer was not put inside the water-jacket. He 
was not sure that it was justifiable to assume that the end 
of the rod that fits in the copper cylinder is at the tem- 
perature given by the platinum thermometer P¢,. Was 
the end of the copper plug blackened in the same way as 
the specimen rods? He did not like the symbols onal by 
the author, which were not those generally ay ay 

Dr. Russell said that it was important to know how 
much of the heat was lost by radiation and how much 
by convection currents. The author’s emissivity constant 
seemed to include both. With ordinary copper wires 
suspended in air it was known that about 90 per cent. of 
the total heat emitted was taken away by convection 
currents. and only about 10 per cent. was lost by radia- 
tion. Newton showed that the convected heat carried 
away was proportional to the difference of temperature 
between the cooling body and the surrounding medium, 
and hence, so far as the convection loss was concerned, 
the author’s assumption was justified. Stefan’s law 
applied to the radiation loss, and, strictly speaking, the 
assumption that this loss was proportional to the differ- 
ence of temperature was only permissible for small 
differences of temperature. Luckily, however, this loss 
was small, and he did not think that the accuracy of 
the results obtained was appreciably affected by the 
assumption. 

The author communicated the following reply :—The 
points raised by Dr. Harker are, I believe, in each case 
due either to misapprehension or to misprints in the 
advance proofs. In the first place, the diameters of the 
specimens were 5 mm. to 6 mm. (not centimetres, as 
given in one part of the paper). The ratio of the sec- 
tional area to the thermal conductivity thus remains 
approximately the same as in the experiments on metals. 

is part of the criticism applies to practically all recent 
determinations of the thermal conductivity of metals 
where the dimensions of specimens are of the same order 
as in the present experiments. As Dr. Russell remarks, 
Newton’s law of cooling is applicable to that part of 
the heat lost by convection, and also very nearly to that 
lost by radiation, provided the excess of temperature of 
the rod is not great. In the present research this excess 
of vem re was no greater than 10.6 deg. Cent. 
Finally, the value of k in the case of firebrick is that 
given in the main table of results—viz., 0.0010. The 
value referred to by Dr. Harker is again a misprint. 
In reply to Mr. Smith, it is not safe to have a 
bare platinum thermometer in water or steam, and, in 
addition, the temperature to be measured (P tz) is that of 
actual enclosure. In answer to the next point, I con- 
sider it quite justifiable to assume that the temperature 
of the “‘ hot” end of the cylinder was the same as that of 
the rest of the copper cylinder containing the thermo- 


the | Srreign engines 





meter P¢,, as the enclosing cylinder was of thermal 
supecity greatly in excess of that of the specimen rods. 
The of the “‘ copper plug” was blackened in pre- 
cisely the same way as the Dr. Russell’s remarks 
as to the probable ratio of convection to radiation are 
interesting, and I hope shortly to determine this ratio in 
the case of my own arrangement of apparatus. 





COLONTAL ee ENGINEERING 
E . 
We give below a few data on several colonial and 
projects, taken from the Board of 
urther information concerning these 
jects can be obtained from the Commercial Intelli 
Branch, Board of Trade, 73, Basinghall-street, London, 


New Zealand : H.M. Trade Commissioner reports that 
tenders are invited in the local Press for heating and 
ventilating oe for the new Parliament Buildings at 
Wellington. Tenders on the proper forms will be received, 
up to noon on January 1915, at the Public Works 
Office, Wellington, N.Z. Drawings, specifications, and 
conditions of contract may be consulted by United King- 
dom _ heating and seneioting engineers at the Commer- 
cial Intelligence Branch. It will be observed that the 
time for the receipt of tenders is limited, and this inti- 
mation therefore will be of use only to firms having 
agents in New Zealand who can be instructed by cable. 

Russia: H.M. Em at Petrograd reports that, 


according to the official ovo-Promyshlennaya Gaxta 
aay of October 19/November 1, the Minister of 
ays of Communication has laid the following 


before the Council of Ministers :—(1) The expenditure 
by the Ministry of Ways of Communication of 1,049,593 
roubles (about 110,700/.) for the purchase abroad of thirty 
steam-engines (Mallet type) for the narrow-gauge railway 
between Vologda and Archangel; and (2) the expenditure 
of 12,062,430 roubles (about 1,273,000/.) for the construc- 
tion of a broad-gauge line on the Vologda-Niandom 
section of the above-mentioned narrow-gauge railway. 

C : The Diario Oficial, Bogotd, voy es the 
text of a contract entered into between the Colombian 
Ministry of Public Works and Sefior G. Porros Troconi 
of for the construction on the Salmedina an 
Isla Fuerte, Department of Bolivar, of two lighthouses 
with steel towers, and of two light-buoys, at a total esti- 
mated cost of 50,000 pesos gold (about 10,000/.). Material 
required in connection with the work which it may be 
necesary to import will be exempt from import duty. 

Brazil: The Diario publishes a decree approving the 

ject of the Commissiio Federal de Saneamento da 
ixada Fluminense for the execution of dredging and 
other improvement works on the River Iguassii and ites 
tributaries at a total estimated cost of 698,372 milreis 
(about 40,7007. ). 
Chili : The Diario Oficial, Santiago, publishes a decree 
ting to Don Florencio Rioja a concession for the 
installation of a telephone system between the towns of 
Tacna and Puerto Montt. The work is to be under- 
taken in two sections—viz., the Valparaiso-Puerte Montt 
section, which must be completed within a maximum 
amon of five years from the date of the decree, and the 

‘acna- Valparaiso section, which must be completed 

within a period of nine years. 








British TRapE IN Betaium.—The Belgian Chamber 
of Commerce in London, 24, St. Dunstan’s-buildings, 
St. Dunstan’s Hill, E.C., is at the disposal of manufac- 
turers who wish to get into communication with Belgian 
refugees who formerly acted for German firms, and are 
wishful to replace these makers by English manufacturers 
of similar — These refugees are here unoccupied, 
and would be very pleased to spend their time in acquir- 
ing knowledge of the lines they will be called upon to 
introduce later on. The Chamber of Commerce can also 
supply foreign correspondents. 





Tuer Trent.—On Monday, the 14th inst., the Notting- 
ham City Council further discussed a proposal for the ex- 
penditure of 150,000/. in improving the navigation of the 
Trent. It was decided, however, not to proceed further 
with the project, at any rate for the present. The idea 
had been that the proposal would give Nottingham the 
status of a port; on the other hand, it was contended 
that the project was brought forward mainly in the 
interest of the Trent Navigation Company, which, it was 
urged, would have itself carried out the improvement had 
. a certain that it could have derived some profit 
rom i 





EXTERNAL TRADE OF THE Unitep Kinapom.—The net 
tonnage of British and foreign vessels (sailing and steam) 
which arrived and cleared last year with cargo and in 
ballast from and to foreign countries and British 


possessions at the principal ports of the United Kingdom 
was as follows :— 


Port. Arrived. Cleared. 
tons tons 
Cardiff .. 7,617,450 10,447,151 
Cork . .. oe ba ve 8,760,865 8,693,888 
Dover .. Pr = és 2,416,948 2,407,818 
Glasgow ‘ oe oe 3,578,946 4,331,008 
Grimsby 2,498,883 2,756,382 
Hull... 4,704,865 4,360, 
Liverpool oe 12,054,056 11,200,415 
London. . on 13,725,156 11,403,908 
Middlesbrough es oe 2,874,801 2,117,882 
Newcastle .. oo se 7,218,883 8,496,747 
Piweuth ee Seee ees 2,674,683 
809,341 ’ 
Southampton Hing 


6,700,780 6,625,472 
2,782,414 
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DETAILS OF 


CONSTRUCTED BY THE 


BALDWIN 


2-8-8-8-2 TYPE LOCOMOTIVE FOR THE ERIE RAILROAD. 
LOCOMOTIVE WORKS, PHILADELPHIA, PA., U.S.A. 
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COMPOUND ARTICULATED 2.-8-8-8-2 TYPE 
LOCOMOTIVE FOR THE ERIE RAILROAD. 
(Concluded from page 684.) 

In our issue of the 4th inst. we described the frames, 
saddles, aud articulation system of the large 2-8-8-8-2 
locomotive built for the Erie Railroad by the Baldwin 
Locomotive Works. We wil! now proceed to a descrip- 
tion of the bearers fixed to the frames of the front 
section and carrying the weight of the boiler-barrel. 
These bearers have to allow for the radial movement 
of the front section under the barrel, which, of course, 
keeps the alignment of the second section, to which it 
is fixed. There are two sliding bearers under the 
barrel. They are illustrated in Figs. 131 to 147 on 
Plate XLV., with this week’s issue of ENGINEERING. 
The bearer illustrated in Figs. 131 to 139 is situated 
on the frames between the second and third pairs of 
drivers; that shown in Figs. 140 to 147 is placed 
between the third and fourth pairs. The former em- 
bodies a epring control for returning the front section 
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to the central position when the locomotive leaves a 
curve and runs on to the straight. 

From our engravings it will be seen that this bearer 
consists of a large cast-steel cross-tie fitted between the 
frames and clipping the top rail, with arms extending 
on either side. Fig. 131 gives a side elevation of 
this bearer, while Fig. 132 is a half elevation of the 
back side. A plan is shown in Fig. 138, and in 
Fig. 139 a horizontal section through the control. 
Fig. 137 shows the under side of the cross-tie castin 
ont the fit for the frame top rail. The gear frame o 
the Baker valve-gear is attached to the front of the 
| arms extending from this casting, the other end of the 
| gear-frame being fastenedto the yoke (see Fig. 2 ante). 
The top side of the cross-tie casting forms a table, on 
which a cast-steel eaddle riveted to the boiler-barrel 
with 1}-in. rivets moves to either side. Between the 
saddle and the table is a rubbing-block (Figs. 135 and 
136), consisting of steel faced with a brass plate. This 
is held between flanges on the cross-tie. The under side 





| of the saddle is provided with oil-grooves. A 1j-in. to 
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2-in. rod passes right through the saddle, and is held in 
cast-steel brackets at the end of the cross-tiearms. Near 
the middle of this control-rod are placed, about 144 in. 
apart, two large washers. Bearing on the inside end 
against these washers there are on this rod powerful 
springs, at the outer end of which are manganese-steel 
rubbing-plates, shown in Fig. 134. When the front sec- 
tion and boiler move relatively one of the springs in the 
saddle is compressed and its rubbing-plate bears hard 
against a cover-plate fixed on the end of the spring- 
box of the saddle, and shown also in Fig. 133. This 
plate has surfaces on the inside struck to a radius 
corresponding with that of the rubbing-plates on the 
coutrol-rod. The cover-plates have each an oblong 
slot for the control-rod to pass through and large 
enough to allow of the requisite movement of the 
rubbing-plates, which approximately fit the slots. 
The rubbing-plates and springs are held in position by 
lock-nuts. At <* back an ~— of the cross-tie 
casting there are large cast-steel cli ing over the 
flat bottom flange of the saddle. wa ae 

The second bearer is of simple construction, and 

rovides merely for sliding movement, the control 

ing omitted. It is illustrated in Figs. 140 to 147, 
and consists of a cast-steel cross-tie casting across the 
frames clipping the top rails, and a cast-steel saddle 
fastened to the boiler by 1}-in. rivets. Between the 
top of the cross-tie and the under side of the saddle 
casting is a brass-lined steel rubbing-plate (Figs. 144 
and 145). A half elevation is shown in Fig. 141, and 
in section in Fig. 140. Fig. 142 shows a side eleva- 
tion, and Fig. 143 the half plan of the saddle, Fig. 146 
showing the setting out of the rivets on the flange of 
the latter, while Fig. 147 shows the oil-grooving on 
the lower side of the saddle casting. 

The cylinders, of which two views are given in 
Figs. 182 and 183, above, are bolted to the saddle 
castings, described in our issue of the 4th inst. They 
are also keyed, but not bolted, to the frames. All six 
cylinders have an internal diameter of 36in. and a stroke 
of 32in. As already stated, the cylinders on the cen- 
tral section are for high-pressure steam. The front and 
rear pairs of cylinders are supplied with low-pressure 
steam from the high-pressure exhaust. The exhaust 
from the right-hand high-pressure cylinder is led 
forward to the cylinders on the front section ; that 
from the left-hand high-pressurecylinder being-taken to 
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the rear pair on the tender section. All the cylinders are 
cast to the same pattern. They are bored out to 37} in., 
and are fitted with }-in. bushings of Hunt-Spiller iron. 
They are illustrated in Figs. 148 to 158, Plate XLV. 
Of these, Fig. 148 is an end elevation, and Fig. 149 
a vertical cross-section at the middle of the casting. 
Fig. 151 is a half cross-section taken vertically on the 
se pen axis of the piston and valve. Fig. 152 isa 
half side elevation. Fig. 154 gives details of the flanges 
by which the cylinder is bolted to the saddle. A half 
plan is shown in Fig. 155, while in Figs. 156 and 157 
are given sections along the line ABC and IF 
(Fig. 149). A drawing of the under side is shown in 

‘ig. 158. There are no live-steam joints between the 
cylinders and the saddles or the frames. In the case 
of the high-pressure cylinders the steam supply is 
brought to the steam-chests by outside steam-pipes 
from the smoke-box, one on each side of the engine. 
Connection is made with the cylinder casting by an 
elbow on the inner side at the steam-chest level. 
Admission to the steam-chest is through a 7}-in. 
opening set 14 deg. above the centre line of the valve 

his is shown in Figs. 148 to 150 and 155. In the 
case of the low-pressure cylinders this opening is 
connected, by elbow-pipes passing above the flanges of 
both castings, with a corresponding supply opening on 
the top of the saddles. The exhaust is in all cases taken 
through a rectangular opening, 10 in. by 6 in., direct 
into the saddle casting, with which a steam joint is 
made at this point with a varnished paper gasket. 
These joints, of course, are only subjected to low-pres- 
sure steam. 

The steam-chests are bored to 17} in. diameter. 
Each is bushed to 16 in. with two short liners of 
Hunt-Spiller iron. The ports are 24 in. wide. The 
circumference is divided into thirteen equal ports, 
between which are one 3-in. and eleven 1-in. bridges. 
These bushings are shown in Figs. 170 and 171, and in 
position in Fig. 151. The piston-valves, which are 
all 16 in. in diameter, are illustrated in Figs. 159 to 
169. They are arranged for inside admission. The 
valve-spindle is eccentric, and a l-in. retaining-bolt 
is provided to assist in holding the rmly 
together. The valve is composed of a hollow body of 
cast iron and two cast-steel ends or spiders. These 
are drawn up together by nuts on the spindle and by 
the retaining-bolt. At each end they hold in place a 
bull-ring of Hunt-Spiller iron and two packing-rings, 
also of Hunt-Spiller iron. Figs. 159 and 160 show the 
complete valve, and Figs. 167, 168, and 169 the bull-ring. 
Fig. 161 is a section through the spider and bull-ring 
at the key shown in the valve on the vertical diameter 
in Fig. 160, and also in Fig. 163. The key itself is 
shown in Fig. 165. The packing-rings are prevented 
from slipping round by a steel pin driven through the 
bull-ring at the bottom, the rings being parted at this 
point. This arrangement is shown in Figs. 162 and 
164. Fig. 166 illustrates the keys used at the fit of 
the spiders on the valve-rod. As previously stated, 
the valves are worked by Baker gears, the mechanism 
of which is shown in Figs. 2, 3, and 4 ante. This isa 
constant-lead type of gear, deriving its motion from 
two points—viz., the crosshead and a return crank on 
the driving-wheel crank-pin. Reversing is accom- 
plished by one power reverse-gear. The gear adopted 
is on the Ragonnet system. In this reversing-gear a 
piston working in an air-cylinder is coupled to the 
reach or reversing-rod. The movement of this piston is 
controlled by what amounts to a floating-valve, of 
which the spindle is attached to a combining lever. 
This lever is connected at one end to asmall reversing- 
lever by means of a rod, and at the other to an arm 
fixed to the piston-rod. On the small lever being moved 
the combining lever swings on the piston-rod arm and 
the valve is moved, admitting air to one side or other 
of the piston, and thus causing the piston and revers- 
ing-gear to move. This movement in turn moves 
the piston rod arm and the combining lever, which 
now pivots round the end connected to the small re- 
versing-lever. This movement causes the valve to cut 
off, and the gear is held stationary. Fur each move- 
ment of the small lever there is a movement of the 
piston, and the valve is always brought back to the 
central position. This reversing-gear is coupled with 
the reversing-shafts on all three sections by rods and 
rocking-levers, flexible joints, &c. 

The a 8 are illustrated in Figs. 172 to 176. The 
piston-head is of — steel, with a cast-iron bull- 
ring shrunk on, the shrinkege allowance being ,, in. 
At the front end the bull-ring fits against a aller 
on the rim of the piston-head. At the back end, a 
wedge - shape retaining-ring is held in place by a 
keeper, } in. thick, welded in place after the retaining 
ring has been inserted in place. These details are 
shown in Fig. 176. There are three snap-rings, cut as 
shown in Fig 174. The piston-rod is 44 in. in dia- 
meter, the fits at both ends being 49 in. at the 
largest diameter, with a taper of ? in. in 12in. The 
collar op the rod at the piston is shown at Fig. 175. 

Steam is conveyed from the high-pressure ta the 
low-pressure cylinders through two 9-in. steel pipes, 
details of which are given in Figs. 177 to 181. 1% the 
eading end in each case these pipes are provided with 





slip-expansion joints; at the back end they have 
elb-catlcochet gland joints. At the leading end of 
these pipes a cast-steel socket-pipe, 22 in. long, is 
attsched by u flange joint to the back of the high- 
pressure and low-pressure saddles. The pipe proper 
fits into this socket, and the gland is pac with 
three cone-shaped brass rings, on either side of which 
are rings of braided asbestos (see Fig. 179). At the 
back end of the pipe there is a ball of cast steel 
screwed and acetylene-welded to the Pipe. This ball 
is held between two brass-neck rings, between which 
are four thick rings of braided asbestos packing. The 
neck rings and king, details of which are shown 
in Figs. 178, 180, and 181, are held by studs and nuts 
in large circular cavities, 16 in. in diameter, in the 
front of the high-pressure cylinder-raddle (see Figs. 96, 
98, 101, and 125 ante), and in front of the rear low- 
pressure cy)inder-saddle (see Figs. 115, 118, 120, and 
128 ante). 

The exhaust connection from the rear low-pressure 
cylinder-saddle to the feed-water heater was illus- 
trated in Figs. 63 to 66 ante. The exhaust from the 
front low-pressure cylinder-saddle is carried to the 
blast-pipe through the 9}4-in. pipe shown in Figs. 184 
to 186, page 738. This exhaust-pipe has a ball-joint 
struck to 8-in. radius at each end. At the front end 
@ cast-iron spring-box is fixed to the top of the saddle. 
The pipe is held down into this box against the pres- 
sure at & powerful spring by means of a flange and 
bolts. A somewhat similar arrangement inverted is 
provided in the bottom of the smoke-box. In both 
cases the springs are arranged in collapsable cages, 
the parts of which clip together when the pressure 
of the flange-ring is removed. The pipe proper is of 
cast iron, and is composed of two portions, each of 
which has a right-angle bend at one end. At the 
other end the two parts fit one inside the other to 
form an expansion joint. The sliding joint is made 
by nine ,’;-in. oil-grooves, and four rings § in. wide by 
y's in. thick, sprung into two grooves on the outside of 
the inner pipe. 

Details of the trailing truck are given in Figs. 187 
to 214, page 739. This truck is of the Cole pattern. 
It was shown in the general arrangement, Fig. 4 ante. 
It is built up of three cast-steel frame pieces and two 
steel outside axle-box castings. The frame is shown 
in elevation and plan in Figs. 187 and 188. It allows 
44 in. swing on either side of the centre line, and 
is spring-controlled at the back end. Details of 
the axle-box casting, brass, keeps and covers, are 
given in Figs. 189 to 201, Fig. 195 showing the brass 
liner next to the boss of the wheels. Above each axle- 
box is a bearing-plate (Figs. 203, 204, 211, and 212), 
which supports a moving cup. In this cup rides a ball 
fixed to a spring yoke (Figs. 205 to 208). Above this 
again is an inverted cup (Figs. 203, 209, and 210), 
which forms a spring-shoe, the load on the axle being 
thus transferred to the axle-box through this sliding 
cup and ball. In the top of the axle-box are oil- 
pockets covered by # plate and with the malleable- 
iron cover shown in Figs. 213 and 214. From these 
pockets oil is fed to the face of the hub liner and the 
top of the brass. 





ELECTRICITY IN THE PRINTING OFFICE.* 
By Frank Broappent, M.I.E.E. 

[Tue complete paper deals with electricity for two main 
purposes in the printing office—for illumination and 
driving. Both are trea very fully, but want of s 
prevents us from reproducing the former, and we have 
therefore confined our abstract to the latter alone. Illu- 
mination is a very important matter in a printing works, 
both as regards comfort and efficiency, but we must refer 





power uare foot of space occupied. The space 
occupied includes not only the actual ground space 
covered by the machine frame, but also the 
gangways all round it. Take, for instance, a machine- 
room such as is represented in Fig. 1. We have here 
28 machines in a room having a superficial area of about 
16,000 sq. ft. The maximum power-demand of the 
machines, exclusive of any shafting, would not exceed 
100 horse-power, or 1 horse-power per 160 sq. ft. of area, 
whilst the average horse-power would be about 50. If 
mechanical driving were adopted, we should require 
about 450 ft. of shafting, with its bearings, pulleys, and 
main belting ; also 28 countershafts, It is a little difficult 
actually to estimate the power which would be uired 
to drive all the shafting and belting. A figure which is 
frequently assumed is 1 horse-power per 10 ft. of +. 

ting, running at 150 revolutions per minute. is 
would give vs about 45 horse-power for the main shaft- 
ing alone. We should have, however, in addition to 
the main shafting, the cone-pulleys and belts. which 
would take about as much power as the main shafting. 
Taking the maximum demand of the machines as 100, we 
should require an engine of not less than 150 horse-power, 
the average load being 100 horse-power, made up of the 
50 horse-power line-shaft losses and 50 horse-power use- 
fully employed in the machines. is gives us a trans- 
mission loss of 50 per cent. Assuming the cost per 
horse-power generated on site to be 4d. per hour, and the 
working hours 2500 per annum, there would be a loss of 
125,000 horse-power-hours per annum, representing 
approximately . per annum, which, at 5 per cent., 
represents the interest on a capital outlay of 52002. 

sb these figures should be thought to be purely 
theoretical, the author may be permitted to refer to 
savings in the cost of power which have been effected in 
printing offices electrified under his own supervision. 
Lighting is included in the comparison ; but as the advo- 
cates of gas generally argue that electric lighting is dearer 
bre F gas lighting, this makes the economy all the more 
stri x 
In case(1)the cost of both for power and lighting was 
1400/. per annum. After electrification, notwithstanding 
the addition of several new machines, the cost for electri- 
7 was 8007. The horse-power installed was about 200. 

n case (2) the combined cost of gas lighting and coal 
for steam-power was 1500/. per annum, whereas the cost 
of electricity is now less than 900/. per annum, altbough 
very considerable extensions have been made to the 
machinery. The horse-power installed is about the same 
as above. 

Tn case (3) the figures are almost the same as in case (2), 
the average cost of electricity in all cases being about 14d. 

r unit. If we could buy electricity at the rate of 4d. per 

orse-power per hour, the economy would be proportion- 
ately greater. These figures simply represent the saving in 
fuel costs alone, and would show to much greater advan- 
tage if we included the saving in belting, oil, repairs, and 
maintenance of shafting and bearings, and saving in 
cleaning and painting, and added the value of the in- 
creased output per machine. One does not wish, how- 
ever, to labour this point, because the saving in fuel alone 
is quite sufficient generally to justify the change from 
mechanical to electrical driving, and the advantages apply 
to the small as well as to the large works. 

Individual or Group Driving.—One is frequently asked 
what is the smallest machine which can be economically 
individually driven. A great deal depends upon the 
method of working, and each case must be considered 
individually somewhat on the following lines :— 

Let us suppose that we have half a dozen small 
machines, none of which would take more than 1 horse- 
power to drive. To drive them mechanically takes 30 ft. 
of line shafting, which alone with its belts would absorb, 
say, 2 horse-power continually, or 1d. per hour, reckoning 
4d. per horse-power per hour. The annual cost would 
therefore be a little over 10/.. representing 5 per cent. 
interest on a capital of 200/. If variable speeds are re- 
quired, as is very common in printing works, each 
machine must have its countershaft with cone — 
fast and loose pulleys, and two belts—namely, one be- 
tween the coantershaft and machine and one between 


Fig.1. SKETCH PLAN OF MACHINE ROOM. 








those who are interested in that aspect of the case to the 
paper itself. } 

Power.—Owing to the special character of the work— 
spenking now more particularly of the general printing 
office—electric driving offers exceptional advantages, for 
not only is it far more economical than mechanical 
driving, but it is cleaner, it produces better work, and 
also increases the output per machine. Generally speak- 
ing, there are a number of machines, each taking a small 

* Abstract of paper read before the Association of 

i in-Charge on December 12. 














the line-shaft and countershaft. This, of course, adds to 
the power required, and increases very considerably the 
cost of upkeep, so that we can poate afford to spend 
300. now in order to eliminate these standing losses and 
other charges. Thies is only the preliminary considera- 
tion ; we have to consider the comparative costs of depre- 
ciation, and also the cost of electrical energy, but it will 
serve as an indication of the often-unsuspected losses in 
mechunical group driving. ’ 

Bearing upon this point, there may be given figures 
of a small installation which incidentally will serve to show 
that it is not only in the large works that economies are 
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possible. In these works there were a dozen machines of 
comparatively small size, including four platens. These 
were all driven by a single motor rated at 5 horse-power, 


10 horse-power. Tne annual consumption was approxi- 
mately units. The machines are now all driven 
individually by separate motors, the 
amounting to 20 horse-power, which includes an additional 
machine of comparatively large size. The annual con- 
sumption now is reduced from about 6500 to less thin 
4500 units per annum, a reduction of over 30 per cent. 
in consumption, notwithstanding the increase in horse- 

wer. 

Another important factor to be considered is the im- 


provement in the quality of the work, due to the steadi- | the 


ness of the drive. When a machine is driven throu 


various stages of shafting and belting the variation in 
8 of the machine is very much greater than that of 
the prime mover, and this variation has a marked effect 


| sions per hour. It will be noticed that in the « 
but which mast occasionally have worked up to about | the 


te power | f 





on the quality of the work produced. 
The left-hand diagram in Figs. 2and 3 shows that the’ 





very slow 'y, 800 impressions 


speed—namel. hour— 
whilst the second set are ata of about Noo i 


current fluctuates much more than in first, 
although the average current is very little higher. 

is due to the quicker acceleration on the first part of the 
orward stroke, which means increased power, and to 
the regenerative effect of the fly-wheel during the com- 
pletion of the stroke, which causes the current to fall to 
a very low value. The peak of one curve, it will be 
noticed, is ry than the other, this being due to the 
impression, lower curve being that of the return 
stroke when the im ion is lifted. 

The third pair of curves on the same diagram shows 
excessive currents thrown on the motor during 


z 


gh | “inching” operations. When an ordinary hand-starter 


is used for this purpose, the operator pushes the starting- 
handle over — and returns it again as soon as the 
machine moves; he repeats this process until he has 
moved the forme to the required position. It will be seen 
that the peak current here is about four or five times the 





speed of a countershaft may vary 15 per cent. though the 
engine speed does not vary more than 2 percent. This 
is due in part to the various or of transmission through 
which the power passes. By driving a similar counter- 
shaft by means of a motor, asshown in the right-hand dia- 
gram, the speed variation may be redu from about 
a cent. to about 2 per cent. 

till another and most important consideration, one 
which in some offices far outweighs even the cost of 
— is the increased output which follows the change 
rom mechanical to individual motor-driving. This 
advantage is not a theoretical one ; it is borne out by the 
es of practically every printing-office in which 
individual electrical driving has been adopted, and 
printers who smile the smile of the sceptical when this 
advantage is pointed out to them as an inducement to 
electrify their works, and who persist that they do not 
want more than three or four speeds, as these have 
always been sufficient for them in the past, are generally 
forced to admit afterwards that the fine control 
which is possible by electric driving has proved of inesti- 
mable advantage to them. The increased output may be 
——- between 10 per cent. and 25 per cent., depend- 
ing on the class of work done. 

Flat-Bed Machines.—The power curve of a fiat-bed 
printing-machine depends upon the make and type of 
the driving- gear. In some machines, such as the 
Wharfedale, the principle of the driving- gear is that 
shown in Fig. 4. Here the main driving-shaft gears with 

















Base of Madine? 
a large spur-wheel carrying a crank-pin, to which one end 


(4e50.¢) 


of a connecting-rod is attached. The other end of the 
rod is attached to the axle of a spur-wheel, which travels 
along a fixed rack and engages at the top with a rack 
fixed to the underside of the bed or coffin of the machine. 
The coffin therefore travels further and accelerates 
quicker than the spur-wheel, as it is driven backwards 
and forwards both by the horizontal motion of the spur- 
wheel and also by its rotary motion. At each end of the 
travel, whilst the coffin is momentarily stationary, the 
power is very low, but rises rapidly as the machine 
accelerates, and then falls rapidly after the centre has 
been passed, the stored y of the fiy-wheel helping 
the motor somewhat — e second half of the stroke. 
10 


Speed Variations iv Steam drwen 
Shaft = 





In this type of machine, however, the stored energy is 
very onal owing to the small mass of the fly-wheel and 
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its com: tively slow speed 
six euveletiens for each to-and-fro motion of the coffin 


the ——, 
Power curves of a Wharfedale letterpress machine are | From this it will 


Same in Electrically 
Shatt - 17 


average current required for printing. This operation is 
obviously bad from every point of view—namely, from 
the point of view of the wear and tear on the starter, the 
overload on the motor, and the racking strains on the 
printing-machine itself. 

The power curve of an old drop-bar perfecting machine 
—that is, a machine which prints both sides of the 
paper—is shown in Fig. 6. The driving mechanism is 
different from that used in the Wharfedale machine, 
> modification of the old box-mangle driving-gear, 
of which the principle is shown in Fig. 7. This prin- 


Fig.6.H.P. CURVE OF A Q.D. BAR PERFECTOR RUNNING 
AT IMPRESSIONS P.H. 
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ciple, first used, it is believed, by Cowper about a hundred 
years ago, is now found in various forms in many makes 
of machine, including the Miehle, the Babcock, &a The 
pinion drives the coffin forward by engaging with one side 
of the rack, and at the end of the travel is transferred 
by suitable mechanism to the other side, the coffin being 
brought to rest and reversed by spring or air buffers. The 
coffin is not slowly accelerated as in the Wharfedale ty 

of machine, but travels at almost the same speed through- 


out the stroke. In modern machines, such as the Miehle, 
ti fas of revolution of the driving-shaft is at least 
double that of the old type of Wharf , and the speed 


of printing is also much faster; the fly-wheel effect is 
consequently very much greater. The result of this is that 
the power curves at slow and fast speeds are practically 
the reverse of those shown in Fig. 5, the greater fluctua- 
tions being shown on the slow speeds, when the fly-wheel 
effect is not so great, the current on the top i 
fairly —— 

Some modern machines, such as the Huber perfecter, 
have a — —7 —_ — is started — * bm 

inning of the trav: up towards mi 

a slowed down words the ond like tke Wharfedale 
As the impression occurs whilst the heavy mass is being 


5. POWER CURVES OF Q. 0. WHARFODALE. 
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of revolution—viz , about Paccelerated, this machine takes a very large peak current, 


being shown in Fig. 8. 


curve 
seen that the current fluctuates in 


shown in Fig. 5. The first set of curves were taken on a| the particular machine tested from 5 to 40 amperes, corre- 





ing in this case to about 24 to 20 horse- . The 
—— current, calculated eh the units Chee uring 
an hour, is about 16 or only 40 per cent. of the 


am 
a. This ie shown in the izontal thick line 


which the motor must be desi > 
is proportional to the square of the current, so .) 
motor must be designed to stand what we call the R.M. 
value of the current, that is, the cquare root of the mean 
value of the equare of the currents fee the curve. 
In the particular case shown in Fig. 8 this R.M.S. value 
is 30 amperes, and it is this current for which the motor 
i from the heating point of view, and 

Fig.8. POWER CURVE OF 60 IN. X 40 IN. 

HUBER PERFECTOR AT 1,200 /.H.P. 
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not for the average valuejof 16 amperee. From the 
sparking point of view, the motor must be designed for 
nei of these values, but for the peak or maximum 
current; so it is fairly obvious that the ordinary motor 
suitable for a steady load would be quite unsuitable for 
driving printing hines, unless the motor a ver 

considerable margin of power above the average required. 

Best Type of Motor to Use.—For variable loads, such as 
are taken by printing- ines, ® compound-wound 
motor is the best type to use, and the curvés shown in 
Figs. 5, 6, and 8 all refer to compound-wound motors. 
If shunt-motors had been used, the peak 
have been much greater. 

The torque exerted by any motor depends on the arma- 
ture current field stren and a compound-wound 
motor automatically ens its field as the current 
increases ; hence, when the impression takes place, the 
field becomes stron instead of weaker, as is the case 
with a shunt-wound motor. It is claimed that the use of 
interpoles with ashunt-wound motor gives a compounding 
effect. This is true under some conditions, but for print- 
ing-machines better results are obtained with compound 
interpole motors than with shunt-wound interpole motors, 
as the currents, both whilst starting-up and on the 
im ion, are lower. 

n Fig. 9 there are two curves taken with the same 
motor when driving the same machine to which Fig. 8 
refers—namely, a 60-in. by 40-in. Huber, the one curve 
showing the peak currents at various speeds with the 
motor running as an interpole shunt motor, and the other 
when running as an interpole compound motor. It will 
be seen that for the same number of im i hour 
the current is lower when running compound and the 
differences become greater as the s rises. Both 
these curves were taken without paper, and it is interest- 
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ing to com: these with Fig. 10, which shows the cur- 
rents for same motor and machine when runni 
compound, and printing with automatic feeder. This 
curve shows a somewhat unexpected result—namely, that 
the peak onan ee a =. at Fyne 1080 
impressions our, after which it falls, peak cur- 
rent at 1250 fob. being practically the same as at 1000 
i.p.-h. This fall is attributed to the increasing effect of 
the fly-wheel, which on these motor-driven Hubersis very 
heavy. It must not be assumed that the power taken 
at 1250 is the same as at 1000 i.p.b.; but that the peak 
current is lowerand the minimum current higher. 

Not only is there a difference between the peak currents 
of the ne oy and shunt-wound motor, but there is 
difference in the energy consumption. When running 
as a compound-wound machine, the motor in question 
took 7 units per hour at 1200 ip.h., or ximatel 
6 units per 1000 copies. en running as a shunt-wou 
machine the consumption was from 64 to 67 unite per 
1000 copies when running at the same speed, or approxi- 
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mately 10 per cent. more energy than when running as a 
compound-wound machine. "ePhe starting effort also 
considerably improved by the mn page winding ; when 
shunt-motors are used it is essential to employ very heavy 
fuses to prevent them blowing each time the motor is 
started up. 

The figures just given are useful in emphasising another 
very important advantage of motor-driving—namely, that 
® printer is in a position to know exactly the cost of energy 
per 1000 copies on any machine in his works. He is also 
in & position to measure the energy used in making-ready, 
and by this means is able to estimate, with a fair degree 
of exactitude, his power costs for any job for which he is 
quoting. This is quite impossible when driving in the 
old-fashioned way. 

Method of Driving.—The method of driving depends 
upon the class of machine to be driven. The old types 
of Wharfedale machine, in which the driving-shaft is 
fixed on the end of the frame immediately under the 
delivery board, lends itself best to driving by spur-gear- 
ing. If driven by belt it means that in order to get 
sufficient length of drive the motor must be placed at the 
coupons end of the machine to the driving-shaft, and the 
belt must run alongside the machine, interfering very 
much with access to the forme and to certain parts of the 
gearing ; this arrangement also reduces the available pas- 
sage space. Moreover, the speed of the driving-shaft, 
which is generally between four and six revolutions per 
impression, is so slow that to drive by belt necessitates 
a very slow-speed motor. Spur-gearing, when properly 
designed, gives very satisfactory results. Fig. 11 shows 
a typical spur-gear drive of a Wharfedale machine. 

For short drives where spur-gear is nob convenient, we 
may use either a silent chain, of which there are several 
now on the market, or a short belt drive with a jockey or 
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idler-pulley. With a chain drive the important thing 
to remember is that a wider chain must be used on a 
printing-machine than for any other machine taking the 
same wer but whose turning moment is uniform. 
Suitable provision must also be made for taking up the 
slack of the chain. 

Machines of the two-revolution type, which generally 
have the shaft placed about the middle of the machine, 
are most conveniently driven by belt from the motor fixed 
either at the delivery or feeder end, as found most con- 
venient. The American practice is to fit the motor in the 
aperture of the side frame. This gives a very short 
drive, and necessitates the use of a jockey-pulley, a 
typical case being shown in Fig. 12, where the driving 
centres are only 2 ft. 6 in. apart. This is a very con- 
venient arrangement from the point of view of the printer, 
as the motor does not take up any space outside the 
machine frame. It is, however, not at all convenient 
from the point of view of the engineer-in-charge, nor of 
the inspecting engineer, as the motor is very awkward 
to get at, particularly when, as is commonly the case, the 
commutator is turned inwards under the machine. In 
my recent practice, I have genwrally had the pulley put 
on the commutator end, but even this is not very con- 
venient, because there is the obstruction caused by the 
belt itself and by the belt-guard and steps when one wishes 
to get at the commutator or brushes. 

Switch-Gear.—One of the extraordinary things about 
printing-work is that a type of switch-gear which may 
give very results in country works is practically 
useless in mdon printing-offices. The fact remains 
that whilst a robust form of hand-operated starter with 
special inching contacts may give results in country 
works, such starters deteriorate very quickly indeed in 
London offices, and practically the only satisfactory form 
of starter to use in these cases is the -button auto- 
matic type, which minimises the power of the operator 
to ill-use the switch. This type of switch-gear gives a 
much more perfect degree of control than the hand-starter, 
and effects considerable saving in time, 





Speed Control.—As already mentioned, speed control 
is one of the most important advanteges of electric driv- 
ing, and the range of control depends very largely upon 
the class of machine. For most purposes an increase of 
about 50 per cent. above the lowest speed is sufficient, 
a rapge corresponding to, say, 1000 to 1500 impressions 

hour, or 1200 to 1800, or ongtes in that ratio. 

me machines, particularly those which are used for a 
very great variety of work, require a wider range, but 
the tendency in large printing offices is towards speciali- 
sation, and certain machines are kept, as far as possible, 
on a similar class of work, so that they may work at their 
maximum speeds as much as ible. The use of inter- 
poles on machines has made it possible to geta very wide 
speed range by meansof shuntcontrol—that is to say, by 
varying the current in the shunt windings, and so vary- 
ing the strength of the magnetic field, the maximum 
speed being obtained with the weakest field. Without 
interpoles there is a danger of motors flashing over when 
working on weak fields, particularly when subjected to 
overloads. When it is desired to fix the motor in an 
aperture in the side frame of the machine, the size of the 
motor is limited by the space available, and this practi- 
cally settles what we call the normal speed of the motor 
—that is, the speed without any resistance in the field or 
in the armature circuit. This speed may be too high to 
obtain a satisfactory drive for the lowest speed of the 
press, and it then becomes necessary to obtain the speeds 
below the normal by the use of a regulating resistance in 
the armature circuit. This is a wasteful method, inas- 
much as the main current has to pass through the resist- 
ance for the purpose of reducing the voltage on the 
armature, and this loss of voltage represents so much 
waste. When this method is adopted, drum or tramway- 
type controllers are sometimes used, the full-speed e 
being obtained partly by regulating resistance in the 
armature circuit, and partly by resistance in the field 
circuit. The series resistance acts both for starting and 
regulating. It is nota very convenient method of regula- 
tion when automatic control is used, owing to the large 
dimensions necessary for the series resistance. In order 
to get over this disadvantage of large dimensions, the 
resistance is frequently separated from the switch and 
placed underneath the machine, involving a large number 
of connecting cables between the two pieces of apparatus. 

For very small motors, such as those used for stitchers, 
sewers, and the like, a combined starting-switch and 
series-regulator forms a satisfactory arrangement, as the 
amount of power is so small that the waste in the regu- 
lating resistance is almost neglible. There is, however, 
no difficulty in regulating these small machines by shunt- 
field control, if desired, but it involves a larger and more 
expensive motor. 

When a very wide range of shunt regulation is used, 
it is desirable to provide a means of short-circuiting or 
cutting Out the resistance during periods of starting up, 
for the purpose of ensuring that the motor will start up 
with a strong field. 

Rotary Newspap hines.—There are few, if any, 
industries in which the element of speed is of such 
great importance as in the publication of a great City 
newspaper. As a few seconds are of importance, con- 
siderable ingenuity has beea exercised in the development 
of the method of rotary-press driving and control. In a 
large rotary press there are hundreds of moving parts, 
scores of bearings, multitudinous gears, amounting in the 
aggregate to tons of moving machinery which must be 
started gently and run ata very slow rate to permit of 
the paper strip or web from the five-mile reel bein 
threaded between the various rollers. Very smoot 
and gradual acceleration is necessary to prevent 
breakage of the web, as this would mean considerable 
loss of time in leading it in again. en once fairl 
started the machinery must be _— run up tos ‘ 
without jerk or jar of any kind, until the machine is 
travelling at a rate sufficient to turn out from each deck 
from 24,000 to 34,000 copies of the paper per hour. A 
large machine consists of s number of decks placed, 
generally, one above the other, all interconnected by gear- 
ing so that they may be either run separately or together, 
as required. Complete machines, consisting of several 
decks, are also placed end on to each other, so arranged 
that they may be coupled together if desired to work as 
one complete unit. As each press has its own driving 
and control equipments, arrangements have also to be 
made to couple these together so that they shaJ] start up 
and accelerate simultaneously from any one of the many 
push-button control-stations located at different points 
on the press. 

Except in very small size, rotary presses cannot be 
satisfactorily driven by the ordinary methods adopted 
for driving other kinds of machinery. The reason for 
this will be apparent if we only consider what takes place 
in starting up. If we gear upa plain motor to a print- 
ing-press and then switch current on to it through a 
starting resistance, the press would not start until a con- 
siderable amount of resistance had been cut out, giving 
the motor a current very much in excess of that n 
to run itslowly. This is due to the fact that the start- 
ing torque of the machine is very much in excess of 
the running torque, owing to the heavy masses of 
machinery to be set in motion, and the stiction or 
suction of the multitudinous rollers, static bearing 
friction, &c. Assuming now that we have given the 
motor ‘sufficient current to enable it to start the press, 
the torque falls off very quickly when the machinery 
is in motion, with the result that the speed would 
quickly accelerate and probably snap the paper. Or, 
if the paper had not yet been threaded through, the 
speed at which the motor would run after once starting 
would be much too fast to permit of this operation being 
carried out. It would then be to insert resist- 








ance toslow the machine down, and under these conditions 





the running would be very unstable or irregular. In 
practice this method of control has been found to be quite 
impracticable. Very many and ingenious methods have 
been devised from time to time to get over this difficulty ; 
and had this paper been read a few years ago, it might 
have been desirable to describe a number of them. Owing 
to the fact, however, that certain patents have recently 
expired in connection with what we may call the double- 
motor drive, there is really no need to describe more than 
two of the methods. These are the single motor, with 
diverter control for the slow speeds, and the double-motor 
system. 

Single-Motor Diverter Control.—In this system a very 
heavily compounded motor is generally used. To start 
up, current is supplied to the motor through a resistance, 
which is gradually cut out until the motor starts. As 
soon as it has acquired, say, 5 per cent. of its full speed, 
the voltage across the armatures excites an automatic 
switch which connects the diverter resistance across the 
armature terminals. The a of affairs then is that 
shown in diagram A in Fig. 13, from which it will be 
seen that there is a complete circuit through the diverter 
resistance, the series windings and regulating resist- 
ance, the armature being across a portion of resistance, 
the shunt field a connected in parallel with the whole 
thing right across the lines. The details of the controller 
connections are not here shown, as they are somewhat 
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complicated. In this condition the armature cannot 

erate, as any tendency to do so would increase its 
back electromotive force and divert more current into the 
diverter resistance. We can only increase the speed by 
increasing the diverter resistance, so allowing the arma- 
ture to take more current. The next movement of the 
controller gradually increases the diverter resistance, 
the speed increasing until what we call creeping speeds 
are passed, when the diverter circuit is mh and 
the machine runs as a plain compound-wound motor 
with armature resistance in circuit, as shown in the 
second diagram, B. The armature resistance is then 
gradually cut out (C), and after that the compound 
winding is cut out or diverted (D), the motor then run- 
ning as plain shunt motor. Further increases of speed 
are obtained by plain shunt regulation, the state of the 
connections being shown in diagram E. The whole of 
these operations may be carried out by means of a con- 
troller worked bya single handle. When push-button 
control is og asmall motor is geared up to the con- 
troller spindle, this motor being controlled by means of 
push-buttons fixed on the press. As the push-button 
boxes are practically similar to both methods of control, 
these will be referred to after describing the double-motor 
method. In the event of the paper breaking, or any other 
circumstance arising to necessitate the press being stopped, 
this is done by means of a press-button which brings down 
an electro-magnetic circuit-breaker. Besides breaking 
the circuit, the switch connects a diverter resistance across 
the armature which, acting as a dynamic brake, brings 
the press very quickly to rest. is resistance can be 
adjusted to bring the press to rest practically instanta- 
neously or to occupy & few seconds, as desired. Diagram F 
in Fig. 13 shows the connections after the stop-push is 


A curve of currrent and speed of a single-motor diverter 
equipment is shown in Fig. 14. This refers to a 40-horse- 
pes Laurence-Scott equipment, driving a three-reel 

oe press having an output of 24,000 copies an hour of a 
twelve-page paper. It will be seen from this that the 
press takes about 10 horse-power to start from rest, the 
tty falling slightly as soon as the press is in motion. 

e speed then increases almost proportionately with the 
current. In this equipment the series-starting field is 
very powerful, the’ speed increasing by 50 per cent. as 
this is cut out. After this a further increase of 100 per 
cent. is obtained by shunt-field control. Hence, assuming 
the normal speed of the motor to be 200 revolutions per 
minute with the compound-winding in, it is 300 revolu- 
tions per minute when cut out, and 600 with all shunt 
resistance in —a total range of 300 per cent. on field 
‘variation alone. This accounts for the low starting current. 

Two-Motor Eyuipment.—It is well known that a great 
mass can be moved through a small distance by the exertion 
of a comparatively s' force acting through a long dis 
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tance. This, in short, is the principle of the lever, by means 
of which a weight on the short end can be lifted by 
means of a much smaller -——— at the long end. The 
same principle is applied in lifting or hoisting-tackle. In 
rotary motions the lever takes the form of gearing, which 
—_ | ap ay worm-gearing, or any other kind of 
multiplying gear. In the two-motor drive the principle 
is made use of by gearing a small or auxiliary motor to 
the larger or main driving-motor, which, in turn, is geared 
or coupled to the printing-machine shaft in the most 
suitable way. If we assume that the auxiliary motor is 
geared to the main motor by means of a worm-gear having 
a ratio of 25 to 1, we could, assuming there was no loss 
of efficiency, exerd on the machine t a torque or 
turning effort of about twenty-five times the torque 
exerted by the auxiliary motor. Obviously, therefore, it 
will take very little effort on the part of the auxiliary 
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motor to move the press, and owing to the large gear 


reduction, a considerable movement of the armature 
results in a very small movement of the printing-press 
shaft. The same ——- has been previously applied 
in engineering work, and is used in textile factories 

on ship, where a small barring-engine is used to 
turn the main-engine shaft. In these cases, however, the 
object is merely to move the main engine round a little, 
and not to start and accelerate it before the steam is 
turned on to it. 

The sequence of operations in the two-motor control is 
briefly the following :—Assuming the main switches to be 
alread dy closed, the controller first closes the circuit of the 
auxiliary motor through a resistance. This motor there- 
fore starts up slowly, driving the main motor th b 
the intermediate gearing. The motor, if suitably de- 
signed, runs quite steadily at a speed which drives the 
press at about 5 per cent. of its maximum speed. This 
18 slow enough for leading in the web from the reel. 
Further movements of the controller gradually speed up 
the small motor, first by cutting out resistance in the 
armature circuit, and afterwards, if desirable, by weaken- 
ing the shunt field until it has attained its maximum 
8 Before this point is quite reached, the controller 





closes the circuit of the main driving - motor—which 
immediately exerts a certain a, but probably not 
sufficient to drive the press alone—further movements of 
the controller cut-out portions of the main starting resist- 
ance still maintaining the circuit of the small motor, 
until a point is reached when the main motor takes 
charge of the press and begins to accelerate on its own 
account. If it were rigidly geared to the worm-wheel 
shaft it could not accelerate, as it would tend to jamb 
the fener eo ; but, to prevent this, an automatic clutch 
is provided between the worm- and the main motor- 
shaft. This sometimes takes the form of a free-wheel 
clutch, and sometimes the form of a self-releasing claw- 
clutch, the effect of which is mechanically to disconnect 
the two motors as soon as the main motor runs at a speed 
faster than that of the worm-wheel shaft. The auxiliary 
motor is then automatically switched off by the controller, 
which continues to accelerate the main driving-motorin the 
ordinary way by cutting out resistance and su uently 
weakening the field. hen the automatic clutch is con- 
trolled by a solenoid, this is energised by the first motion 
of the controller so as mechanically to couple the motors 
ther again. It is not the purpose to go imto the 
details of thé actual controllers, as these and their con- 
nections are of a complicated nature, and are only inte 
resting to those who have them actually under their charge. 
The contrcllers are sometimes operated by hand, some- 
times by a complete push button system, or a combina- 
tion of hand and push-button control may be used. In 
the latter, which may be called semi-automatic control, 
push-buttons are provided on the press for giving inching 
or slow motions. ‘These buttons control an electro- 
magnetic switch, which closes the circuit of the auxiliary 
motor only, all accelerating being done by means of the 
hand-controller. 
more push-button boxes, each containing five or six 
pushes, are provided. One push controls the inching 
operations. On pressing this the smali motor starts, and 
runs at a slow or creeping speed until the stop-button is 
When the ‘‘ up” push is pressed the controller 

1s s°t in motion and continues in motion, accelerating 
the motor so long as the pressure is maintained. ben 
the push is released, the controller remains in the 
position last reached, the press continuing to run steadily 
at the corresponding speed. Similarly, whilst the 
‘‘down” push-button is pressed the controller runs 
backwards, reducing the speed of the motor, which 


continues to run at the speed last reached when the | aj) 


push is released. Generally speaking, it is not necessary 
to continue the slowing down right down to the creeping 
speeds, and in some cases this would not be be possible, 
@8 it is necessary to bring the controller back to its first 
position in order to excite the automatic clutch and 
mechanically couple the motors. The “‘stop” push 
releases the main solenoid switch, which cuts off the main 
current and applies the automatic brake, the controller 
itself returning automatically to its first, or starting, 
position. ‘‘ Lock” and “free” pushes are generally 
vided when more than one control-box is used. en 
the ‘‘lock” or safety-push is pressed, it breaks all the 
control-circuits and remains in until released by pressing 
the “free” push. This safety-push is used by any man 
who may be working in « position in which he would 
be liable to injury if the press moved. This is a very 
essential requirement, because, as already mentioned, the 
noise of a rotary-press room is such that it is practically 
impossible for anyone to hear a shout of warning before 
the press is started ap one even hooters and loud-ringing 
bells cannot always be heard. 

The speed-current curve, shown in Fig. 15, is based on 
figures taken from a two-motor equipment driving a new 
two-reel press, but with only one reel in operation, print- 
ing a four- paper (owing to scarcity of paper, due to 
the war). Pthis curve, whilst interesting, must not 
taken as a quite typical one, as the machine was abso- 
lutely new and had not really settled down to its normal 
running conditions. 

Fig. 16 also refers to a two-reel press driven by a two- 
motor Holmes Clatworthy equipment. oy 

From any of these three speed-current curves it is 
possible to calculate the number of copies delivered per 
unit of consumption when running at various speeds, and 
I have given these figures for several speeds at vhe top of 
Figs 14 and 16. Hence from Fig. 14 we deduce that 
when running at 10,000 copies per hour one unit produces 
1050 copies, at 16,000 copies one unit produces 875, and at 
24,000 copies one unit produces about 775 copies of a 
12 page paper. 

From Fig. 15 we deduce the following results : at 12,000 
copies per hour one unit produces 1500, at 18,000 the out- 
put is 2000, at 24,000 ibis 1600, and at 32,000 it is 1400 copies 
of a 4-page paper per unit. In this case there is not the 
same amount of shunt-field control as in the first case, 


and | #nd it will be noticed that the power falls off very slowly 


between 18,000 and 9000 copies, due to the fact that on 
this range there is regulating resistance in the main 
armature circuit. From Fig. 16 it is seen that one unit 
produces 1325 copies of 8- papers at a speed of 24,000 
per hour, 1380 at 18,000, and soon. — : 

The foregoing are the two principal systems in use, 
although many others have been used to a lesser extent. 

Variable Voltage Control.—Among the other systems 
which have been used are several modifications of what 
is known as the Ward-Leonard system. In this system 
the main driving motor is supplied from a motor-driven 
dynamo, tbe whole of the control being obtained by 
varying the voltage of the dynamo by means of a shunt- 
field regulator, the dynamo being driven at a constant 
speed. This is almost an ideal system, bub is expensive 
and involves the use of three commutators. g 

Electric Slipping-Clutch System.—A system which the 
author has nob yet seen in operation, known as the ‘‘M.E.” 
system, depends for its action on what might be called 


In the tull-automatic system one or}. 





an electric slipping-clutch. This slipping-clutch consists 
of a motor-driven armature revolving in a magnetic field 
which is free to rotate, and is geared up to the press 
shaft. When the revolving magnets are unexcited there 
is no a a = motion. however, 
a current 1s swi on to the magnets a torque is pro- 
duced, which wae yng Aignnoney as the magnet current 
is increased, and in this way a slow start and gradual 
acceleration are produced. It is understood that this 
principle has been applied to motor-cars ; and, in fact, 
the author took outa provisional patent for it in this con- 
nection a few years only to find that he had been 
anticipated by several years by Jenatzy. It is a very 
simple form of control, a simple shunt regulator only 
being eesemery, and the motor can be run in either direc- 
tion with equal facility by reversing the field excitation. 
The Mascord System.—This system of driving, which 
can be seen at Messrs. Lloyd’s printing worke, is m- 
teresting, in that it has m developed from the 
mechanical rather than the electrical side. It is a 
single-motor system in conjunction with an electro- 


Fig.l]. THE MASCORD SYSTEM 
OF DRIVING. 
































magnetic slipping-clutch and back reducing 
general arran 
in Fig. 17. motor, which has a speed range 
750 by field control, is coupled thro 


The 


gear. 
ment will be githered from the elevation 


of 300 to 
! h a main electro- 
magnetic clutch to So ee ine shaft. On the 
motor-shaft is also keyed one member of a smaller mag- 
netic clutch, the other member of which runs freely on 
ll-bearings on the shaft, and carries a pinion which gears 
with a spur-gear and side shaft, which in turn gears with 
the main shaft on the other side of the main driving- 
clutch. This has a ratio of about 10 to 1, and when 
in operation forms a m ical by- to the main 
clutch. The motor is first started up Tighe and a little 
armature resistance is keptin circuit. To move the press 
slowly the inching push is pressed, which energises the 
small tic clutch and puts the back gear in motion, 
driving the press at about 7 revolutions minute of 
the printing cylinder, whether one or all eight decks are 
in operation. In order to accelerate the press the con- 
troller is moved, which first energises the main clutch, 
and as this takes up the load the motor drops its speed, 
due to the armature resistance referred to, so ucin; 
a soft or velvety acceleration. The main shaft frees itse 
from the back gear by a free-wheel device. Further 
movement of the controller cuts out armature resistance, 
and then introduces field resistance, the control 
being spread over about forty steps. The “stop” push 
drops the main circuit-breaker, and also breaks the 
circuit of the main clutch, so disconnecting the press from 
the motor. Incidentally, the clutch acts as an over- 
load safeguard by slipping. 

Although this paper is already unduly lengthy, the 
author has endeavoured, as far as possible, to steer clear of 
special technical details, and to deal mainly with the gene- 
ral features of electrical applications in printing offices. 





AUSTRALIA.—We bake the following notes from a com- 
munication recently issued by the High Commissioner 
for Australia:—It has stated unofficially that 
Australia’s total population has reached five millions. 
The United Kingdom has 376 ple per square 
mile; the German Empire, 310; Belgium, 650; Aus- 
ti ia, less than 2. ustralia has a wider range of 
climate than any of these countries, and can uce 
successfully a greater variety of products than the three 
others. Over 900,000 square miles of the Commonwealth 
enjoy a rainfall of over 20 in. per annum. © number 
of factories in the Common th increased from 11,000 
in 1903 to 15,000 in 1913. In four years the value of the 
raw material used in Australian factories annually in- 
creased from 60,000,000/. to over 88,000,000/., and the total 
value of the output from 99,000,000/. to 148,000.000/. 
Australia’s coal production is worth over 4,000,000/. per 
annum. In 1912 11,700,000 tons were produved. 
mining industry in Australia gives direct employment to 
91,000 persons. The Australian Government pays a bounty 
of 12s. per ton on pig-iron made in Australia from Austra- 
lian ore, puddled bar-iron and steel made from Australian 
pig-iron, and 10 per cent. on the value of galvanised sheet 
or plate-iron or steel, wire netting, wire and iron and 
steel pipes made in Australia. Australia’s total mineral 
production has reached a value of over 850,000,000/.; 
of that total gold represents over 600,000,000/. The 
great Australian artesian in, from which many 
millions of gallons of water are obtained daily in areas 
where the natural rainfall is light, includes considerably 
more than one-half of Queensland, a considerable strip of 
New South Wales, and the north-eastern part of South 
Australia proper, [ae with the extreme south- 
eastern corner of the Northern Territory. There are other 
artesian areas in South Australia, Western Australia, 
and Queensland. 
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The number of views given in the Specification Drawings is stated 
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illustrated. 
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Copies of Specifications may be cbtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
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The date of the advertisement o, Se eugene of a Complete 

ification is, in each case, given after abstract, wnless the 
nt has been sealed, when the date of sealing is given. 


ELECTRICAL APPARATUS. 


11,343/14. E. P. B. Estler, London. Insulators. 
[2 Figs.) May 8, 1914.—The conductor rails of electric railways 
have to be held securely in position, and insulated. For this 
peepee, the practice is to employ a chair for holding the rail 
and interposing an insulator between it and the cross-tie or 
‘ah ” connecting the traffic rails. Various devices are em- 
for attaching the insulator to the cross-tie. This inven- 
tion relates more particularly to the means of securing the 
chair to the insulator. The insulator consiste of a ped aot 

ttery, glass or other suitable material, the oute~ shape assum- 
ng such form end configuration as circumstances may require. 
An inner cavity is formed in the insulator, the sides b of which 
are corrugated or screw-threaded, and large enough to receive a 
——— rojection d depending from the base of the chair c, 
this cylind projection, which must be hollow, having its inner 
and outer walls corrugated or screw-th to correspond with 
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the corrugations or screw-threads on the wall of the cavity in 
the insulator. To secure the chair to the insulator, the cavity is 
first filled with cement or other suitable material, in a liq or 
viscous state. The cylindrical portion d of the chair is then 
pressed in, the cement filling the interspace between the corru- 
gated walls of the chair-cylinder and the insulator, and the cor- 
rugations formed on the inner walls of the cylinder d. The 
cement also overflows the head of the insulator, forming a bed 
whereon the base of the chair ccan rest. A cylindrical flange 
n is also formed on the underside of the chair and surround 
the edge of the insulator, the interspace being also filled wi 
cement. The top of the insulator may have radial or other 
groovesm formed in it for the better outward flow of the cement 
when the chair cylinder d is being into position. A block 
of wood h (or o! suitable material) having a circular boss j on 
its base which enters the open of the cylinder, is interposed 
between the chair and the rail. (Sealed December 3, 1914.) 


623/13. A. H. Olmsted, Altrincham. Vetiage 
ane... (2 Figs.) November 19, 1913.—This invention 
relates to voltage-regulators of the kind ada to vary the 
excitation of an electric generator or of its exciter so as to main- 
tain a constant voltage on the generator terminals. In a voltage- 
regulator for electric generators, according to this invention, two 
contacts control the insertion of a resistance which governs the 
field strength of the generator, one of the said contacts 
actuated by means of an electromagnet ted to the circuit 
of the generator, and the other of which is vibrated by means of 
an electromagnet energised from any suitable source, the arma- 
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the contact 9 is carried by an arm 11 which is caused to vibrate 
by means of an elec’ t12. The vibrating arm 11 does not 
in the present instance directly carry the contact governing the 
circuit of the electromagnet 12, but is connected a link 
13 to a lever 14 carrying a contact 15 which co-operates with a 


resiliently-su contact 16. The link 13 has a lost-motion 
connection with the lever 14 by means of two stops spaced a short 
distance and the lever 14 is further arranged so as to move 


on which the lever 14 is mounted, the shaft suitably 
supported at end, and 20 is a flat ng to 
the shaft so that the friction will hold the and lever 


in any position to which the latter is moved. By this — 

ment the lever 14 will only be moved by reason of a positive 

tof the stops 17 and 18 therewith. The arm 11 is also 

with a dashpot 21 which serves to damp its vibration. 

and 23 are resistances connected across the contacts 15, 16 and 

8, 9 respectively in order to reduce the sparking. (Accepted 
September 30, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

27,522/13. T. E. Halliday, Bishopstoke. Internal- 
Combustion os. (5 Figs.) November 39, 1913.—This 
invention relates to vaporisers for use with internal bustio 


firmly in place and ensure its contact with the interior 
fitting. The interior metal fitting A is embedded in a shell B 
of vu ‘ite or other insulating m an out at ite 
lower end to receive the split tubular portion of the adapter C 
which screws on the central electrode of the ug D. 
In a cylindrical part A‘ of the interior fitting a le A? is 
drilled to receive the bared end E of the lead F, which is passed 
} wm = a tubular portion B! of the shell B of the inner end of 
the tubular portion, being shaped to guide the lead into the hole. 
The lead extends right thro the hole and is held in by 
means of a ring or cup G which over the cyl part 
A! of the fitting A and is forced down on tothe lead by means 
of anut H w screws on a screw- ied extension of the 
metal A. The nut H is embedded in a shell of insulating 
material, which, when in position, overhangs the top of the in- 
— B, and the — insulation extends —_- over 
e ion of the plug. a short spiral spring 
may be introduced between the nut and cup G. 
September 30, 1914.) 


MOTOR ROAD-VEHICLES. 
W. O. Smith, Le -Indi- 


25,909, v Speed 
cators. (3 Figs.) November 12, 1913.—This invention relates 
to an expanding pulley particularly intended for driving speed- 





of the type in which the vapour-pipe, where it passes 
through the heating-chamber, is fitted with cross-tubes conduct- 
ing the hot gases across the pipe. Under certain conditions, as 
when the engine is running under full load, the contents of the 
vapour-pipe may become excessively hot, and it is the object of 
the present invention to provide simple means for preventing 
this. It is customary for the vaporising chamber to be pro- 
vided with partitions, so that the gases in passing from one side 
of the chamber to the other must travel through the cross-tubes, 
and, according to the present invention, there is provided one or 
more slides, or the equivalent, which are adapted to close the 
cross-tubes and at the same time open up passages which put the 
two parts of the vaporiser into communication with one another. 
The type of vaporiser to which this invention is applied, shown 
most clearly in Fig. 2, comprises a heating-chamber A, through 
which exhaust gases or other heated fluid pass in the direction of 
the arrow. A partition B supports the vapour-pipe OC, which is 
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provided with cross-tubes D, which may be spirally arranged as 
shown. In the —— B are holes E which are normally closed b 
the edges of the slide F. Thus the exhaust gases pass through 
the tubes D, as will be clear from Fig. 2. In the edges of the 
slide F are holes G, and the slide carries covering strips H so 
arranged that when the slide is moved end-wise the coverin; 
strips H close some or all of the tubes D and bring the holes 
into register with the holes E, as shown in Fig. 2. Consequently, 
the passage through the tubes D is blocked and the apertures E 
opened up, so that the heating fluid fay a round vapour- 
tube and the vapour passing along it is less heated. The slide 
may be connected with the throttle or governor, or it may be 
pled to a ther In the case illustrated, it is connected 
by a link J and bell-crank lever K to a copper wire L, the other 
end of which is fixed. As the wire up it expands, 
causing the bell-crank lever K to move and the slide to be operated 
if necessary with the assistance of a spring. Similarly, as the 
vaporiser cools, the wire L contracts in length, exerting a pull on 
the bell-crank lever K and uncovering the ends of the tubes D. 
The construction of thermostat described is, of course, not 
essential, and may be varied. (Sealed December 13, 1914.) 


719/14. Fam Bineme, ant. ay ao 
Limi ton. Sparking-Plugs. (2 Figs.) Januar 
10, 1914.—This invention relates to oe lor internal- 

to spark ng-pluge which 





com ion engines, and more 
are liable to be exposed to shock, rain and damp, asin the 














tors on motor-cars where it is required to adjust the pulle 
from time to time in order that the speed shown on the indi- 
cator may be the exact speed of travel of the car. According to 
this invention, one of the flanges of the pulley has a grooved 
spiral, a flexible band being held between the flanges so as to be 
adjustable in the spiral. a@ and b are two flanges, c is a bush fixed 
to b, a being free to turn onc. d isa spiral groove on a, stopped 
at a short distance from the edge, which is raised above d, and 
left with a flat surface to prevent the driving-belt rubbing against 
the grooved surface. ¢ is a spring band of suitable strength and 
material, one e of which presses against the surface of b, whilst 
the other drops into the spiral groove d. /f is a plunger fixed to 














one end of¢. gis a tube fixed to c,in which/ is free to move 
k and forwards only, the object being to retain one end 
of ¢, so that whilst turning a@ the diameter of ¢ can be increased 
or diminished. A is a lock-nut engaging with c for clamping a 
when the correct expansion or contraction has been given to e, 
and thereby the correct diameter of the pulley has been obtained. 
jis a plunger, k is a spring, both of which work in the receptacle 
l, which is fixed to b. A circle of blind holes m is provided, spaced 
at a convenient distance apart on the surface of a, into which the 
end of j projects ; this enables the adjustment of ¢ to be made 
definite stages if it is required to do so. In Fig. 1 is shown a stop 
n, which prevents e from leaving the groove d when the minimum 
t of traction has been o! The spring-band ¢ 
cannot leave the groove d by being expanded too far, as the 
plain part on a effectually stops it. (Accepted September 30, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


21,890/13. D. B. Mo: Hartlepool. Condensers 
{5 Figs.] September 29, 1913.—This invention relates to steam- 
us working under vacuum, wherein aerated 


condensing a 

vapour is withdrawn from a main condenser by a steam jet, and 

is disch: into a heater in which the steam from the jet and 
thdrawn from the condenser is condensed by water 





vapour 
from the condenser, the air being discharged from the heater by 
any suitable type of pump. According to this invention, the 
temperature of the condensing water delivered to the heater can 
be regulated by being delivered into the condenser above and/or 
below the condensing surface, whereby a variable or large air- 
withdrawing capacity may be obtained with small thermal loss. 
The aerated vapour is discharged from the condenser a by a steam- 
jet device } into a heater c in which the steam is condensed by 
direct t with cond te withdrawn from the condenser 
by the pump g which disci.arges a controllable quantity through 
the valve e and pipe / into the heater c from which aerated 
vapour is withdrawn by the pump A that is supplied with a 



































continuous and regulated quantity of cooled water by way of the 
valve j and pipe & from the cooler zina known manner. The 
heated condensate is delivered from the heater c through a water- 
sealed | pipe w into a vertical pipe w conn with the 

ipper lower portions of the co: ser, a valve i being 
inserted in the Under normal conditions, when the con- 
denser is under load, a portion of the condensate sufficient 
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THE T-S.SS. “CIUDAD DE BUENOS AIRES” AND “CIUDAD DE 
MONTE VIDEO.” 


CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND ©O., LIMITED, BIRKENHEAD. 


(For Description, see Page 745.) 
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THE TWIN-SCREW GEARED-TURBINE-DRIVEN STEAMERS “CHD 
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» “CDAD DE BUENOS AIRES” AND “CIUDAD DE MONTE VIDEO,” 


FOR THE ARGENTINE NAVIGATION COMPANY (NICOLAS MIHANOVICH), LIMITED. 


see Page 745.) 


ime 


) 
= 
2arect. LAVY 


BOILER 


Fig.3. HOUSE TOP. 


10 BOAT DECK 





r — 


[E cheers T 
TT 




















—s 





(6° HINGED. SIDELIGHTS 


90 


C)Scurree over BOILER 
j COm SUNKER S6 TONS Room 


' 8 
; re 
V 200R BOILER 


ar 
rad WATERTIGHT 


f .@) cy) 
VY nareeneur Com ot SIDE 














Dec. 25, 1914.] 


ENGINEERING. 


745 








T.S.88. “CIUDAD DE BUENOS AIRES” 
AND “CIUDAD DE MONTE VIDEO.” 


In some respects there has been greater progress 
in the design of Channel steamers than in other 
productions of the marine constructor. The limi- 
tations imposed in the matter of length of hull and 
in draught, owing to harbour dimensions, have re- 
sulted in the tackling, by tank experiments, of the 
problem of resistance, and a form of hull with 
special reference to the lengthening of the load- 
line without increasing the over-all dimensions of 
the ship has yielded favourable results. In regard 
to machinery also satisfactory conditions have been 
got, alike in reduction of weight per unit of power 
and in efficiency. In no class of ship has the advance 
been so rapid from paddle-wheel engines to high- 
speed reciprocating machinery, later to turbines 
directly driving triple screws, and now to turbines 
working twin propellers through gearing. But it 
is doubtful if there has been equal progress in the 
arrangement on decks. On most services there is a 
day and a night passage, and most owners seem to 
wish that all the vessels built should be utilisable 
by day or by night. The requirements are alto- 
gether different ; and since so many of the services 
are conducted by railway companies, it seems the 
more surprising that the management has not 
applied the same reasoning as dictates a difference 
between the day train, with its dining-car and 
corridor coaches, and the night train with man 
sleeping-carriages. A night steamer with com- 
pactly arranged series of Pullman outer berths and 
interior promenades, with large supper or break- 
fast-rooms, would be greatly appreciated, and for 
this reason we commend to the attention of the 
owners of Channel steamers the drawings of two 
vessels just comp!eted by Messrs. Cammell Laird 
and Co., Limited, at their Birkenhead works, for 
service between Buenos Aires and Monte Video, 
accompanying this article. 

The distance to be traversed nightly, and the 
degree of exposure to elemental forces by these 
steamers,are comparable with those prevailing in the 
English Channel, the North Sea, and the Irish Sea; 
and yet there is much in the design evolved by the 
builders and the owners—the Argentine Navigation 
Company (Nicolas Mihanovich), Limited—which dif- 
fers materially. In the first place, state-rooms, many 
of them of the Pullman type, have been arranged for 
494 first-class passengers, while for 258 second-class 
passengers berths, mostly in large compartments, 
are provided for what we would regard as steerage 
passengers. There are no berths along seats or 
shelves in the supper, smoking, or public rooms, 
and yet these latter are of great size, admirable in 
arrangement, and placed on the superstructural 
decks, where supper or breakfast is served. These 
upper decks, too, enable all the first-class state-rooms 
to be above the water-line,so that natural ventilation 
is also possible. The length of the deck-houses is a 
noteworthy feature, the capstan and windlass and 
other gear forward being more compactly arranged 
than in our Channel steamers, while the steering- 
gear is also on a low level. Nor are these upper 
‘decks pierced by great wells for the shipment of 
baggage or cargo into holds. Passengers’ luggage, 
&c., is taken in through openings on the side of 
the ship by a crane with a special form of jib. 
Another feature is the lightening of the scantlings, 
and yet the vessel takes the highest class at 
Lloyd’s. Thus the vessel has a draught of only 
10 ft., while the total height from keel to the 
awning-deck is 23 ft. 3 in., and the beam is 44 ft. 
The length over all is 364 ft., and between perpen- 
diculars 350 ft. The G.M. is 4 ft. On the official 
measured-mile trial the s was 19 knots for 
5800 shaft horse-power. The high-pressure tur- 
bines made a mean of 2320 revolutions per minute, 
the low-pressure 1630 revolutions, while the pro- 
pellers were run at 267 revolutions. The steam 
consumption for all as seg was about 14 lbs. per 
shaft horse-power per hour. These results are in 
themselves indicative of the fact that the Cammell 
Laird organisation under the managing director- 
ship of Mr. G. J. Carter is advancing the traditions 
of the old firm. 

In describing the ships in detail, first reference 
may be made to the general a ce and scant- 
lings. Fig. 1, on Plate XLVL., is a longitudinal 
Section of the vessel. There are five decks, two 
of them above the moulded structure, and two 
high pole- masts fitted for wireless telegraphy. 
Three funnels contribute to the suggestion of 
power and speed, although only two are needed 


yY | means of sliding water-ti 





for the four cylindiical single-ended boilers fitted, 
the third serving for the ventilation of the turbine- 
room, . The deck plans are also given on 
Plate XLVI., Fig. 2 being a half plan of the boat- 
deck ; Fig. 3 shows the wheel-house; Fig. 4 is a 
half plan of the promenade-deck ; Fig. 5 illustrates 
the 7 ment of the awning-deck, Fig. 6 the 
upper deck, and Fig. 7 the lower deck. Fig. 8, on 
— XLVILZ., is a view of one of the steamers on 
The scantlings are given fully in the cross-sections, 
Figs. 9 and 10, Plate XLVII.; the former shows the 
construction before and abaft the machinery spaces 
in way of the single bottom, and the latter the mid- 
ship portion with cellular double bottom. There is 
no need to enter here into details. The vessels are 
classed Al at Lloyd’s for Channel service, with 
extra stiffening of the floors, stern frame and 
bottom plating. Siemens steel has been used 
throughout, and the cellular double bottom ex- 
tends well over half the length of the vessel. The 
fore peak is arranged as a tank for trimming pur- 
poses. Forward of the foremost boiler-room, as 
shown in the longitudinal section, Fig. 1, is a large 
hold, extending the full width of the vessel, with 
trunk hatchways on the upper deck. Two smaller 
holds arranged aft of the engine-room are also fitted 
with trunk hatchways. The hull is well divided |.) 
transverse and longitudinal steel bulkheads, and 
access to the various compartments is gained by 
t doors, operated from 
the level of the upper deck. The steel water-tight 
lower deck, which forms a safety deck, extends from 
the stern of the vessel to the engine-room and from 
the boiler-room right forward. Access below is 
provided for by means of water-tight manholes. 

The deck plans illustrating the arrangement of 
the passenger accommodation are reproduced on 
Plate XLVI., and on Plates XLVIII. and XLIX., 
in Figs. 11 to 18, are perspective views by Messrs. 
Bedford, Lemere and Co., London, of some of the 
principal saloons and state-rooms. 

The boat-deck (Fig. 2) is interesting, first in 
respect that it is of Canadian pine covered with stout, 
heavily-painted cotton canvas. This is light and 
water-tight. Situated at the fore end of this deck 
is a large house, containing chart-room, pilots’, 
officers’, and captain’s sleeping and sitting-rooms, 
first-class hospital, barber’s shop, and captain’s 
and officers’ bath-rooms. On this deck also is 
placed amidships a large Marconi operator’s house, 
containing office and cabin. On the same deck are 
six steel life-boats, with one decked life-boat under 
each. In addition there are two steel motor-boats 
and a dinghy, made of teak, for the use of the 
captain. Suitable davits are provided for serv- 
ing these, and a hoisting-winch has also been 
fitted for raising and lowering the boats as 
necessary. On this deck also are wood deck-seats 
fitted with buoyancy tanks to render them service- 
able as life-saving rafts. Flax canvas awnings are 
fitted over the boat-deck, and a special fitting, with 
a galvanised-steel hood, is p at the centre to 
receive the awning when furled ; the awnings are 
arranged to slide up and down on tube rafters. 
Cotton curtains are fitted around the sides of the 
saloons between the rail and the deck above. 

On the chart-house forward is a large wheel- 
house (Fig. 3), containing the necessary steering, 
pedestal, compass, telegraphs, voice-pipes, &c. 
Above this wheel-house is a large revolving top, of 
ornamental design, seen better in Fig. 1. The 
name of the vessel is cut out in this top, and it can 
be illuminated at night. Operated by means of 
gear inside the house, the top revolves through 
180 deg. Above is a large polished-glass globe, 
fitted with circular sehen faces, on which is 
engraved the letter M, for Mihanovich. The globe, 
which is illuminated from the inside, is surmounted 
by another glass globe containing a powerful incan- 
descent light. 

The arrangements of the promenade and awning- 
decks are somewhat similar. On the former 
(Fig. 4) there are eighteen two-berth cabins, and 
twenty-six with two sofa-berths. There are in 
addition four special cabins de luxe, decorated 
in Louis XVI. period, all beautifully finished, as 
suggested by the view, Fig. 18. The main stair- 
way forward, leading from the awning-deck to the 
promenade-deck, is shown in Fig. 13. Aft of it, 
and extending from side to side of this deck, is a 
dining-saloon, with accommodation for 168 persons. 
As shown in Figs. 11 and 12, it is in ivory-white 
flat enamel relieved with gold. The large open well 
in the centre, seen in Fig. 11, with its balustrade, ad- 


mits ge the awning-deck saloon below (Fig. 13). 
Suitable sideboards are fitted at the forward end in 
close proximity to the first-class pantry, which 
latter is in direct communication by lifts with the 
kitchen on the upper deck. The veranda café, 
situated aft of the dining-saloon, is strikingly orna- 
mented in Chinese style, the colour scheme in 
one vessel being a bright red, and in the other 
a rich green. he tables and chairs harmonise 
in design with the general scheme of decora- 
tion. A special feature in this café is its origi- 
nality, as will be seen by the views, Figs. 15 
and 16. Specially-designed French windows of 
large size, oval in shape and draped with curtains, 
admit light to this, as to the dining-saloon. Hand- 
some beaten-copper vases, containing earthenware 
pots with e ferns, are placed between the easy- 
chairs outside the veranda café, the impression 
being of a Viennese en. Overhead, and extend- 
ont full length of these several rooms, isa raised 
coach-roof (Fig. 11), with eee eee ab a 
windows in the sides, and three handsome coloured- 
lass skylights in the dome. The ceiling in the 
ining-saloon is of fibrous plaster, ornamented. 
Connptababey covering the promenade-deck is a layer 
of stout, heavily-painted canvas, which has the 
appearance of linoleum, while along the corridors 
are fitted jute-matiing runners (Figs. 13 and 14). 

The awning-deck (Fig. 5) is partly of steel, and 
is covered with teak outside the steel deck-house 
and with Canadian pine inside. This deck, which 
is fitted with a continuous waterway with teak 
grating covers all round, is devoted entirely to 
the accommodation of first-class mgers in 
twenty-six double-berth cabins, and twenty-eight 
which can be arranged to accommodate either 
two or four persons. Each cabin is fitted 
with a mahogany folding lavatory, specially de- 
signed to form either a seat or to serve as a 
step to the upper berth. The interior is 
finished in white enamel, ard all sofa seats and 
backs are covered with dark floral Moque- 
terie. In addition to the above state-rooms, there 
are special cabins de luxe, finished to conform 
with different periods of architecture. Forward 
are four cabins, decorated to conform to the Louis 
XVI. period, and provided with two single bed- 
steads in electro gilt, similar to those shown in 
Fig. 18. The wed. are adorned with silk tapestry, 
the furniture, comprising easy chairs, tables, and 
table chairs, being of mahogany, and upholstered 
with silk tapestry. The electric-light brackets are 
also of the Louis _— of Parisian manufacture, in 
electro gold, fitted on the panels. Port curtains are of 
silk tapestry, supported on electro-gilt rods. The 
rectangular sliding windows are fitted with Vene- 
tian shutters and opaque re The ceilings are 
decorated with Louis XVI. Tynecastle tapestry, 
and finished in flat white enamel. Aft are four 
cabins of the Queen Anne period, two of which are 
finished in ivory-white enamel and two in highly- 
polished hardwood. Each room is furnished with 
"two bedsteads, two lacquered ivory-white and two 
silver finish. Immediately forward of the above 
rooms are four large special cabins, decorated in 
the Georgian period, two of which are finished in 
ivory - white and two in polished mahogany. 
Between each pair of rooms there is a communicat- 
ing door, so that they can be let singly or as a swite 
de luxe. The walls of the room are panelled with 
silk tapestry. The fronts of the first-class state- 
rooms, of polished Hungarian ash, face on to the 

oons, 

Aft on this, the awning, deck is a large social 
hall, which, in the case of one of the vessels, is 
designed and decorated in the Louis XVI. period, 
with furniture of Spanish mahogany, and silk 
tapestry panels. At one end of the is an open 
marble fireplace. in Breche de Rose marble. e 
ceiling is panelled with mouldings. This room 
is illustrated in the perspective view in Fig 17. 
In the case of the second vessel the social hall is 
decorated and pees in the Jacobean period (in 
dark oak), with oak fire-place and suitable furni- 
ture. The general ticket and purser’s office, which 
is finished in polished mahogany, is situated at 
the after-end of the engine-casing on the awning- 
deck. 

The forward and after ends of the ship on the 
u deck are almost entirely taken up by first- 
does Soup cabins—exactly similar to those 
described for the top decks—and large central 
saloons, in which are a handsome stair- 
cases, leading to the deck above. Amidships are 





large cabins for petty officers, second - class 
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engine - casing, are the engineers’ cabins and| from the wheel-house forward. Hand-gear is also | from the upper deck. 








abaft the engine-casing is a galley sufficiently large | (Fig. 6). Hydraulic power is supplied 
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cosiness to the corridors; while marble statues | fans are also fitted to the 










class lavatories for ladies and gentlemen, ee gee fitted on the under side of decks and hydrants | f 
w.c.’s and baths, non-absorbent tiling being above. Boxes containing hose, couplings, and | built up with a forged-steel 
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lavatories, and crew’s wash-houses and lavatories.| The steering-gear is placed on the awning-deck | addition to the water supply, steam-pipes are led 
At the ship’s side, and on each side of the|(Fig. 5). It is of the hydraulic type controlled |to the coal-bunkers and holds, and are controlled 


second-class lavatory accommodation for ladies. | fitted. Cargo and heavy luggage is handled by| On Plate L. we give, in Figs. 19 to 21, a plan and 
Cold stores for provisions and the pastry-shop are|four powerful hydraulic cranes, placed between | cross-sections showing the general arrangement of 
situated on the starboard side, while immediately | decks at the sides of the vessel on the upper deck | the machinery of the ships. The engines are of the 
y means | Parsons geared-turbine type. These are the first 

for the full roe of passengers and crew, | of a complete installation of pumps, accumulator, | vessels of the company to have turbimes ; but the 
ift to the first-class pantry on the | &c., fitted in the engine-room. Aft and forward] success achieved with such machinery in other 
promenade-deck. Accommodation for seamen is|on the awning-deck are fitted a steam warping- | vessels naturally appealed strongly to a progressive 


provided forward. capstan and a steam-windlass, with large warping | firm like MM. Mihanovich. There are two sets of 
On the lower deck (Fig. 7) accommodation is | ends and cable whelps of steel, suitable for lifting | turbines, each operating a propeller-shaft through a 
arranged forward for trimmers, second-class pas-| anchors and cables quickly. r-wheel. The high-pressure turbine in each set 


sengers, and petty officers. Second-class accommo-| The lighting throughout is on an extensive scale. | is placed inboard, and the low-pressure turbine in 

dation is B apron ae aft, in four-berth state-rooms, | Corridors and passage-ways are notably well lighted. | the wings. The astern turbines are inco: 
a general saloon, as well as in a special | To assist navigation at night, a searchlight is fitted | the same casing as the low-pressure ah 

ladies’ saloon. All the wood-work, inside and|on the bows of the vessel. Current is supplied | The designed ratio of s reduction in the case 

out, is finished in white enamel, the steel-work | for the whole installation by two powerful dynamos | of the high-pressure turbines is 8.7 to 1 of the pro- 

being cork-dusted. Sofas, seats, and cushions are | situated in the engine-casing at the level of the | pellers, and in the case of the low-pressure turbines 

stuffed with horse-hair and covered with leather. | upper deck (Fig. 20). As regards ventilation, the|6.1to1. Fig. 25, page 747, is a diagram of rota- 

The saloons and corridors are covered with dark | state-rooms on the lower and upper decks are fitted | tion. A by- is fitted to the high-pressure tur- 

self-coloured linoleum. Luxurious and tastefully-| with sidelights, and those on the promenade and | bines, and otherwise the turbines are in accordance 

upholstered lounges give an air of comfort and |awning-decks with —e windows. Ventilating-| with Parsons’ latest practice ; elevations and sec- 

ower-deck compartments | tional views are given in Figs. 22 to 24, on the 

supporting electric-light candelabra embellish the | and the public rooms. An elaborate fire-extinguish- | present and opposite pages. Each of the rotors for 

casing sides. Between the casings are fitted first-| ing system is provided, consisting of water-pipes|the high-pressure turbines is of steel, and was 

‘orged in one piece. The low-pressure rotors are 

} oem a cast-steel 

for the floors. directors are in all cases stowed near at hand. In’ wheel, and forged-steel spindles; the whole of the 
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turbine. 
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forgings were made at the builders’ steel works at 
Sheffield. The details of the impulse and reaction 
turbines are given in Figs. 26 to 29. The gearing 
was cut at the builders’ works by the latest type 
of gear-cutting machine, and as every effort was 
made to eliminate inaccuracies, the gear is prac- 
tically noiseless. The gearing is, of course, seen 
at the after end of the turbines, the spindle of the 
high-pressure. turbine working on the inboard, and 
the spindle of the low-pressure on the outboard, 
side of the wheel. The propellers are of solid 
bronze. The machinery of these vessels is fitted 
with the Michell type of thrust, which was decided 
upon on account of the advantages gained in re- 
duction of weight and space, and the extremely 
satisfactory nature of its working on previous 
vessels built in this country. This application was 
illustrated and described on pages 726 and 727 ante. 

The starting-gear is placed so that the engineer 
faces the ee 7 when manceuvring (Fig. 19). 
A large steam-separator is fitted in the main steam 
supply. The manceuvring-valves are of the flexible 
disc type, and the usual steam-strainers are so 
fitted as to exclude the possibility of foreign bodies 
entering the turbine-casings. A throttle-valve, 
operated by Proell’s governors, has been fitted in 
the main steam-pipe. 

Steam is supplied by four single-ended boilers 
of the cylindrical multi-tubular type, fitted with 
Howden’s system of forced draught, the air for 
combustion being supplied by two steam-driven 
fans, 72 in. in diameter (Fig. 19). Three furnaces 
of the Morrison suspension type are fitted to each 
boiler, which are designed for a steam pressure of 
170 lb. per sq. in. As circumstances may permit 
the use of oil fuel in the future, one of the boilers 
in the first vessel is fitted with an oil as well as a 
coal-burning installation. The oil will be carried 
in the cellular double bottom ; the coal is stowed in 
water-tight side-bunkers. 

The condensers are of large surface, with steel 
bodies and cast-iron doors. The following auxili- 
aries, which are all of Weir's standard type, are 
installed :—Two dual air-pumps, to maintain a 
vacuum of 28 in. ; a pair of independent direct- 
acting ge! pam of the vertical type ; two inde- 
pendent oil-pumps for lubricating purposes; a 
yeneral-service pump and an evaporator capable 
of producing 25 tons of water in twenty-four hours. 
In addition, there are a feed-water filter and heater ; 
two independent centrifugal circulating - pumps ; 


bilge-pumps ; sanitary-pump ; an oil-cooler for| d 


cooling the lubricating oil after it has passed 


through the bearings ; two small pumps for fresh | 


ash-hois 
The builders have been greatly assisted in the 


water ro sanitary purposes ; and two “Sentinel ” 
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design of the vessels and machinery by the first-hand 
knowledge of the requirements possessed by Baron 
Mihanovich. The whole of the work is in accord- 
ance with Lloyd’s requirements and survey, and 
no effurts have been spared to make the ships the 
finest vessels afloat of their class. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 18th inst., the chair being occupied by Mr. 
Michael Longridge, Vice-President. 


Cas-SigNaLuine on British Rarways. 


The formal business having been concluded, 
papers down for reading on the above subject were 
taken. There were five papers, the authors being 
as follows :—Mr. W. C. Acfield (Midland Railway), 
Mr. Leon P. Lewis (Caledonian Railway), Mr. 
Vincent L. Raven (North-Eastern Railway), 
Mr. W. A. Stanier (Great Western Railway), and 
Mr. W. Willox (Metropolitan Railway). All these 
papers we publish in full in our present issue. 

Mr. Acfield summarised his paper, which dealt with 
‘* Audible Signalling on Railway Trains in Motion.” 
The paper entitled ‘*‘ Automatic Signals on Trains,” 
by Mr. Lewis, was, owing to the absence of the 
author, summarised by the Chairman. Mr. Raven’s 
paper, ‘‘ Electrical System of Cab-Signalling,” was 
summarised by Mr. J. Pigg. The paper entitled 
‘*Combined Automatic Train-Control and Audible 
Signal System in Use on the Great Western Rail- 
way of England,” was summarised by its author, 
Mr. Stanier. Finally, Mr. Willox read his paper 
on ‘‘ Signalling on Railway Trains in Motion.” 

The Chairman remarked that the importance of 
the papers lay in the fact that the safety of a 
great many people depended on the efficiency and 
reliability of the signalling system controlling and 
directing railway traffic. Experience had shown, 
and it was generally admitted, that the prerent 
system in use was not entirely reliable. Signals, 
semaphores, and lamps, even in fine weather, did 
pot overcome the risk of overrunning and mis- 


takes ; in fogs they were useless, and it then| both 


became necessary to substitute bombs and shout- 
ing. He thought signals which appealed to the 
ear were more reliable than those appealing to the 
eye, and the efforte of engineers would have to be 
irected towards perfecting the system of audible 
signals. The papers had set forth some of the 
difficulties of the problem, and also some of the 
solutions which had survived the ordeal of every-day 
work. In addition, however, he was sure that there 
were other schemes for systems of audible signal- 
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ling which might prove successful, while again others 
might not prove successful, but might, neverthe- 
less, contain the ideas which other engineers could 
utilise in a practical manner. Members of the 
Institution were rightly impatient of those who took 
the opportunity of puffing their own inventions at 
meetings, but that was wholly different to explain- 
ing the construction of apparatus which members 
thought they had been able to scheme out or 
invent. He would therefore ask members to give 
the benefit of their experience without undue 
modesty or fear of misconstruction. The aim of 
discussion was to elicit information. 

Mr. A. T. Blackall, of the Great Western Rail- 
way, observed that he would like to record his 
inion of the importance of the latest development 
the system described by Mr. Stanier—namely, 
the application of the brake at the distant signal 
when that signal was at ‘‘danger.” He thought 
there was no doubt that such an application would 
have prevented a good many of the accidents which 
had occurred in past years. He referred to the 
accidents caused by the overruning of the signals. 
Some were attributed to the signals being missed 
owing to atmospheric conditions ; others to absence 
of mind, or something less excusable, on the part 
of the driver. The automatic application of the 
brake at the distant signal in the class of acci- 
dent referred to would inevitably have prevented 
them, as the train would have been pulled Ls at the 
** home ” signal, the real — point. ith the 
addition of the automatic application of the brake 
the need for visual signals in the cab of the engine 
seemed to disappear, at any rate in those systems 
in which, like the Great Western, only the distant 
— was provided for. 

t was very important that the systems adopted 
by various railways should conform to some 
standards, so that the engines of one line passing 
over the system of another would pick up the 
signals which that line would ordinarily give to 
their own engines, and vice versd. All cab-signal- 
ling devices should be considered from that point 
of view. Systems in which the engine on one 
line could not pick up the signals on another 
line were useless. Mr. Acfield and Mr. Stanier 
insisted that there should be no mov- 
able parts upon the line. In the case of ‘‘ tube” 
and other similar railways,-aehere comparatively 
low speed obtained, and where rovable train- 
stops were already in use with good results, some 
people might think that it was not necessary 
to insist on this point. But in the case of fast- 
running lines it was most important. To rely 
upon stopping a train by impact of the engine 
with a movable apparatus, brought into position by 
the action of a signalman, approximately, with dis- 
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tant signalling half a mile away, was, to say the 
least, a risky thing. He did not doubt that if cab- 
signalling, combined with automatic-brake control, 
were generally adopted upon railways, it would 
prove a very great factor in the safe working of 
trains. He thought a very great extension of cab- 
signalling might confidently be expected in the 
near future. 

Mr. S. L. Gibson stated that the system in which 
he was interested was really a Swirs one. It was 
now largely used in Canada and the United States. 
Over 130 miles were in operation with extensions 
amounting to about 250 miles. The first installa- 
tion, made in 1902, was on a steam road, and others 
installed since were on electric roads. It was more 
than a signalling system, because it included con- 
trol of the trains from a central office. In the 
United States and Canada signalling was worked on 
what was called ‘‘the normal clear” position, the 
signals being all at the ‘‘clear” until something 
happened on the track or a train entered the 
block to put them at ‘‘danger.” Here the system 
used was what was called the ‘“‘normal danger,” 
all the signals being at ‘‘ danger” until the train 
approached, when the ‘‘clear” was given if every- 
thing was allright. In the system he was describin 
a fixed ramp and a shoe were used, together wi' 
visible and audible signals. The visual signal con- 
sisted of a n light for safety practically all the 
time, but between a “distant” and a ‘‘home” 
signal, when trains caused a stoppage, a red light 
was given. 

In addition to the Fegan | system was 
the ‘‘despatch” system, the ramps being con- 
nected up to central stations. In that central 
station was a moving record-sheet divided horizon- 
tally into time, and vertically into the number of 
blocks into which the line was divided. The trains 
automatically registered their ition on that 
sheet, so that the man who controlled thesignals had, 
at the same time, an accurate record of the ition 
of each and every train at that instant on his line. 
Further, an automatic speed - control was used. 
They did not aim at stopping the train, though 
that could be done if desired, but at controlling 
the speed. The —— was not in ve way 
under the control of the driver. If it were under the 
driver's control, he might, if he so chose—and ex- 
perience showed that he would—reset the appa- 
ratus, and, unless some elaborate system of regis- 
tering the movements of the mechanism were also 
adopted, no one else would be any wiser. 

© apparatus was set in motion, say, at a “‘dis- 
tant” signal. If the ‘‘distant” signal were at 
‘*danger,” and the driver did not obey the signal and 
begin to take charge of and stop his train, the appa- 
ratus would within a certain time—registered accord- 
ing to the distance required for braking the train 
between the ‘‘ distant’ and ‘‘ home” signal—take 
charge, and put on the brake, cutting off the steam 
or electric power. The driver could, all the time, 
keep his control of the train just below that point, 
and if performing his duty properly the arrange- 
ment would never come into operation until the 
**home” signal was reached. en the ‘* home” 
si was reached, and if the driver received a 
** clear” signal to go ahead, the apparatus was auto- 
matically released, and the driver was allowed to 
proceed at — up to the —- The 
a tus cou so arranged t the speed 
of the train could be ee down to a predeter- 
mined maximum, allowing e driver to proceed at, 
say, 5 miles an hour until the ‘‘ clear” signal was 
given. It was also found practicable to control 
the speed, if necessary, at any special parts of 
the line, say on a curve, by placing extra ram 
one at the entrance to the curve, and one further 
along. Thes could be reduced to that neces- 
sary to allow the train to pass the curve safely. The 
value of the system would be Y ee more com- 
| pe realised when he stated that the Railway 

i Company, of Rochester, N.Y., had taken up 
a licence for it in connection with the resignalling 
of the subways of New York, while the Pennsy]l- 
vania Railroad, in the United States, had given a 
provisional order for twenty miles of their four-track 
way. [The i here that Mr. 
Gibson might furnish the Institution with a draw- 
ing or sketch of the ramp* used in the system 





* [Im connection with ramps, it is worth noting that 
neitnor in the papers read at this meeting, nor in the course 
of the discussion, was any question raised as to the effect 
of the form of ramp on the shock imposed on the part of 
the apparatas by which it is struck. So far as we know, 
ramps have generally been made with plain inclined 


referred to. Mr. Gibson expressed his readiness 
to do so. } 

Mr. H. Raynor Wilson said that he had always 
been a cab-signal man, as he recognised the great 
assistance which some sort of duplication of the 
fixed signals would be to drivers. He recognised 
that there was another side to the question. Had 
he been in the position of a general manager, and 
@ proposition Fad been laid before him for the 
installation of cab-signalling apparatus, there were 
certain arguments he could have used against such 
work being done. First, there was the fact 
that great improvements had been made in 
recent years in the location of signals. No ex- 
pense was spared with regard to putting signals 
on gantries across the line and bracketing them 
out, to provide 10-ft. spaces, and so on. Another 
argument which might be used was the large 
decrease in the number of accidents due to 
overrunning signals. Mr. Pigg, in summarising 
Mr. Raven’s paper, had referred to tables appear- 
ing in the Railway Gazette on the last ten years’ 
railway accidents. An index was to be published 
of the causes that had been assigned by the 
Board of Trade inspectors. He had found that 
during the five years ending on December 31 last, 
24 accidents were alleged to have been due to 
drivers overrunning signals. The records for the 
five-year period from January, 1899, to December, 
1903, showed 47 accidents, so that in the ten 
years there had been a reduction of practically 

r cent. 

urther, cab - signals had never been recom- 
mended by the Board of Trade. A quotation 
had been given of a statement Sir Arthur Yorke 
made ata meeting of the Institution of Civil Engi- 
neers, but Colonel Yorke had never encouraged 
cab-signals in any of his official reports. Colonel 
Yorke had pointed out very serious difficulties in 
the way of providing cab-signals, and none of his 
colleagues had recommended them. In some 
cases, in his opinion, cab-signals might have 
prevented accidents, but in no case had they been 
recommended by the Board of Trade inspectors. 
Cab-signalling had made wonderful progress. It 
appeared that there were ninety engines fitted on 
the Great Western Railway with cab-signals, thirty- 
six on the North-Eastern, and two on the Mid- 
land. At the Paris meeting of the Institution, 
Mr. Aspinall stated that his company was experi- 
menting with cab-signalling, and other companies 
were moving in the same direction. He would, 
however, urge that the movement should be slow. 
He thought it would be wise to move slowly ; at 
first, the ‘‘ distant” signal should be repeated effi- 
ciently, then add later *‘ stop ” signals, if necessary, 
and route-indicators. 

Mr. J.Sayers, of the Midland Railway, thought no 
one would challenge the opinion that for high-speed 
railways train-stops were of no value. They were 
useful, to a certain extent, on moderately low- 
speed railways, and they had proved useful in 
urban and inter-urban electric railways. About a 
year ago he had read in America a wonderful 
account of the train-stops in use on the New York 
subways. ‘Two accidents subsequently occurred in 
one night, owing to two trains doing what was called 
a side swipe ; that was to say, two trains running 
from two lines on to one came into collision. 
In both cases, the general manager of the line 
ended their accounts of the accident by saying 
that the train stops were invulnerable. In the 
Electrical Railway Journal, of about four weeks 
ago, there also appeared a small paragraph record- 
ing four accidents in one night on the Third 
Avenue and another line, whereby a quarter of a 
ends, a form which means that the detail by which 
ramp is struck has at once its full vertical velocity im- 
parted toit. A » reduction in the shock of striking 
would be secu: by shaping ‘the ends of the ramp to 
Scott-Russell’s wall eapue “*wave-line,” consisting of a 
pair of sine-curves, as shown in the annexed sketch. With 





this form of entrance the lifting force exerted on the 
detail carried by the engine would be practically con- 


roughout the length of the lifting ion of the 

curve, the part lifted receiving a quuliniey vauieaaes 

vertical hile passing over the first half of the 

curve, and being then gradually brought to rest in its 
same 


form should, of course, be 





raised tion. The 
adopted for the leaving 


of the ramp.—Eb. E ] 





million people were held up between midnight and 
four o’clock in the morning. He believed that two of 
the accidents should have been prevented by train- 
stops. With regard to the question of cab signal- 
ling, he confessed to have seen until recently only 
one system worth looking at—namely, that in use 
on the Great Western Railway. They had tried it 
for years, and had never found it giving a false 
indication. It had been employed on a single 
line, and had to be fitted with the polarised-relay 
system of preventing trains coming on to the ramp 
and picking up a signal which did not apply to 
them. There had been no trouble at all. Now 
that electric traction was coming so much to the 
fore it seemed to him that there was no room on 
the track for anything but traction. Even with 
the simplest form of overhead collection it was 
necessary to have something to take away the 
current at present entirely removed by rails. If 
regulations with regard to the return current, &c., 
became more stringent, the various systems of ramp- 
signalling would have to find some other method of 
communicating with the engine. 

It was that fact that had driven them to con- 
sider inductive or wireless signalling, and an 
experiment had been made, on a short piece of 
the Midland Railway, with a system based on the 
railophone. It was asimple matter to run a piece 
of wire along a track either under or overhead. 
If an alternating current were passed through this, 
then a coil near by would pick up a certain amount 
of induced current. That could be made to operate 
a relay which would only respond to a certain 
frequency. They had used that device to control the 
brake and an audible indicator on a cab. The system 
of ordinary semaphores and of lights at night was 
really very efficacious, depending, as it did, entirely 
upon ether waves. The usual signals gave an indica- 
tion to the driver solely by means of the vibrations of 
the ether, which were continuous, and received by 
him continuously from the time he saw the signal 
to the time he got by. It was, he considered, the 
simplest possible arrangement, and the most scien- 
tific. It was the first thing ever devised, and the 
best. If the visual system could be perfected, so 
that by night as well as by day the ordinary 
signal was always visible, that would be far better 
than any method of cab-signalling. 

Mr. A. D. Jones, of the South-Eastern Railway, 
remarked that it appeared, from the system in use 
on the North-Eastern Railway, that the normal 
position of the indicating-arm was at the ‘‘clear” 
or ‘‘off” position. He considered that was open 
to objection. He noticed also that the driver 
seemed able to cut oil the simple indicating Lattery 
with a switch-key, and if he did so the arm remained 
at ‘‘off;” that appeared to him rather like the 
use of a Sykes key, which was sometimes a cause 
of accident. It further appeared that the driver 
could stop the bell by releasing a switch. When 
running slowly in a fog, and creeping up to the 
signal, the driver would be too liable to use the 
switch. One of the papers suggested that the most 
critical period was a cree the commencement of 
a fog and the calling out of the fogmen. Doubt- 
less that was true, but the difficulty could 
easily be got over if the signalmen were able to 
place mechanical fog-signals on the line until 
the fogmen arrived. Had cab-signalling improved 
running ina fog? Personally, he considered that 
cab-signalling in the form of visual signalling was 
liable to distract the driver’s attention from the 
road. He felt that all the attention of the driver 
should be given to the road. There were some- 
times things on the line of which the driver was 
ignorant ; such, for instance, as plate - layers’ 
trolleys, loads that had fallen off in transit, cattle, 
slips from banks, &c. 

oreover, cab-signalling did not seem to get 
over the difficulty of irregular signalling on 
the part of the signalman. The Board of Trade 
records would, he thought, indicate that a large 
number of accidents were caused by irregular 
signalling. The Great Western system appealed to 
him because of the train-control, without which 
he did not regard any system of cab-signalling as 
of practical value. He was interested in Mr. 
Sayers’ remarks about high speed. He had been 
on the foot-plate of an engine which, when trav 1- 
ling at fifty miles an hour, was brought up very 
quickly with the control. Trains, of course, ran 
much faster than that, and it became a question 
whether the gear would stand it. In the case of 
goods trains 1unning down a bank at a fairly high 





speed, if it met a control there would be a risk of 
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wagons going over the tender. Was it not a fact that 
in the old days, when there were not many signals, 
certainly no train-controls, &c., there were far 
fewer accidents than at present ; that the men had 
to depend entirely upon their good look-out ? 
That might, perhaps, be a reason for not having 
expensive systems installed. 

e was rather surprised to find, from Mr. Willox’s 
paper, that the Metropolitan Railway had so many 
cases of running past signals. But it was interesting 
to find that carelessness or failure of apparatus was 
so completely corrected by the train-stop. Mr. 
Acfield had referred to the sealing up of the 
train-stop, so that if it acted it could be observed, 
and had to be corrected ; and it had been suggested 
by Mr. Lewis that a glass tube should be placed in 
the brake-pipe. He would not advise such a course. 
There were quite enough troubles as it was. Mr. 
Blackall had referred to the adoption of universal 
standards. That he ed as on all fours with 
the question of electric traction by third rail or 
overhead. 

Mr. Garner Smith remarked that at this period 
of the year railway engineers had opportunities 
for realising that visual signals were not all that 
could be desired, with the result that hundreds of 
inventions were worked out. If only one system 
had been devised, it was possible that it would 
have been adopted some time ago. The various 
signal superintendents each considered his own 
apparatus the best. He thought when first he had 
received the papers that the different engineers 
had arrived at a solution of the problem by sink- 
ing their individual instruments in favour of one 
good machine. Matters, however, had not yet 
reached that point. With regard to Mr. Raven’s 
system, if it did not fail, it certainly seemed rather 
complicated. Mr. Stainer’s ap tus, on the other 
hand, was simple, and simplicity should bring re- 
liability. He would like to indicate one or two 
points where it might fail. He would therefore 
refer to Fig. 8. The apparatus shown appeared to 
hold the signal at ‘‘line clear” by means of the 
local battery situated on the engine. When the 
engine passed over the unelectrified ramp the local 
battery circuit was broken, and the arm fell to 
‘‘danger ;’ when the ramp was electrified it took 
up another current, giving ‘‘ line clear” again. It 
would therefore be seen that the cab electromagnet 
armature must be rather light, or else a very big 
battery would be required, otherwise the shaking 
wou'd cause the armature to drop off, or the arma- 
ture arm might stick on the pivot, either through 
corrosion, or oil, or something of the sort. Again, 
residual magnetism might give trouble. Another 
thing: the current might leak across the local 
circuit connections, and the ‘‘ danger” signal 
would not be given. The apparatus, to be effec- 
tive, should give the driver a mechanical, as well 
as an electrical, ‘‘ danger ” signal. 

Mr. R. G. Berry, of the Lancashire and York- 
shire Railway, observed that cab-signalling was a 
very absorbing subject. They had been experi- 
menting with a cab-signal on the Lancashire and 
Yorkshire Railway. They had introduced a feature 
which, he believed, had not been found in any other 
cab-signal giving both ‘‘all-right” and ‘‘danger” 
indications. An audible indication was given for 
both “‘all-right” and ‘‘danger” signals, but no 
battery or accumulator was used on the engine, and 
there were no delicate contacts. It seemed to 
them that the apparatus should be such as the 
driver not only understood, but was able to repair 
in the event of anything going wrong with it. A 
driver was not an electrician, and they had there- 
fore done away, as he had said, with batteries, 
accumulators, and contacts. 

Mr. A. E. Roberts, of the London and South- 
Western Railway, stated that it had occurred to 
him that high-speed steam engineers were rather 
Severe on electrical slow s s. By way of 
‘riticism he would say that he did not consider it a 
sound mechanical job to hang collector-shoes upon 
the frames of a truck. The North-Eastern Railway 
Company’s device showed the brush upon the 
framework of the locomotive where the vertical 
movement was pronounced. 

Mr. Insell, of the Great Western Railway, 
ssid the North-Eastern Railway system gave a 

‘danger” signal in every case of a proach to a 
signal. On the Great Western Railway a signal 
was also given to the driver when approaching a 
signal, but that signal coincided with the sema- 
phore, which was worked by the signalman, and 
the driver was not continuously told that the signa] 





was at ‘‘danger” if it were ‘‘all right.” He 
considered that system better than that of the 
North-Eastern Railway. With ard to route- 
indicators, the Great Western Railway Company 
did not attempt to give route-indications to drivers 
approaching diverging junctions unless the speed 
were such ——— enable them to a fw 
train a ing a diverging junction where s 

had be reduced atone a . distant signal at 
‘*danger.” That was carried out through the whole 
system, and only where the speed might exceed 
40 miles an hour was it n to give the 
driver a clear indication at the distant signal. 
Referring to the train-stops on the Metropolitan, 
before the stops came into operation drivers had 
to pass the signals. Such a practice would not be 
possible on steam lines, as the “stop” si 
always indicated the ‘‘ danger” position, and if a 
driver it any distance, trouble would 
probably result. With rd to Board of Trade 
inspectors not requiring cab-signals, he could refer 
to more than one report of an accident in which 
the inspectors had recommended some form of cab- 
signal. They had, however, very little choice, as 
there were only one or two systems possible. He 
thought some form of cab-signal was bound to be 
brought into general use sooner or later by law. 

Mr. W. C. Acfield was first called upon to reply 
to the discussion. He said that Mr. Blackall had 
referred to the undesirability of movable ramps on 
railways. It was difficult to see how a movable 
ramp could be worked satisfactorily by mechanical 
means. It seemed to him that it was impossible to 
get the necessary adjustment, especially when, as 
in the case of his own line, the maximum distance 
of the ‘“‘distant” signal was 2200 yards from the 
signal-box. In regard to train-stops, as the result 
of some unfortunate accidents, the Midland Railway 
had decided to make tests of train-stops at high 
speeds. Accordingly, trip-valves and train-stops had 
been devised, and the trains were run ata speed of 
70 miles an hour. No train-stop would stand 
such speeds. Mr. Gibson had spoken of an apparatus 
for recording the position of trains on the line ; 
that, however, was quite different from the 
apparatus referred to in his paper for recording 
running past signals. The Genk saline had in 
use a year or two ago an invention, by M. Van 
Braun, according to which the apparatus was sealed 
up, and whenever the driver ran past a signal the 
guard had to come and replace the signal and 
reset the apparatus before the train could start. 
It would be quite impossible to work present- 
day traffic with such a rigid regulation; where- 
fore, he thought, means should be given to the 
driver to release his brake as soon as he became 
aware that his brake had been applied by an 
audible trdin-control apparatus. Some had sug- 
gested that it was undesirable to give an engine- 
driver such power, because he might not have time 
to collect his thoughts. He thought, however, that 
the application of his brake would bring the driver 
to his senses. Mr. Blackall suggested that visual 
signals were not necessary where the distant signal 
only was indicated to the driver by audible means. 
But there were ‘‘ home” signals also to be dealt 
with, and it appeared to him that some visual indi- 
cation would be preferable. 

Mr. J. Pigg agreed with Mr. Blackall that the 
latest development of cab-signalling was connected 
with the operation of the brakes. If he had been 
subjected to an examination on the point, he was 
not sure whether he would have considered the 
application of the brakes essential or not. The 
business of drivers was to operate the engines, 
and, so far as he could judge from the causes of 
railway accidents, the reason drivers had not 
managed their engines as they should was because 
they had not seen the signals exhibited to them. 
He agreed as to the necessity for visual signals. He 
considered that far too much had been made by the 
opponents of these signals of what was termed 
**the withdrawal of the driver’s attention from the 
line.” Mr. Raven employed a visual signal which 
had the advantage that it remained, and always 
showed the last signal until the next one was 
received. It was therefore in a position to be seen 

any man otherwise engaged at the moment. A 
visual indication got over the difficulty of the 
driver’s memory ; with an audible indication the 
driver had to remember the actual signal he had 
obtained. 

He also agreed that there should be a consider- 
able degree of uniformity, and that engines belong- 
ing to one railway should be able to get such indica- 


tions as they required when passing over another. 
Mr. Gibson's remarks, although very interesting, 
scarcely bore upon the question of cab-signalling 
as understood in this country. With regard to 
Mr. Jones’s remarks that in Mr. Raven's system 
the normal position was ‘‘clear,” he might explain 
that the normal ee of the indicating-arm was 
‘‘danger,” but the normal running position was 
‘** clear.” That ‘‘ clear” position was only obtained 
and maintained by a constant current, so that, 
if anything happened to the circuits or the 
current, the indicator at once went to ‘‘ danger.” 
The cut-off switch was simply a switch by 
which the driver cut off the current from the 
instrument for the sake of economy when going 
into the shed at night; in the morning, when 
going out of the shed, he put it on again. 4 going 
out he over a number of energised bars 
which gave him the *‘ off” indication. 

The tapper switch was only necessary under pre- 
sent conditions of running. It was plain that Mr. 
Raven’s system, or Berar any —— of cab- 
signalling, was intended only for main-line work, and 
not for shunting operations. That, however. did not 
mean that the engines equipped might not have to 
perform shunting operations, and, in doing these, 
they necessarily ignored anything which happened 
upon the cab-signalling apparatus ; at the present 
day, therefore, it was necessary to provide some 
means whereby the driver could stop the bell from 
ringing before he started out on his journey. 
Although this was done, it did not constitute a full 
‘* off” signal, because the pointer of the visual indi- 
cator remained in the central position, and was not 
deflected, as it would be when any complete signal 
was obtained. Though Mr. Jones bad suggested 
that the tapper switch might be used ‘‘illegally,” 
the drivers did not, as a rule, tamper with appa- 
ratus, but had shown considerable interest in such 
appliances on their engines. With regard to cab- 
signalling affecting running time, the amount of 
line as yet equipped was so small that the effect 
could not be shown. 

He could not see where Mr. Roberts would 
suggest placing the brushes if not on the engine 
frame, seeing that they had to be carried by the 
locomotive. The speaker concurred with regard 
to warning signals ; he wished to indicate the very 
strong difference between such an a tus as Mr. 
Raven’s, in which control of the train was obtained 
throughout the whole of the distant signalling zone, 
and any apparatus which lost control of the train 
at the ‘‘ distant ” signal. He had already intimated 
that he regarded the canalisation of the line as the 
principal point. A driver running towards a 
number of signals, if the whole of the signals wera 
within his line of vision, might select the right 
or the wrongone. Any system of signalling which 
left him to his own devices after he had passed the 
‘* distant” signal was, in the speaker's view, to 
that extent imperfect. 

Mr. W. A. Stanier, who followed, stated that on 
the Great Western Railway last winter, since 
ramps had been fitted between Paddington and 
Reading, everyone at Paddington Station had been 
astonished at several of the trains arriving to time 
during fog. Drivers attributed their punctuality to 
the fact that they had the audible apparatus on the 
engine. With regard to the position of the ramp 
in short blocks, he did not know whether.on the 
South-Eastern Railway they allowed ‘‘ distant” 
signals for short blocks to overlap. He thought, 
however, when the ‘‘ distant” signal for the block 
ahead was put on a “‘ home” signal-post in cases 
of short blocks, and the running distance was at 
the minimum, it was usual to provide an intimation 
to the driver as early as possible. Immediately 
after the ‘‘ distant” signal was considered to be 
the nearest position possible, because the ‘* home” 
signal controlled up to the signal-post. The 
accumulator used on the Great Western system 
was no more than a 4-volt one, and he thought 
it could be seen from the drawing and photo- 
graph that the armature, at any rate, was robust 
enough to do the work required of it. He 
might mention that in one arrangement the Great 
Western Railway audible signalling apparatus 
was devised to operate without an accumulator ; it 
was purely mechanical. He did not agree with 
Mr. Berry’s suggestion that the driver should be 
required to repair a device on the road ; on the Great 
Western Railway, at any rate, there was no time for 
that sort of thing. r. Pi 





driver in regard to: th of the last signal. 
river in to.the position of the signal. 
It was of r im nee that the driver 
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should know the position of the signal ahead. Mr. 
Pigg had also stated that he did not think drivers 
would tamper with any apparatus ; he and others 
were somewhat sceptical on the point. 

Mr. Willox also replied very briefly to the dis- 
cussion. He remarked that his paper contained a 
description of the control of trains without cab 
apparatus, and was of the nature of a foil to the 
other descriptions. He was greatly interested in 
cab-signalling apparatus. The Metropolitan did 
not consist only of electrical lines, and there were 
very fast trains running with ordinary signals. As 
soon as they could find a solution—which seemed 
as remote as a solution of the problem of rail 
corrugation —they would no doubt adopt the 
best system of signalling. Meantime, in London 
the density of traffic was extraordinary. On his 
own system, forty-two trains per hour were run 
over one line. Something, therefore, had to be 
done, and the train-stop with trigger was adopted. 
This had been most effective, and the signals had 
been arranged so as to give over-runs. 

The Chairman then announced that the next 
meeting would be held on Friday, January 22, 1915. 
At that meeting a paper on ‘‘ The Standardisation 
of Pipe Flanges and Flange Fittings,” by Mr. 
Dewrance, would be read and discussed. 
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Industrial Ohemistry for Engineering Students. By 
Henry K. Benson, Ph.D., Professor of Industrial 
Chemistry in the University of Washington, New 
York: The i Company. [Price 8s. net.] 
An engineer who desires to become acquainted 
with the methods of = ring the materials with 
which he has to work, how they are varied or 
improved by ingenious manipulation, their mode of 
occurrence in Nature, or their chemical composi- 
tion, would probably consult an encyclopedia or 
adopt some short cut for getting at the facts of 
which he is in search. We imagine that the pur- 
pee of Professor Benson’s book is to present that 

ind of ready information in a convenient form 
and in a more systematised manner. There is no 
attempt to enter very thoroughly into the details 
of any particular department or iali in- 
dustry, but many useful facts are collected, general 
principles are presented, and not the least valuable 
portion consists in the large and excellent biblio- 
graphies attached to each chapter, enabling the 
student to follow up the inquiries which are here 
broached. By this means an index is furnished to 
monographs and to papérs scattered through the 
Transactions of learned societies and trade journals 
that cannot but prove welcome and time-saving to 
those who want precise and accurate details of the 
latest and most thorough investigations. 

Every engineer who is about to enter the pro- 
fession must have acquired some acquaintance with 
the grammar of physics and chemistry. He has 
necessarily breathed the atmosphere of which such 
knowledge forms an essential part, and the author 
may had papier in assuming that his readers have 
acqui sufficient familiarity in interpretio 
chemical] formuls, and with the results of chemi 
analyses, to apply this knowledge in the pursuit of 
experimental research or the conduct of business. 
But supposing students to be armed with this 
knowledge and qualified by experience, it might 
have been prudent to have curtailed some of the 
elementary matter, in order to have had room 
to discuss the advanced in a more instructive 
manner. For instance, if one is writing on the 
chemistry of dye-stuffs, it seems hardly legitimate 
to refer the student to other works for an explana- 
of the diazo reaction or for information on the 
diazonium compounds. When treating of rubber, 
it is not satisfactory to be told of an artificial pro- 
duct resulting from react:ons ‘‘ which require fuller 
explanation than can be given in a brief discussion.” 
There is no need to drag in the possibilities of 
synthetic rubber, since the process of manufacture 
and outcome are not in such an advanced state that 
the practical engineer is likely to be brought in 
contact with the product.’ It is not ‘‘ a common 
material used in the various branches of engineer- 
ing,” and it is of these materials solely that the 
author proposed to treat. A superficial reference 
to many subjects, rather than a thorough and ade- 
quate treatment of any, somewhat depreciates the 
value of the treatise. 

After a chapter on the general to which 


apparatus for accomplishing definite mechanical 
results, as grinding, mixing, transportation, &c., 
the author discusses the composition of air and 
water, the uses to which these agents are put, the 
benefits they render to engineering science by 
their wide distribution, and some of the limitations 
arising from the presence of impurities. When 
treating of the air, we expected to see some refer- 
ence to the effects of excessive atmospheric pres- 
sure on workmen in caissons and in similar neces- 
sary, but hazardous, industrial devices. An engineer 
can get on very well, as he did for many years, 
without knowing anything of argon, for instance, 
but to treat of the sanitary properties of air and to 
omit all reference to “ decompression,” and such 
matters, is not only to overlook a very important 
detail, but shows, as we think, evidence of dispro- 
portion. On the other hand, a specimen is given 
of a hygrometrical chart within the average range 
of temperature and difference of dry and wet bulb 
readings that seems entirely admirable. Such 
charts may be used in the textile industries more 
than is known, but those who have to interpolate 
from Glaisher’s or similar tables will appreciate 
this graphical representation, which, no doubt, 
ses quite sufficient accuracy. 

The chapters on combustion, and on the related 
subjects of fuel, do not leave an altogether satis- 
factory impression. The author frankly admits 
that the text is an elaboration of lecture notes used 
in his class-rooms during the last eight years, and 
sufticient care does not seem to have been exercised 
in bringing these up to date. A good deal of work 
has been done of late on the chemistry of flame 
and combustion, giving rise to practical results 
that might very well have been incorporated here. 
More particularly improvements have been intro- 
duced into the processes of surface combustion, in 
which a homogeneous explosive mixture of gas and 
air is forced through the interstices of a porous 
refractory incandescent solid, resulting in an accele- 
rated combustion and an increased development of 
heat. A more perfect combustion is ensured, 
combined with a local concentration and a rapid 
transmission of heat that are highly economical, 
while the mechanical arrangements are simpler than 
in the employment of recognised regenerative 
devices. The reference to regenerative furnaces 
here is slight, and might very well be elaborated. 

With a chapter on lubrication, a large subject, 
here treated rather from the mechanical than the 
chemical point of view, Professor Benson passes to 
the actual process of manufacture in a certain 
number of typical cases. The manufacture of pig- 
iron and the commercial forms of iron and steel 
forms a fitting introduction to the subject of indus- 
trial alloys. Here the author again fails to pre- 
sent the results of modern research with the 
necessary lucidity and completeness—qualities that 
are of prime importance in compilations of this 
character. He declines to discuss the subject of 
eutectic alloys, and adopts his favourite device of 
referring the student to other works ; but in any 
cace the metallurgy of iron and steel, the physical 
properties of the many industrial alloys, and 

nate questions, could not be dealt with ade- 
quately in the space at command. 

Another class of engineering materials selected 
for examination consists of the clay products, or 
cement, concrete, and bricks. These secure a more 
ample treatment, and rightly, for the manufacture 
of cement, and the improvements introduced of 
late years illustrate the importance of a knowledge 
of chemistry in connection with this industry. 


employment of chemical research, though the field 


does not seem to offer many opportunities. On 
the whole this is one of the most satisfactory sec- 


cially the chemical relations between lime, alumina, 
and silica. The principal defect, as it seems to us, 


curious properties, icularly in connection wit 


matter. 





materials have to be submitted and the forms of 





The brickmaker should benefit no less from the 


tions of the book. The chemical changes which 
occur in the manufacture and in the setting of 
cement might have been more fully treated, espe- 


is the failure to discuss the chemistry of colloids 
from an elementary standpoint. There are —— 


plasticity, of which the colloidal theory offers 
an explanation, although, perhaps, it reveals as 
many difficulties as it explains. This may be the 
author’s justification for not entering more fully 
into what may fairly be regarded as debatable 
Where quantitative demonstration is 
wanting, he may fear to perplex and hamper the 
student by speaking with hesitation. The remaining 
sections refer to paints and varnishing materials, 


to electrical insulators, and to some employments of 
cellulose products. These chapters are, of course, 
suggestive rather than complete, but they should 
serve to interest the prospective engineer, and 
indicate the variety of technical knowledge that 
will prove useful in his career. 





Mechanios of Particles and Rigid Bodies. By J. Prescott, 
MA. London: Longmans, Green and Co. [Price 
12s. 6d. net. ] 


Tus book is intended for students desiring a pass 
degree in British universities, but the author is not 
content to offer the minimum quantity that will 
exactly satisfy the curriculum demanded in the 
various mathematical schools. In many cases we 
may safely say that the average pass man does not 
pursue his subject so far, or so thoroughly, as the 
table of contents would imply. For instance, much 
of Newton's ‘‘Principia” is embodied in the 
dynamical portion—a feast usually reserved for 
honours men. But the author is well advised in 
offering more than the precise uirements; he 
does neither himself nor his readers justice in 
failing to follow a line of. investigation to its 
legitimate end, or at least without indicating the 
reason for its introduction and showing whither it 
leads. Another excellent feature is the adoption 
of what Mr. Prescott calls a ‘‘ utilitarian bias ” 
that may recommend the treatise to the engineering 
student, and has determined the selection of 
examples. ‘‘ Utilitarian” is a word that has sur- 
rounded itself with a special significance; we should 
have preferred to have said that the author 
has shown that mathematical science can, and 
should, be applied to the affairs of ordinary life. 
One is not tormented by the fanciful relations of a 
‘*rough board to a smooth plane,” or ‘‘ the co- 
efficient of friction of a rough plane ahout a smooth 
pin.” It is suggested that the numerical examples 
worked in the text will quicken into life the dead 
bones of inarticulate symbols and formule, invest- 
ing with a fresh meaning the results of purely 
theoretical treatment. In this method of wise and 
practical teaching the author has the sanction of 
great names. Thomson and Tait have put on 
record that ‘‘nothing can be more fatal to pro- 
gress than a too-evident reliance on mathematical 
symbols, for the student is only too apt to consider 
the formule, and not the fact, as the physical 
reality.” One may go a little further and say that 
many students are quite content if they can repro- 
duce a formula and use it, without any wish to 
master the physical fact underlying it. A complaint 
has long been made that many juggle with the 
symbols of the calculus and solve propositions by 
its aid without understanding its vital principles. 
The contents of the volume now under notice 
naturally follow conventional lines; the arrange- 
ment alone offers scope for originality. Follow- 
ing the plan of most modern treatises, scalar 
notation is introduced at the outset, and due 
prominence is given to graphical methods. A good 
discussion is supplied on the means of obtaining 
centres of gravity, and moments of inertia of 
plane and solid figures. A rather lengthy chapter 
on elasticity is added, which, with one on potential 
and attractions, concludes the first section, devoted 
to statics. The selection is adequate and satis- 
factory on the grounds of variety and thorough- 
ness. Doubtless stern necessity has compelled the 
omission or curtailment of much that would have 
been desirable and of assistance to the young 
student, but, of necessity, many attractive propo- 
sitions must be pretermitted when covering a large 
area. Considering the scope of the book, the pupil 
may congratulate himself on the consecutiveness of 
thought and ordered arrangement that has itted 
so much to be brought within definite limits. 

In the second part the author attacks the subject 
of kinematics. e seems a little uncomfortable 
with Newton’s ‘‘ Three Laws of Force.” But he 
does not think it n to ventilate at any 
length the objections, or the modifications, that 
have been from various quarters. From this 
it may be inferred that the author’s point of view 
is rather that of the experienced teacher than the 
supporter of the purely academic aspect. This, 
as already indicated, is also shown by the fact 
that the teaching is more experimental than dog- 
matic. In this section rectilinear and curvi- 
linear motion are dealt with in an attractive 
fashion, and generally the problem of central forces 
is adequately treated. The third part carries the 
general discussion a step further by discussing the 
dynamics of a rigid body. With a firm grasp of 

















Dec. 25, 1914.] 


ENGINEERING 


751 








TWIN PEAKS SERVICE RESERVOIR, SAN FRANCISCO. 


(For Description, see Page 754.) 








the earlier portions there should be little difficulty 
in following the author as he develops the equa- 
tions of motion, or discusses the motion of a rigid 
body about a fixed axis. Impulses and initial 
motions are the subjects of another chapter, and 
an excursion is made into some problems con- 
nected with gyroscopic motion and precession. 
The character of the book will be indicated by these 
chapter titles, and as one notes the ease with which 
the experienced teacher removes many difficulties, 
there seems little reason for the universities to 
exclude the simpler applications of rigid dynamics 
from their scholarship examinations, and already, we 
believe, in some cases the restrictions are giving way. 





INDUSTRIAL NOTES. 

THE United States Commission on Industrial Rela- 
tions have put before Congress their first annual report 
dealing with the year ended with October last. 
Among the causes making for unrest in the Jabour 
world, the following were cited, says the Jron Trade 
Review, Cleveland, Ohio :— 


By THe Men. 

Normal and healthy desire for 
better living conditions. 

Protest against low wages, 
long hours, and insanitary and 
dangerous conditions existing 
in many industries. 

Demand for industrial demo- 
cracy and revolt against the 
suppression of organisation. 

Unemployment. 

Unjust distribution of the 
preducte of industry. 

Unjust attitude of police and 
courts. 

One law for the rich, another 
for the poor. 

Immigration, and the conse- 
quent meee gn | of Jabour. 

Disregard of gr evances. 

Unfaircompetition fron: prison 
and other exploited labour. 

The rapid pace of modern 
industry. 

Arbitrary discharge of em- 
ployeee, 

Black - listing of individual 
employees. 

Exploitation of women and 
children in industry. 

Promotion of violence by the 
use of “gunmen,” spies, and 
provokers hired by employers. 
a to destrov unionism 
*y the preten ” 
pA Pi ce of the “ open 

Monopolisation of land and 
ae resources, 

Suppression of free speec 
wad right cf peaceful agsembly. 


h financial 


By THe EMPLOYERS. 

Normal and healthy desire 
for het ter living conditions. 

Misunderstanding and preju- 
dice ; lack of conception that 
interests of both labour and 
capital are identical. 

Agitation by politicians and 
irresponsible agitators. 

Unemployment. 

Unreasonable demands arising 
from strength of organisation. 

Labour leaders who stir up 
trouble to keep themselves in 
office and to graft on employers. 

Inefficiency of workers, re- 
sulting in ever-increasing cost 
of living. 

Rapidly - increasing com- 
plexity of industry. 

Sudden transition of a large 
number of foreigners from re- 
pression to freedom, which 
makes them an easy prey to 
labour agitators. 

Universal craze to get rich 
quickly. Decay of old ideas of 
honesty and thrift. Misinfor- 
mation in newspapers. 

Too much organisation for 
combative purposes, instead of 
for co-operation. 

Violence in labour troubles ; 
sympathetic strikes; boycott- 
ing and picketing. Meddlesome 
and burdensome legislation 

The “closed shop,” which 
makes for labour monopoly ; 
irresponsibility of 
labour unions, 


Fra. 1. 


Engine Maker’ Society, gives the following figures :— 
Membership, 17,400; branches, 169; ‘capital, 137,000/., 
equal to 7/. 19s. per member ; expended in benefits, 
820,000/ ; unemployed, 18, equal to 0.1 per cent. 





The report for the month ended November 28, 
issued bv the Associated Blacksmiths’ and Iron- 
workers’ Society, gives 48 as the number of members 
unemployed, equal to 0.4 per cent. of the total mem- 
bership of 10,757. For the four weeks ended Novem- 
ber 28 the income of the society was 1823/., and the 
expenditure 12741. 





The question of the employment of Belgian refugee 
workmen at low wages, to the detriment of the 
British worker, was discussed last: week at a meeting 
of the Manchester and Salford Trades and Labour 
Council. 

The Chairman, Mr. Charles Kean, stated that they 
had present at the meeting two of their Belgian fellow- 
workers, Messrs. C. Mahiman and A. Theunissens, 
members of the Belgian Commission. 

Mr. Mahlman gave interesting information, in the 
couree of which he said that before the outbreak of 
war there were 250,000 organired trade-unionists in 
Belgium, and there were still 150,000 suffering from 
the dire results of the war. The mining, the metal, and 
all other trades were at a standstill. The coal-miners 
were working two days a fortnight, getting domestic 
coal only. Amongst the Belgian refugees in England 
there were a great many who were not trade-unionists, 
and who ought not to aided by the Labour move- 

ment. German democratic organisations had asked 
|the Belgian members to request the newspapers of 
neutral countries to state that the cruelties which had 
been reported as having taken place in Belgium were 
not true. International Labour members in Germany 
had promised to give assistance to the Belgian workers 
if they followed that course. The Belgian workers had 
refused with scorn, and had answered that ‘‘as 
Belgians they would not accept a penny from the men 
who had acted as the grave-diggers of their wives and 
children.” 





A meeting of the Coal Conciliation Board for the 
Federated Mining Districts in England and North 
Wales was held last week at the Westminster Palace 
Hotel, London, with a view to consider a dispute 
which has arisen on the district chairman’s award for 
the West Yorkshire district, in regard to the minimum 
wage to be paid to men employed in the pite under 
|the Minimum Wage Act. Mr. F Joner, West 





The report for December, issued by the Steam- | 





Yorkshire (chairman), presided, with Mr. Stephen 
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Walsh, M.P., Lancashire (vice-chairman). The wage 
dispute in the West Yorkshire coal-field is on similar 
lines to that which occurred in South Yorkshire early 
this year, and which caused the county strike of 
miners. The district chairman, Judge Amphlett, 
recently gave the men an advance of 4d. per day on 
the minimum wage. The owners paid the additional 
4d., but refused to continue to pay the three advances 
of 5 per cent. which had been given by the Concilia- 
tion Board. 

The effect of this decision is that the men receive 
an advance of 4d. per day under the district chair- 
man’s award, but are deprived of the three advances 
of 5 per cent., which are equal to 74d. per day, and 
are thus 34d. worse off per day. 

The contention of the West Yorkshire coal-owners 
is that the advance given by Judge Amphlett is in 
substitution for the percentage advances given by the 
Conciliation Board. The miners’ contention is that 
the percentage advances granted by the Conciliation 
Board are altogether distinct from the minimum fixed 
by the district chairman. 

At the close of the sitting the joint secretaries, Sir 
Thomas Ratcliffe Ellis and Mr. Thomas Ashton, stated 
that there was no report. It may be added that the 
Board failed to come to any agreement on the dis- 
puted point. The Board met again on Friday last, 
the 18th inst., when it again failed to settle the mini- 
mum wages dispute in question. 





Dr. Macnamara, Financial Secretary to the Ad- 
miralty, received last week at the Town Hall, New- 
castle, a deputation of Labour leaders representing 
all departments of the shipyard trade. The deputa- 
tion included Mr. Frank Smith (chairman) and Mr. 
Alex. Wilkie, M.P. (secretary), of the Shipwrights’ 
Standing Committee, and Mr. John Hill, of the Boiler- 
makers’ Society. 

Amongst the questions discussed was one in refer- 
ence to the importation of unskilled labour into works 
doing Government contracts, and the unions suggested 
that there would be no difficulty in getting « sufficient 
number of skilled men if some inducement were 
offered by the firms concerned in the way of ‘‘ subsist- 
ence money.” 

The question of demarcation was also dealt with, 
but upon this point there was complete agreement, 
the general desire being to forward Government orders 
as far as possible. 

The question of ‘‘ subsistence money” was referred 
to at length in the recently-issued monthly report of 
the Boilermakers’ Seciety, and it is now part of the 
scheme which the Society is going to lay before the 
Shipbuilding Employers’ Federation at an early date. 

he case for the boilermakers is that ‘‘ subsistence 
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money” is already being granted by a large number of 
firms in the country, and that, therefore, the Society 
is only going to place b:fore the general body of 
employers a scheme which has already been endorsed 
by individual firms. 

A good many firms have imported skilled labour, 
but there are difficulties concerning men who are 
brought long distances, and it is in respect of these 
that the question of “‘ subsistence money” has been 
brought to the front. 

The meeting was of an amicable character through- 
out, and there was full evidencs of a desire on the 
part of all the trade unionists present to assist the 
Government to the utmost of their ability. We 
referred to this point in our leading article last week 
(see page 732 ante). 





According to informatien which reaches this country 
from Holland, it is stated that the number of orga- 
nised workers who were on active service in Germany 
on November 30 totalled 661,005, equal to about 
31 per cont. of the organised workmen. Of those not 
called out, 300 000 were unemployed. The German 
Federation of Workmen had granted over 600,000/. 
for the relief of the unemployed, and 150,000/. for the 
assistance of women and children. 

From information supplied by the High Commissioner 
for Australis, we take the following :— 

At the end of the year 1913 there were 1838 factories 
in Queensland, as compared with 1790 for the previous 
year. The estimated number of hands employed was 
42,363, as compared with 40,948 in the year 1912. 

The salaries and wages paid in Queensland factories 
during the year 1913 was 14,183,539/., as compared 
with 11,078,954/. for the previous year. The value 
of the output was 23,688,789/., as compared with 
18,798,904. for the preceding year. 

No increases have been provided for the public service 
of Queensland this year, but there will no reduc- 
tions in salaries. Increases had been arranged for all 
branches of the public service, but they had to be 
abandoned because of the war. 

The Tasmanian Government is erecting a number 
of workmen’s cottages in South Hobart. The houses, 
consisting of four and five rooms, will be built of wood 
on brick and concrete foundations, with iron roofs, and 
will be let hy the Government at moderate rents. 

Massrs. Cummins and Grant, who secured a con- 
tract for 78 miles of earth works on the Kalgoorlie- 
Port Augusta Railway, Western Australia, have 
entered into an agreement with the General Workers’ 
Union for a minimum pay of 133. 4d. per day, which 
is said to be 101. higher - A the Commonwealth rate 
of pay. Sundays and overtime will be paid at the 
rate of time and a half. Boarding-houses will be 
allowed a tariff not exceeding 25s. per week. 

The amount of deposits in the Savings Bink of 
Queensland at the end of June was 9,350,998/., an 
increase for the year of 1,137,882/. This is the 
largest increase that has been recorded in the history 
of the bank. In 1903.4 the number of savings bank 
depositors was 80,959, and the value of deposits was 
3.741,967/., an average of 46/. 4s. 5d. for each 
depositor. In 1913-14 the number of depositors was 
176,961, the value of the deposits being 9,350,998/., 
an average of 52/. 163. 104. This amount is 3s. 3d. 
per depositor greater than in 1912-13. During the 
year the depoeitors increased by 22,004. 





Moror Suiv.— The Brazil, built for the firm of 
Lorentzen and Co., Christiania, at the Aker yard, Chris- 
tiania, and the first motor vessel built at these works, has 
just made a satisfactory trial-trip. She bas two four- 
stroke motors of Burmeister and Wain’s latest model, 
each with six cylinders. The cylinders are 500 mm. in 
diameter, with a 660-mm. stroke. The number of revo- 
lutions at full speed is 130, but they are supposed to 
work regularly with 69 revolutions. On the trial trip 
they developed together about 1500 horse-power, using 
144 grammes of fuel per horse-power per hour, the 
guaranteed quantity being 190 grammes. Although 
badly trimmed, the Brazil made 11 nautical miles, and 
everything worked quite satisfactorily. Her oil-fuel 
capacity is large enough to last for 120 days. 





Tue Soomry or Enoinggrs (INcoRPORATED).—The 
fifth annual general meeting of this Society was held at 
the offices of the Society, 17, Victoria-street, West- 
minster, on eee Dece-nber 14, 1914. The Report 
of the Council, which was adopted, referred to the amend- 
ments that are being made in the articles and by-laws, 
and stated that the financial position of the ry Oo 
satisfactory. A list of members serving with the Allied 
Forces was included in the report. © scrutineers of 
the postal ballot reported that the following had been 
elected as Members of the Council and Officers for 1915 :— 
President: Mr. Norman Scorgie; Vice-Presidents : Mr. 
Percy Griffith and Mr. Henry 6. Adams; Members of 
Council: Messrs. Henry Adams, C. T. Walrond, 8. 
Cowper-Coles, B. H. M. Hewett, F. H. Hummel, G. A. 
Becks, F. L. Ball, W. B. Esson, G.O Case, and W. N. 
Twelvetrees ; Associate Member of Council: Mr. C. E. 
May; Hon. Secretary and Hon. Treasurer: Mr. D. B. 


EFFECT OF VACUUM IN STEAM- 
TURBINES. 

To THe Eprrog or ENGINEERING. 
Sir,—My attention has been called to the report of the 
discussion on Mr. Stoney’s paper at Manchester in your 
issue of the 27th ult., and in which the following remarks 
are attributed to the writer :— 
**In connection with the new Manchester scheme, he 
had taken the trouble to get out figures for working with 
an unlimited water supply, and also with cooling-towers. 
He found that for 90,000 kw. installed, the difference in 
working c%sts per annum would be 14,000/. in favour of 
the towers.” 
This is the exact opposite of ths remarks I contributed, 
which all went to indicate the costliness of cooling-towers 
versus an ample river or canal supply for condensing 

rposes. 

- Yours faithfully, 

8. L. Pacnce, Chief Engineer. 
Manchester, December 22, 1914. 





“THE INFLUENCE OF BANKS ON 
INDUSTRY.” 
To THe Eprror or ENGINEERING. 

Sir,—The industrial banking system, which has had 
an immense influence on Continental industry, had its 
origin in Denmark about 1865. The bank which intro- 
duced it was the ‘‘ Privatbank ” in Copenhagen, under 
the leadership of Mr. Tietgen, then a young man who 
had gained his banking experience in this country. He 
had tried hard to introduce the English system of current 
account deposits and cheques into Denmark, but only 
with scant success. Traders there, as in most other 
Continental countries, have to give long credit to their 
customers, and want every penny they possess for their 
own business. They expect to borrow money from 
their banker, and never dream of supplying him with 
unlimited funds, free of interest, for paying high divi- 
dends to his shareholders. 

Mr. Tietgen had his first) chance when an American 
company began to build tramways in Copenhagen, and 

completed a part of the line, but were unable to find 
capital for the necessary extension. Mr. Tietgen, who 
was a financial genius and a man of great energy and 
prudence, took the matter up. He satisfied himself that 
the line would pay, employed the best experts he could 
et, saw that no unnecessary expense was incurred, and 

e found the capital by guaranteeing depositors 4 per cent. 
interest on permanent deposits in the bank. The business 
was a brilliant success, for the line never paid less than 
10 per cent. per annum, which left a handsome surplus 
for the shareholders of the bank. 

A large number of companies were subsequently financed 
in the same way, the capital being found partly from the 
bank deposits and partly by direct subscriptions from 
shareholders in the pro new companies; but no 
money was ever advanced for any company except after 
a thorough investigation, when the directors had satisfied 
themselves that the proposals were technically and finan- 
cially sound, and the companies formed in this manner 
have invariably been successful. 

It stands to reason that a well-managed hank is in a 
vastly better position to judge whether a project is sound 
or not than is a sanguine company promoter, a board of 
amateur directors, and a crowd of individual shareholders. 
The bank can further insist that any company it finances 
shall be efficiently managed by competent directors and 
officials, and that any money advanced shall be spent 
honestly and to the best advantage. 

The present Le mage system of floating limited com- 
panies has probably cost this country more money than 
all its wars, including the present one. Why pwn A not 
the great English banks step in and prevent this senseless 
waste, restore public confidence in limited companies, 
and at the same time benefit their shareholders to an 
extent little dreamt of at present. 

The banks can get any amount of capital from 
depositors willing to give six months’ notice of with- 
drawal by offering 4 per cent. interest on such deposits. 
The mac ny Seon for investigating financial pro- 
posals would be similar to that now used by the Local 
Government Board for inquiring into the soundness of 
municipal works. The possible risk to the bank would, 
with an efficient staff of experts, be almost infinitesimal, 
and the advantage to investors, depositors, and to the 
shareholders of the bank would be enormous. 

In Denmark this system has stood the test of fifty 
years’ experience, and it has added enormously to the 
prosperity of that country. many to adopt 
the Danish system twenty years later, and has found it 
equally profitable. If England adopts it at the present 
juncture, it will undoubtedly lead to most important 
results. 

Tam, Sir, yours faithfully, 
C. T. Aurrep Hanssen, Assoc. M. Inst. C.E. 

300, Lordship-lane, East Dulwich, 8S. E. 

December 18, 1914. 





To THE Eprror oF ENGINEERING. 

S1r,—The leading article in your issue of December 4, 
yo al the heading rn Me = Influence = —— > 

ustry,” appears from the correspondence whic 
followed oheve aroused a sympathetic interest. 

Curiously enough, however, it would appear from this 
correspondence that Government assistance is to be 
deprecated, and private initiative is to be relied upon for 
the establishment of the new industrial banks ; but it does 
not a) to be sufficiently realised by the writers of the 





Butler. 


letters that, as the article so pertinently points out, it is 
essential that the new methods should be brought into 





operation without delay, in order that the decline in trade 
which must necessarily follow on these disturbed times 
may be arrested as far as possible and the opportunities 
of new markets b3 exploited at the earliest possible 
moment. : 
Again, it is generally recognised that there is great 
reluctance among financiers at the present time to enter 
upon new ventures, but it is obvious from the large and 
steady increases of bank deposits that there is a la 
—_ as pene that could be tapped 5 e 

mancing of the pro new institutions, providing 
that the conditions under which they are to S estab- 
lished are such as will, to a large extent, assure reasonable 
—, and a steady, if moderate, dividend. There is 
no doubt that the plan outlined in the article, whereby 
the Government takes an active holding in the institu- 
tion, and during its preliminary strides lends it a mode- 
rate assistance, is certainly at the present time the best 
way to attract the large capital necessary for the proper 
establishment of such institutions as the proposed indus- 
trial banks. 

I am, Sir, yours a, 
Ewell, Surrey, December 19, 1914. A. Percy. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, and 1000 tons 
of Cleveland warrants were done at 53s. 8d. one month, 
and closing sellers quoted 533. 54d. cash, 53s. 84d. one 
month, and 54s. 2d. three months. In the afternoon 
Cleveland warrants became a shade firmer, but only one 
lot changed hands at 53s. 44d. five days. At the 
close the quotations were 533. 6d. cash and 53s. 9d. 
one month sellers. On Friday morning the tone was 
again strong, and the business consisted of 1000 tons of 
Cleveland warrants at 54s. 14d. and 54s. 2d. three months, 
with closing sellers at 533. 7d. cash, 53s. 10d. one month, 
and 54s.8d. three months. The afternoon session was 
quiet, but Cleveland warrants continued their upward 
movement. The turnover was only 500 tons at 54s. 
one month, and sellers’ closing prices were called 
53s. 84d. cash, 53s. 114d. one month, and 54s. 5d. three 
months. On Monday morning the market opened strongly, 
and although dealings only totalled 2000 tons of Cleve- 
land warrants, another advance was marked. The 
business was at from 54s. 2d. to 54s. 4d. one month, and 
at 54s. 10d. three months, with sellers over at 54s. 14d. 
cash, 54s. 44d. one month, and 54s. 11d. three months. 
The tone continued strong in the afternoon, when one 
Cleveland warrant was done at 54s. 114d. three months, 
and closing sellers named 54s. 3d. cash, 54s. 6d. one 
month, and 55s. three months, _On Tuesday morning a 
desided reaction took place in Cleveland warrants, and 
after being done at 54s. 74d. one month, the price fell 
away to 54s. one month, and at the close sellers were only 
quoting 54s. 04d. The dealings amounted to 6000 tons, 
and included business at 53s. 9d. cash, with sellers over 
at that figure. The afternoon session was dead idle, but 
Cleveland warrants were steady at 53s. 9d. cash, and 54s. 
one month sellers, with buyers naming 14d. less in each 
case. 


Sulphate of Ammonia.—During the past week or two 
a firmer tone has been exhibited in the sulphate of 
ammonia market, and the demand has improved consider- 
ably. The current price is round 11/. 17s. 6d. to 12/. per 
ton, Glasgow or Leith, for prompt lots, while for any 
forward parcels which are being asked for the quotation 
is about 127. 7s. 6d. per ton; but everything depends 
on the approximate dates when required, as sellers are 
not keen for forward business just now. 


Scotch Steel Trade.—In the Scotch steel trade there is a 
steadily increasing demand for material of almost all kinds, 
and not only is this the case for the home market but 
export buyers are also more in evidence. Orders for ship- 
plates are more numerous, and the prospect of further 
shipbuilding contracts bas strengthened the market con- 
siderably. Makers of black sheets are again busier, and 
a fairly healthy demand exists, with the result that activity 
is very general. Indeed, the improvement all round 
is such that the annual stoppage at the end of the year 
is likely to be cut very short, as not only is there much 
Government work to be pushed forward, but industrial 
activity is very much better and the outlook is fairly 
bright. Prices are very firm, and the following may be 
taken as the current rates :—Ship-plates, 7/. 5s. per ton ; 
meee gone: 7l. 103.; and angles, 7/. per ton; all less the 
usual 5 per cent. for local delivery. The export trade, 
while showing a decided improvement, is not yet any- 
thing like back to its usual state, but each week seems to 
be a shade better than its predecessor, which gives hope 
for the future. 


Malleable-Iron Trade.—The improvement in the West 
of Scotland malleable-iron trade has been well maintained 
this week, and better conditions are prevailing in the 
+ agg With a steady demand the prices continue very 

rm. 


Scotch Pig-Iron Trade.—There has been no falling off 
in the demand for the ordinary qualities of Scotch 
pig-iron, and the recent advance made in prices has 
not even put any check to the desire of buyers to 
cover their present and near future requirements. 
Industrial conditions have been showing decided signs 
of improvement, and the inquiries for iron, &c., point 
to a y increased consumption during the next 
few mon Prices all round continue firm, and the 
following are the market quotations for makers’ (No. 1) 
iron: — Clyde, 69s. 6d.; Calder, Gartsherrie, and 
Langloan, 70s.; and Summerlee, 70s. 6d. (all shipped at 





Glasgow) ; Eglinton, 64s., and Glengarnoek, 71s. (both 
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at Ardrossan) ; Shotts, 70s.; and Carron, 72s. 6d. (both 
at Leith). Hematite iron has been the subject of a heavy 
demand recently on the part of the steel-makers, and it 
isa Tess opinion that, as the latter are almost certainly 
on eve of a big run of trade, the makers of hematite 
have good prospects of a spell of activity. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Trade in house-coal has 





been somewhat crippled on account of the tracted | Th, 


shortage of empty wagons due to railway traffic conges- 
tion. So great was the pressure on the railway systems 
throughout the country that two southern railway com- 
panies refused, five days before Christmas, to tb any 
more traffic from South Yorkshire to London antl after 
the expiration of the holiday period. A third company 
sent an intimation that they must decline further coal 
traffic until the congestion on their system was relieved, 
which practically came to the same thing. This serious 
development of affairs necessitated a greater restric- 
tion of , ¢~ and, as a result, prices have i 
advanced 3d. to 1s. on the top of the several advances of 
the preceding two or three weeks. The same drawback 
has resulted in a shortage of supplies of manufacturing 
fuel in the local industries at a time when record quan- 
tities are required to deal with a pressure of Government 
work. The people to suffer have, of course, been the 
firms engaged on ‘‘ peace” products, as delay in arma- 
ment-making had at all costs to be avoided. Hard steam 
values have accordingly advanced with household sorts. 
Shipments show a small but welcome expansion, a con- 
siderably bigger tonnage having been sent to the East 
Coast ports. Inland works have also taken larger supplies 
of gas fuel, there having been a general supplementing 
of contract requirements. Slacks have again improved. 
Weakness has disappeared from business in all qualities. 
Even the lower grades are showing a brisk tone. 
Big stocks accumulated at the pits a month have dis- 
appeared. jy gy ae , 16s. 6d. 
to 17s. 6d.; Barnsley best Silkstone, 13s. 6d. to 14s. 6d. ; 
Derbyshire best brights, 13s. 6d. to 14s. 6d. ; Derbyshire 
house, 11s. to 12s. 6d.; best large nuts, 11s. to 12s. ; small 
nuts, 9s. to 10s.; Yorkshire hards, 10s. to 1ls.; Derby- 
shire hards, 9s. 6d. to 10s. 6d.; best slacks, 7s. to 8s.; 
seconds, 5s. to 6s.; smalls, 2s. to 3s. 

Iron and Steel.—The close of 1914 witnesses a marked 
improvement in all classes of raw material. Though 
prices sagged during the quiet period in the finished 
trades which p ed the war, they are now, as for 
some weeks past, on the upward e, and at the 
moment are appreciably higher than in December, 1913. 
Makers can show better order-books than for a good 
while past, and the improvement is expected to be 


of more than temporary duration. The only anxiety d 


is as to supplies of ore, which are uncertain, owing to 
the risks of shipping. The attack by the German 
Fleet on the East Coast sent up hematite values several 
shillings on top of recent additions. West Coast hema- 
tite is quoted at 81s., East Coast at 72s. 6d. to 75s., Lin- 
colnshire foundry at 59s., Lincolnshire forge at 57s. 6d., 
Derbyshire foundry at 56s. 6d., and Derbyshire forge at 
53s. The quotations current at the end of December, 
1913, afford an interesting comparison. They were :— 
West Coast hematites, 763. 6d.; East Coast, 66s. 3d. ; 
Lincolnshire foundry, 54s. 8d.; Lincolnshire forge, 
53s. 8d. ; Derbyshire foundry, 55s. 3d. ; and —— 
forge, 52s. 6d. r iron is stronger, South Yorkshire 
crown bars being marked at 8/. 5s. Sheets are firm at 
9l.10s. The urgency of Government orders does not 
allow much _— in the heavy engineering trades. 
he armament houses are only resting Christmas Day 
and Boxing Day. The usual New Year holiday is to 
be dispensed with. The same applies to all steel-making 
concerns with Admiralty and War Office work on 
hand. This relates to the manufacture of guns, shells, 
armour, bayonets, rifle barrels, bullet-proof shields for 
aeroplanes and armoured motor-cars, camp - kitchens, 
nee and - — pe entrenching and 
military en) tools. ig orders are on 
for shipbuilders’ forgings and castings, and ordinary 
trade in tool-steel, and mining machinery is expanding. 
Makers of agricultural implements and machinery purts 
are experiencing a quiet time, and many of them are 
devoting their resources to other purposes, notably the 
manufacture of parts for military automobiles. The 
steel billet section is steady. A stronger inquiry prevails 
for basic sorts. 








Books Dga.ine wiTH THE UseFut Arts.—The Public 
Libraries Committee of the City and Oounty of New- 
castle-upon-Tyne have published a catalogue of books on 
the useful arts in the central libraries of the city. This 
catalogue, which runs to more than 200 pages, commences 
with a name index of authors. Then follow sections 
dealing with medicine, engineering, agriculture, domestic 
economy, communication and commerce, chemical tech- 
nology, manufactures, and building. The engineering 
section fills 45 and is again indexed under 18 sub- 
heads. We find here all the publications of the Engi- 
neering Standards Committee. Under steam-turbines 
there are 22 entries, under steam-boilers 26, under electric 
traction 17, under rolling stock 12, under automobiles 34, 
under aviation 23, and so on. The people of Newcastle 
are fortunate in having such an excellent assortment 
of technical books at their disposal, and their gratitude 
is due to their librarian, Mr. Basil Anderton, M.A., 
for this excellent and well-indexed catalogue. We 
hope his committee will aid his efforts by liberal grants 
for the purchase of technical books, for such publications 
often get out of date very rapidly. They have not the 
lasting value of good literature.’ 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiesBrouGH, Wednesday. 

The Cleveland Iron Trade.—There is not a great deal 
of business passing in poem. but producers have now 
order-books, and the output is being fully absorbed, 
ue almost entirely to the very heavy home consumption. 
An undertone of confidence is noticeable, and the general 
situation must be described as satisfactory. An addi- 
tional furnace on hematite has been started at the 
ornaby works of Messrs. Whitwell, and a furnace 
has been damped down at the Jarrow works of 
Messrs. Palmer. The total number of blast-furnaces 
in operation on the North-East Coast now stands at 
73. Of these, 36 are making Cleveland pig-iron, 26 
are producing hematite, and 11 are manufacturing 

special irons. This week higher prices have 
realised for Cleveland pig-iron than for fifteen months 
past. No.3 g.m.b. has sold at 54s. 3d., and as much as 
54s. 6d. has been asked. The quotation has now setted 
to 54s., at which figure several contracts have been made. 


again | No. 1 Cleveland is 56s.; No. 4 foundry, 53s. 6d.; No. 4 


forge, 53s.; and mottled and white iron each 52s. 6d. 
East Coast hematite pig is moving steadily upward 
Possibly small odd lots of Nos. 1, 2, and 3 could still be 
bought from merchants at 70s., but makers have sold at 
71s. 6d, and many of them now ask 72s. 6d. Foreign 
ore is almost unobtainable owing to scarcity of steamers, 
and many consumers complain of the small supplies 
coming to hand. Stocks are low, and unless substantial 
imports arrive shortly some works will be unable to con- 
tinue fully employed. Market quotations are based on 
23s. 6d. ex-ship Tees for — of 50 per cent. quality. 
Freights Bilbao-Middlesbrough are 8s. 6d. ke, as is 
usual at this season of the year, is firmer. Local demand 
is heavier. Durham beehive blast-furnace coke of 
average quality is fully 18s. delivered at Tees-side works. 


Northern Shipbuilding Orders.—More orders for ton- 
nage have been placed this week with North-East Ooast 
builders. The Northumberland Shipbuilding Company 
have booked an order for a large cargo steamer for Messrs. 
Woods, Tyler and Brown, London, and also for a 7000- 
tons collier for Messrs. Cory and Co., of London. Messrs. 
Blumer and Co., Sunderland, are to build a cargo 
steamer for a Newcastle firm, and Messrs. Farrar, Groves 
and Co.. London, have ordered two |: steamers from 
Messrs. Richardson, Duck and Co., of Stockton-on-Tees. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 103,164 tons. 
Si the beginning of the month the stock has been 
reduced by 2330 tons. Shipments of pig-iron from the 
Tees are on only a very poor scale. To date this month 
they ave 868 tons per working day, the total 
tches being returned at 16,495 tons, 15,945 tone of 
which have gone from Middlesbrough and 550 tons from 
Skinningrove. To the same date last month the loadings 
were given at 44,621 tons, or adaily ave of 2348 tons, 
and for the corresponding part of December a year 
the clearances reached 62,889 tons, or an average of 
tons per working day. 

Manufactured Iron and Steel. — Very satisfactory 
accounts are given of all branches of the manufactured 
iron and steel trades. Producers have excellent order- 
books, and many firms are pressed for delivery. The 
holidays this year are bag curtailed, works only 
closing from Toursda to Monday. Prices all round 
are very firm. Principal market quotations stand :— 
Common iron bars, 8/.; best bars, 7s. 6d. ; best best 


bars, 8%. 15s. ;_ packing iron, 61. Gs.; iron ship-plates, | m 
8. 6d. ; 


71. 58. ; iron ship-angles, 8. ; iron ship-riveta, 82. 

iron girder-plates, 7/. 5s. ; steel bars (baci 71. 10s. ; steel 
bars (Siemens), 7/. 15s. ; steel — tes, 71, 10s.; steel 
ship-angles, 7/. 5s. ; steel boiler-plates, 82. 5s. ; steel strip, 
7 ; steel hoops, 8/. ; steel joists, 7/. 2s. 6d. ; cast-iron 
columns, 7/. 7s. 6d. ; cast-iron railway chairs, 4/. 5a. ; light 
iron rails, 7/. 15s. ; heavy steel rails, 6/. 7s. 6d.; steel 
railway sleepers, 7/.—railway material net at works, and 
all other descriptions less 24 per cent. discount; galva- 
nised corrugated sheets, 24 gauge, in bundles, 14/. f.o.b. 
—less 4 per cent. 





AUSTRALIAN Trapk.—Australia’s exports (including 
bullion) to Germany for the years 1892-6 averaged 
1,500,000/. per annum; for 1897-1901, 2,100,0007. per 
annum ; 1902-6, 3,400,000/. per annum; and 1907-11, 
6,900,000/. per annum. The exports to the United 
Kingdom for the same period averaged 23,000,000/., 
25,000,0007., 25,000,0007., and 33,400,000. Of the iron 
and steel rails imported Anstralia in 1912, 64 
per oom. came from the United Kingdom, 9 per cent. 


Kingdom supplied 89 percent. In 1899 the tonnage of 
vessels entered and cleared at the Commonwealth ports 
was 5,900,000 ; in 1912 it was 10,000,000. Seventy per 
cent. of Australia’s United iT ‘F and | om mg 
shipping during 1912 was with the United Kingdom, 
18 per cent. with Germany, 3 per cent. with France, 
and 4 per cent. with Belgium. Over 60 per cent. of 
Australia’s total loans (or public debt) has been expended 
on railway and tramway construction and equipment. 
The British Trade Commissioner in Australia, in his 
report to the Board of Trade, says: — “No better 
method of extending trade relations can be conceived 
than by the visits to oversea and foreign markets of the 
younger partners in our great manufacturing firms. 
visit from a number of manufacturers representative of 
British industries would form a fitting sequel to the 
recent visits of the Dominions’ Royal Commission, the 
British Parliamentary Party, and the visit of th British 
Association for the Advancement of Science. 


been | 12s. 3d.; and cargo smalls, 


A| the for “‘ factory engineers 


NOTES FROM THE SOUTH-WEST. 

_ Cardif.—There has been a good demand for all quali- 
ties of large and small coal in consequence of a pressure 
in loading steamers in dock and getting them away to sea 
before the holidays. In addition to vessels loading or 
waiting, a considerable number of vessels were due, and 
ioee aiiien ananiuny iieiiinaaaiion tam ant 

quoting secondary miralty qualities, drys, 

Monmouthshire coal with firmness; and it has been 
difficult to obtain the best Admiralty descriptions in 
consequence of large naval requirements. House coal, 
come fuel, and coke have shown little change, but prices 
ave been y firm. best Admiralty large 
has made to 2ls.; best secondary qualities have 
brought 18s. 6d. to 19s. 6d.; other secondary qualities 
17s. 9d. to 188. 3d.; best bunker smalls, Ils. 3d. to 

9s. 6d. to 10s. per ton. 
The best household coal has been quoted at 195. to 
; households have made 17s. to 188.; No. 2 


and furnace coke, 17s. 6d. to 19s. 6d. per ton. regards 
iron ore, Rubio has been quoted at 19s. 9d. to 20s. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Welsh Coal for France.—Tenders for Welsh coal have 
submitted to the administration of the French State 
Railways. There has been little information available as 
to the result of these tenders, but it is understood that 
the offers made do not equal the requirements of the 
situation, which amount to 50,000 tons of large coal, 
100,000 tons of smalls, and 50,000 tons of patent fuel, to 
be delivered over the next two months. ers 
appear to have been placed, but negotiations are still 
pending. 

Dowlais.—The Dowlais steel works have been well 
employed, the finishing yee having even been 
working day and night. © blast-furnaces have also 
had a seven-day week, although some pig-iron has gone 
into stock. The Goat Mill has been engaged upon heavy 
steel rails, steel sleepers, steel squares, cogging steel, and 
small quantities of tin bar. The Big Mill has been occu- 
pied with tram-rails, fish-plates, gutter-iron, &c. 


Newport.—The steam-coal trade has not been ver 
active; but, u the whole, prices have been well 
maintained, sellers being dis: to advance quotations | 
for both |] and smalls, in view of their order-books 
being well filled. House-coal, patent fuel, and coke 
have also shown steadiness. The Newport black 
vein large has made 17s. 3d. to 17s. 6d. per ton ; Western 
Valleys have brought 16s. 9d. to 17s.; and Hastern 
Valleys, 16s. to 16s. 6d. per ton. 


ee Coal may my coal trade of > ~y 
Wi rts appears to improving, apart from : 
miralt: P oquiements, which are not included in the 
official returns. The exports from South Welsh ports in 
November showed, however, a decrease of 956,448 tons, 
the total for the month being 1,426,275 tons. The ship- 
ments of bunker coal for November were 321,917 tons, as 
compared with 387,231 tons. 





British Kaws Asroap.—The external demand for 
British rails has been scarcely maintained this year, the 
exports to November 30 having only amounted to 419,125 

ns, as compared with 459,870 tons in the first eleven 
= of 1913, and 377,878 tons in the first eleven months 
of 1912. 





Tue tate Mr. Davin Batrour.—We t to have 
to announce the death of Mr. David four, which 
courred at his residence, Myre Hall, Houghton-le-Spring, 
on Tuesday last, the 22nd inst. Mr. Balfour was a 
member of the Institution of Civil since April, 
1889. He was the son of the late Mr. J. Balfour, manager 
of the London and Dundee Shipping ae He was 
born at Dundee, in 1838, and exercised profession of 
a civil engineer at Newcastle-on-Tyne. Mr. D. Balfour 
served his apprenticeship with . Jchn Fulton, late 
City Engineer of Dundee and Newcastle. He was ap- 
pointed in the early ‘sixties of last century t to 
the Sunderland and ery are pute oy ighway 
Board; of late years he had acted for the Houghton-le- 
Spring Rural District Council. Mr. D. Balfour carried 
out many engineering works, including bridges, sewerage 
plant, water supply installations, tramways, railways, 
&c., in various parts of the county. 





DanisH ENGINEERS AND THE UniTep States.—For a 
considerable number of years Danish engineers, with 
diplomas from the State Polytechnic College in Copen- 
hagen, have gone to the United States or other parts 
of the world. The Danish Society of Engineers has 
recently looked into this matter, and it has transpired 
that out of 933 engineers who, during the years 1900-1912 
(both included), passed the final examination of the 
above college, 10 per cent., or, to be accurate, 92 engi- 
neers, have gone to North America, and out of these 28 
have subsequently returned to Denmark. The largest 
proportion is among “‘ constructive ” of whc 
about 12 per cent. have gone to the United States, whilst 
"is only 4 percent. All 
the ical engineers have remained in America, whilst 
two-thirds of the mechanical engineers have returned. 
Out of six factory engineers, only one has returned ; = 





of 64 constructive engineers, 47 have remained on 
other side. 
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SERVICE RESERVOIR CONSTRUCTION. 
By Professor E. R. Marruews, A.M. Inst. C.E., 
F.R.8.E., Chadwick Professor of Municipal Engi- 

neering in the University of London. 
On page 751 we give a photographic view, and on this 
and the opposite page drawings of a number of service 
reservoirs which have, during recent years, been con- | 
structed in America, and which show that the trend of 
design in that country is departing from the lines which 
have hitherto obtained here. A study of these ex- | 
amples will show that ferro-concrete is being largely | 
used for such structures in the United States, and | 
apparently with much success. 

Rectangular and Circular Reservoirs.—British engi- | 
neers almost invariably adopt the rectangular reser- | 
voir, and American engineers the circular form. The 
circular reservoir has several advantages ; some of 
these are as follow :— 

1. No angles occur, so that the reservoir wall can 
be built without a joint. This isa great advantage, 
for when there is leakage it often occurs at the point 
where the walls join. 

2. The circular form is well adapted to withstand 
external earth pressure. 

3. Large circular reservoirs are cheaper to con- 
struct than rectangular ones. 

One of the best examples that might be given of a 
reservoir of this type is that known as the ‘“‘ Twin 
Peaks” reservoir at San Francisco. This has been 
built in reinforced concrete, which is an excellent 
material to use in structures of this kind, as it has the | 
following advantages :— 

(a) There is a saving in first cost. 





(6) A reser- 


PLAN OF BOTTOM 
Pig 4. 


Fies, 4 


voir built in this material occupies less space than one 
constructed in masonry or brickwork, or @ combina- 
tion ot both. (c) It can more easily be made water- 
tight. (d) Itincreasesin strength withage. (¢) There 
is less likely to be vegetation upon the face of the 
walls. (jf) The cost of maintenance is practically nil. 

San Francisco Reservoir. —The San Francisco reser- 
voir is oval in plan, being 370 ft. by 285 ft. in area, 
and is divided into two parts by a reinforced-concrete 
dam (see Fig. 1, page 751). The reservoir is situated 
750 ft. above the business section of the city, and is 
part of the high-pressure system for fire-extinguishing 
purposes established in consequence of the terrible fire 
of 1906. The depth of water allowed for is 27 ft., or 
a capacity of 11 million gallons. The buttresses of 
the dam are spaced at 9-ft. centres on both sides 
of the wall. They are 1 ft. in thickness, and 13 ft. 
wide at the base. Fig. 1 shows the reservoir on the 
day of the opening ceremony, with one half filled with 
water, The structure was designed by the city engi- 
neer, Mr. >» oP 

Reservoir at Fort Riley.—Other circular or oval- 
shaped reservoirs constructed during recent years in 
reinforced concrete, in America, include that at Fort 
Riley, Kansas, which has a capacity of two million 
gallons. It is illustrated in Figs. 2 and 3, and is an 
interesting structure. The reservoir-wall ia streng- 
thened by the addition of buttresses, which are 18 in. 
in thickness and at 12-ft. 6-in. centres. The 
reinforcément consists of }-in. and 3-in. round bars, 
8 as shown in the section. 

Reservoir at Lake Geneva, Wis.—The reservoir at 


Lake Geneva, Wis., is circular in plan, Figs. 4 and 5, 
and is constructed throughout of reinfo concrete. 
The roof is supported by 16-in. by 16-in. reinforced- 


concrete columns, which are reinforced by the inser- 
tion of four #-in. bars in each. The floor-slab is 
6 in. in thickness, reinforced by §-in. bars. The 
reservoir is 50 ft. in diameter, and the roof-slab is 


8 in. in thickness, reinforced with }-in. and 3-in. bars. 
Reservoir at Fort Wayne, Indiana.—The reservoir 
at Fort Wayne, Indiana, is a very interesting struc- 
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rts by a reinforced-concrete dam 20 ft. in height. 

This wall is 3 ft. in thickness at the base and 1 ft. at 
the top. The reservoir is illustrated in Figs. 6 to 12. | 
The old structure was lined with 4 in. of reinforced | 
concrete, which was placed on top of the previous 
brick lining, this latter making a good foundation for 
it. The arrangement of the reinforcement is shown 
in the section, Fig. 8. 

Division-walls in reinforced-concrete reservoirs need 

not, however, be so heavy in construction, but may, 
where upon a good concrete foundation, be as shown 
in Fig. 13, which represents a partition-wall in the 
Naval Academy Reservoir, Annapolis, Mo. This 
wall is 11 ft. 8 in. in height, and is reinforced by the 
insertion of 4-in. and 3-in. bars. 
Reservoir at Albion, Mich.—A small circular reser- 
voir, constructed in reinforced concrete at Albion, 
Mich., is shown in Fig. 14 This has a capacity of 
100,000 gallons, and the design is admirably suited 
for a small reservoir or tank. 

Water-Tight Reservoirs.—One of the problems which 
the water-works engineer has to solve is how to make 
and keep his reservoir water-tight. Reservoirs have 
been constructed in what appeared to be a substantial 
manner, and at a cost of thousands of pounds, and yet 
have never ceased to leak, and although frequent 
attempts have been made to remedy the leakage, these 
structures are still looked upon as a failure. There is 
probably no type of construction in which water-tight- 
ness is more likely to be assured than in reinforced 
concrete, provided that the work is properly executed, 
and expansion joints are inserted in suitable positions, 
both in the walls, floor, and roof of the reservoir; that 
suitable aggregate is used for the concrete ; that a wet 
mixture is ; that the walls are not less than 5 in. 
in thickness, and are well reinforced, and that the 
depth of water in the reservoir does not exceed, say, 
30 ft. If these conditions are complied with, there is 
no material so well adapted for use in the construction 
of service reservoirs. here the water exceeds 25 ft. 
in joo, buttresses should be built at the back of the 
wall. 





ture. It is oval in shape, and is divided into two 
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Service Reservorr at Lake Geneva, WISCONSIN. 


this purpose has been realised, and in much modern 
work of this class it has been adopted. Not only has 
it proved admirable for reservoirs, but a saving of 20 
to 25 per cent. can be effected by adopting it, which is 


|an important matter. 


Saving by Using Reinforced Concrete.—A good illus- 
tration of the saviug which may be effeoted by using 
reinforced concrete in the construction of a reservoir 
roof or covering may be given. All service reservoirs 
should be covered, if possible ; and if they are situate 
on the immediate outskirts of a town, they must be 
covered, if the water is to remain clean and uncon- 
taminated. Until recent years one of the — 
methods adopted in this country for the covering of a 
reservoir was as shown in Figs. 15 and 16. 

The disadvantages of this method of construction of 
the roof are :—(1) [hat it is too costly; (2) it is unneces- 
sarily heavy ; (3) it occupies too much space ; (4) it is 
almost sure to be leaky, the leakage occurring where 
there is a minimum thicknes: of concrete—namely, 
immediately over the rolled-steel joists. Cement 
rendering might prevent the leakage, but it is doubtful. 

In ao reinf -concrete roof the slab would prob- 
ably in this case be 5 in. in thickness, and the rein- 
forced-concrete beams supporting it, say, 16 in. by 
8 in. in section. Quite 25 per cent. in cost would be 
saved by adopting reinforced concrete, and a water- 
tight job be ensured. 

Reinforced-Concrete Walls.—The British practice is 
to build reservoir walls in mass concrete, and render 
the face with cement rendering | in. in thickness, or to 
line the reservoir with, say, blue Staffordshire bricks 
(see Fig. 17). 

In America the walls are now usually built of rein- 
forced concrete, which for a reservoir as shown in 
Fig. 17 would be about 7 in. in thickness. For 4 
reservoir wall not exceeding 10 ft. in height the thick- 
ness should be 5 in. at top to 8 in. at bottom, and if 
10 ft. to 15 ft. high, it should be from 8 in. to 10 in. 
thick at the bottom, mary ay Oe: the depth. In 
a deeper reservoir the top 6 ft, should be 5 in. thick, 
and the. wall should be inoreased. in thicknes« by 





In America the usefulness of reinforced concrete for 


3 in. for eyery additional 6 ft, of ite height, It is 
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SECTION A.B. 


Fies. 15 any 16. Resgrvorn Concrete Roor. 


desirable to build counterforts, or buttresses, at the | and 12, it will readily be seen that b 
By | concrete there must have been effected a consider- 
with the | able saving. 
Designing of Circular Reservoirs.—There is nothing 


back of the wall if the reservoir is a deep one. 
comparing the section shown in Fig. 1 
examples of American reservoirs shown in Figs. 2 


(227 


Fic. 17. 


Fig. 7. 
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Concerts WaLt or Reservoir. 


using reinforced 


FERRO-CONCRETE SERVICE RESERVOIRS IN AMERICA. 
Fig. 6. 






















ORIGINAL SECTION B.B. 






fonts Fies. 6 ro 12. Service Reservorrk at Fort Wayne, Inpiana, 


Fig. &°° 











w-5l---- 
Pressure 


Fic. 18. Pressure Curve. Fie. 19. Jornr. 


complicated in the designing of a ciroular reservoir. 
oirs are constructed under one of three condi- 
tions :— 

(a) They are built entirely below ground. (b) 
Entirely oan of ground. (c) Partly below ground. 

In a reservoir wall the outward pressure of the 
water is resisted by the tension of the walls ; no bend- 
ing moments are produced. Where the reservoir is 
belo : the inward pressure of the earth is 
resisted by direct compression in the walls. 

In calculating the amount of reinforcement necessary 
to be inserted, allowance must be made for a number 
of steel horizontal rings being put in to take the 
whole tension at a small stress. water pressure 
will vary from zero at water-level to a maximum of 
W = 8/ at the base (see Fig. 18). 

w = pressure unit area. 
$= — of water per unit volume = 62.4 Ib. per 


cub. ft. 
l = depth of water. 





The method of calculating the precise quantity of 
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steel that will be n if the reservoir is to be 
& water-tight structure is as follows :— 


Let d = internal diameter of reservoir. 
p = water pressure at any given depth. 
Then the tension in a horizontal ring at a given 
depth will be :— 


pd, 
T=*,. 


So that at a depth of 20 ft. the pressure will be :— 
p = 2 x 62.4 = 1248 lb. per sq. ft. ; 


or we might have arrived at this approximately as 
follows :— 


0.434 x 20 x 144 = 1260 lb. per aq. ft. 


Let us imagine a reservoir 40 ft. in diameter, and 
that this is cut up into horizontal slices or rings, each 
1 ft. in depth. en the tension in the ring at a depth 
of, say, 20 ft. will be :— 


T=? 
2 


= 1248 % 40 = 24,960 Ib. 


(This is the tensile stress on that 1 ft. in depth 
section.) At a stress of )2,000 lb. per sq. in. (which 
is the maximum stress which should be allowed in 
reservoir work, if we are to ensure water-tightness), 
the area of steel which will be required in this foot 
of the structure, the centre of gravity of which is 
20 ft. below the surface of the water, will be :— 
A = 74.960 
12,000 
So that if two 1}-in. horizontal rings are inserted 
in this 1-ft. section at 6-in. centres, that will be 
ample. And in this way the horizontal reinforce- 
ment that it will be n to insert at each sec- 
tion can be calculated. In addition to this horizontal 
reinforcement, however, it will be necessary to put 
in vertical bars ; these should not be more than 9 in. 
apart, and where the wall joins the floor of the reser- 
voir additional steel will be required to strengthen 
the joint; it is most necessary that the bars here 
should be hooked together, and that a fillet should be 
inserted, as shown in Fig. 19. Where the wall acts 
as a retaining-wall for earth as well as for water, 
vertical rods should be inserted at the back and front 
of the wall. 


= 2.08 sq. in. 





THE RUGGLES ROTARY DRIERS. 

IN & great many preparative prc it is ry 
to drive off the moisture contained in materials of one 
kind and another, as, for instance, in the preparation 
of cement, of ore, of glass sand, granulated slag, 
kaolin, gypsum, peat, sewage, &c. In many of these 
cases the rotary urier or kiln has come into wide use. 
A form of rotary drier having numerous advantages 
over the usual rotary kiln is illustrated in Figs. 1 to 
24, on page 758. This is known as the Ruggles drier. 
It is an American machine, for which the business in 
this country is in the hands of the Electro-Metals, 
Limited, 94, Union-court, Old Broad-street, E.C., 
whose machines are manufactured in this country. 

In Fig. 1 we give a general elevation of a large drier 
installation for treating ore at mines in Spain. In 
this instance the barrel of the machine is 75 ft. 
long, and the installation includes four cyclone dust 
separators for dealing with the exhaust leaving 
the drier, in order to reclaim the fine ore-dust 
carried out of the machine with the gases. The fur- 
nace is shown to the right of Fig. 1. This feeds the 
machine through a short brick-lined flue of medium 
diameter. At the same end of the drier and placed 
above it isan exhausting fan which draws the gases 
through the machine into an uptake, and finally 
delivers them into a duct, through which they pass 
to the cyclone separators. One of the chief features 
of the Ruggles driers is that the hot gases are 
down the Traut and back again, whereas in the ordi- 
nary rotary kiln they enter at one end and are dis- 
charged at the other. This gives the drier under 
notice a great advantage, as its efficiency is very 
much increased. The drier is composed of an inner 
barrel and an outer shell. The hot gases pass from 
the furnace, or other source of heat, into the inner 
barrel, down to the end of the drier, eae in the 
space between the inner and outer shells. By this 
means the outer shell is always at a comparatively 
low temperature, and the high radiation losses pre- 
sent in the ordinary rotary kiln are absent. The 
outer shell is at the hottest seldom more than 
about 200 deg. Fahr., while the gases leave the drier 
at a temperature of about 100 deg. Fahr. 

The construction of the barrel of one of these driers 
is shown in Figs. 2, 3, 4, &c. This is one of the 
standard patterns, being 35 ft. in length, and com 
of plates @ in. thick. ‘The outer shell is 5 ft. 9 in. in 





diameter, built with circumferential lap-joints and | £98°8 


* “ Reinfc ‘ced -O Design,” by Faber and Bowie 





longitudinal butt-joints. The inner barrel, or flue, 
is 2 ft. 6 in. in diameter, and is composed of two 
lengths lap-jointed. Half way down the shell there 
are six pairs of cast-iron radial braces, riveted both to 
the shell and flue. The flue is further supported from 
the shell by four sets of six braces. These braces, or 
arms, are Bolted to lugs, and are an easy fit, so as to 
allow for a certain amount of longitudinal movement. 
The shell and flue are thus only rigidly connected at 
the centre, and longitudinal expansion and contraction 
under changes of temperature is unfettered. At the 
feed end (the left-hand end in Fig. 3) the flue is en- 
larged into a kind of socket, 3 ft. 2} in. in diameter. 
The flue conducting the gases from the furnace fits 
inside this end. he shell has eighteen internal 
lonzitudinal wings or flights, 6 in. wide, composed 
of z-in. plate, tixed to the shell-plating by small 
2h-in. by 24-in. by ,,-in. cleats. The wings 
are all set over in one direction, at an angle of 
30 deg. to the radius. On the outside of the flue 
similar longitudinal wings are fastened by 2}-in. by 
2}-in. by §-in. cleats, the wings being 4 in. wide in 
this case, ,*, in. thick, and set radially. This arrange- 
ment will be clear from Figs. 3 4. At the feed 
end there are, further, eighteen specially-shaped wings 
or flights on the shell, 6 in. wide by ,; in. thick, set 
at an angle of 45 deg. to the longitudinal wings. The 
drier is supported on two bearing-rings, or tyres, 
7 ft. in diameter on the tread, which 1s 5 in. wide. 
These tyres are fastened to the shell by eighteen 
brackets. There is, further, surrounding the shell, a 
large spur-ring with a ~~ circle of 6 ft. 10 in. on 
one side, tapering to 6 ft. 92 in. in diameter on the 
other. This ring is of cast iron, in two segments, and 
has teeth 5in. wide. The feed end of the drier is 
encased in a head, shown in Figs. 5 and 6. The drier 
is shown in dotted lines in Fig. 6, in position in the 
head, which embodies a chute for the material, and, 
above, an uptake leading to the fan trunk. The chute 
delivers the material fed in on to the spiral wings, by 
which it is carried up, and then dropped on the fiue 
barrel. It is here held for a short time, and then allowed 
to fall, being again raised by the longitudinal wings on 
the outer shell. As the whole drier is on a slant of about 
lin 28, the material as it falls is gradually worked down 
the barrel to the discharge end. On the plate enclosin 
this end there are six pockets formed of “L-sha 
castings riveted to the end plate as shown in Fig. 7. 
The centre of this discharge end is formed of the 
star-ribbed cone illustrated in Figs. 8 and 9. As the 
head rotates, material is picked up by the pockets and 
run into one of the partitions on this ribbed conical 
casting, and is then discharged through the mouth- 
piece shown at the end of the shell in Fig. 3. 

The bearings and driving-gear for the standard 
Ruggles driers are shown in Figs. 12 to 24. The two 
bearings embody certain similar features. Figs. 23 
and 24 illustrate the standard thrust-bearing ; Figs. 12 
and 13 illustrate the standard driving-gear. 1t may 
be noted that while Fig. 1 shows the standard thrust- 
bearing in use, in the case of this drier, which is 
unusually long for a drier built on the Ruggles 
system, the driving-gear is separated from the second 
bearing. The standard drive embodies bevels of cast 
steel driving a cast-steel pinion with shrouded teeth 
meshing with the large spur-ring fixed to the shell. 
The rotating shell rests on four bearing-wheels with 
chilled and ground treads 5in. wide by 18 in. in 
diameter. These wheels are arranged in two pairs in 
equalising arms (Figs. 20 to 22), the equalising arms 
being c&irried on a shaft supported in two bearin 
(Figs. 17 to 19). The latter are arranged with the 
necessary incline so that the bearing-wheel treads fit 
square to the tyre on the shell. The general arrange- 
ment of the drive and supports is shown in Figs. 12 
and 13. The thrust - bearing embodies similarly 
equalised bearing-wheels set on the requisite incline, 
and in addition has two horizontal thrust-wheels 
18? in. in diameter placed 2 ft. a centre to centre, 
between the rims of which runs the tyre near the feed 
end of the machine. The thrust-wheelsare carried in 
a frame shown, in Figs. 14 to 16, fixed across the bear- 
ing-frame. The wheels run on 24-in. pins between steel 
washers } in. thick. 

From the above description of the Ruggles drier it 
will be clear that the material cannot pass from one 
end to the other without coming into intimate contact 
a number of times with the hot gases and with the 
hot surface of the internal flue. At the same time 
it does not come into contact with the gases until 
combustion has been completed and a large quantity 
of the heat has been given up by them. e risk of 
the too-early quenching of the flame and incomplete 
combustion is therefore avoided. By the time the 
gases reach the end of the internal flue they have 
already parted with most of their heat. Together 
with tresh air entering through the discharge-head, 
they are drawn back through the drier by the fan. 
The shrinkage in volume during the cooling of the 
is made up for by the admission of the additional 
air. The final temperature is so low that the efficiency 
of the driers works out in cases to from 75 to 88 per 





Arnold). 


perature of about 100 deg. Fahr. enables a fan to be 
used. Large fans run at comparatively low 

are preferred, and this enables the output of the drier 
to greatly increased, if for special reasons this 
should be necessary. The fan is coupled to the driving- 
gear, so that when the drier is out of use no hot 
gases can be drawn through the drier. Further, the 
adoption of a fan obviates the necessity of the high- 
discharge temperatures (500 deg. Fahr. or there- 
abouts) required to obtain the necessary draught with 
a stack, with which, of course, the output cannot be 
varied. With an initial temperature in both forms 
of about 1400 deg. Fahr., and a final temperature 
of 100 deg. Fahr. for the Ruggles drier, of 500 
deg. Fahr. for the stack method, the advantage in 
favour of the former is clear, to say nothing of the 
additional saving from the reduction of radiation losses, 
which, as noted above, are very large at the hot end 
of the ordinary rotary kiln. 

The Ruggles system has been applied to driers for 
various purposes. In some cases the drier is mounted as 
a portable machine for use in road-making ; in others 
the heating agent may be steam, and the drier may be 
arranged internally, so that the steam or gases do not 
come into contact with the material being handled. 
We may mention that a machine of the size illustrated 
in Fig. 1, installed at Virginia, Minn., U.S.A., turns 
out about 40 tons of ore per hour, reducing the mois- 
ture percentage from 18 to 6. In addition to ores, 
cement, &c., these driers are adapted for dealing with 
coal, t, and other substances for which compara- 
tively low temperatures have to be used, and in special 
installations for dealing with fish scrap, &c. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 9. 

THE past week was the first normal week in the 
iron and steel indugtry for several months. Whether 
the activity was a spurt, or the beginning of a con- 
tinuous broadening movement, it is impossible to say. 
Sales of considerably over 100,000 tons of rails are 
reported on domestic account, exclusive of important 
foreign orders, concerning which silence is observed. 
Inquiries for plates for the construction of five or six 
steamers are in hand. Mr. Schwab has thrown up the 
contract for the building of a large number of war- 
vessels. Inquiries for all manner of steel products 
have greatly multiplied. Bars, plates, and shapes 
are selling in large quantities as low as 1.05 dols. 
An Australian water-pipe company placed an order 
for 16,000 tons steel plates for earliest possible 
delivery. The United States Corporation has in- 
creased its output from 35 to 40 per cent. of capacity. 
A general improvement has set in. Tinplate is once 
more active, the largest recent order being for 400,000 
boxes. Pig-iron has suddenly become quite active ; 
orders within ten days well exceed 250,000 tons of all 
kinds, in which low-grade iron for cast-pipe purposes 
figures largely. This activity in pig will probably 
continue until requirements for the larger consumers 
are safely covered—at least for the first quarter of 
the new year. Pig iron in Western markets has 
nominally advanced from 25 to 50 cents, but this does 
not affect the large interests, which are protected by 
options. Considerable export business is being done, 
which is not reported in the Press, but no munitions 
will be manufactured or exported in completed state, 
except, of course, ammunition and rifles and the like. 
While rails are active, other railroad material is 


g® | ordered sparingly. There is great need of improve- 


ment, however, in general manufacturing circles. 





Tue GeRarpD Lirg-Boat.—We have received from Mr. 
William J. Pitt, 10, ry me py Plymouth, an illus- 
trated pamphlet on the Gerard life-boat, from which we 
take the following dimensions and characteristics : — 
Length, 28 ft.; beam, 9 ft.; depth, 3 ft. 9 in.; material, 
steel plates, jin. thick; draught when light, 7 in.; 
draught with = ie, 1 ft. 9 in.; with 140 people, 2 ft. 
The Roce be bui pm = same — <7 = } me 
sufficient buoyancy to float people, when the draught 
would be 2 ft. 6 in., with a clear opie of 1 ft. 3 in. The 

phlet illustrates a boat on roller-chocks ready for 
Centhien, and the boat being launched, the same = my we 
120 men. It also illustrates stability trials, and the t 
in two halves, floating separately to prove the buoyancy. 


ConTRACTS.—We are informed that since the outbreak 
of the war Messrs. United Water Softeners, Limited, 
the well-known makers of Lassen-Hjort and Permutit 
water-softening and purifying plants, have entered into 
contracts to erect over 100 installations, totalling several 
million gallons daily, for firms in the United Kingdom. 
Prominent among those who have placed orders for 
softening plants are the Admiralty (30,000 gallons per 
day), Vickers, Limited (14,000 ons), Armstrong, 
Whitworth and Co. and Brunner Mond and Co. (500,000 
gallons), the Daily Chronicle Paper Mills (240,000 
gallons), Bickershaw Collieries (Ackers Whitley and Co.) 
(360,000 gallons), the North-Eastern Railway (96,000 
gallons), British Portland Cement Manufacturers (12,000 
gallons), Merryweather and Co. (8000 gallons), Curtis’s 
and Harvey (19,000 gallons), Sir Joseph Lyons and Co. 





cent. of the heating value of the fuel. The final tem- 





(24,000 gallons), Erith Oil Works (192,000 gallons), &c. 
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“THE THERMAL AND MECHANICAL 
EFFICIENCY OF THE GAS-ENGINE.* 
By A. VENNELL Coster. 


Art the present moment, when all our industries are 
affected either as regards men or material by the Euro- 
pean war, and when the country’s energies are being 
directed to capture German markets and German manu- 
factures, it is im tive that we should remember that 
their commercial conquests have primarily and con- 
tinuously received an impetus not only from their 
superior financial and industrial banking systems, but 
also from the enormous — they have effected in 
production by the utilisation of waste gases and fuels for 
power purposes. ae | have not hesitated to persevere, 
in spite of initial blunders and costly experiments, know- 
ing that the gas-engine can obtain a combined superior 
thermal and mechanical efficiency over every other 
prime mover, particularly when driven by these waste 
resources. 

We are all agreed thst in many fields of service on land 
and sea the steam-eugine is still necessary and para- 
mount, but in the progress of commerce the improved 
thermal and mechanical efficiencies of the gas-engine 
must be increasingly considered. 

In a paper given before the Institution of Electrical 
Engineers, by Mr. C. E. Douglas, the choice between gas 
and steam was considered in relation to the economy 
obtained by each system at different loads. It will be 
noted that at full load the fuel consumption in pounds 
per kilowatt-hour is :— 


Lb. 
Turbine steam-engine ... > 2. 
Reciprocating steam-engine ... “ aos, en 
Pressure producer-gas engine... - a: ae 
Suction producer-gas engine ... “ 1.5 

and at half load :— 

Turbine steam-engine ... pun 3.3 
Reciprocating steam-engine ... 3.3 
Pressure-producing gas-engine 2.35 
Suction producer-gas engine ... 1.9 


Thermal efficiency also must be considered in relation 
to stand-by losses. In a 500-horse-power gas-producer, 
the admission of air through a 1-in. diameter hole is 
sufficient to maintain combustion over a long week-end, 
the stand-by losses being at least 75 per cent. less 
than + a steam installation. Also 1. cost in —— 
involved in starting up a power-plant is very greatly 
reduced, as gas roomy obtained in about a quarter of an 
hour sufficient to start the engine. e com tive 
costs of fuel for steam or gas-plants vary in different 
parts of the country and in different countries; generally 
speaking, up to the present time the cost of fuel for gas- 

lants is higher in price than that required for steam 

ilers. But as the work of gas-producers becomes more 
general, and their ing and management is better 
understood, cheaper fuels will be used, so that the great 
thermal advantages of gas may be more fully realised. 
But where blast-furnace gas and coke-oven gas are avail- 
able, or waste products that can be converted in a producer 
into gas, the advantages in favour of gas become 
enormous. 
In Belgium, at the great works of Messrs. Cockerill 
and Co. near Liége, all their power is developed 
from blast-furnace gas, and allowing for an annual 
depreciation equal to 13 per cent. of the whole cost of 
the installation, with working hours per year 4380, corre- 
sponding to a load factor of 50 cent., the total 
cost per kilowatt, including depreciation, equals 0.183d. 

Before leaving this portion of our subject, I may 
give further examples of what has been effected in 
the iron and steel industry. In a blast-furnace of 
250 tons per day capacity, and consuming 10 tons 
of coke per hour, the waste gas produced is sufficient 
to generate 10,000 brake horse-power by gas-engines. 
From this, 2500 brake horse-power are required for air 
supply, transport, lighting, &c., the remainder, equal to 
7500 brake horse-power, being available for driving roll- 
ing-mills, or generating electric current which may be 
sold. In a coke oven of 200 tons per 24 hours’ da 
capacity, requiring 10 tons of coal per hour, eno 4 
waste gas is generated to develop 1800 to 2000 e 
horse-power in ines; and, further, by the utilisa- 
tion of the waste coke (coke smalls) in a producer a 
further 900 brake horse-power are obtai so that alto- 
gether close upon 3000 brake horse-power are available 
continuously from this regenerative coke-oven plant. 
As you are aware, not only has the gas-producer fully 


& 10 per cent. better thermal efficiency than any type 
of steam-boiler extant, but also there is in the gas 
installation very little loss between the plant and 
the engine, however distant they muy apart; the 
working pressure and resultant heat is generated only 
in the cy inders of the engine itself. e problem of 
the engineer is to utilise a — proportion of 
the heat within the cylinder. experience of 
the author’s firm shows that on the av one-third 


to one-fourth of the total heat supplied per effec- 
tive brake horse-power is lost in the external cooling 
medium or water-jacket—usually 27 per cent.; whereas in 
the exhaust about 35 cent. is lost, and 26 per cent. 
turned into actual work, the remainder being unaccounted 
for. Assuming a liberal consumption of heat per horse- 
pas hour as 12,000 B.T.U., the exhaust carries off 4200 

-T.U., the water-jacket 3250 B.T.U., and the brake 
horse-power aecounts for 3120 B.T.U. per hour. From 


these figures it can be seen that both the exhaust and 
jacket heats can be put to useful purposes, and assist 
1m raising the the powers of the engines. 





+3 Abstract of lecture delivered before the Rotherham 
-L. Engineering Society, November 7, 1914. 





Turning our attention to gas-engine design, the com- 
bastion dieeabee of the gas-engine cylinder has attained 
its present excellence owing to patiently continued 
experiments resulting in the discovery of the laws of 
thermo-dynamics. 

To-day we possess a much clearer grasp of the laws of 
combustion, and the extraordinary conditions in which 
heat is turned into work within the gas-engine cylinder. 
As already said, the extraordinary thermal advantage 
of this engine over the steam-engine lies in the fact that 
the fuel combustion actually takes place within the engine- 
cylinder. A large proportion of the heat s lost to 
the jacket and exhaust, and therefore it is desir- 
able that the working cycle should be completed in 
such @ manner so as to = the working fluid to the 
least possible cooling surface, and that the ex 
should be for the shortest possible time, an 
that the mean temperature during exposure should be 
as low as possible. The ideal form of combustion- 
chamber is spherical, but it is practically impossible 
to maintain this form in the gas-engine, because the most 
economical ratio between cylinder diameter and piston 
stroke precludes this form. One has not to seek far for 
gas-engines in which little attempt has made 
to restrict the cooling surfaces, which carry away too 

at a proportion of the heat of the gas. A time 
Fimit also must be imposed upon the inflammation 
and expansion of the gases. A slow-moving piston 
is most uneconomical, a minimum speed of 600 ft. per 
minute to a maximum of 900 ft. = minute being the 
usual limits, controlled by the weight of the moving parts 
and by the reciprocations per minute. A rapidly-moving 
piston assists in creating eddying currents throughout 
the burning gases, thereby attaining a thorough mixing 
of the gases and rapidity of combustion, and also reduc- 
ing the relative importance of conduction losses through 
the cylinder-walls, and assisting in maintaining a higher 
pressure throughout the power stroke. 

Thermal efficiency depends also u 
of combustion within the cylinder. 


jure 


n the completeness 
he curve of expansion 
upon the indicator-card lies above the adiabatic curve, 
which proves that, although the ignition may appear on the 
card instantaneously, after-burning invariably takes place, 
as can be easily proved by removing the exhaust-pipe ; 
when on the opening of the exhaust-valve, flames are 
projected from the engine-cylinder. This demonstrates 
that although ignition and combustion of the power 
charge may be as perfect as is possible, the fact remains 
that instantaneous combustion does not take place, but 
that through the whole course of the power stroke the 
gases are still burning and creating additional heat, 
raising the expansion-curve on the indication diagram, 
and continuing to burn after the opening of the exhaust- 
valve. This after-burning therefore adds somewhat to the 
loss of thermal efficiency in the gas-engine, and requires 
further patient research. ‘ 

Imperfect combustion possibly arises from the specific 
heat of the combustible gases varying with their compres- 
sion and expansion, and restraining them to a small extent 
from more perfect combustion until a lower stage of 
pressure and temperature is reached. Inflammation will 
not travel so rapidly through the more highly compressed 

and this resistance is known to occur at the sparking 
points of the electrical ignition, for at higher com - 
sions the fixed electrodes have to be brought closer 
together and at lower compressions further apart. 

As the thermal efficiency is undoubtedly reduced by the 
coolness of the cylinder walls, we are driven to the con- 
clusion that the hot gases influenced by these walls can- 
not instantaneously ignite under their, for the moment, 
existing pressure, but as this pressure decreases during 
the progress of the power stroke, this envelope of unburnt 
gases expands away from the walls, and is ultimately 
cousumed along with the main body of incandescent 
flame, adding its share to the power area on the indicator- 
card. Now it must be remembered that these changes in 
specific heat, in density and temperature, all take place 
in a moment of time, making the investigation one of 
extreme —¢"y 5 

But even if these theoretical arguments can be dis- 

ved, the physical fact of the preservation of the oil 
Im, necessary for the lubrication of the piston, is sub- 
stantial proof of their veracity. During the power stroke 
the explosion temperature ranges from about 3000 deg. 
Fahr. to 1600 deg. Fahr., and no one questions that oil, 
which, as a rule, carbonises at from 500 deg. Fahr. to 
600 deg. Fahr., must inevitably be entirely consumed 
unless some extraordinary conditions exist adjacent to 
the cylinder walls to preserve it. The author thinks 
that the assumption is justified that the coolness of 
the walls on the one side, and the envelope of gases 
restrained from active combustion on the other, together 
assist in preserving the necessary oil-film, so that 
while the thermal efficiency may be somewhat reduced 
by this after-burning, the mechanical efficiency is very 
considerably improved. ; ; : 

The thermal efficiency of the gas-engine, considered in 
relation to actual horse-power, is about twice as good as 
that of the steam-engine. It would be even more than 
this but for the reason that the gas-engine of the Otto, 
or any, cycle requires a pump to deliver the power c 
into the cylinder and then to compress it before the 
power odie. The negative power necessary for this 
pump, whether the pump is internal or external to 
engine cylinder, accounts almost wholly for this differ- 
ence in efficiencies as between the gasand steam-engines. 
In a heat-engine, such as the gas-engine, the interposi- 
tion of the pump stroke, within the cylinder and between 
the power strokes, greatly assists in restraining cumu- 
lative heat stresses and temperatures in the structure of 
the cylinder, breech-end, and water-jacket, and un- 
doubtedly also assists in maintaining the necessary lubri- 
cation of the working parts. 


_ Returning in to the subject of waste fuels, it will 
interest you to know that under actual working conditions 
the author’s firm have obtained the following consump- 
tions in their producers :— 


Per B.H.P. per 

our. 

Coke breeze ile sin a 1 lb, 

Charcoal ... tke ae sil we - 

Cotton-seed dae - es * 
Bark refuse up to 50 per cent. mois- 

ture... ae asd ie ve Ss 

Tan refuse ou a ue si Sia 

Peat ee aa ae a “a Ye 

Lignite ... ... 1.75, 

Peat briquettes... 1.25 ,, 


These figures, if corrected for indicated horse-power, 
will be about 15 per cent. better. The practice of gas 
engineers to give the brake horse-power, at the engine 
crank-shaft on the friction-brake, or other type of power- 
recorder, is being taken up more novell by steam- 
engine builders, and is the method for determining 
the size of engine required, as it is based on the mechani- 
cal efficiency. 

Asa + rule, gas-engines wing ordinary fuels are 
sold with a margin of 10 per cent. for overload. It is 
therefore important always carefully to estimate what 
the maximum overload or peak load may be, as it is found 
that sometimes a larger margin than 10 per cent. is 
required. The reputation of gas-engines often unjustifi- 
ably suffers from having to run constantly in an over- 
loaded condition without relief. With a sufficient 
margin of — applied common-sense, and some expe- 
rience on the part of the attendants, the gas-engine will 
in all cases prove a trustworthy and economical servant, 
eliminating also the smoke nuisance, gas waste, costly 
pao and all boiler, steam-pipe, and condenser 
trou 








Royat Navat Division Pusiic Scuoot Batration.— 
The Admiralty have given official permission for raising 
a battalion of 1000 men, which will be strictly limited to 
public school or university men, and who will serve 
together as a unit. Training is now going forward. 
Applicants should apply for further particulars to the 
pee ‘om Division, 6, 7, and 8, Old Bond-street, 

mdon, W. 





Reoorp in Warsuip Construction.—The Secretary 
of the Admiralty makes the following announcement :— 
An interesting record in ship construction has been 
established in the building, at Messrs. Cammell Laird 
and Co.’s yard at Birken , of His Majesty's new 
light cruiser Caroline. Her keel was laid on January 28, 
1914 ; she was launched on ae 21, and delivered 
complete on December 17, after satisfactory trials on 
December 15, the contract date for delivery having been 
May 21, 1915. 





PERSONAL.—Messrs. Stewart and Lloyd’s manager in 
Johannesburg, Captain Bullock, has received honourable 


mention, the following tel having been sent b: 
eral Smuts, Minister of lence, to British 8 
Officer at Kimberley :—‘‘ December 5.— Please convey to 


Captain Bullock my congratulations on the splendid work 
which he and the motor squadron have ‘ormed in con- 
nection with the capture of General de Wet. Colonel 
Brits has assured me that without their efficient assist- 
ance the capture might not have been possible.” 





Mica In THE Unirep States.—Bulletin 580 F of the 
United States Geological Survey, compiled by D. B. 
Sterrett, describes “‘Some Deposits of Mica in the United 
States,” without claiming completeness. Of the two 
varieties of mica, muscovite (potassium mica) and phlogo- 
ie (magnesium mica), only the former is mined in the 

Jnited States. The production of 1912 amounted to 
845,483 Ib. in y-trimmed sheets. valued at 282,823 
dols., and to 3266 short tons of scrap mica, valued at 
49,703 dols., a total of 331,896 dole.; the production of 
1913 exceeded 400,000 dols. in value, The bulletin, a 


pamphlet of about seventy briefly describes some 
noteworthy ts mainly = the pe Be maw ar of the 
geologist miner ; the author had, in most cases, the 


assistance of the chief men on the spot. 





_ Tue Instrrvre or Metais.—The annual general meet- 
ing of the Institute of Metals will take ce at the 
Institution of Mechanical Engineers, Westminster, 8, W., 
on Thursday and Friday, March 18 and 19, 1915. The 
Council have selected a date towards the end of the week, 
as this may suit the convenience of a large number of 
country members. On account of the war the usual 
annual dinner will not take place next year. Members 
desirous of contributing papers at the annual general 
meeting, or of notes for the Journal, are asked—if they 
have not already done so—to advise the Secretary by 
return of post, without fail. The Council announce that 
the 1915 May lecture will be given by Sir J. J. Thomson, 
O.M., D.Sc., F.R.S. The time and place of the meeting 
will be announced later. The Council report that, not- 
withstanding the war, the membership of the Institute— 

that the eleven candidates now to be balloted 


pony | 
the | for are —.—- at the highest point it has ever 


reached. exact figure, together with a full record of 
the of the Institute during the past year, will 
“peer in ming report of the Council, Al- 
though the membership figures are satief for 191 
it is expected that losses, particularly in the tinen 
membership list, will be appreciable during 1915, and it is 
therefore hoped that for the annual general meeting 
ballot a list of names will be sent in by the 
mem 
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METALLURGY AND THE WAR. 


THERE are two aspects of the subject compre- 
hended under the title ‘‘ Metallurgy and the War” 


which are of especial interest at present. These 


may be summed up under the two words ‘‘ manipu- 


lation” and “‘supply.” Leavipg, the question of 


supply for the moment, we ‘Would like to say 
something about manipulation, and by manipu- 
lation we comprehend the whole of metallurgical 
knowledge and practice. Much has been said 
of the superior industrial methods of Germany 
as compared with those of this country, of 
the better education of her workers, and the 
better appreciation of co-ordinated knowledge by 
her manufacturers. It is not a new story. We 
have all heard it, and are, perhaps, a little weary 
of hearing it. It appears in all discussions on 
British and German methods, and duly cropped up 
at the last meeting of the Birmingham Motallur. 
gical Society, with which we wish to deal in a 
moment. We have now no intention of arguing 
about this German superiority. But a reflection 
in connection with it is permissible under our 
present heading. Modern war being based on 
engineering, success or failure in this war is 
going to be largely determined by the right use 
of metals, and we ask the preachers of Ger- 


be} many’s technological superiority if they believe 


that this country is going to stand secord to any 


other in this matter. If they do not, they must 


admit that our metallurgical knowledge and prac- 
tice cannot be seriously wanting if they are suc- 
eessfully able to meet what can only be described 


as the supreme test. In war—in this war above 
all—second-rate materials and second-rate methods 
spell failure, and as that word has no place in our 
expectations, it is clear that we are confident that 
our materials are not inferior to those of any other 


country. 


We have plenty to learn from Germany. In 
certain aspects of manufacture and commerce 
she is pre-eminent. But continual depreciation 
of Great Britain, as compared with her, is neither 
very helpful nor very true. It is useful to 


remember at times that Germany is a larger 


country than this, and that we cannot do all the 


work in the world. Further, German methods are 
not British methods, nor German ways British 
ways. The practice of one country cannot profit- 
ably be transferred bodily to another. The amazing 
industrial development of Germany may have been 
helped by learned investigations into the rate of 
decrease of thickness, with time, of the layer of 
paint on the back door. We do not know. It is quite 
certain, however, that similar meticulous researches 
would be no help to British industry. To do 
justice to this country in these comparisons between 
our manufacturing methods and those of Germany, 
it is necessary to remember that the whole points 
of view of the two nations are different. The 
reason our manufacturers do not act like those 
of Germany is because they cannot. The reason 
German manufacturers do not act like ours is also 
because they cannot. A nation can only express 
itself in its own way; and while a wise nation will 
learn all it can from its neighbours, it will not 
seek to thrust itself into the procrustean mould of 
an alien constitution. In many ways German 
methods are superior to ours. If they are superior 
at bottom and on a broad survey, the world is to 


In our sermon we are getting rather away from 
the Birmingham Metallurgical Society, which is the 


Hotel, Congreve-street, Birmingham, on the 17th 
inst., and took the form of a discussion on metal- 
lurgy and the war. In great part the proceed- 
ings were confined to consideration of questions 
of the supply of metals, which we have already 
mentioned as a second interesting aspect of this 
question. Much has been said in the daily 


778 | Press and elsewhefe during the last few months 


about the shortage, or the coming shortage, of 
various materials in Germany, and it has been 
suggested that economic pressure due to such 
shortage will ultimately end the war. It is a 
difficult question, and one that no one can venture 














to dogmatise on, but it is interesting to have the 
opinion of one who knows so much of German 
commerce as Professor Ashley, of Birmingham 
University, who was present at the meeting, 
and who ave it as his opinion that economic 
stress would not end this war, which would be 
determined by mili considerations. None the 
less, as Professor ey himself showed, lack of 
certain materials and, of special interest from our 
present point of view, lack especially of certain 
metals, were likely to be important factors. It is 
true, of course, that not only Germany, but we 
ourselves may be short of certain me we are 
short of certain metals now—but the German 
shortage is likely to be more serious than ours, and 
less possible to deal with. 

Before going on to give some of the figures 
in reference to the metal trades, which were 
quoted at the meeting, we would like to refer to a 
general aspect of the discussion. Some of the 
speakers—indeed, the majority of the speakers— 
referring to the German superiority question, had 
a good deal to say about the German control of the 
spelter industry and of various other industries 
concerned with some of the less common metals. 
Professor Ashley referred to the Metallgesellschaft 
of Frankfort-on-Main, which, he stated, practicall 
controlled the minor metal trades of the world. 
One can have no quarrel with Germany over this 
kind of matter. Itis allowable business a 
But if the idea is to criticise the commercial men 
of this country for not doing the thing themselves, 
it is necessary to point out that again there are two 
sides to the question. Great Britain has not got all 
the — in the world, and, as we have y 
said, she cannot do all the work in the world. It is 
further pertinent to remember that this type of 
enterprise is not looked upon with particular 
favour in this country, and certainly is not 
encouraged by our political constitution. 

Be one’s conclusions what they may on the 
question of cornering metal markets, it is certain, 
now a state of war has supervened, that Germany's 
position is worse than ours. What our position 
would be without the Navy is another question, 
but one that fortunately need not be discussed. 
Professor Ashley had something to say about 
Germany’s present position. In iron and steel, he 
stated, she could be looked upon as self-contained, 
but the same thing was far from being true of 
copper. She had reached the position of second 
copper consumer in the world, standing second 
only to the United States, and consuming about 
half as much -again as this country. Her consump- 
tion was about one-quarter of the world’s output, 
and very little of it was her own production. In 
1902 she used 100,000 tons, which for the last time 
was a little less than the British consumption. In 
1912 she used 230,000 tons, of which she produced 
only about one-tenth herself, extracting about 
one-quarter. She was thus dependent on imports 
for nine-tenths of her consumption, and of this 
fourteen-fifteenths came from the United States, 
and the rest from England and Australia. We had 
no information about her available stocks at the 
beginning of the war, but last May she had only 
8000 tons, and there was nothing to show that this 
figure had been seriously increased in the succeed- 
ing months. These facts clearly suggested that, 
under present conditions, her position might 
become very serious. 

Other references, but less detailed, were made 
to Germany's position by Professor T. Turner, 
who was in the chair. He thought Germany was 
likely to suffer from a scarcity of both tin and 
aluminium. pee agar ition could be ee on 
as quite reasonably satisfactory. r the pre- 
vious week ruled at 561. a ton, snd ee 148. a ton, 
both these prices being lower than those of two 
years ago. Lead was 19/. and spelter 27/., both 
rather high, but not abnormally so. Oleveland pi 
was 52s. a ton, and silver 23d. an ounce—one of 
the lowest prices he remembered. There had been 
considerable shrinkage in our trade, but Germany 
had suffered at least as much. Our comparatively 
satisfactory position must again be put down to the 
Navy, as we were no longer the producers of metals 
we were in the past. In the important matter 
of gold, we were especially well off, as some two- 
thirds of the world’s production came from the 
British Empire. Silver was not largely produced 
in the Empire, but, as Professor Turner pointed 
out, there was no great demand for the metal at 
— and consequently our supplies were more 
sufficient. In iron and steel we, with our 
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Allies, were fairly well self-contained, with the 
exception of some — ores. We, however, had 
the chief supplies of manganese, a fact which might 
be of importance if the war went on long enough. 
We also had chromium and tungsten. 

Going on to speak of spelter, Professor Turner 

inted out that the chief supplies came from the 
Bnited States, Belgium, a Silesia. We, how- 
ever, manufactured some 70,000 tons a year in 
this country, which was sufficient for war pur- 
poses, but not for those of general trade. A 
from the ores in this country, the Empire includes 
the important deposits at Broken Hill, and it 
was to be hoped that the war would lead to a 
considerable increase in the number of our plants. 
In this connection Mr. C. H. Barwell stated that 
the Silesian mines were largely worked out, and 
that ore was now shipped from Broken Hill to 
Sdesia. Mr. F. Johnson also dealt with the 
point. In his opinion only a small proportion of 
the Broken Hill concentrate could be dealt with 
in this country at —. To take up the work on 
a large scale would require some time, and to deal 
with it all would probably require a capital ex- 
penditure of five or six millions. Professor Turner 
also referred to tin, nickel, and aluminium. Tin 
was only manufactured to a moderate extent from 
English ores now, but the British Empire occupied 
an important position. Nickel was manufactured 
in moderate quantities in Birmingham and South 
Wales, but our chief source of supply was the 
United States. The ores, however, were largely 
obtained from the British Empire. Aluminium 
was largely made here, and we could draw on the 
United States for any shortage. 

Some interesting information in reference to the 
less common metals was given at the meeting. One 
speaker pointed out that cerium, an important 
material for the manufacture of incandescent 
mantles, and for the igniters which were being 
used to a large extent at the front, was not 
manufactured at all in this country. We had 
access to the ores, but so far had done nothing. 
The whole of the cerium alloys were made in Ger- 
many. Tungsten was another metal of which we 
had ample supplies of ore from Australia, but had 
left the reduction too much to Germany. As illus- 
trating the resources of the Empire it was interest- 
ing to note that there were also important tungsten 
deposits in Rhodesia. These could not at present 
be worked owing to lack of transport facilities. 
There was also vanadium in Rhodesia. It 
would certainly be oor va to learn that 
some attempt is to be made to deal at home with 
some of these rarer ores which the Empire 
can send to us. There appears to be some- 
thing like a crisis in the country over the supply 
of magnesium, One speaker stated that the 
ordinary price was about 5s. a pound. This had 
recently risen to 30s. a pound, and on the day he was 
— his firm had bought 6 lb. at 2/. a pound. 

e was able to add that he had recently tested a 
sample of magnesium made in this country, and 
found it in every way equal, if not superior, to the 


German product. 





THE FLEXURE OF EOCENTRICALLY- 
LOADED OOLUMNS. 


Tue regulations of the London County Council, 
which stipulate that in the case of eccentrically- 
loaded struts the bending stress due to this eccen- 
tricity shall be computed and added to the stress 
due to direct loading, have drawn attention to the 
existence of a curious and dangerous pitfall or trap 
in the theory of beams bent in other than in a 
principal plane. The usual and the correct method 
of treating a bending moment of this kind is to re- 
solve it into two bending moments parallel to each 
of the principal planes of the section. The stresses 
due to each of these components are computed 
separately, and the resultant stress at any point is 
the algebraic sum of the two component stresses 
thus found. The following fundamentally wro: 
method has, however, recently been advocated, a 
has, we understand, been accepted by certain Metro- 
politan borough surveyors. Take, for example, a 
rectangular section such as ABCD, Fig. 1, and let 


a ing moment, M, be applied in the plane of 
WOW. Then some draughtsmen have assumed 
that when the beam bends under the action of this 
moment its neutral axis will be represented by the 
line VOV perpendicular to W O W, and that, if 
l' denote the moment of inertia of the section with 


to this line, the maximum stress at the 
corner C will be given by the relation— 


_M.EC 

>= re 
In practice the value of I' has in many cases been 
measured from the ellipse of inertia which has 
been computed for the British standard sections 
by Mr. Max am Ende. The assumption that, in 
cases of the kind in question, the neutral axis is 





part | perpendicular to the plane of the bending moment 


is in point of fact totally erroneous, and involves 
an error on the danger side, which in certain actual 
ractical examples is as much as 30 per cent. 
e real neutral axis of the beam in such a case 
is represented by the line UO U drawn at an angle ¢, 

such that 

tan ¢ =— . tan 8, 
49 

where I, and I, denote the principal moments of 
inertia of the section. The inaccuracy of the 
assumption made is perhaps best seen from 
such an example as that shown in Fig. 2, which 
is intended to re mt a section 
bent in such a way that the neutral axis is the 
diagonal B D. Then the whole of the area A B Dis 
in compression, and the whole of the area D C B in 
tension. The resultant of all the fibre stresses 
above the line B D lies obviously at some point R 





t 




















on the line A O, whilst the resultant of all the 
fibre stresses below DB is at S on the line OC. 
The two resultants at R and S form a couple which 
balances the — producing the bending. Since, 
however, a couple can only balance another couple 
when the two are in the same plane, the bending 
moment which gives rise to the neutral axis D B 
must be in the Re of A CO, and is not therefore at 
right angles to XO X. In other words, in the case 
of a rectangular section, if a bending moment is 
applied in the plane of one diagonal, the cor- 
responding neutral axis is the other diagonal. It 
follows from the foregoing that the common practice 
of reckoning the section modulus of, say, a 4-in. by 
4-in. by 4-in. angle as practically equal to the sec- 
tion modulus of 4 in. by 4 in. by 4 in. T is illegiti- 
mate. This assumption is, however, very common, 
and the section moduli of angles given in the usual 
section tables have been calculated on this basis. 
The error is by no means negligible. Take, for 
example, a 4-in. by 4-in. by }-in. angle. The sec- 
tion modulus tabulated for this in the tables is 
1.93, and the stress caused by a bending moment M 
acting parallel to one leg is quite commonly taken as 
given by the relation— 

M 
1.93 
The actual maximum stress caused by such a 
moment is,. however, 0.657 M. This can be shown 
as follows:—The table in question gives the 
moment of inertia I of such a section about an 
axis el to one of the as 5.46, and the 
position of the centre of gravity as 1.17 in. from 
the outer face of each leg. The area of the section 
is tabulated as 3.749 in., and the least radius of 


p= = 0.519 M. 





gyration as 0.77 in., this being about an axis cutting 








the flanges at an angle of 45 deg. Hence one of 
the principal moments of inertia I,, say, is 
3.749 x (0.77)? = 2.2228, 

and the other, I,, about an axis bisecting the angle 
between the flanges, is given by the relation— 

I, =21-I,=2 x 5.46 — 2.223 = 8 697. 
A line perpendicular to the plane of the bending 
moment makes an angle of 45 deg. with the prin- 
cipal axis of the section. Hence the true position 
of the neutral axis is obtained from the relation 
already given, viz. :— 
8.697 


= 9 9098 = 3.913. 


The stress will be a maximum at that point of the 
section which is most distant from the true neutral 
axis. By drawing a full-size section, and scaling 
it, this point is found to be at a distance y, = 2.53 in. 
from one principal axis, and y,= 1.42 in. from the 
other principal axis. Resolving the applied bending 
moment parallel to the principal axes, each com- 
ponent is equal to 9.707 M. Hence the actual 
maximum stress on the section is given by the 
relation— 


= 0.707 M(% + %), 
. (2 +f) 
- 2.53 1.42 
-—— (xan ’ cams) 
= 0.657 M. 
The stress thus found is therefore about 27 per 


cent. greater than when found by the inaccurate 
method frequently used. 


tan $=}! tan 0 





THE MINERAL WEALTH OF 
SPITZBERGEN. 

From being a neglected no-man’s country, in 
which the world took but the scantiest interest, 
Spitzbergen has in a very short span of years 
become a land in which a number of big and 
smaller Powers are anxious to secure ion. 
It is her coal deposits which first and foremost 
have exercised this magnetic influence, next comes 
her unprecedented wealth of marble, and it is 
quite possible that the future may have further 
important geological discoveries in store for the 
world, inasmuch as Spitzbergen’s formations are 
singularly manifold fn varied. Her coal deposits 
are generally found in the tertiary formations, and 
a Norwegian engineer, Mr. Karl Bay, estimates 
the coal deposits on an area covering only 5 square 
miles within this formation, located between Green 
Harbour and Advent Bay, on the south side of the 
Ice Firth, in the two layers so far known there, to 
contain about 1,000,000,000 tons. This large 
tertiary formation extends from Bell Sound and 
Ice Firth to the Stor Firth, on the eastern shore 
of West Spitzbergen, but in addition there are a 
couple of smaller tertiary formations at King’s 
Bay and Forland Sound. Coal, however, has 
also been found by the Swedes in Klaas Billen 
Bay. Along the whole of Green Harbour’s 
east side, in the tertiary formations, two beds, 
as already mentioned, have been found; but 
there is reason to believe that there is a 
third. As a typical profile, Mr. Bay mentions 
one east of the whaling station, Green Harbour, 
where the upper bed consists of 95 cm. pure 
coal, then some 17 cm. clay-slate, and 30 cm. 
coal-slate, and, finally, a layer of 38 cm. pure coal ; 
in another place the upper coal layer measures 
70 cm. pure coal, the intermediates 80 cm., and 
the bottom coal layer 30 cm. pure coal. Ina third 
place, at Advent Bay, there are two intermediate 
strata of an aggregate thickness of 60 cm., whilst 
the three coal layers have an aggregate thickness of 
1.30 metres. This was the first deposit worked, but 
it was discontinued, probably because the harbour 
accommodation was inadequate. 

Most of the coal deposits at King’s Bay are 
pure coal, without any intervening strata, the 
thickness being 1.5 metres, the gradient being 
moderate, from 10 to 30 per cent. All these 
coal layers are sharply defined, and the cover- 
ing strata are firm, and stand well after the 
breaking of the coal. The average thickness of the 
coal layers may be put at 1 metre, fully, or about 
the same as the English average. Four analyses 
showed a coke production from 54 to 60 per cent., 
and 37 to 44 per cent. contents. The per- 
centage of ash is somewhat low—3.8 to 5.6 per cent. ; 
the a of water at air-drying, 3to 4per cent., 
at 100 deg. Cent , 1.5 per cent. ; heating capacity, 
12,000 B.Th.U., consequently moderately high. 
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The coal is not particularly suited for gas works ; 
but on account of its heating capacity and low 
percentage of ashes it is excellent steam coal. It 
is free from dust and breaks in good-sized squares 
when worked. 

All reports place the Spitzbergen coal very 
high. Only one coal-mining company has, so 
far, established what may be termed rational 
working at Spitzbergen—viz., the Arctic Coal 
Company, in Advent Bay, which commenced 
operations in the year 1906. The pit mouth is 
about 1 km. from the harbour and 200 metres 
above the level of the sea. The coal has a thickness 
of 1.10 metres, and the quality has always been 
excellent. The working is very easy, there being 
no water in the mines, on account of the frozen 
ground ; there is no development of gas, and the coal 
gives no dust ; the temperature keeps at a couple 
of degrees Centigrade below freezing point through- 
out the year. ‘The health of the miners has so 
far been excellent, and there has been no lack 
of hands. On time work a man is paid 6s. 6d. 

r day, 1s. 7d. being deducted for board and 
a Fan on piece work he can earn as much as 
double that wage. There is a railway down to 
the quay, which has a length of 200 metres. 
The company shipped 25,000 tons of coal in 
1911, and 40,000 tons in 1912 and 1913. Modern 
cargo-steamers take only forty-eight hours from 
Ice Firth to Northern Norway, where it is con- 
sidered advisable to arrange for large dépéts. 

Besides coal, Spitzbergen is excessively rich 
in marble, located in a cluster of islands at 
the bottom of King’s Bay. It is claimed for 
these deposits that they are absolutely unique, 
the islands simply consisting of nothing but 
marble of the most varying colours and kinds. 
The solid marble rock goes, so to speak, right 
to the surface, being only covered with a layer 
1 to 2 wetres thick of loose stuff caused by 
the frost, and the conditions for shipping are 
simply ideal, the greater part of the shore 
being a firm, steep coast, 1 to 2 metres high, with 
deep water immediately outside. The country 
rises gradually from the coast, and several streams, 
with some elevated lakes further inland, yield a 
sufficiency of water. So far, about forty varieties 
of marble have been worked, some of them are 
entirely new in colouring, and the extent of 
the deposits seems simply inexhaustible. The 
marble is found in three formation groups—Devon, 
Breccia, and Carbon—all of which go right to the 
coast, and the transport on shore is of very small 
amount. Some three years ago Marble Island was 
surveyed and examined by several leading experts, 
and since then further examining work has been 
going on. A number of installations so as to 
facilitate shipping, &c., have been carried out, and 
diamond borings show solid, first-class marble to a 
depth of 100 metres. Further back marble ridges 
rise to a height of from 100 to 300 metres, a forma- 
tion not known anywhere else. Working is now 
being carried on in a systematic manner. 





THE RAILWAYS OF NEW ZEALAND. 

THE annual report of the Government railways 
of New Zealand for the year ending March 31, 
1914, has recently come to hand, together with 
two rather interesting documents relating respec- 
tively to the past and future of that system. e 
annual report is compiled, for the first time, 
by Mr. E. H. Hiley, who replaced Mr. T. Ronayne 
as general manager in October, 1913. Mr. Ronayne, 
who then retired, had occupied that post since 
1895. The annual report is supplemented by a 
summary of the development of the railways during 
that period. In addition, there have been issued 
an independent report, by Mr. J. H. Lowe, on the 
condition of therailways at the timeof Mr. Ronayne’s 
retirement, and a statement on future requirements 
by the new general manager. 

The figures given i> Te. Ronayne’s summary 
show a really remarkable expansion. In the period 
in question, the total revenue, for instance, has 
increased no less than 247 per cent., in spite of 
reductions in rates and fares equivalent to 350,0001. 
per annum, as compared with those ruling in 
1895. In many ways the Government of New 
Zealand has been lavish in its concessions to 
the patrons of its railways. The list of these 
is far too lengthy to enumerate, but it may be 
stated that it includes reductions in ordinary 
and season-tickets, week-end tickets, cheap rates 
to young people travelling to work, to religious 





bodies, sports teams, &., 


of lu 5 
reductions in excess rates, concessions on mn 
dairy produce, honey, vegetables, coal, live stock, 
frozen meat, wool, lime, &&. It is evident, how- 
ever, that this generosity has gone somewhat too 
far, and the policy has of recent years had to 
undergo some readjustment in view of the increased 
price of labour, &c. At the same time it has of late 
years become evident that the 3 per cent. policy 
adopted in 1897 did not provide sufficient net 
It was decided in 1897 that any balance 
beyond a 3 per cent. return on capital invested 
should be returned to the public in the form of 
concessions. We have frequently expressed > 
n 
1909 it was found advisable to raise the figure 


revenue. 


opinion that this figure was placed too low. 
to 3} per cent., and in 1910 to 4 per cent. 
During the whole of Mr. Ronayne’s régime, in 
spite of all the unprofitable services demanded 
by the Government, the railway system produced 


the stipulated interest on invested capital. That 


it has failed to do so in the last year under review 
is neither due to fault of his, or of his successor. 
The cause appears rather to have been in un- 
foreseen circumstances, including a small - pox 
epidemic, serious labour troubles, and an unfavour- 
able season resulting in heavy floods. All these 
contributed to the interference with normal traffic, 


so that the net result for the year is a return of 


only 3.33 per cent. on the capital of 34,980,5761., 
invested in this system of 2 miles worked. 
The gross revenue for the year under notice 


stood at 4,043,328/., and the expenditure being 


2,880,3231., the working ratio was 71.24 cent. 
This is an increase of no less than Lon per 
cent. on the previous year, and brings the figure 
up to a rather high standard. The expenditure, 
which has increased during the year, has been 
swollen by advances to the statf and by additional 
train services. At the same time it should be 
noted that a number of improvements to open 
lines are constantly being paid for out of revenue, 


so that the standard of the system is higher 


than the capital cost would indicate. Such 
improvements embrace extensions to signalling, 
siding accommodation, new wharves, duplica- 
tion, new tablet stations, and so on, including, 
therefore, items 


to the date of the report appears to have been close 
on half a million sterling. The system appears to 
have been well kept wp on the whole. 

The report by Mr. J. H. Lowe goes into the ques- 
tion of increased expenditure in maintenance, and 
concludes that the expansion in this direction has 
been inevitable, owing to the demands of labour and 
the higher requirements of the public. Mr. Lowe, 
being a civil engineer, conducted his examination 
of the railways from that nape point of view. 
He is consequently somewhat at variance with the 
recent policy of the New Zealand railways as 
regards the conduct of traffic. The late general 
manager rightly, we believe, concentrated a good 
deal of effort on the question of economically hand- 
ing the freight traffic in large train-loads. To this 

the standard of the permanent way was 
ually raised, and 70-lb., and even 100-lb., 
rails were introduced on main lines in place of the 
earlier 53-lb. and 56-lb. sections. Wooden bridges 
have been replaced by steel, and, concurrently, 
the average tractive power of the locomotives has 
been increased from 6528 lb. to 12,989 lb. In 
1895 the heaviest locomotive weighed 63 tons ; 
to-day the largest on the system weighs 94 tons. 
Mr. Lowe’s report raises the old question of 
the permanent way versus the locomotive. Mr. 
Ronayne and, we are pleased to see, Mr. Hiley 
believe in making both equal partners in the good 
work. While Mr. Lowe advocates no further in- 
crease in train-loads, but rather the running of 
more frequent trains in order to save the perma- 
nent way from heavy loads, which will involve still 
further expenditure on betterments, Mr. Ronayne 
and Mr. Hiley both hold the recent policy of the 
railways to be correct and capable of still further 
economic development. 

It is not unnatural that Mr. Hiley should take 
this view, having relinquished, in order to take up 
his present appointment, a position on the one 
railway in England which has gone minutely into 
this point with eminent advantage. Mr. Hiley’s 
statement with regard to the future needs of the 
system mostly bear on this subject. He reviews 
the present condition of the system from the broad 
view of economic and progressive operation, and 
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which might reasonably be 
charged to capital. The total amount thus spent 





all his s changes are proposed with a view 
to enabling the officials to beeen ta closer touch with 
the public requirements, and the improved loading 
of trains. Not overlooking what has already been 
done in these respects, the present general manager 
advocates the appointment of certain new officials 
so as to free others from routine work and make it 
possible for them to keep in closer touch with 
actual operation. At the same time expenditure 
on —_ works is proposed to the amount of 
3,250,000). The proposals are mostly concerned 
with improvements to stations and station yards, 
under which heading two items of respectively 
450,000/. and 480,000/. are proposed for alterations 
and extensions at Auckland and Wellington, and 
320,000/. at Christchurch. The work of duplica- 
tion which has occupied attention of late years, 
Mr. Hiley thinks, should be continued, and he has 
allotted a sum of 485,000. to this class of work. 
Two other interesting posals bear directly on 
the big-train-load question. One has reference to 
grade reductions, and one to the purchase of 
powerful Garrett locomotives. 

With regard to grade reductions, some work of 
this character has already been done in the neigh- 
bourhood of Auckland, at a cost of 92,000/. The 
full benefit of this, however, will not be secured 
until some further work on the same 45-mile section 
is taken in hand in order to reduce the maximum 
grade thereon from 1 in 40 to 1 in 100. The work 
involved will, it is estimated, cost about 150,0001., 
making a total for this improvement of 242,0001. 
The advantage, however, will be appreciable, since 
with the same class of engine the possible loads 
will be increased from 162 to 494 tons. This 
is an improvement on the trunk line, which has 
only been = in recent years, between 
Auckland and Wellington. On another section 
of this line, about 40 miles further south, there 
is a grade of 1 in 43, which restricts the train- 
load at present to 209 tons. This it is also pro- 
posed to reduce to 1 in 100, rendering loads of 
494 tons possible from Auckland to Te Kuiti. 
Still nearer the Southern end of the North Island, 
there are grades of 1 in 44 at Greatford and 
Kakariki. These can be reduced at a cost of about 
50,0002. to 1 in 70, permitting an increase of train- 
load from 209 to tons. Fora distance of 100 
miles between the two last-mentioned sections there 
are ruling grades of 1 in 50, the reduction of which 
could only be undertaken at a cost which must at 

resent be regarded as prohibitive. Still nearer 
Wellington there are ruling grades in one direction 
of 1 in 53, and in the other of lin 35. These, it is 
stated, it will be possible to reduce, but it is not 
proposed to take the work in hand at once, owing 
to other proposals of a more urgent nature. 

Another interesting suggestion concerns the re- 
construction of the Wairarapa line, on which there 
are severe gradients, the worst being one of nearly 
three miles in length at 1 in 15, well known as the 
Rimutaka incline. The actual es load handled 
per engine on this incline is only 20 tons, involving 
much waste of time in marshalling at the top and 
bottom of the bank. This incline it is proposed 
in the near future to cut out. 

For some time the State Railway locomotive 
stock has been constructed either in the Govern- 
ment shops at Addington and Hillside, or at con- 
tract shops at Thames. The expansion of the 
railways in the North Island has made it desirable 
to erect Government shops for the building of 
locomotives somewhere on that system. The point 
su is ena the oe of Auck- 
land. One argument in favour of this posal is 
that for every engine built in the South Ialnand for 
use in the North, the sum of 380l. is expended in 

ing and re-erection, while the delay involved 

is about 28 days. Sea freight has to be found in 
addition, so that for fifty-four locomotives trans- 
ferred from the South to the North Island in the 
tt seven years a sum of no less than 71,0001. has 
-~ required to cover these items. With the 
introduction of heavier engines for the North 
Island system, these costes would naturally in- 


crease. 

Mr. Hiley’s statement covers so large a field that 
we can touch only upon a few features of it. It 
reveals an enthusiastic desire to establish the 
system upon the soundest basis, not stinting ex- 
penditure if business will be stimulated thereby. 
At the same time the general manager is careful to 
let it be known that the system should not be com- 
mitted to expense by political parties. He points 
out that at present the construction of lines is 
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decided upon without consultation with the Rail- 
way De ent; that the work is placed in 
the hands of the Public Works Department and 
that the line is handed over, without stock and 
often with unsuitable grades and alignment, to the 
railways, which are given no opportunity before- 
hand of preparing a statement of probable revenue, 
cost of oo &e. or of this ansatisfactory 

ractice, M. Hiley asks for the introduction of the 

ictorian system. In Victoria there isa non-party 
Parliamentary Standing Committee on Railways. 
When a new line is pro it is considered by 
this Committee, which calls for estimates for con- 
struction and working, with probable trattic and 
revenue. After consideration of these reports the 
Committee recommends to Parliament whether the 
line shall be built or not. A similar system might 
be adopted in other Australasian States with ad- 
vantage. 





AIRCRAFT IN WARFARE: THE DAWN 
OF THE FOURTH ARM.—No. XVI.* 
By Freperick Wit11am Lancuester, M. Inst. 0.E. 
Tue Fourtn Arm in Peace Time. 

Tue problems connected with the maintenance of 
the Fourth Arm in time of peace are numerous, 
and present difficulties which will certainly be 


found to increase as the numerical strength of the | P®& 


Arm is augmented. It is not easy to form any real 
conception of what the future may have in store in 
the direction of numbers, but as a matter of pure 
uesswork it is difficult to believe that, sooner or 
Gees, the personnel of the Flying Corps will not 
reach or exceed 1 per cent. of the total strength of 
all Arms. Thus a considerable part of the work 
formerly allotted to cavalry will in the future be 
assigned to the new Arm, and the cavalry 
ordinarily represents numerically 6 per cent. of 
the total forces. Again, the guns require the 
assistance of aircraft, probably one or more 
machines being attached to each battery. Beyond 
this there will be fighting-machines of different 
denominations. Taking everything into considera- 
tion, the suggested 1 cent. does not look like 
an over-estimate ; itis probably toolow. Assuming, 
however, 1 per cent. as a basis, the numbers are 
sufficiently formidable. Thus, for the British 
regulars on home service prior to the outbreak of 
war, the number of the personnel would need to be 
about 1200 or 1300 men (combatants), and, allowing 
for machines out of commission, a total of some 
700 or 800 machines. In the case of: the large 
Continental armies—say, the French—with over 
700,000 men (peace footing), the personnel of the 
flying corps would require to be 7000 combatant 
strength, representing a total of about 4000 
machines. t 

The e training of these vast numbers of 
flying-men would represent an organisation of 
immense proportions, especially if the writer's 
anticipations in such matters as aeronautical tactics, 
formation flying, &c., come to be i The 
multiplicity of flight-grounds, training-schools, 
workshops, sheds, &., with the necessary staff of 
instructors, mechanics, and other non-combatant 
members of the organisation, will render the whole 
matter a -_ big undertaking. 

In view of the probable magnitude of the busi- 

ness, it is to be feared that the question of 
time casualties in the Flying Corps is going to 
become an extremely serious and important matter. 
It is quite certain that everything possible must be 
done to minimise the dangers of military flying in 
eye time, Thislooks likea self-evident proposition, 

ut it is not. The writer has frequently passed 
comment on the seriously defective nature of some of 
the existing flight-grounds, and has found himself 
met by the argument that since the men will have 
to alight upon pasture land, or even ploughed fields, 
when on service, it is best that they should 
have plenty of experience of rough ground when 
at home; further, that it is necessary to test 
the strength of the machines by using them in 
peace time under service conditions. So far as the 
machine is concerned, this kind of argument is 
altogether unsound. If the type is one that has 


: 
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been thoroughly tested in the first instance before 
adoption, and if the machines are properly in- 
spected during manufacture, they will be far more 
reliable in the battlefield if they have not been 
knocked about by rough treatment over bad ground 
in -time flying. Testing to destruction is 

in its way, but the — article so tested 
must not be subsequently used. With regard to 
the men themselves, the argument that a bad 
ground is better than a good one is almost as gravely 
at fault. One hundred alightings on a good ground 
(with a fair surface and without obstructions) will 
carry less risk than, say, 20 or 30 ona poor or bad 
ground, and the man who has made his 100 
alightings, with, if we wish, imaginary obstacles, 
is a better man than the one who has only done 
his 20 or 30, especially if the latter is disabled or 
dead. A man who tices jumping uses a light 
lath, which will do him no injury if he fails, in 
spite of the fact that his object may be to join a 
club of harriers and jump a five-bar gate. 

A somewhat knotty point is that of the duration 
of the service life of an aeroplane. So far no defini- 
tion has been generally accepted. The truth is 
that any machine may me ‘‘ superannuated ” 
either owing to depreciation or to obsolescence. In 
the former case it is the number of miles covered 
that will be the determining factor, coupled, 
haps, with other data relating to its history ; 
in the latter it is the age of the machine which 
determines its unfitness for service, considered, of 
course, in relation to the advance that has been 
made in the art of construction since the date of 
building. Thus a machine may be unfit for service 
either Bhan it is, according to some accepted 
definition, worn owt and incapable of repair, or 
because it is obsolete in design. In some cases 
obsolescence may be absolute, as when a design is so 
out of date that by comparison with the best avail- 
able it is to be considered unsafe or uneconomical ; 
in this case it is only fit to be destroyed ; or its 
obsolescence may be relative, as when it is out- 
classed by the machines of corresponding type in 
the service of some neighbouring Power ; in this 
case it is fit to be sold out of the Service or 
to be transferred to some distant part of the 
Empire, where competition is not equally severe. 
The questions of Tequsiatian and obsolescence 
and the a of condemned machines have not 
yet received due consideration. In a recent case 
of a machine which fell to earth, owing to a struc- 
tural failure, an elaborate investigation was made, 
and certain recommendations — ; ep it was 
impossible to assign any satisfactory and definite 
reason for the fail ure. Broadly, at the time the 
machine was built it may be said that the know- 
ledge of aeroplane construction accumulated from 
one year to the next was sufficient to determine 
the obsolescence of any machine in that period ; 
the machine on which the post-mortem investigation 
took place was approximately two years old. 

The foregoing may be taken as no more than 
samples of the many questions that have to be 
fi before the training of army pilots and aero- 
plane gunners and signallers can be attempted in 
the thousands, or tens of thousands, for which the 
warfare of the future may call. Without adequate 
consideration of these questions, coupled with 
appropriate measures, progress in the direction of 
increase of numbers and the practical develo 
ment of aeroplane tactics on a large scale would 
most seriously handicapped. 


Present Postrion. British SuPERIORITY. 


The reports as to the performance of the air- 
craft, and more particularly the aeroplanes, of the 
different belligerent armies are at present very 
meagre and incomplete. However, it would appear 
from the observations of those best qualified to judge 
that the British machines are by no means back- 





ward, and in many important respects are superior | military 


both to those of the enemy and to those of our 
Allies. The main features in which we at —— 
possess ascendancy are more especially those in 
which the flying capacity of the machine, rather 
than its more essentially fighting quality, is con- 
cerned. Thus superiority may be claimed for the 
British aeroplanes : fi » a8 being better aero- 


dynamically—that is to say, for given horse-power | mach: 


and weight they possess a greater speed and climb- 
ing power ; secondly, they are more stable—in fact, 
our present-day machines are definitely automati- 
cally or inherently stable ; thirdly, they have a higher 
factor of safety than any of their Continental rivals 
and are far more robust as to alighting gear ; and, 








fourthly, they are more weather-proof. In short, 
they are better fitted to service conditions. Beyond 
this, the latest model turned out by the Royal 
Aircraft Factory is by far the fastest machine in 
the world, being some ten or twenty miles per hour 
faster than anything that the Continent can show. 
On the other hand, on the outbreak of hostilities we 
found ourselves without a thoroughly satisfactory 
fighting or gun-carrying type of machine—it is one 
matter to be able to mount a gun on an aeroplane, 
and quite another to design and construct machines 
expressly for that purpose. It is, indeed, doubtful 
whether any really satisfactory gun-carrying aero- 

lane existed at all; but it is in any case precisely 
in this direction that our own air service has found 
itself most lacking. In brief, it may fairly and un- 
doubtedly be claimed that so far as the reconnais- 
sance machine is concerned, the British aircraft 
are more than able to hold their own with those of 
the other European nations.’ 

In the main the “ oe ary d ” machines built 
by private firms have ed the all-round qualities 
of those turned out by the Government factory, or 
under contract to the Royal Aircraft Factory specifi- 
cation. In some cases they have failed from a con- 
structional standpoint; under the exacting condi- 
tions of service the alighting chassis have sometimes 
proved inadequate ; in other cases the weather- 

roof qualities of the ‘‘ proprietary” machines 
ve been found deficient. These defects have 
shown themselves amongst British-built machines, 
but also some of the best known of the French 
makes have failed, or at least are reported to have 
cut a very sorry figure when submitted to the 
rigorous test of service conditions in real warfare. 
Possibly it was not anticipated (as it appears is 
the case) that machines would be required to re- 
main permanently in the open night and day, 
shelter being the exception rather than the rule. 
It is under these conditions that our own Aircraft 
Factory machines have exhibited an unrivalled 
robustness of constitution. On behalf of the ‘ pro- 
prietary” makes of machine, however, it must be 
said that some of the most notable of the exploits 
performed by the Naval Air Service (such as the 
raids on Diisseldorf and Friedrichshafen) have 
been performed by such machines,* which appears 
to show that, merely from the point of view of 
flying, they are fully worthy of the Service and a 
credit to their designers and constructors. 


CausES WHICH HAVE CONTRIBUTED TO BRITISH 
ASCENDANCY. 


The position of the British in the matter of 
military aeronautics—more icularly aviation— 
to-day, which, subject to the limitations stated, 
may properly be described as ‘‘ ascendancy,” is not 
to be attributed to any one definite cause ; the 
results achieved in the field have been contributed 
to both. by the personnel of our Flying Corps and 
Naval Air Service, and by the sound qualities of 
the machines employed. In view of the peace- 
time exploits of the airmen of the three leading 
Western Powers, in which it may fairly be said that 
honours have been divided, it would appear that, 
without belittling the magnificent performance and 
daring of our flying men, it is in the matter of 
material — i.e., actual machines, &c.—that our 
yy is most marked.t 

discussing the influences which have led to 
the development of the present-day types of 
service machine it must be borne in mind that 
these influences have been at work in the factories 
of the private firms e ually with the 
Government factory at Farnborough. here has in 


—— 





these somewhat sensational feats of 
arms by naval ai must not be taken to mean that 
they could not have been performed equally well by 
members of the Royal F! Corps, but rather that the 
latter are fully occupied by their regular daily work of 
reconnaissance, and are actually no more than 
numerically sufficient for the needs of our Army in the 
field. In the Navy, the routine or ‘‘business” employ- 
ment of aircraft (more especially somgnian is not yet 
understood ; the efficient Low are ©. aircraft of the 
seas in which a state of war existe—t North Sea, in the 
present instance—should be considered by the Air De- 
partment of the Admiralty to be its most important duty ; 
this will require the systematic emplo: t of a con- 
siderable fleet of aeroplanes, which should, if possible, be 
ines of 16 or 18 hours’ capacity and at least capable 
of 80 miles per hour. The airship, until recently 
in contemplation for this duty, is, in the writer’s opinion, 
a hopeless proposition, the key-note in matters of mili- 
an or naval advancement is mobility, and again mobility, 
always mobility. 

+ In time of peace 
stration accorded to Servi 


the opportunities for public demon- 
ce machines are limited. 
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the past been little or no secrecy in connection 
with the Royal Aircraft Factory—private builders 
and the designers attached to private firms have 
virtually had the ‘‘run of the place,” and all assist- 
ance that has been possible has been rendered them ; 
so much so that on more than one occasion features 
due to the Government staff yp Non their Ang 
appearance on “‘ proprietary” makes of machine. 
S brief, there hag been no attempt to deprive the 
private firms of any of the information available. 
The main factors that have contributed to the 
production of the machines of outstanding merit, 
which are upholding our reputation in the field to- 
day, are unquestionably the greater scientific 
knowledge possessed by our designers, and the 
conspicuous ability shown by the staff of the Royal 
Aircraft Factory in making practical use and appli- 
cation of the latest and best information at their Sis. 
posal, and in their own full-scale experimental work 
and study of the many practical problems outside the 
range of purely scientific research." The machinery 
set up by the Government for dealing with a new 
and difficult question of the test national im- 
portance, has, so far as ite allotted scope is con- 
cerned, worked with singular smoothness and with 
undeniable effect. In brief, we have the Royal 
Aircraft Factory, which may be regarded as the 
headquarters of the national sources of production, 
and in itself of the character of an experimental or 
ioneer department rather than a national manu- 
actory. Behind this we have the Advisory Com- 
mittee for Aeronautics, a body whose functions are 
mainly concerned with scientific and technical 
uestions, and at the disposal of the Advisory 
ommittee a large and growing department forming 
part of the National Physical Laboratory. In addi- 
tion to this, there exists the Naval side, consisting 
of constructional works and dépét at Aldershot, 
which has taken over in its entirety the Dirigible 
(Balloon) section of the work. The secretarial head- 
quarters of the Advisory Committee is permanently 
located at the National Physical Laboratory, the 
Director of the latter, Dr. R. T. Glazebrook, F.R.S., 
being the Chairman of the Committee under the 
presidency of Lord Rayleigh, O.M., F.R.S., and the 
Army being represented by the Director-General 
of Military Aeronautics, Major-General Sir David 
Henderson, K.C.B., the Navy by the Director of 
the Air Department of the Admiralty, Captain 
Murray F. Sueter, and the me Aircraft Factory 
by the Superintendent, Mr. Mervyn O'Gorman, 
C.B. Ina sense the Advisory Committee may be 
said to act as a ‘‘clearing-house ” for information, 
inasmuch as its functions are to ensure, on the one 
hand, that the information obtained from the work 
done at the National Physical Laboratory, and 
collected from other sources, is duly made available 
to the Royal Aircraft Factory and the Services, 
and, on the other hand, to hear and dispose of the 
difficulties and demands of the said parties. This 
may be a matter either of tendering immediate 
advice or of appropriately employing the resources 
of the National Physical Laboratory, or requisition- 
ing any such other assistance as may be deemed 
expedient. The work is carried out in the main on 
the basis of an annual programme framed on a suffi- 
ciently elastic basis to allow of all possible contin- 
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it is that, technically, the Continental nations are, 
without being aware of the fact, some way behind 
us in aeroplane design. The writer is di to 
think that, all things considered, it will found 
advisable in the future to restrict publication some- 
what, and considerably to strengthen the Aircraft 
Factory, to enable full control to be exercised over 
new models, and otherwise to take steps to ensure 
secrecy where, in the national interest, it may be 

































































personally carrying out investigations of an experi- 
mental phe tty Busk combined with ex- 
ceptional ability as an omgarranves very thorough 
knowledge of his work ; he was largely responsible 
for the design and construction of many instru- 
ments and appliances which have proved of the 
greatest service in the development of the present- 
day machine. 

ere are many of the less-informed members of 
the public who believe that the flying-machine has 
been developed, and is to-day being designed, by 
empirical methods, and that the scientific man has 

nothing to do with it, except, perhaps, late in 
the day, to give plausible explanations of the “ wh 
and wherefores.” Nothing is further from the 
truth. The work relating to the design and con- 
struction of the modern aeroplane is quite as much 
the result of careful and scientific calculation, in 
fact, rather more so, than in the case of shipbuild- 
ing. All matters connected with the flying pro- 
perties of a machine, whether it be lifting power, 
propulsion, or stability, are amenable to rigorous 
scientific treatment, and are as carefully founded 
on scale-model and wind-channel experiment as the 
analogous problems in ship design. 

In scientific work connected with flight (as 
pointed out by the writer in his recent James For- 
rest Lecture), the work that has been done in 
this country is far in advance of that done on the 
Continent; more especially is this the case in 
connection with stability : it is fair to take it that 
the advantageous ition in which Britain finds 
herself to-day in the matter of aircraft is legiti- 
mately to be regarded as a reflection of this fact. 
No one acquainted with the history of the develop- 
ment of our Service machines can have the slightest 
doubt as to the truth of this statement. 


MaInTENANCE OF BritisH SUPERIORITY. 


The maintenance of the present superiority of 
the British reconnaissance machine and the develop- 
ment of different types, and, in short, the building 
up and consolidation of the Aeronautical Arm, 
both as to quality and quantity, in order to ensure 
our capacity to hold our own with the other great 
Powers, is a task of national importance, and, as 
such, one of the first magnitude. In order that our 
Aeronautical Arm may be raised and maintained as 
a whole at the necessary high degree of efficiency, 
more will be needed than merely the technical 
superiority of our machines ; many other questions 
of vital co’ uence will require to be adequately 
dealt with. However, the basis of strength lies in 
possessing the right machines in adequate numerical 
strength. Hence there must be no relaxation of 
effort; we must retain our technical ascendancy 
by every means in our power. 

There is much to be said at the outset in favour 
of the exercise of ter secrecy in the matter of 
technical information. At present a great deal of 
work of an important character is done at the 
public expense which is of the utmost value to the 
aeronautical constructor, and forthwith it is given 
























































deemed wise.:. 


GOVERNMENT versus Private Manuracture. 

In every problem of production in quantity, 
otherwise that which is termed ‘‘ manufacture,” 
the essence of true economy is continuity. The 
whole of the organisation of a modern factory is 
based on the work in progress being of the nature 
of a “* flow,” rather than a succession of jerks. In 
actual practice it is only in the case of certain 
industries in which the goods manufactured are not 
liable to change from year to year, and in which 
the demand is not of a fluctuating character, that 
the ‘‘flow ” can be maintained under ideal condi- 
tions—that is to say, with perfect uniformity. In 
other cases fluctuations are inevitable ; changes in 
design necessitated by the stress of competition and 
the advance of knowl prevent the condition of 
perfect continuity from being realised. Under these 
conditions a not inconsiderable part of the duties of 
the organisation is that concerned with negotiating 
the necessary irregularities and changes. The 
work still is dealt with on the theory that it remains 
a flow, but it is actually a succession of batches, 
the flow being comparable to that of a river subject 
to seasonal fluctuations, periods of flood alternating 
with periods of slack. e system of organisation 
requires to be framed to deal with the consequent 
unavoidable breakages of continuity, and it is the 
business of the works and yey | staff so to 
regulate the progress of work that the resultin 
disorganisation is minimised, and the economy o' 

roduction is not too seriously impaired. The possi- 

ilities of the situation, so far as the ement 
staff is concerned, are very much dnmabeh by 
considerations of finance and the exigencies of the 
market. These latter questions are, or should be, 
dominated by the — of the ae gran they 
are matters governed by the policy of the company, 
for which the board of directors (directly or through 
their managing director) should be definitely re- 
sponsible. The policy thus includes such questions 
as the market or markets to be attacked; the 
quantities and dates at which it is estimated sales 
can be effected ; the financial needs, whether it be 
for building or plant extensions or for stock-in- 
trade, and the provision of, or the raising of, the 
necessary finance. 

In brief, in a well-managed concern the Board 
may be said to control that which is in military 
parlance the stra’ of the company, whilst the 
management staff look after the tactics. Clearly, 
just as in military affairs, success must depend very 
sama upon the strategic scheme being accom- 
complete publicity; one has only to glance through | modated to the tactical resources, and the tactical 
any one of the annual reports of the Advisor 


y|work boing skilfully adapted to the strategic 
Committee to realise the extent to which this is the | scheme. 


case. There is, it is true, also a great dealof work} Now, in the case of a Government factory, there 
gencies being dealt with. In addition to the fore-| which is not published, being considered as of a|is no real board of directors. The financial side is 


controlled by the Treasury, whose interests are not 
able number of new investigations, also abstracts|the main body of the work, or, at least, some of | concerned with the prosperity of the concern in 
of most of the work of importance done on the|the more important sections, should not be held | the least degree ; it is equally satisfactory from a 
Continent ; in these latter respects the work | back, and treated as confidential for a certain | Treasury standpoint whether the “ grant ” can be 
accomplished by the Committee can be best judged | period, possibly one complete year, in order to|reduced by the most arbitrary and expensive 
from a perusal of the Annual Report presented to give our own designers a twelve months’ lead. The | ‘‘cheeseparing,” or whether it is done by legiti- 
Parliament.* It is by these means that those | difficulties in the way of any such scheme are, | mate per mcans—by“the exercise of true 
responsible for the design, specification, and con- | firstly, that, to be effective, the first twelve months’ | economy. e result is that anyone acquainted 
struction of our aircraft, whether military or naval, | output of any new design would require to be met | with the working of Government manufacturing 
have been, and are, kept fully informed of all that | as output from the Government power the con- | institutions could cite innumerable c of gross 
concerns them from both technical and scientific | ditions issued with designs and specifications for | extravagance resulting from so-called Treasury 
standpoints, and have been able to employ the|tenders, though nominally intended to ensure|economy. Again, there is no one to formulate 
somewhat limited resources granted them by the | secrecy, can never be really effective. in advance @ proper manufacturing programme 
Treasury to the best possible advantage. Beyond| In the second place, in the case of a branch of | with the least assurance that there will be the 
this the staff of the Royal Aircraft Factory includes | Governmental activity as little understood by the | means available in order to carry it to a successful 
men of exceptional resource and ability who have| public as that of aeronautical construction, the | conclusion; even iron-work of a part-finished struc- 
proved themselves again and again more than | public and Parliament expect to see something for | ture has been known to be denied the wherewithal 
competent in the execution of the duties entrusted | their money, and for those entrusted with aero-| fora coat of paint! The cast-iron system of closi 
to their care. It is impossible in this connection to | nautical development to have shrunk from publicity | the programme at the termination of each financi 
pass over without mention the great loss which | would have been equivalent to committing suicide. | year without carry forward is destructive of good 
the factory (and the country, it may be said), | Inspite of any disadvantage which may have resulted | management. Thus the position of a Government 
has suffered in the death of Mr. KE. T. Busk,|from publicity in the past, the net result has| factory is equivalent to that of an army with 
who recently lost his life in the execution of his| been highly satisfactory. It is quite probable, how- | no ister of War, no strategic scheme, and a 
duties, being burnt to death in mid-air whilst | ever, that the Continental Powers have somewhat capricious and fitful transport and supply. The 
underrated the importance of the work that had! larger institutions, such as dockvards, yd repre- 
been done in this country, and have taken no par- |sent a national interest of sufficient magnitude 
ticular paing to follow or study that work. Certain to escape some of the disadvantages of Govern. 


going, the Committee receive and publish a consider- | confidential character. The question arises whether 





* Reports 1909. 911- x 
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ment control, but here the circumstances are ex- 
ceptional. 

anufacturing by private firms under contract, 
therefore, has considerable advantages; but even 
here the want of regularity in the placing out of 
orders is not conducive to high economy ; a private 
firm, however, is able to work in one job with 
another and execute a Government contract in lieu 
of other work for which there may happen to be a 
lullin the demand. This is especially the case in war 
time, when (as at the present moment)a large propor- 
tion of our engineering works and factories, having 
lit‘le demand for their regular products, are mainly 
occupied in turning out munitions of war. Whatever 
the state of preparedness may be before war is 
declared, it ix almost certain that the needs of the 
country, whether for aeroplanes, guns, or other 
items of armament, will be increased many times 
during the period of hostilities. The employment 
of private enterprise uuder these conditions is 
clearly desirable, and may be looked upon as 
imperative. 

Once admit the above, the propriety of widely 
utilising the orjinary manufacturing resources of 
the country during peace time follows as a corol- 
lary, for it is only by this means that these 
resources can be brought promptly into opera- 
tion when the neel arises. A firm which has 
once executed contracts for any given article is 
always in a better position than one to whom 
the work is new ; this is true in any case, but is 
more especially so where the preparations for 
manufacture involve the duplication of gauges, 
tool outfits, &c. 

When work is done by contract it is absolutely 
necessary that it should be first standardised 
in every detail. The rigid methods of gauging 
and ipenten Boner have definitely to be adopted 
when aeroplanes (or other implements of war) are 
being manufactured to Government specification 
and contract render anything in the way of am- 
biguity or alteration during manufacture intoler- 
able. Therefore, whatever be the relative merits 
or demerits of private and Government manufac- 
ture, the former can only properly be resorted to 
for work which has passed its experimental stage, 
and has been finally standardised in every detail. 
This involves, in the case of anything so a ami 
asan aeroplane, that the Government will of neces- 
sity carry the manufacture of every new design 
up to a certain point ; we may say up to that point 
at which it has become, after due tests and trials, 
an officially accepted type. This is almost exactly 
the position as it has come about: the Royal 
Aircraft Factory is directly responsible for the 
initial development of every new model (with the 
exception of some few *‘ proprietary” types which 
have been taken into service); the only diffi- 
culty at present is that the resources of the 
factory are not sufficient fully to cope with 
even this preliminary work, and, in consequence, 
private enterprise id baling called upon to do more 
than ought to be the case : the standardisation is 
having to be effected whilst manufacture is under 
weigh. 

In view of the present position and the euor- 
mous development which may be anticipated in 
the course of the next few years, it will, in the 
writer's opinion, be necessary very greatly to 
strengthen and increase the establishment of the 
Aircraft Factory in the near future. 


Furore Martenance or British SupREMACY. 
Continuity oF Poticy, 


The supremacy of British aircraft can only be 
maintained by the adoption of a thoroughly pro- 

ressive constructional policy, — constantly 
by the most recent scientific discovery and re- 
search, and by utilising to the full information and 
experience gained in the Services. The day is past 
when technique or craftsmanship in any direction 
can be permanently bottled, and the trade or craft 
in question monopolised by any one nation, as was 
at one time the case. Under present-day condi- 
tions the lead can only be obtained and held by 
mobility and progress in which the motive power 
is derived by the combination of brains, energy, 
and material resources. The most that can be 
hoped is to obtain a lead of two or three years 
in advance of other nations, and to keep it. The 
task is not beyond the — of the country ; we 
have both the men and the money, and an a 
whose preservation demands that nothing shall be 
left to chance. 
The key to the whole situation lies in the proper 


organisation and control of the manufacturing | 
resources of the Government (as at present repre- | 
sented by the Royal Aircraft Factory) involving, | 
firstly, a clear conception of the duties of the factory 
as being the birthplace of new types and the nursery 
for their development, and as the headquarters of 
full-scale experiment work (as distinct from 
laboratory experiment) ; that is to say, tests and 
investigations engineering in character, or those 
in which actual flying is involved. The defi- 
ciencies at present existing are due, firstly, to 
the fact that the Treasury has too much 
control over the Factory, and the Factory not'| 
enough control over the Treasury ; secondly, there | 
is no one upon whom definitely devolves the 
duty of initiating any departure in advance of | 
immediate requiremeuts ; thirdly, the resources of 
the factory have been insufficient for the needs of 
the Services; it has been necessary to send out 
drawings and specifications to contractors before 
the designs have been standardised or even 
thoroughly established, with all the little atten- 
dant difficulties in the matter of minor alterations, 
ambiguities as to gauging, &c.; also with the loss 
of any real pretentions to secrecy. Lastly, there 
is a tendency to divorce the aircraft development 
of the two Services—the Army and Navy ; this the | 
writer considers to be bad. The main supplies of 
established types may certainly be obtained by 
the two Services from independent sources or from 
different contractors, but to separate the experi- 
mental or developmental phase of construction 
appears to have nothing to commend it. 
he deficiencies of the present régime, such as 
they are, in no way refiect adversely on the existing 
staff and personnel of the Royal Aircraft Factory as 
it stands ; in fact, it is undeniably greatly to the 
credit of all concerned that so much has been done. 
It is, however, hard to say who is supposed to be 
responsible for supplying initiative. That initia- 
tive has not been lacking is evident, but it is an 
open ~—- whether anyone could have been 
accused of neglect of duty if the factory had 
never developed or constructed a solitary machine. 
Actually that which is lacking is something 
analogous to a directorate, a Board whose exist- 
ence would ensure continuity of policy, and whose 
members would be definitely responsible for the 
sufficiency of the constructional programme so far 
as its developmental side is concerned, and for 
securing the needed Treasury support. 





A Boarp or AERONAUTICAL CONSTRUCTION. 


The duties adumbrated in the a para- 
graph would be best deputed to a Board a Aero- 
nautical Construction in which both Army and 
Navy are represented by the responsible heads 
respectively of the two branches of the Arm— 
namely, the Director-General of Military Aero- 
nautics and the Director of the Air Department of 
the Admiralty, in addition to a strong civilian con- 
tingent selected for their eminence or attainments 
in such directions as aeronautical or mechanical engi- 
neering, manufacturing, naval architecture, busi- 
ness management (organisation), finance, &c., and 
including the Superintendent of the Factory. 
In view of the fact that the future of the new Arm 
has yet to be determined, and in view of the 
vital importance of this future, it would seem 
desirable that certain Cabinet Ministers, such 
as the Minister of War and the First Lord of 
the Admiralty, should ex officio be members of 
the Board. This may possibly appear to be giving 
unnecessary importance to the idea, but it must be 
remembered that the existing Arms of the Services, 
during the earlier stages of their history, were con- 
sidered of sufficient importance for the most minute 
and detailed attention of kings and princes, and the 
new Arm might almost claim as its mght similar 
solicitude from those on whom the burden of office 
has fallen. 

The duties and functions of the proposed Board 
would be in nowise limited to the aircraft them- 
selves, but would extend to aircraft and counter- 
aircraft armament, and, further, to all questions of 
matériel ancillary to the employment of aircraft in 
the Services, including aeroplane vessels or ships. 

The duties and constitution of the Advisory 
Committee for Aeronautics would remain as at 
present, being in no way affected. In some few 
cases it is ible that questions touching the work 
done at the Royal Aircraft Factory would be re- 
ferred to the new Board in place of the Advisory 
Committee. 





matter of expenditure would need to be on a basis 
compatible with the responsibilities ; a refusal or 
a cutting down by the Treasury of the requisitions 
by the Board, either annual or supplementary, 
should be rendered next to impossible. It would 
suffice for the pu if, in case of such even- 
tuality, it were e incumbent upon the civilian 
section of the Board to resign en bloc. Parliament 
and the public would thus be advised that some- 
thing had gone wrong with the ‘‘machine.” To 
create this position it is only necessary for a public 
statement to be made by a responsible Minister of 
the Crown that the Board has at its disposal what- 
ever funds it deems necessary ; this is virtually the 
footing on which the present Advisory Committee 


is : 

The alternative to the creation of a Board, such 
as suggested in the present article, would be an 
extension of the powers of the Advisory Committee. 
The present functions of that Committee are 
strictly advisory ; and they are, to all intents and 
purposes, confined to the scientific and technical 
side of the subject; the personnel of the Com- 
mittee also has obviously been chosen on the basis 
of this being the intention. The Committee 
expends no money directly, but controls grants on 
aecount of aeronautics so far as relating to research 
work and the like. It would be impossible with- 
out destroying the whole intention and character 
of the Committee, to assign to it those duties in 
relation to the national programme of aeronautical 
construction for which the writer is advocating 
the formation of a Board of Aeronautical Construc- 
tion ; hence any such change may be regarded as 
out of the question. 


ConcLusIon. 


The present article being the last of the series, 
a few words are due by way of conclusion. In the 
preparation of these articles it has been the writer's 
endeavour to give some account of the possibilities 
of the future in military and naval aeronautics, so 
far as present knowledge permits of reasoned 
forecast. Various digressions have been made— 
always related to the main subject; also a few 
speculative incursions into the unknown have 
been ventured. There still remains much ground, 
however, which has not been traversed or 
attempted.* 

It is the writer’s present impression that, so far, 
the most optimistic amongst those in the Services 
who have made a study of military aeronautics 
scarcely begin to realise the full meaning and 
importance of the subject from the national stand- 
point ; and if the present work does no more than 
rouse those interested to a broader realisation of 
the possibilities of the future, it will not have been 
in vain. 

The teachings of modern history have shown that 
in warfare speed is the talisman of success ; what- 
ever the task may be, the man who can do the most 
in a given time wins. Sometimes, more especially 
in civil life, speed gives an advantage proportional 
only to itself, as in the output of an automatic 
machine-tool ; similarly in war—in rapidity of gun- 
fire, for example—the same is approximately true. 
When, however, speed spells mobility, and becomes 
the means of concentration, then its value is 
immeasurably enhanced, in that it becomes 
the factor controlling the numbers brought into 
action, and so commands the potential might of 
the n-square law. In the presence of an enemy 
we find in speed once more a decisive virtue, in 
that it gives the option of accepting or declining 
battle, a power which, if persistently exercised, may 
enable a small force to wear down an enemy many 
times its numerical strength. And still once more 
in reconnaissance, where the gleaning of informa- 
tion is concerned, speed becomes a deity; in such 
work seconds count as minutes and minutes as 
hours. 

The world has scarcely yet acquired a true sense 
of proportion in these things ; the bald facts are 
oul known, but their significance is only slowly 
receiving recognition. As a fighting asset, where, 
for example, is the super-Dreadnought, with its 
22 knots, in the face of a modern battle-cruiser, 
with 28 or 29 knots at command? Ship for ship, 
the battleship has on paper possibly some 50 per 
cent. greater fighting value ; numbers of guns and 
inches thickness of armour can be expressed in 
figures, and appeal to even the dullest imagina- 





* The possible employment of aircraft in eonnection 
with transport, for example: 





The arrangements regulating the Board in the 
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tion—in other wo they ‘‘count;” but the which two portions of mechanism are subjected at the 
overwhelming Proven and ‘tactical value of speed AUDIBLE AND OTHER OAB-SIGNALS bs of Impact when trains exceeded . speed of 30 
is intangible, it does not figure on paper, and so ON BRITISH RAILWAYS. miles per hour. One of the greatest difficulties to be over- 
fails to attract its due meed of a iation. In | Come.in mechanical appliances ie 20 to Gesign the apparatus | 
cue the ene ene: polenind alitbeny AUDIBLE SIGNALLING ON Rariway Trains in Motion. ? it will tell co he aide of safety, and at the cnmne time 
6 : . | render the gi of a “‘clear” signal or indicati 
value of aeronautics has never yet received a tithe} BY W- ©: some, See S ”  aneerne impossible. ’ er — 
of tho sesegaition Gus. Engeoaninaelt sat comm, To convey a signal or indication toms given position ad dais oleae - sik vent he ain = 
. regard ines or rolling- 

wert lg act of "a cae a 2 a on a railway to an engine or vehicle travelling at a high | over which, partioularly” in the United Kingdom, : 
The authorities even asked for and purchased a 
number of slow-flying machines, and it was not 
until experience was gained at the military trials 
and during the manceuvres of a few years ago, 
that the most elementary facts began to be 
understood. Then the interesting spectacle wa: 
witnessed of machines incapable of over 40 miles 
per hour or thereabouts, being sent out to re- 
connoitre in a 36 miles per hour wind. As well 
might a man be sent with a wheel-barrow. Ex- 
periences of this character have virtually killed the Ma ra “somes 
once advocates of slow flying, and to-day the et : Lik OCECE 
doctrine of speed in flight is thoroughly estab- ae “Oe Se 

lished, both from the technical and military stand- 
points ; but the question remains, Are we as en- 
lightened in other directions? The answer is 
doubtfully in the affirmative, but we may at least 
believe that those who to-day have the responsi- 
bility and conduct of the defence of the Empire, 
and those who will follow, will cultivate and exer 
cise mental flexibility to a degree unwonted in the 
past. They will not condemn, after the manner of 
their predecessors, the bicycle because it will not 
travel cross-country like a horse, or the aeroplane 
because it will not stand at ‘‘attention.” The 
lesson has been learnt: a new engine of war 
differs from a human being in that its enumerated 
virtues are to be reckoned by the things that it 
does rather than amongst those which it does not. 



































McKeen Switcsinc Locomotive.—The McKeen 
Motor-Car Company, of Omaha, Neb., U.S.A., has 
recently turned out a 300 horse-power — shunting- 
engine, for use by the Motley County Railway betwee: 
Roaring Springs Junction, on the Guests, Acme, and 
Pacific Railway, and Matador, Texas. The locomotive 
has a tractive effort of 12,000 lb. at a speed of 6 miles per 
hour. The engine is of the 0.4.2 type, the driving-wheei- 
being 42 in. in diameter. The engine has cast-steel 
frames, the spring rigging being equalised. The gasoline 
engine is a six-cylinder motor placed transversely be- 
tween the frames, the cylinders being 11 in. in diameter. 
with a 15-in. stroke. It is fitted with water circulation 
round the cylinder-heads and valves, with tungsten-ster 
valves and various other standard features of the McKee: 
cars. It has air reversing-gear, two 5-in. air-compressor- 
being attached to the engine crank-shaft, while there is a: 
auxiliary air-compressor in the cab for emergency service 
The extremities of the main and rear driving-axles hav: 
outside counterbalanced crank discs connected by 
coupling-rods. Power transmission is pneumatically 
operated. A sprocket on the engine crank-shaft drives, 
by means of Morse chain transmission, a sleeve working 
free on the main driving-axle. By clutch the drive i- 
then transmitted to the axle by gears, or direct. The 
rigid wheel-base of the locomotive is 12 ft. long, and 
length over the couplers 23 ft. The height from the rai! 
to top of the exhaust-pipe is 13 ft.3in. The gauge is 
4 ft. 84 in., and the frames are 6 ft. 94 in. centre to , 
centre. The driver’s position is in the middle of the cab, Fic. C. 4 Four-Rovute Inpicator. Fie. D. Oanin Inpicaror. 
from which a clear view all round may be obtained. . 




















A New Manecangse Srexi.—We read in the Iron Age 
that an improvement in manganese-steel alloys has been 
patented in the United States (No. 1,113,539, October 13, 
1914) ne) flessrs. William Campbell, John H. Hall and 
Henry M. Howe. It is said to possess the characteristic 
; hardness of “the regular manganese steel ;” buat as it 

contains a lower amount of manganese, it is of cheaper 

production. Commercial manganese steel, adds our 

contemporary, contains from 11 to 14 per cent. of manga- 

nese, and hitherto any attempts to produce a steel lower 

in manganese than 10 to 11 per cent. has tended to make 

& metal as brittle as glass and unfit for commercial use 

The inventors have discovered that a certain critical 

relation exists between the percentage of manganese and 

the percentage of carbon. They proportion the carbon 

— in acc dance with this relation, and thus a steel 

a - 

4 gancse, pape mo or ain; oe lather row ng Fic. E. Insutatep Track Bar; Norrn-Kastern Ramway. 
the lowest which can be worked to. The inventors state 

that the metal, having an amount of manganese less than 

9 per cent., and somewhat more than 5 per cent., should | rate of speed along the said railroad is one of the problems | trains of one company require to over and on to 

contain carbon, other than ag between, or not/| that has occupied the attention of inventors and others | various other companies’ li in their progress to their 

materially exceeding, the following limits :—1.075—0.04 | from the earliest days of steam-traction up to the present | respective destinations. Each year more and more through 

of the percentage of manganese as the lower limit, and | time, but for many years little or no progress was made | communication is introduced in the present-day system of 

1.075 + sy of the percentage of manganese as the higher | towards a solution, as it was proved beyond doubt that a | enabling the travelling public to pursue their journey 
one. For example, for an 8 per cent. manganese steel the | mechanical arrangement could not stand the shock to| without having to from one company’s train to 
carbon content would be between 1.075 — (0.04 x 8) = 0.755 . . ther, and, with the interchange running of trains from 
and (1.075 + 35) = 1.342 per cent. The particular amount| * Five brief papers by Mr. W. ©, Acfield, Member, | one part of the country to another, the problem of fitting 
of carbon present is controlled within these limits ac- | Midland Railway; Mr. Leon P. Lewis, Caledonian Rail-| all engines with similar apparatus becomes a necessity. 
cording to the degree of ductility required of the product. | way; Mr. Vincent L. Raven, Member, North-Eastern | It is a well-known fact that, in the past, very considerable 
The ingredients are preferably brought together in a Railway; Mr. W. A. Stanier, Member, Great Western | opposition was offered by the locomotive engineers to any 
molten state, as is usually the custom with manganese | Railway; and Mr. W. Willox, Metropolitan Railway. | signalling a) eapey byw on the engine foot-plate, 
steel. and in the ahove proportions. After casting, the | Read before the Institution ef Mechanical Engineers, | but it is re = fair to say that to-day the loromotive engi- 
metal is properly water-toughened. December 18, 1914 meers are more willing for apparatus to be installed on 
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engines for the pur of making trials, with the object 

of arriving at a solution of the problem before the rail- 

ways generally. ; F : 
he essential requirements of apparatus for signalling 








either the rolling-stock or permanent way, being ope-| be maintained between following trains, and at junc- 


rated entirely on the wireless inductive principle. 


So | tions between crossing or converging trains; also, in 


far, however, it has not been considered desirable to | cases where trains are operated over one single line of 


publish any results of the experiments. 


in both directions, an adequate interval of y snd 
must be maintained between trains approaching from 
opposite directions. Another very important principle 


| is that, as far as possible, any failure of apparatus should 




















Fics. F, G, anp H. 


_ sane trains in motion may be briefly laid down as 
oOlow :-— 

(a) Warning to engine-drivers of 
signals either at ‘‘danger” or “‘ clear.” 

(b) Distinctive sounds for ‘‘danger” and 
signals. 

_ (ce) Absence of apparatus operated by the force of 
impact, 

(d) Gradual application of train-brake in the event of a 
**danger” signal being received, and means of liberating 
the brake on the part of the engine-driver. 

(ec) Apparatus, in the event of the failure of any part, 
should give a “ danger ” si > 

(f) Elimination of movable ramps operated hy signal- 
men by mechanical means. 

(g) Impossibility of cigne being in contrary position 
to the position of the levers in the signal-box working 
the same. 

Such an ap tus is known now as “‘ cab-signalling,” 
and in the early stages of the working-out of such devices 
it was deemed imperative that, in addition to audible 
signals being given, an indication should also be dis- 
played on the foot-plate, bub to-day it is almost unani- 
mously considered undesirable to give the engineman 
anything liable to distract his attention from keeping a 
proper look-out. 

Sirens appear to be the most desirable form of warning 
as a “danger” signal, operated either by steam or by 
air-brake, and a bell for the “clear” signals. An attempt 
has been made in some systems to provide clockwork 
recording appsratus working in connection with cab- 
signalling devices, with the object of showing definitely 
and placing on record each time the apoaratus is operated 
when a signal is at “danger ;” this, no doubt, is 
an ideal system, but, it is suggested, of not much actual 
value, as an immense amount of work would be entailed 
in checking these records, which would doubtless neces- 
sitate an increase in the staff of the department re- 
sponsible. 

Again, in some systems it has been suggested that 
apparatus be sealed up, with the reeult that, when a 
train has run past a signal), a seal is to be broken, and 
before the apparatus can be re-set the brake has to be 
released and the apparatus re-sealed by the guard or 
some responsible person before the train can on 
its journey, Such rigid working would, of necessity, 
be the means of seriously delaying the traffic on busy 
lines of railway, and would cause the traffic to be held 
up to such an extent as to rendr correct time-keeping in 
running impossible. The Midland Railway has not 
adopted any cab-signalling device up to the present 
time; but has experimented with the combined auto- 
matic train-control and audible-signal system, as used 
on the Great Western Railway, on a branch line, for 
which two engines only have been fitted with the 
apparatus, and so far the experiments have proved 
satisfactory. 

The Midland Railway has this year made some ex- 
periments with a new invention called the ‘‘railo- 
phone,” an invention of Mr. H. Von Kramer for giving 
an automatic warning in the engine-cab. This appa- 
ratus differs from anything hitherto brought out. It 
is primarily intended for use in connection with “‘ dis- 
tant” signals, and, unlike the automatic train control 
montioaed, has no physical connection or contact with 


train approaching 


“clear” 
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AUTOMATIC SIGNALLING ON TRAINS. 


By Leon P. Lewis, of the Signal Superintendent’s 
Office, Caledonian Railway, Glasgow. 


Before considering any particular method of railway 
train signalling, it is desirable to mention the main 
rinciples on which any safe system of railway signal- 
ing must be based. 
Principles of Railway Signalling. —The most important 
principles are ;—That an adequate interval of space must 
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indicate ‘‘ danger,” or, in other words, any failure should 
be on the side of safety. All schemes and regulations 
should be designed or drafted with the idea of ensuring 
that at least two mistakes shall be made before any 
accident is possible. It is generally with the object of 
reducing the liability to make mistakes by the men 
engaged in the actual control or operation of trains 
that most automatic train-signalling devices have been 
brought forward. — ; ; 

The basic principle of the “space interval” is very 
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efficiently carried out by the ordinary electric block tele- 
graph system and code of regulations, aided by the sema- 
phore si s erected by the side of the railway for si viug 
instructions to the enginemen. In carrying out this 
system, two classes of operators are responsible for the 
safety of the traffic: (1) the signal-operators; and (2) the 
enginemen. The sigaal-operators must know the posi- 
tions of all trains occupying the sections under their con- 
trol, and, with this knowledge, must exhibit signals 
giving permission for a train to proceed, or ordering a 
train to come to a state of rest. 

” and “Proceed” Indications.*—It should be 
noted that no system of signalling can be satisfactory 
unless it can convey separate indications for ‘‘ stop” and 
** proceed.” The mere absence of a *‘ stop” indication 
must not be taken as permission to proceed. For the 


“ 





and this can only be found by experiment. In practice, 
a distance of from 600 to 1200 yards is allowed, which 
depends on the gradient of the line, &c., but it should be 
remembered that, under ordinary conditions, with out- 
door signals, the warning signal can be seen for some con- 
siderable distance before the train arrives at it. — 

The usual signalling practice in Great Britain is to use 
outdoor visual si , supplemented b: audible signals 
when atmospheric conditions render the visual signals 
difficult to read. The common practice in f weather 
is to place detonators on the rail a few yards before the 
warning signal, but when the signal is at ‘‘clear ” no 
detonators are in position on the rail. The explosion of 
the detonator should not be regarded as a signal—it 
should only be taken as being a means of attracting the 
enginemen’s attention to the outdoor visual signal. In 























Fie. 0. Cottzctine SHor ror Cas-Sienatiine}; Great Western Ratiway. 


successful operation of trains at speed, an efficient system 
of route-indicating at janctions must be provided in 
addition to the “‘stop” and ‘‘ proceed” indications ; also 
shunting movements between main lines and sidings must 
be conducted with the aid of signals. When the provid- 
ing of a “stop” si is considered, it is quite obvious 
that with a train going at high speed it is necessary to 
give the order to stop at a point some distance away from 
that point at which the order must be obeyed to the 
extent of the train being in a state of rest. It is there- 
fore necessary to give a preliminary warning order of 
“caution,” or “‘be prepared to stop at a point ahead.” 
The distance between the point where the warning is given 
and the order ‘‘dead stop” must be obeyed depends on 
the retarding forces at the command of the enginemen, 





* The author writes that he deals with the subject 
from a theoretical point of view, and purposely omits 
references to “‘ distant,” “home,” and “starting” si 
He endeavours to use terms which have a generally 
understood meaning irrespective of the technical terms 
in use, 








addition to the difficulty of observing ordinary outdoor 
signals in bad weather, cases have engine- 
men misreading signals, and also of signals being over- 
looked. With a view to preventing such occurrences, a 
great many suggestions have been made and experiments 
carried out. Some few have passed the ten stage, and 
of these but very few have survived the experimental 
stage. 

Automatic Feeding of Detonators.—Some of the most 
modest ideas have beer develo for the purpose of 
placing the detonators automatically on the rails when 
the train is required to stop. When these are a 
near the signal-box they are generally successful, but if 
they are placed near the ‘‘warning” signal, difficulties 
not easy of solution are encountered. Many inventors 
were of the opinion that it was only necessary to connect 
their devices either to the operating-gear of the ‘‘ warn- 
ing” signal, or to make a connection to the wire working 
that signal, whereas in practice the signal-wire and gear 
has enough to do to ensure the correct working of the 
signal without the added duty of operating such devices. 


the signal-box to the apparatus, but this adds complica- 
tions, and such are not desirable. One or two devices have 
been — with the object of overcoming this diffi- 
culty, and they employ electricity to explode a detonator 
cartridge, on the train passing over a treadle, should the 
“‘ warning” signal not be in the “clear” position. In 
one device the pressure due to the explosion is used to 
bring the next cartridge into position for service. There 
have also been a very great number of devices brought 
forward which are designed to sound « large gong by the 
side of the line when a train approaches a signal in the 
‘danger ” position, but no one of these has been very 
favourably received. 
Ratlway-Cab Signals.—From quite early days in the 
peas 3 of railways, inventors have given much time and 
thought to the problem of giving some sort of indication 
on the engine itself, with the object of compelling the 
driver’s attention. Many —— have strongly opposed 
all such devices, because they have been regarded as 
relieving the enginemen from the duty of keeping a keen 
look-out. The enginemen have many things to observe 
in addition to the outdoor fixed signals, such as workmen 
on the line, signalsindicating permanent-way slacks, and 
emergency conditions y: ising this objec- 
tion, several devices have been thought out which only 
check the driver, should the engine overrun an outdoor 
signal in the “‘stop” position; with such devices no 
indication is given when passing a si in the “ clear” 
—~ Devices of this description are very useful, 
ut they are of little assistance to the driver; they can- 
not appreciably assist in the operation of traffic, because a 
driver must disobey a signal before any indication is given. 

Warning Signal on Hngine.—Other ideas have been 
with the object of —— the usual fog-signalling 
detonators, and they indicate on the engine the position 
of the “‘ warning ” signal. This is a very useful thing to 
do, as the apparatus is in constant use, and gives the 
warning — of the state of the weather; thus the 
critical period between the calling out of the fog-signal- 
men ay their actual attendance at the signals is elimi- 
nated. Some of these schemes attempt to follow fog- 
signalling practice very closely, in that no indication is 
given when the signal is at “clear ;’ others, again, make 
provision for a positive “clear” indication in addition to 
the ‘“‘danger” indication. More ambitious inventors have 
designed their apparatus with a view to indicating on the 
engine both “‘warning” and ‘“‘stop” signals, and in 
addition have further provided route-indications. These 
devices are intended to displace all outdoor running 
signals, only leaving purely shunting signals to be of 
the outdoor visual type. When considering schemes of 
this description, it is necessary to remember that the 
present outdoor signals not only serve the purpose of 
running indicators, they also perform the very im- 
portant function of position - markers. Landmarks of 
some description must be provided to mark the spot 
beyond which a train must not proceed in order to avoid 
danger. It is only necessary to mention the fouling 

ints of junction, and the limits of block sections to 
Cies to mind this important duty of the outdoor signals. 
It is quite possible to provide various indicators on the 
engine to inform the driver of such positions, but these 
must necessarily add considerably to the complexity of 
the apparatus, and it is most unlikely that any such 
devices can compete with outdoor visual landmarks in 
the matter of convenience or cost. 

In attacking the problem of communicating with a 
moving train, most of the early inventors ~~ er n 
crank or lever fixed either by the side of the line or in 
the 4-ft. space, which operated in conjunction with the 
outdoor signal, so arranged that with the signal at 
“danger” the lever projected upwards, and so came in 
contact with a corresponding crank on the engine. When 
the signal was moved to “‘ clear,” then the crank at the 
same time moved to a position in which it did not come 
in contact with the crank on the engine. The crank on 
the engine was usually connected to a bell, or to a steam- 
whistle, and in some cases it was intended to shut off the 
steam in addition. Most of these devices were found to 
be unsuitable, because either the contacts were placed 
in an unsuitable position, or the fittings on the railway 
were such that the free working of the outdoor signal was 
imperilled, or, if these objections were partially removed, 
the articles employed did not the requisite mecha- 
nical strength to wihatend the impact between the 
moving part on the engine nd the stationary part on 
the railway. 

Requar of Aut Signalling.—Before any 
mechanical device can be made generally suitable for 
railway service, the following requirements must be met : 

1. no ies loading and structure gauges must be 





recognised. 

2. The moving parts on the engine must have the 
smallest possible inertia. 

3. The portion on the railway must be sufficiently 
strong to withstand the impacts received in service, and 
yet must be such that it can a operated at a con- 
siderable distance from the signal-box. 

4, The apparatus must serve for engines running 
either —s first or tender first. 

5. It should be suitable for working over single lines 
where trains run in both directions over one pair of rails. 

In tice there can be little objoction taken to devices 
which are fixed in the 4-ft. space, and which do not 
pe more than 3 in. or 4 in. above rail-level. If these 

evices are to be fitted on lines over which snow-ploughs 
operate in winter, then the height above rail-level must 
be curtailed, to allow the plough to be run over the 

without coming in contact with it. Projec- 
tions by the side of the line are open to more objection, 
unless they are close to the rail, and do not rise above 
rail-level. A projection above the engine would meet 








It is possible to provide independent connections from 


with less objection, but apparatus designed for overhead 
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operation would naturally be more costly to install than 
apparatus for fixing on the ground-level. 

6 inertia of the moving parts on the engine needs 
careful attention, and in order to reduce this as much as 
possible the actual work to be performed by this article 
should be little. 

1t is impossible for a series of cranks and rods con- 
nected to a large steam-valve to give satisfaction, and 
several of the early experimenters recognised this in their 
designs by giving the part on the engine nothing more 
to do than to release a trip connection, thereby releasi 
a weight, or its equivalent, to perform the duty of sound- 
ing a bell, or opening a small valve, which in turn con- 
trolled the indicating apparatus fixed in the cab of the 
engine. After the automatic air-brake was in general 
service most experimenters caused the trip to admit air 
into the vacuum-pipe or releare air from the Westing- 


the details, to be certain that in all circumstances, should 
~ part of the apparatus fail in service, a false ‘‘ clear” 
indication sball not be possible. Most electrical systems 
employ ramps of various lengths and in various numbers, 
depending on the scope of the device. There is no diffi- 
culty in designing a good working insulated ramp, as 
with electrical ramps no movement of the ramp is re- 
qui: The portion on the engine at the most has to 
open or close electric contacts, which. need possess little 
inertia. Where brushes are used for making contact 
with the ramp, there is some difficulty likely to be experi- 
enced in maintaining them in such a condition that they 
will clean the ramp, and ensure a good electrical contact 
in all weathers ; and if the brush is intended to operate 
a “danger” indication, there will be the risk of a defec- 
tive brush failin i 
it is hardly possible to provide a detector to inform 





house air-pipe, according to the system in use. With the 
compressed-air type the outrush of air was used to sound 


the driver when his brush has failed. Some device 
which can be relied on to inform the driver should the 
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breakages or parts getting out of adjustment. With 
electrical schemes, route-indicating simply resolves itself 
into adding more ramps on the railway and contacts on 
the engine, the particular ramp electrified giving the 
required indication. With skids or brushes no difficulty 
is experienced in designing them for running the engine 
in both directions, but some devices require different 
contacts, which are set by the reversing gear on the 
engine. 

_ To make the device suitable for single-line working, 
it is necessary to arrange that an engine ing a ramp 





g to perform this important duty, and | 


intended for the “‘up” direction not indicate 
“‘danger” if the engine is passing in the ‘‘ down ” direc- 
tion. This can most ee done by my oy 
polarised relays or magnets on the engine, so that the 
polarity is changed in accordance with the direction of 
running authorised for the train. Attempts have been 
made to give continuous indications on the engine by 
employing a continous cable which conveys a high- 


ENGINE EQUIPMENT. 
Bell 
















































































<a 
Fig.l. JUNCTION SIGNALS, | | 0000 oo al ome 
CLOSED CIRCUIT SYSTEM. =| 
N.E.R. ae 
IS rt L.—, 
H’ | |'9A’ | 
uit 
Hee 
ju | 
U4 ’ 
li 
i |= 
See ey 
{ ee 
| 
a 
We 
4 
uv os —-—» Barth 
. L i | eee 
l E Earth >; oe | D | 
No LINE . 
(4251.0) i 
Farth 


Fig.2. METHOD OF MOUNTING CONTACT BAR. 
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a whistle. The air-brake provided an attractive means 
of stopping a train automatically should it overrun a 
‘stop ” signal; but a recent collision has demonstrated 
that the air-brake cannot be invariably relied upon for 
stopping a train. A very common idea for reducing the 
impact 1s the use of an inclined plane to lift the portion 
on the engine. This is an admirable idea, provided it is 
not required to be operated by a signal wire. If the 
device must be worked by wire, then the moving part 
must be properly counterbalanced to drag back the wire 
on its being released by the signalman ; at the same time 
it is essential that the apparatus shall work freely. 
Where cranks are used for contact-making, unless the 
are very substantially designed, they either bend or b 
in service. If they are made so strong as to be prac- 
tically unbreakable in use, then there is a considerable 
risk of the portion on the engine being swept off. Most 
designs also suffer from the impossibility of the driver 
knowing when his apparatus has me defective, 
thereby giving a false sense of security. : 
Several schemes have been brought forward which 
actually depend on a portion fixed on the engine breaking 
in the event of an engine overrunning a “ stop a 
A specially-shaped piece of wood supporting a weight on 
being broken gives the required indication of a si 
passed at “‘ danger,” or a glass tube which is attached to 
the aoe = the brake apparatus on being broken 
es 


applies l 

P and similar devices are well worth trial to 
ascertain the most suitable position, &c., as there certain] 
should be a considerable field of service for adevice whi 
only checks a driver if a signal is passed at ‘‘danger.” Past 
experience seems to suggest that, apart from some simple 
device such as just mentioned, it is not likely that a purely 
mechanical system of signalling on moving trains can be 
designed suitable for general railway service. 

Electrical Automatic Signalling.—The use of electricity 
in some manner, however, appears to give promise of 
a successful scheme being possible, and for many years 
experiments have been made to discover en electrical or 
an electro-mechanical solution of the problem. With 
electrical devices it is essential to scrutinise closely all 
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contacts not be in working 
order is necessary so far as 
the indication of danger is 
concerned. 

The general principle of . 
operation of most of these 
a is as follows:—On 

® engine current is pro- 
vided, either from a battery 
or dynamo, which, under 
normal conditions, main- 
tains either the indication 
“clear” or, preferably, a 
neutral indication. en 
the engine over a t 
ramp, or other device of — 
similar construction, the 
current which maintains the normal indication is either 
a or Se apparatus a ss 
causing norma! indication to disappear “danger” 
to be exhibited in its place. Should, however, the 
“clear” indication require to be exhibited, it is neces- 
sary that a current be picked up by the brushes, or their 
equivalent, which either suppresses or covers the “danger” 
indication. 

For interrupting the normal current on the engine, 
either a small wheel, which rotates on passing over the 
equivalent of a ramp, or else a skid, which rises when 
passing over a ramp, seem to be serviceable ideas, as, 
should either the wheel or skid be torn off in service, the 
current would still be interrupted and the “‘ danger” in- 
dication exhibited. With a system of this sort, it will be 
observed that the ‘‘danger” indication is always given 
on passing a ramp, unless the ramp is connected to a 
source of power, which power is under the control of the 
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man. 

Electrical devices are subject to failures caused by 
troubles which cannot be discovered quite so readily as 
mechanical failures. and electrical apparatus i on 


a locomotive is subjected to a considerable amount of 
vibrati 
fittings, 


and this necessitates a careful i tion of all 


tteries, and connections, to 
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frequency alternating current ; the portion on the engine 
consists of a detector operated by induction. st 
such a device may be a scientific possibility, it is doubtful 
if such is likely to prove commercially successful in the 
near future. 





ExxectrricaL System or Cas-SIGNALLING. 


By Vincent L. Raven, Member, Chief Mechanical 
Engineer, North-Eastern Railway, Darlington. 


This system, designed by the author. has been in actual 
use on the Richmond branch of the North-Eastern Rail- 
way for over two years, and also on that part of the 
North-Eastern Railway Compues’s main line which is 
situated between Durham and Bensham, and during the 
whole of that time the t has given every 
satisfaction; on no occasion has the “danger” signal 
ever been omitted to be given. The apparatus is fitted 
to thirty-six locomotives. 
The main objects of the system are :— : : 
1. To advise the driver of his ae to a signalling’ 
zone where signals are to be looked for. : 5s 
2. To give the driver the necessary information with 
to the position of the signals controlling his 
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Hence the semaphore indication is restored to what it 
was before the engine passed over bar A. , 
In pues qo subsequent energised bars, the action 
of the switch S w is neutralised by the closing of the con- 
tact b, and no change takes p in the indication. 
Should the engine pass over an unenergised bar after 
passing over B, it is obvious that the neutralising of the 
effect of the mechanical opening of the switch 8 w, by the 
shoe 8h, would not take place, and indications similar to 
those obtained at bar A — be received. This 4. the 
basis of the emergency “danger” si , previously re- 
ferred to, the de-energising of the bars being effected by 
putting one or both “stop” s to “danger.” 
The line equipment by which the bars are energised 
when required is simple. Movement of the signal-levers 
in the ordinary operation of the signals to the ** off” 
position closes switches omen. the batteries in the 
cabin with the line wires. Of the latter there are three ; 
one to the ‘‘distant” signal, and is connec to 
the three bars B, OC, D. One of the others goes to the 
“advance” signal for No. 1 line, and the other to 


Lowest Position of Shoe 


one position on the engine. Details of the bracket carrying 
the and shoe, together with the switchbox, are 
also shown. ' 

Switches in Cabins.—The form of switch used on the 


. DIAGRAM OF RAMP8 CONNECTIONS. 
Fig.4. LINE CIRCUIT, G.W.R. 
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Fig.$. RAMP WITH DETAILS OF EACH END. 
ARRANGEMENT FOR 44-6 RAIL. 





present “distant” signal only. It is capable of adapta- 
tion to single-line working, and lends itself easily to the 
provision of records of the “‘ condition ” signals p. Phere 
at each signalling point, should such records be con- 
sidered desirable. It is also capable of acting as a means 
of indicating points at which temporary restrictions 
are im . It is hardly necessary to point out that 
the design of the apparatus is such as to give the fullest 
possible indication of failure of the equipment. The 
normal operating position of the semaphore-arm is main- 
tained by a continuous current, any interruption of which 
places the semaphore-arm to “‘ r,” and inability to 
restore the arm to the normal runniug position is proof 

‘o- failure. . hich . . 

@ arrangements whic e “warning” an 

“danger” signals are Hn by the mechanical raising 
of the shoe obviate the necessity for — upon the 
making of electrical contact with the bars of the track 
for the giving of these signals, and any failure to make 
such contact has only the result of causing “ off” i 
to be mi , and so does not in any way result in 
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the ‘‘advance” for No. 2 line. In each case the line 
wire is connected to the bar. Fach of the line wires is 
provided with an indicator in the cabin, by which the 
signalman can see whether the bar is energised when he 
expects it isso. A small deflection only is given for this, 
the current being limited by the resistances connected to 
the bars B, EK, and E'. This resistance in no way inter- 
feres with the giving of the indications on the engine. 
A much greater deflection is obtained on cabin 
indicators at the moment the brushes br, br of an ine 
are on an energised bar, and this. if looked out for, 1s to 
some extent an assurance that the ap tus is in order, 
and that the requisite indications are being duly given. 

The cabin circuits are easily followed. H' and A! are 
the levers for the ‘“‘home” and ‘‘advance” line signals 
for No. 1 line, and H? and A?” are similiar levers for No. 2 
line. The circuit set up by the operation of the ** home” 
signal-lever is not complete until the corresponding 
‘*advance” has been operated. On the other hand, the 
operation of either “advance” is sufficient to give an 
indication at the ‘‘advence” bar. Hence an “off” 
indication cannot be given at the bars B, CO, or D 
unless both ‘‘stop” signals are ‘‘off ”—which corre- 
sponds to the arrangements necessary to lower a “‘dis- 
tant” line signal under ordinary interlocking—but such 
an ‘‘off” signal can be given at the ‘‘advance” without 
in any wey interfering with the necessity for giving 
“danger” signals at the rear. The small tapper switches 
T'S', and T?S? enable the ‘calling on” signal pre- 
viously mentioned to be given. Their normal position is 
open, as shown ; when closed they simply intermittently 
take the place of the switch closed by the “advance” 
lever when the “‘off” signal is being given. As will be 
readily seen by the diagram, Fig. 1 {page 768), the direc- 
tion of the currents to the line wire for B, O, D ia dif- 
ferent when H®? and A? are operated, to what it is when 
H' and A! are operated, and the reversal of the route- 
indication numbers follows. 

Collecting Apparatus: Track Bars.—Figs. I and K, 
page 766, how a bar A, Fig. 1. Bar B, in the distance, 
1s faintly visible in Fig. I, page 766. A bar corresponding 
to D, or E, or E’, is shown in Fig. E, on page 765. 
These bars are of steel, of T section, mounted on wood 
blocks and ain ins as seen clearly in Fig. 2, 
page 76% form of insulator is shown, and it is fixed 
to the sleepers by clips. 

Brushes on Engines.—The brushes and shoe carried on 


the engine are shown on page 766, Figs. F, G, and H, in 
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signal levers in cabins is shown by Fig. 3, page 768, and 
a L, page 766, shows one such switch connected to the 
disk at a road-crossing, where the disk is used for both 
lines. The same form of switch is used in connection with 
the lifting-shoe on the engine. 

Conclusion.— A consideration of the description of the 
apparatus will show how fully the system meets the 
conditions found to be necessary in the introductory 
examination of the requirements. Further consideration 
will show that it is adaptable in many other ways than 
those mentioned. It may be used - or wholly, as 
described, where the conditions of service require less 


than on fully-developed railways. It is capable of bei 

ada to show = E **distant,” — dhe ge | 
“advance” si w t outdoor system is 
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Fig.5. CENTRAL PORTION OF RAMP. 
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ComBinep AvToMATIC TRAIN-CONTROL AND AUDIBLE 
Stenat System 1n USE ON THE GREAT WESTERN 
Ratiway. 


By W. A. Stranrger, Member, Assistant Manager, Great 
Western Railway Locomotive Works, Swindon. 


For some years it had been felt on the Great Western 
Railway that the system of calling up fogmen, and the 
use of detonators for warning trains, was unwieldy, and 
led to many delays that might be avoided, but at the 
same time it was felt that to supersede it, any device 
proposed must provide the following features :— : 

1. An audible warning on the foot-plate of the engine, 
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to indicate to the engineman the position of the signal he _7. Latterly it has been decided that in the event ofthe| 2. A whistle or siren sounded for “‘ stop” or “* danger” 
is approaching. 


‘ being at “‘danger” the brak » automatically | anda bell for “‘ proceed” or “allright.” 
2. The warning must be separate and distinctive for be applied. Se a oe 4 3. The nop” or danger” seal is not dependent 
“stop” or ‘‘ danger” Be om and the “proceed” or} About the year 1905 some of the Great Western engi- | on any electric connection to sound, and 


A A “re 1 c ‘ the fail: 
** all-right” position of signal. neers devised an audible signal for the locomotive | electric connections does not prevent it undiee. — 


Fig.6. PLUNGER, SWITCH AND BELL ON ENGINE. Fig.7. DETAILS OF PLUNGER AND SWITCH. 
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SIMPLIFIED DIAGRAMS, SHOWING CIRCUITS IN SYSTEM OF 
COMBINED AUTOMATIC TRAIN-CONTROL & AUDIBLE SIGNALS. 
Brake Valve and Siren. 





j Fic. 8 Local Engine Circuit. 
Normal. 


Local circuit closed ; Gute 
energised; brake - valve 
onl siren closed. 
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Fic. 9.'' Ramp ‘and Engine Cir- 

cutts. Contact-Shoe on oo. 

. trified Ramp. ‘‘ Stop” Signa 
419-9. being given. tm 





































































































Swi on shoe open ; electro- 
=e de-energised ; brake-valve 
and siren open. Handle used to 
restore brake-valveand siren closed 
| Battery when switch (attached to contact- 
lH { owitoh oh RN bat- 
os . Swi in -box) 0} 3 
to }--=y (ing) tery (line) disconnected from ramp 
i H wire. 
™~ ~e 
: Switch (attached to Contact Shoe) 
——— = == (oy 
a mn ad & Battery ge pA 
ri; (Lo 
— 10 Zine) i 
t 
Fic. 10. Ramp and Engine Cir- 
cutts. Contact-Shoe on Elec- 
|-— trified Ramp. ** Procecd” Signal 
being given. 
t A. Air-valve chamber. H. Armature lever. 
és B. Air-valve. J. Re-setting lever for arma- = Famer -4 aan 
= ; C. vies —— a air- - ture. R. Steam-inlet. 
— valve armature lever te. 
ni Guinn Rgnat B ~ controlling same. L. Automatic stesmowitch, 'T. Connection to nemreanas: 
= D. Brake-pipe connection. M. Rubber insertion he steam-switch. 
, — = E. Siren. N. ——— for closing swi' U. Polarised relay. 
Local circuit broken, as in Fig. 9; line circuit complete, as shown ] F. Revolving disc for siren. P. Swi V. Brake-push for bell. 
by arrows; bell ringing ; and electro-magnet maintained ener- u| G. Fixed pivot-plate for siren. Q. Valveforsteam-heatingshoe, W. Bell. 
i by line aa tom battery (line). : Nors.—Re-setting lever is shown in position occupied when lifted to re-set armature. 


3. The “stop” or “danger” warning must be indepen- | cab, which, after a certain amount of experimenting,; 4. The ineman acknow ith , 
dent of ~ electric connections i on the line or the = — to be — R= and certain pve dotaieo 8 be ~ to se-e0b oe é. er signal by a 
engine, must iven even i electric connections | to warrant a more extend: ial. It was agreed to equi i pe i in aie 

fail. = certain branch lines with the apparatus, and, as a resale, it makes no diflerence hich centre of the track, so eas 








| th y w way the engine is running 
4. Each signal must be acknowledged by the engine- | the system has had certain improvements, and its use has| 6. The ram in the centre of the track { « fixture 

ome thle way. : been considerably extended. device met the fore-| 7. When “stop” or “ ” signal is given on 
5. Sauien n ible to apply it to any engine, and to | going requirements, as follow :— passing over the ramp, a valve automatically opens in 

any line, whether single or double. 1. A bell and a whistle or siren on the foot-plate of the | the train-pipe. which admits air through a siren, and 
6. There should be no moving parts on the line. engine. applies the brakes, thus pulling up the train. 








. becoming faulty. 
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The apparatus consists of a fixed ramp in the centre 
of the track, about 400 yards before the ‘‘ distant” signal | 
is reached, except where the “distant” si is & lower | 
arm ona “stop” signal, when it is fixed ata spot just 
after the _t ” signal is passed. This ramp is con- 
nected to the lever in the signal-box controlling this 
particular ‘‘ distant” signal by means of an electric wire 
and switch with a battery in the circuit, Fig. 4, page 770. 

The ramp consists of a 4-in. by 2-in. inverted T-section 
steel bar, about 40 ft. to 60 fo. long, sloped at each end for 
about 20 ft., and about 4 in. above rail-level in the centre, 
Fig. 5. It is laid on the skew 14 in. each side of the 
centre line, so as not to wear a groove in the shoe of the 
plunger on the engine, and to assist in clearing it, and | 
the shoe which rubs on it, of anything, such as frost or 
snow, which tends to insulate them from one another. 
It is mounted on timbers that are fixed to the sleepers 
with cast-iron shoes. The rails adjacent to the ramp are 
bonded, to ensure a good earth return through the 
engine. Ab first the steel T section was insulated from 
the timber, but this was found unnecessary after trial, 





necessary that the ramps controlling si in the o; 
site direction should give no signal. “This ie effected by 
electrifying these ramps with a current of opposite 
F tg.72. DIAGRAM OF WIRING ON SINGLE LINE 


RAILWAY, SHOWING ASSOCIATION WITH TRAIN 
TABLET APPARATUS. 
rt 
ih 


4 Contact on Lever-Controlling 

















Signal for direction of 
running. 
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Illi ; 
a3 
CQortact in Electréc Table Instrument, 
Signal ot ent ae eee 
ine. 
Tablet is out for Train to proceed 
(281.0) 


| fixed al ide the outgoing signal for the locomotive- 
| yard, so t the engineman satisfies himself that the 
| device is all right before he gets tohis train. The device 
has proved so satisfactory in service that about 180 miles 

and ninety engines up to the present have been equipped, 
| and its use is rapidly being extended. 

The Interstate Commerce Commission of the U.S.A., 
when visiting this country in 1908, reported on their 
return :—‘‘ Of the cab-signal devices in use on English 
railways, and forming the chief object of the Committee’s 
investigations, only vone—namely, that of the Great 
Western ery Mg believed to be worthy of considera- 
tion.” Colonel Sir H. A. Yorke, speaking at the dis- 
cussion on @ paper given by Mr. A. T. Blackall, the 
Great Western Railway signal engineer, before the 
Institution of Civil Engineers in February, 1911, said 
with regard to audible cab-signalling :—‘‘ All that had 
been done on the Great Western Railway was exceed- 
ingly satisfactory. He agreed that it had the advantage 
of distinguishing the ‘‘distant” signal by night as well as 
by day, which was a point to which he attached a good 





Fy. 13 TRAIN-STOP FIXED IN POSITION. METROPOLITAN RAILWAY. 
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the timber alone being found quite satisfactory. The 
ramp has now at its front end a cast-iron - wiyreed 
which carries the slope down to sleeper level. This has 
only recently been added, as it was found that the water- 
scoop on the engine tender, if left down, was sufficiently 
low to get under the steel rampand ripit up. The bottom 
of the water-scoop, when down, is 1 in. below rail-level. 
In the signal-box is a switch connected to the ramp 
by means of a telegraph wire and with a battery of about 
eighteen Leclanché cells in the circuit, with an earth 
returp. This switch is attached to the lever controlling 
the ‘‘ distant” signal, so that when the lever is placed in 
the ‘' proceed ” position, the electric battery is connected 
to the ramp, and when the lever is placed so that the 
signal is in the ‘‘ stop” position, the battery is cut out 
from the ramp. The ramp is therefore electrified when 
the signal is at ‘* proceed,” and dead when the signal is 
at ‘‘stop.” The ramp ix therefore dead in the event of 
the battery failing or of the wiring or connections 


The apparatus on the engine comprised a contact-shoe, 
an electric bell, and an electrically-controlled whistle in 
the early arrangement, but in the present arrangement it 
consists of a siren and brake-valve, and an automatic 
steam-switch, Fig. 6, 771. The contact-shoe (Fig. 7) 
is fixed in the centre line of the engine, usually under 
the drag-box, and projects to within 24 in. above rail 
level, in which position it is held by gravity, assisted b 
aspring. It is capable of being raised vertically, and, 
being in line with the > it is lifted 14 in. whenever a 
ramp is passed over. is lift of 14 in. is utilised for 
effectively opening a switch attached to the contact-shoe 
(although 4 in. is sufficient for this). 

The switch is connected with the electrically-controlled 
brake valve and siren in such a way that whenever it is 
opened, except as hereafter described, air is admitted 
through the siren and brake-valve to the train-pi 
sounding the siren and applying the brakes on the train, 
Figs. 8and9. This happens when an engine passes over 
an unelectrified ramp. The driver can stop the siren 
sounding, and stop the application of the brakes by 
raising a handle provided for the purpose, and thus 
acknowledges the audible ‘‘stop” or “danger” signal 
given by the siren. Should the signal be in the ‘ pro- 
ceed” or “‘all right” —— Fig. 10, the switch con- 
nected to the lever in the signal-box working this signal 
is closed, and the ramp is electrified, so that when the 
engine s over the ramp, the shoe — up the cur- 
rent, closing a secondary circuit on the engine which 
prevents the brake-valve from opening, and at the same 
time causes the bell on the engine to ring. This audible 
‘*all-right” signal continues until the engineman presses 
a push-button on the side of the cab ap tus, thus 
ac yy the signal, and by breaking the bell circuit 
—_ the ringing. . 

he cab apparatus, Figs. Mand N, page 767, consists of 
a box mounted on the side of thé cab close to the engine- 
man. It contains an electromagnet, energised from a 
small accumulator on the engine, which holds up an arma- 
ture. The armature is integral with the lever that controls 
the brake-valve and siren. Close to it is a steam-switch. 
Its object is to cut oud automatically the electric battery 
on the engine, so that when the engine is not in steam the 
circuit is open, and waste of current is prevented. It is 
arranged with a diaphragm, which is set to move with 
about 40 Ib. of steam pressure, and when it moves it joins 
up the circuit in the ine. A selective or i 
relay controls the secon: circuit, Fig. 11, page 771, 
which circuit is used for ringing the bell mounted at 
the top of the box, and which gives the “‘all-right” 
ignal. This selective or polarised relay is also used 
when the apparatus is installed on single lines. When a 
train is going in one direction on a single line it is 
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Fig 144 GENERAL ARRANGEMENT OF “TRAIN-STOP;’ SHOWING THE CONTROLLING 
MOTOR. PRAED STREET TO ALDGATE PATTERN.METROPOLITAN RAILWAY. 
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polarity. The means for doing this is controlled by the 
electric staff or tablet apparatus, Fig. 12. 

he apparatus on the engine is always tested as the 
engine leaves the locomotive-shed, as a short ramp is 





deal of importance. No failure had taken place in which 
a “‘clear” or “‘all-right” signal had been given when a 
“stop” or “danger” sii should have been given. 

_The experiment on the Fairford branch, 22 miles of 
single line, was carried out with the full approval of 
the Board of Trade, subject to a report in six 
months’ time. It has been working satisfactorily since 
1906, and the automatic application of the brake when 
the signal is at ‘‘danger” removes practically the last 
objection to it from an operating standpoint. These 
remarks have been compiled with considerable assistance 


.| from the Great- Western Railway signal engineers, to 


whom the author’s best thanks are due. 





SIGNALLING ON Rariway TRaINs IN Morton. 
By W. Wit10x, Engineer, Metropolitan Railway, 
London. 


Twenty-seven miles of the Metropolitan eevee | are 
electrifi and miles are governed automatically by 
track-circuits. rest of the Metropolitan Railway 
has ordinary lock-and-block signalling, with a number 
of sections automatically controlled by track-circuits. 

The system of signalling in use on the electrified por- 
tion of the Metropolitan Railway is all electric auto- 
matic, and this signalling requires no visual indication 
in the driver’s cab. is, however, a control on the 





driver by means of what are called ‘‘ train-stops,” which 
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are placed at every ‘‘ stop” signal. The train-stop is a 
device which is controlled by the track-circuit in exactly 
the same manner as the si , and consists of a short 
vertical arm which is held vertically in its normal posi- 
tion and is lowered to the ‘‘clear ” position by means of 
the track-circuit acting through a motor at the same 
time as the signal goes to “‘clear.” There is a trigger 
fitted on the leading motor coach or electric locomotive 
which would engage with the train-stop in its normal 
position and so be detlected back When this 
occurs, it applies the emergency brake on the train and 
simultaneously opens the power circuit, thus braking the 
train and cutting off the current. In this way, if adriver 

a signal at ‘‘ danger,” his train is automatically 
Conahe to a stand and cannot be started again until the 


tri is replaced in the vertical position. As showing 
the effect of voy he train-stops, it may be —- - 
a train weighing tons, running at a speed miles 

r hour on the level, is brought to a stand in less than 
its own | 

It should be mentioned that these train-stops, although 
they come to a “‘clear” position at the same time as 
the signals, are controlled by the track-circuit indepen- 
dently of the signals, so that if by any accident the 
signal should remain at the “clear” position instead 
of going to ‘‘ danger,” the train-stop would still go to 
the vertical position, and thus come into action if the 
train went past the signal. i en 

The control for the train-st® mechanism is complete 
when the respective track-section is unoccupied, and is in 
shunt with the signal control. After the train-stop 
motor has finished its work—that is, bringing the train- 
stop arm to the “‘clear” or inoperative position—the 
motor circuit is opened ew by means of the 
motorcontrol. The train-stop is then held in the “clear” 
position electrically by means of a clutch (as shown on 
plan). The motor only operates for the actual clearing, 
and the clutch arrangement reduces the power for holding 
at ‘‘clear” to an almost negligible quantity, 4; ampere. 
When the power circuit is broken, the only moving part 
of the apparatus is the train-stop arm and shaft, the 
motor remaining stationary, this being effected by the 
clutch mechanism. The voltage of operation is 60, and 
the power — for clearing about 30 watts, the time 
taken being five to six seconds. 

Fig. 13, page 772, shows the general arrangement of 
the train-stop and controlling-motor at rail level, and 
Fig. 14 isa ~ o of the train-stop showing the controlling 
motor. Fig. 15 is a diagram of the wiring between the 
track circuit and the motor, showing how it is controlled. 

With regard to the reliability of the train-stops de- 
scribed, the results are most satisfactory, as there have 
been many cases of drivers running past the signal, either 
through carelessness or some failure of the apparatus, 
being pulled up by the train-stops. 

As to its usefulness, it is relied on to such an extent 
that fog-signalling in some cases has been dispensed witb. 
Further, it has been possible to shorten the signal- 
sections, and this shortening has only been agreed to by 
the Board of Trade on condition that train-stops are pro- 
vided. The Board of Trade also 
signals on the electrified lines sh 
train-stop apparatus. 


pro: 
vires that all ‘‘ stop” 
be fitted with the 





Roya. InstTrITUTION. —Professor Charles Scott Sherring- 
ton, M.D., LL.D., D Sc., F.R.S., new Fullerian Professor 
of Physiology at the Royal Institution, will deliver a 
course of six lectures at the Institution on ‘‘ Muscle in 
the Service of Nerve,” on Tuesdays, January 19 and 26, 
and February 2, 9, 16, and 23, 1915. Lecture hour, 
3 o'clock. 





Tue P. anp O.—Abt the close of September, this 7 
the Peninsular and Oriental Steam Navigation m- 
pany owned sixty-seven steamers having an aggregate 
displacement of 550,407 tons, and fitted, or to be fitted, 
with engines working up to an aggregate of 588,000 
horse-power. The company has ten steamers on its 
books with a displacement of upwards of 10,000 tons 
each. Two of four steamers now building will have a 
registered to! of 15,620 tons each ; they are at pre- 
sent unnamed. Two other steamers, which are also build- 
ing—the Kashmir and the Kalyan—will have a displace- 
ment of 9000 tons each, and will be fitted with engines 
working up to 9000 indicated horse-power. The company 
maintains a branch service to Australia via the Cape, 
and seven steamers are employed upon the line. 
Altogether, the company’s fleet, either building or in 
service, represents, with auxili vessels, an aggregate 
displacement of 554,855 tons. essrs. Rennoldson and 
Co., of South Shields, are building for the company 
a steamer with a displacement of 1000 tons to trade 
in the Malay Archipelago; she will enter into service 
early next year. Immediately war was di against 
Germany and Austria, the Lords of the Admiralty 
commandeered nearly half the company’s fleet, or up- 
wards of 200,000 tons. The company’s fleet stood 
in the books at the close of September, this year, at 
3,299,5461., as compared with 3,375,991/., at close 
of September, 1913; the amount writven off for depre- 
ciation in 1913-14 was 450,036/. Payments on account 
for new ships had also been made at the close of Sept- 
ember, this year, to the amount of 1,386,230/. Steam 
tenders, launches, and lighters stood in the books at the 
close of tember, this year, at 107,6571.; coal, naval 
and victualling stores at 104,954/.; and graving docks, 
' Ops, inery, wharves, buildings, land, moor 
ings, &c., at 374,550/. Traffic receipts, 
c amounted in 1913-14 to 3, 456, 6052 ; 
hand, navigating and general ships’ 
tualling, port dues, stores, —. Suez 
—amounted for the year to 2,355, 209/. 


less certain 
on the other 


vic 
dues, &c. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign i ing projects, taken from the Board of 
Trade Journal. Further information con ing these 
~—— can be obtained from the Commercial Intelligence 
ro of Trade, 73, Basinghall-street, London, 


Canada : The Commercial Intelligence Branch of the 
Board of Trade is notified by the Toronto Commissioner 
of Works that tenders are invited by the Toronto Depart- 
ment of Works for the construction of the bridge and 
retaining-wall required for the Rosedale section of the 
Bloor-street viaduct. The length of the bridge is . 4 

ximately 580 ft., and of the retaining-wall 170 ft. 

‘enders will be received by the Chairman of the Board 
of Control, City Hall, Toronto, but no date for the 
receipt of tenders is mentioned. A cash deposit, or a 
marked cheque for 24 per cent. of the value of the offer, 
made payable to the order of the City Treasurer, must 
accompany each tender. 

Australia: A firm in Melbourne, claiming an extensive 
machinery -1mporting business, makes inquiry for the 
names United Kingdom manufacturers who may 
desire to appoint ts for the sale of steam-turbines, 
Diesel oil-engines, 
and plunger pum 


Ps, , blowers, and air-compressors. 
An engineer in Melbourne, claiming over twenty-five 
years’ oo wishes to secure the representation of 
United Kingdom manufacturers of any machinery and 
electrical goods. United Kingdom manufacturers of 
the above-mentioned goods may obtain the names and 
addresses of the inquirers on spenention to the Com- 
mercial Intelligence Branch. urther communications 
regarding the inquiries should be addressed to H.M. 
Trade Commissioner for Australia, Commerce House, 
Melbourne. A firm, established in Australia for over 
thirty years, is desirous of = agencies for United 

ingdom manufacturers of the following :—Telphers, 
gas-work installations, electric cranes, wate and axles, 
and locomotives. Communications regarding there in- 
quiries should be addressed to the Official Secretary, Office 
of the High Commissioner for Australia, 72, Victoria- 
street, London, 8.W. H.M. Trade Commissioner for 
Australia reports that tenders will be received by the 
Victorian Railway Commissioners for the supply and 
delivery of the following :—(1) Up to ll a.m. on Febru- 
ary 10, 1915, for three air-cooled petrol-engine sets, for 
railway-inspection cars; (2) up to 11 a.m. on February 17, 
1915, for a carpet-beating and cleaning machine for rail- 
way-carriage sbelter-shed. led tenders wiil be re- 
ceived up to the dates mentioned, Ly the Secretary tu the 
Railway Commissioners, at the same address. A pre- 
liminary deposit of 4 per cent. of the total amount of the 
offer is required in each case. Local representation is 
necessary. H.M. Trade Commissioner also reports that 
tenders are invited by the Melbourne City Corporation 
for the supply and erection of a 5000-kw. turbo-alternator, 
with exciter and condensing plant. Copies of the ifica- 
tion, with conditions and forms of tender, may be obtained, 
on payment of 1l. 1s. each, from the London agents 
for the Corporation, Messrs. McIlwraith, McEacharn 
and Co., Billiter-square Buildings, E.C. Sealed tenderer, 
accompanied by a deposit of 24 per cent. of the amount 
of the offer, will be received, up to noon on January 15, 
1915, by the Chairman, Electric Supply Committee, 
Town Hall, Melbourne. 

Russia : H.M. Consul-General reports that an agent in 
Moscow wishes to secure the representation of United 
Kingdom manufacturers of sawing and wood-working 
machinery, metal-working lathes, paper-making machi- 
nery (for writing-paper), steam-turbines, gas-generators, 
and gas-generating motors. 

Portugal: The Diario do Governo, Lisbon, publishes 
the text of a contract, dated October 28, between the 
Ministério do Fomento and the Companhia Hidro- 
Eléctrica do Varosa for the construction and working for 
a period of seventy-five years of an electric railway, 
12 km. (about 74 miles) long, from Lamego to the left 
bank of the Douro. Work must be commenced within 
thirty days from the date of the contract and completed 
within two years. 

Spain : The Gaceta de Madrid publishes a notice to the 
effect that tenders will be received at the Direccién 
General de Obras Piiblicas, Madrid, up to noon on Feb- 
ruary 12, 1915, for the construction and working, for a 
re of ninety-nine years, of a secondary railway from 

tico to Azbarren. cost of construction is esti- 
mated at 2,291,720 pesetas (about 88,000/.), on which in- 
terest not exceeding 5 per cent. per annum will be guaran- 
teed by the State. A deposit of 10 per cent. of the fore- 
gine amount will be required to qualify any tender. 

minimum rolling-stock requi to work the line 
will be two locomotives, two passenger coaches, ten 
covered and thirty a goods wagons. An option on 
the concession is held by the Compafiia de los Ferro- 
carriles de Santander 4 Bilbao. Work on the line must 
be commenced within three months from the date of the 
award of the concession, and completed in two years. 
The Gaceta also notifies that tenders will be opened 
by the municipal authorities at Valladolid on Decem- 
ber 22 for the carrying out of drainage works at that 
town, at an estima cost of 390,380 pesetas (about 
15,0002.). Although the two foregoing contracts will 
probably be a ied to Spanish firms, nevertheless the 
carrying out of the works may involve the purchase of 
ial outside Spain. The Gaceta further publishes 
a Royal Decree authorising the Ministerio de Fomento 
to present to the Cortes a Bill authorising the construc- 


ic- | tion of the Balaguer-Camarasa section of the inter- 


national poet = ene Lérida and Saint-Girons, via 
the Noguera-P: esa Valley. The same Gaceta also con- 


pon steam-engines, centrifugal | th, 





tains ~ ~ov.! Decree authorising the Ministerio de 
Fo make arrangements for the acquisition, by 
bhe tender, of four electric cranes for the port of 
alencia, at a total estimated cost of 188,000 tas 
about 7200/.). The same Gaceta further pu a 
eee age Ministerio de Fomento to carry 
out drainage works in connection with the Castilian 
Canal _—, at an estimated cost of 4,664,621 pesetas 
(about 179,400/.). The Ministerio will acquire by public 
tender the necessary materials for the execution of the 
works, such as cement, hydraulic lime, metal-work, &c. 
ia: The Diario Oficial, Bogaté, publishes a 
Decree authorising the Colombian Government, as soon 
as the financial circumstances of the Republic will permit, 
to make arrangements for the construction of a railway 


from port of Barrancabermeja to the town of 
Chiquinquira, via El Tablazo, on the River 080 ; 
a branch line will also be constructed from El Tablazo to 


Bucaramanga. 

= — —_ also a eg ed -y gaged of a 
railway from Tunja, passing through the Departments 
of Sapacd and Santander to the River Magdalena. 





British Porvutation.—Although aipetion was on & 
gradually-increasing scale in 1911-12, 1912-13, and 1913-14, 
emigration movement exerted y any effect upon 
the growth of British population. This is shown by the 
annexed table, illustrating the number of emigrants in 
each of the ten years ending with 1913-14 inclusive, and 
the gradual expansion of our home population during 
that period :— 


Year. Emigrants. Home Population, 
1904-5 271,485 42,610,920 
1905-6 262,077 * 42,980,188 
1906-7 326,137 43,360,381 
1907-8 395,680 43,736,942 
1908-9 263,199 44,122,777 
1909-10 288,761 44,518,264 
1910-11 307,848 44,914,591 
1911-12 444,527 45,208,578 
1912-13 467,666 45,665,423 
1913-14 469,640 46,026,463 


The aggregate emigration in the last ten years was, 
accordingly, 3,505,970, while the growth of population 
was 3,415,543. The emigration which now tukes place 
is practically wholly derived from Great Britain, the 
population of Ireland having fallen off in the last 
ten years 23,754. As regards the destinations of our 
emigrants, they are much more restric than formerly 
to British Colonies, while they have shown no progress 
to the United States. In 1904 emigration to Canada 
absorbed 69,681 persons ; in 1913 the corresponding total 
had risen to 196,278. There were 13,910 emigrants to 
Australia and New Zealand in 1904 ; in 1913 the total had 
expanded to 77,934. The attractions of the Cape and 
Natal do not appear to have exerted a greater effect in 
1913 than in 1904; last year 25,855 persons proceeded to 
British South Africa. while in 1904 the correspondin 

number was 26,818. The United States obtained 146,44 
~~ ce in 1904 ; in 1913 the total bad declined 
to 129,169. 





Tax British Fire-Prevention COMMITTEE AND THE 
Wan.—Like many other technical and scientific institu- 
oe the a ne has been 

y engaged during the past three months on work 
connected with the war emergency. In the first place, 
its well-known series of ‘‘fire warnings” has been ex- 
tended to meet the special circumstances of the pre- 
sent time, and thus the “‘warning” has been issued 
dealing with the necessary fire precautions in military 
hospitals, the distribution of which at the request 
of the authorities already exceeds 10,000. Abbre- 
viated French and Flemish translations are provided 
in the form of short notices for Belgian wounded. 
To meet the fire danger resultant from the great influx 
of refugees, many of whom were not conversant either 
with the English open fire, ga-lighting, or electricity, a 
special “‘ warning” was issued for refugee homes and 
hostels, and this was also published in French and Flemish. 
Here, again, considerable issues are onee made on the 
requirements of the authorities, one public department 
alone absorbing 5000 copies. The British Fire- Prevention 
Committee, having a number of distinguished surveyors 
among its membership and subscribers, also o ised 
special fire-survey force, which is doing a considerable 
amount of survey work in connection with Government 
establishments, and particularly in connection with 
hospitals for the wounded. The force comprises no less 
than 70 fire-surveyors, and it is interesting to note that 
the two seniors of the fire surveyors are Mr. Leslie Vi 
(Past-President of the Surveyors’ Institution) and Mr. 
George T. Bullock (Past-President of the Junior Institu- 
tion of Engineers). Further, to meet the emergency of 
the rm ge of actual fire brigade and watching staffs, a 

ial Fire Service was formed, with the Earl of 
mdesborough as honorary commandant. This com- 
mre 300 fire-brigade officers, patrol men, and firemen, 
jivided into sections available for mobilisation at forty- 
eight hours’ notice. Some of the sections can be equipped 
with steam fire-engines kindly lent by large estate 
owners. Mobilisation of a section to take up dusy in 
any locality is carried out in forty-eight hours, but a patrol 
was recently mobilised in eighteen hours. Besides this, the 
Committee has also formed a technical bes ed office, to 
which the Government departments, | authorities, 
and other corporations bring many questions and in- 
quiries to be dealt with, and by a system of decentralisa- 
tion most of these technical inguiries can be dealt with 
in forty-eight hours. Whilst doing this special work the 
Committee still conducts its ordinary routine operations. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. 
The Pr A in the . A ‘ 
in each case silane & audtuel to igatiatbe bat 
illust . 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
i i i obtained at the Patent Office, Sales 
26, a Buildings, -lane, W.C., at 
price q 


Lap wpe oe of a Complete 
5 abstract, wnless the 
sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
advertisement , of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grownds mentioned in the Act. 


6082/14. Societe Anonyme John Cockerill, Seraing, 
and E. Ternstrom, Jemep /M., um. Cupolas 
for Ordnance. [7 a h 10, 1914.—This invention 
relates to armoured cupolas of the kind illustrated in a prior 
Specification, No. 1466, of 1907, and wherein the gun is repre- 
sented as having formed around the barrel an obturator or gas- 
check which does not constitute the mounting of the 
said obturator having a spherical surface the axis of 
coincident with the axis n which the vertical movements of 
the gun takes place, and which fits into a corresponding spherical 
bed on the inner side of the hood, around the port or embrasure 
through which the gun is fired. The object of the present in- 
vention is to arrange the spherical joint and gas-check, so that 
notwithstanding that the hood may be injured locally, or even 
displaced within certain limits, the laying of the gun and the 
tightness of the gas-check will not be affected, and to this end the 
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invention consists in arranging the spherical gas-check entirely 
distinct from the hood. a indicates a hood or cap, b the port or 
embrasure therein, and c the spherical bed of the joint, which is 
provided with arms or brackets c! designed to be secured to the 
gun-mounting d. This spherical ¢, which is of wrought 
metal, is provided with a flange ¢ which approximately corre- 
sponds with the internal surface of the hood around the embra- 
sure ; but in order to prevent from the muzzle of a gun or 
from a shell bursting close to port b, returning through the 
space f around the outside of the bed into the interior of the 
cupola, an annular packing g of elastic material is inserted 
between the hood and the flange e. The flange ¢ 1s in the form 
of a ring which is screwed on to the bed c, and which serves to 
clan: e packing-ring g against the interior of the hood a, the 
packlng-ring being advan 
. (A 


ly surrounded by a band or clip 
ccepted September 16, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
20,500 I. Crossley, Manchester, and W. Le. 
P. : 7 Internal-Combustion 


. e 
(5 Figs.) September 11, 1913.—This invention relates to improv- 
ing the methods by means of which the supply of oil fuel is 
controlled in that type oi internal-combustion ine in which the 
spray of oil fuel is injected by itself under into the 
combustion-chamber of the engine. The improvements are 
applicable to any type of engine working on either the two or 
four-stroke cycles, and to engines having any desired degree of 
compression, and to engines in which the oil-spray is injected at 
any desired period in the cycle. The invention consists in the 
use, in conjunction with an oil-sprayer in which the oil fuel under 
pressure acts on the annular portion of a piston needle-valve in 
the sprayer, thus lifting the needle-valve outwardly off its 
seat, and thereby enablin oil to pass through the sprayer 
and to be sprayed by itself without the admixture of air into the 
combustion-chamber, of a separate timing-valve, opened and closed 
by suitable mechanical means, in such a manner as 


r n 
to control the times at whish Yt is opened and closed, 





thereby to definitely control the exact times at which the said 
piston needle-valve opens and closes, and thereby to definitely 
control the exact times when the spraying of oil into the com- 
bustion-chamber begins and ends. The drawing shows an oil- 
sprayer OS constructed according to Specification No. 20,758, of 
1911, and connected by means of an oil-pipe P*to a timing-valve TV. 
The piston needle-vaive in the oil-sprayer in the figure is shown 
with a needle-valve piston N V P, a needle-valve N V, and seat S. 
The oil passes to the seat of the needle-valve by means of the 
grooves G, G, which in a plan view would be preferably 

liv or mtially. When oil under pressure is admi to 

sprayer through the oil-pipe P*, the pressure acts on the 
annular underside of the needle-valve piston N V P and lifts 
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the needle-valve N V off its seat against the pressure of the 
spring 8 P which normally retains the valve on its seat. The oil 
in passing down the spiral or tangential grooves issues into the 
combustion-chamber © C in the form of a whirling cloud of oil 
—. The timing-valve T V, which controls the supply of oil to 

oil-sprayer O 8, is operated by means of a cam C and lever L. 
As soon as the timing-valve is lifted off its seat by the cam, the 
oil (under pressure from a pump or accumulator at P) passes along 
the one P and P? and issues as spray into the combustion- 
chamber © C. As soon as the timing-valve T V cl the pressure 
under the needle-valve piston N V P is reduced, and the needle- 
valve N V also closes and prevents further oil entering the com- 
bustion-chamber. (‘Sealed December 3, 1914). 


RAILWAYS AND TRAMWAYS 


Fina oy Com Rony aly a E squises, Bir- 
nce mpany, ani res, 

Brake-Shoes. (7 Figs.) February 2, 1914.— 
This invention has reference to means for securing certain kinds 
of brake-shoes to brake-blocks. In the well-known type of brake- 
shoe and brake-block to which this invention applies, the curved 
brake-shoe is adapted to gainst the curved face of the 
brake-block, and there is removably secured by means of a 
tapered key which hasa head at the top and is driven down 
between the side cheeks of the brake-block and through a central 
loop-like lug on the back of the brake-shoe, this key being curved 
to bear against the curved back face of the brake-block. Accord- 
ing to thisinvention, means for securing together a brake-shoe 
and brake-block of the type herein referred to, comprises a key 
formed with an extra or second limb which is ited to be 
struck to drive the key up or down into position. According to 





pos 
this invention, the upper part of the key A is continued down- 


wardly as an extra limb 1, called the striking limb, between 
the two side cheeks 2 of the brake-block B, limb 1 being 
made preferably so as to project below the bottom end of the 
brake-shoe C. The lower end of this limb 1 is formed as an eye 
3, or asa hook, or is otherwise s! so as to be engaged by a 
bar, or the like, which can be struck by a hammer to drive the 
key up or down into tion. The key can be readily removed 
by the lower end of the striking limb 1 being struck upwardly, 
thereby driving up the whole key until the tapered limb 4 has 
been driven out of the back lug 6 of the shoe O, so that the latter 
can then be removed and the key A can meanwhile be held up 
in position by grasping the lower part of the striking limb 1, and 
in a similar manner, after the new brake-shoe has been placed 
in position, the key can be driven down through the back lug 5 
of the brake-shoe into its proper tion by any convenient tool 
being engaged with the lower end 3 of the striking limb 1, and 
then being struck by a hammer, such a tool, for instance, a 
round bar, may be employed and inserted crosswise in the eye 3! 





of the striking limb 1, and then can be struck by a hammer, and 
ae — the key up or down into position. (Accepted October 7, 
jl4. 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


22,981/13, Circulators, Limi and H. Schofield, 
London. Steam-Generators. [2 Figs.) October 11, 1913. 
—This invention has reference to steam-generators, and relates to 
circulating devices for improving the circulation in a longitudinal 
direction, both in the body of the boiler and also in the region of 
the combustion-chamber. According to this invention, a circu- 
lator is provided for throwing a powerful current over the crown 
of the furnace or busti hamber, said circulat compreing 
a bent or jer late having its upper part extended ly 
in a horizon irection beyond the top or mouth of the circu- 
lating space. Now the main object of this invention is to pro- 
vide an arrangement applicable to boilers having vertical circula- 
tion spaces. A isthe shell of the boiler; B is the fire-box or 
furnace thereof, or the busti hamber in the case of a 
Scotch boiler, C being the crown thereof; D are the small tubes 
by which the smoke and gases pass through the boiler to the 
smoke-box D!; E is a vertical partition or false tube-plate, 
arranged lel to the main tube-plate F, so as to form a verti- 
cal circulation spaceG. All the foregoing parts are as in known 
arrangements. The deflector or wing- for wing the 
water over the top O of the combustion chamber is shown at a. 
The top part or horizontal portion a! of this deflector is extended 
considerably forward beyond the top of the circulation-space 








parallel (or approximately so) with the furnace-crown O, so that 
the space between the two forms a wide, flat discharge nozzle, or 
ejector, as it were. From this the water is projected very forcibl 
in a horizontal direction along the plate C, in a stream which A 
powerful enovgh to resist the disturbing action of any steam that 
may be generated in it as it flows over the plate. a? is a similar 
wing-plate or curved deflector, arranged at the front of the com- 
bustion-chamber back-to-back with regard to the first-mentioned 
wing deflector a, and having its top or horizontal portion ex- 
tended forward in the opposite direction to the portion a! of the 
plate a. Thus the parts a, a!, and a form a double-wing or 
V-shaped device. It will be seen that the lower edge or angle 
= of the device, where the plates a and a* meet back-to- 

ik (as at a%) is much nearer to the plate E than to the plate F, 
and that the vertical distance between a! and C (that is to say, 
the height of the aforesaid nozzle) is considerably less than the 
distance between F and a*. That is to say, the inlet for the water 
entering the device from the space G is considerably wider than 
the outlet over the furmace-crown. In this way the action of 
the rising current in space G is concentrated or reinforced at the 
nozzle, and a more effective and energetic discharge is produced 
over the tube-plate. The wing-plates or deflectors may be fixed 
in position in any convenient way—for instance, by means of 
brackets or —- secured to some of the stay-bara of the 
boiler. (Accepted September 30, 1914.) 


TEXTILE MACHINERY. 


27,808/13. J. L. Rush Bolton. Thread-Guides. 
(15 Figs.] December 3, 1913.—This invention relates to improve- 
ments in thread-guides employed in machines for winding and 
gassing yarns. According thereto, the upper guide is dispensed 
with, and one guide only is employed, such guide having a shank 
of reverse taper held in a spring clip formed on a metal plate 
secured to the ordinary traverse guide-bar by a screw and spring 
clip formed by bending the plate to fit over the traverse-bar. @ 
designates the usual traverse-bar or rod ; ) the metal plate, bent 
to form a spring clip which fits over the traverse-bar a, and is 





(27808) 


secured by a screw and nut. On this metal plate b is formed a 
spring clip ¢, the plate being slotted at b! to give the uired 
resilience to the clip. The spring clip e embraces and holds in 
position the thread-guide /, which is , having a 
shank of the reverse taper to that of the ordinary pot eye, so that 
the wings of the spring clip ¢ are first forced aside and then close 
on the reduced taper of the shank, and so hold the guide f firmly 
in position. The piece / may be of earthenware, metal, or other 
material, and is slotted at f! for the passage of the thread on its 
aad tue pecs f being the only guide employed” (Ascapted Sept’ 

the piece g the only guide employ ccepte : 
ember 30, 1914.) as 
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A veling & Porter, Ltd., 


Rocuester, Kext, 
and 72, Cannon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
-MENT-MAKING MACHINERY. 3991 


(GF, Munford [4 


CULV G qrueet WORKS, COLCHESTER. 
Ox ADMIRALTY AND Wark Orrice Lists. 
ENGINES for-Terpedo-Boats, Yachts, I h 





Y2rrow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Portar, Lonpoy), 
SPEEDS UP TO 40 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
urbines or 


Internal Combustion Engines. 


Cc MULTITURULAR AND 
(Sochran CROSS.TUBE TYPES. 
See page 67 last week. 


Boilers. 
3679 


Od 8759 








BOILER FEED PUMPS. 
See Advertisement, page 24. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGU LATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. Od 2 


Rrrore’ 8 Melting pot 


The only Furnace with Self-acting Heat Control. 
MONOMETER Bet oy METAL MELTING 





CES. 

Recommended by H.M. —hagg- od Inspector of Factories. 

White Metal, Lead, Tin, Zinc, Antimony, and other 
Soft Metal Alloys Heduced without Oxidation. No 
thermometer or pyrometer required. Portable, Clean, 
Compact. A week’s work can be done in a da wy by one 
attendant. Forty per cent. Saved on Gas Bill (Town 
Gas) Long Life of Pots; Tus Monomerer Brass and 
ALUMINIUM CrucIBLE Furnaces — A Revelation to 
Aluminium Founders. Heated with Low Pressure 
(Town Gas).—For particulars, apply to MONOMETER 
MANUFACTURING CO., LTD., Wurrznovss Street, 
ASTON, Birrxeniam. 4132 


ranes.—Klectric, Steam 


HYDRAULIO and HAND. 
of all types and sizes. 
GEORGE RUSSELL & CO., 
Motherwell, near Glasgow. 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


I[Thos. Piggott & Co., Limited, 
Sieavenalisr 1682 
See Advertisement last week, page 77. 
Pienty and Son, 
LimrreEp. 
MARINE ENGINEERS, &c. 
Newsvry, ENGLAND. 





Ltp., 
75 








9983 


Reedy for Immediate De- 


LIVERY, Slotting, Shaping, Planing, Punching, 
Shearing and Bendin GA Ont NES. 
X 674 


HUSHWORTH. 8 Sowerby Bridge. 
‘or Immediate Delivery :— 
-  Vercical Drills to admit 18in., 26in., 30in. and 
‘6in. ft. Radial. Drill. 4in. and 7}in. Slotters. 
Brass Fin ching, Wheel Cutting and Centring 
Machines. bolt Screwing Machines. 10} in. Shafting 


Lathe JAMES SPENC & CO., Lrp., Chamber 
Ironworks, Holiinwood, Manchester. M 401 


THE WELL-KNOWN 


frine Red Moulding Sand, 


IRON, 








FOR 
BRASS, ALUMINIUM. 
Arrty, 


Mansfield Sand Co., Ltd., 


MANSFIELD, NOTTS. 


Peller, Horsey, Sons& Cassell, 
SP’ 





in the 
SALE AND Sues 
PLANT AND MACHINERY 


Od 1834 
ENGINEERING WORKS, 





uy, » BILLITER SQUARE, LONDON, EO. 
Newton Heath Glass Works, 
utters Brothers & Co., 


T acible (482 | (jlasses. 
3UTTERWORTH BROS., Ltd., 
i . Manchester. Od 9753 
(re es | (‘ranes ! ((ranes! t 
GLASGOW. 
Makers <i all kinds of Steam, Electric and Hand 
% Power Oranes, 
a 


Catalogues and Prices on application. 3779 


See Hlustrated Advt. page 71. 








‘¥ achts, Launches, or Barges, 


Built complete with Steam, Oil or Petrol 
Motors ; or Machinery suppliéd. Od 
VOSPER & OO., Lrp., Broap Srreet, PorTsMOUTH. 





- 


Systems 
Pressurn, Air, STEAM. 
For Boilers of all types. 
KERMODES LIMITED, 
35, The Temple, Dale Street, 
Liverpool ; and 
109, Fenchurch 5t., London. 


Naval Outfits a Speciality. 


QO” FUEL APPLIANCES. 


4078 


Leoomctive Tank Engines 


ed and constructed 
MANNING, LE AND COMPANY Luxrrsp, 
Engine Works, Leeds. Od 2487 


Sk 
See their Ilustrated Advertisement page 73, last week. 
R Y. Pickering & Co., Ltd. 
le (EsTas.LisHep 1864). 
BUILDERS of RAILWAY OARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 
Ohief Works and Offices : 
WISHAW, near GLASGOW. 





: 8353 
8, Vicronta Srruzr, Wasruinersr, 8.W. 





eaters 
Brooke’s Patent 
“ HIGH VELOCITY.” 


INJECTORS, EJECTORS. 


HIGH LIFT 
CENTRIFUGAL PUMPS, 
up to 1000 galls. per min. 


Holden & Brooke, Ltd., 


MANCHESTER. 
3597 





See Illustrated Advertisement page 9. 
r { The Glasgow Railway 
Engineering Compan 
ones, euastow. tae’ 
London Office—12, Victoria Street, sw. 
MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
WHEELS & AXLES. 
OARRIAGE & WAGON IRONWORK, also 
OCAST-STEEL AXLE BOXES. 


-j ohn Bellamy ; 8 pace 


MILLWALL, LONDON, 
GENERAL CONSTRUCTIONAL ae 1216 
Boilers, Tanks& Mooring Buoys 
Srints, Perron Tanks, Am Receivers, STeru 
Curmyers, Riverrep Steam and VenTiLaTiINe Pires, 

Hoppers, SPECIAL Work, REPAIRS OF ALL _ Kinps, — 


Tubes, Iron and Steel. 
Edwin Lewis & Sons, 


Lond 
_ 143. “Cannon Ste E. Co. ‘Wolverhampton. 


2871 


(GG! Engines, Suction Plants, 
pections, ‘Tests and Reporte. Expert 
advice-— E J. ee DAVIS, ‘WLLMech.E., Great Eastern 
Road, Stratford. Telephones : East 1350; a 
17 


[lubes and Fittings, 


569. Tel.: Rapidising, London. 


Stewarts and L/ovas, 4: 
Glasgow and Birmingham. 

I hei Hire, Deep Well Pumps, 

nor ony from 2000 to 100,000 — le 


hour. lifts. Air-lift Pumps. 
A. C. POTTER & OO., Lant Street, London, an 


mproved High Pressure 
RENEWABLE DISC GLOBE VALVE. 
See our Advertisement in last week’s issue, page 62. 
BRITISH STEAM SPEOIALTIES, Lrp., 
Bedford Street, Leicester. 


ement.—Maxted & Knott, 


Lap. , Consulting Engineers to the British Portland 
Gane Manufacturers, td., ADVISE GENERALLY 


cow Cement Schemes FOR ABROAD. 
abvic NLY. Highest references. Established 1890, 
Address, Burnett Avanus, Hou. 
Cablegrams: ‘“‘ Energy,” Hull. 
B oi Doiler ers 


“'hompson” 
8 in. by 160 w.p. 


‘ 
6 in, by 180 w.p. 
3 in. by 160 w.p. 
ft. 2 in. by 100 w.p. 
ft. 3 in. by 129 w.p, 

Forty other sizes and pressures. 
John Thom son, 

____ WOLVERHAMPTO! 4225 


Pond Rig id Turret Lathe. 
Steel hme Single Pulley Drive. 
Libby Turret LATHE. 
Warner & Swasey Turret LATHE. 
New Lathes from Stock. - 
Hendey, Lodge & Shipley Used LATHES. 


JOHN MACNAB, Mary Srreet, Hyps. 


Gteam Electric Generating 


SETS.—One 325 KW. Belliss, 240 Volta; Two 
276 KW. Bell 500 be One 76 KW., 230 Volte; 
Two 160 KW. Belliss, 230 Volta ; Three Standard 
ees =e nee a ; Two SURFACE 
OONDENSERS, complete pump aaa for 


See Advertisement page 66. 5743 














‘ 








Tue Giascow Rouiine Stock AND Piant Works. 


Hx. Nelson & Co., Ltd., 


pagent art of RAILWAY CARRIAGES, WAGONS, 

RS and EVERY OTHER DESCRIPTION OF 

RAILWAY ‘a BS TRAMWAY ROLLING K. 
Makers of WHrELs and Ax.es, Raitway PLant, 

Forerme, Surfu Work, Iron ano Brass Casinos. 
Office and Chief Works: Motherwell. 

Office: Gordon Chambers, 31, Queen Street. 

London Office : 14, Leadenhall Street, E.C 
See Illustrated Advt. in alternate issues. Od 3382 


P. & W. MacLellan, Limited, 
CLUTHA WORKS, GLASGOW. 
MANUPACTURBRS OF 
RAILWAY CARRIAGES AND WAGONS, 

OF EVERY DESCRIPTION. 

RAILWAY IRONWORK, BRIDGES, ROOFING, &&. 
Ohief Offices: 129, Trongate, Guascow. Od 8547 
Registered Office : 1084, Cannon St. London, E.O. 


9000 Tb. steam ;'D.- .-O. and A.-O. 
JENNINGS. 
— Walls, Newcastle-on- 


Li ve. 
Lane, Lon 
fPurret Lathes. _ yeseus tine 
One 


HIGH-CLASS LATHES at 8626 
Low Prices. 
BARK 


; and 
. W.0. 





Write or Call. 
—5 18 in. Turret Lathe in stock. 
K, LEASE & 00., SHIPLEY. 


lank Locomotives. 


porianien. ™ Workmanship equal to 
Line Locomotives. 
R. & W. HAWTHORN, LESLIE & & CO., Lav., 
Ena’ GINSERS, NEWCASTLE-ON-TYNE. 3686 


['aylor & (jhallen, ‘Ltd. 











Presses for Sheet Metal 


See Advt.-Dec. 4, page 41. PRODUCTS. 


3920 of ‘Yarrow Boilers, such as the Steam Dru 





Reyes Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, _ } ROW’S 


CALORIFIERS. PATENTS, 


KETTLES 
EVAPORATORS, CONDENSERS. 


ROYLE'’S { ‘SYPH PHONIA RTEAM TRAPS, 
PATENTS. REDUCING VALVES, &c. 


WATER SOFTENING, FILTERING. 


G tone Breakers, Crushers, 


Granulators. 
LEVEL SOREENS AND INSIDE ELEVATORS. 
SAND AND WASHERS AND DRYERS. 
‘TAR MACADAM MIXERS AND Od 
STONE WASHING OONORETE MIXERS. 
The best of 50 Baxter's Patents in above. 


W. H. Baxter, Ltd., Leeds. 


RAILWAY CARRIAGES, ELECTRIC OARS, &c. 


H+ Nelson & Co. L% 


Tur Guiasecow Rouixe Stock AND Piant Works, 
MOTHER WELL. Od 8388 


Matthew pal & (., |] 4. 


Lavexron Woaxs, Dumbarton. jo 
See Full Page Advt. page 46, Dec, 18. 


Delt Metal. EXcintanine autovs, 

— Castings, Bars, Sheets, Wire, Tubes. 
E DELTA METAL ©O., Lap., 4266 

Offices and W Works : East Greenwich, LONDON, se 


Y 4trow Patent 


Weer: -Tube Bollers. 


Messrs, YARROW 0O., UNDERTAKE - 
PRESSING and MACHINING of the a 
ater 








Poekets, and Superheaters for British and 
Firms not having the necessary facilities. 
YARROW &-CO., Lrv., Scorstoun, GLASGOW. 


Dredging Plant 


OF ALL DESCRIPTIONS. 
FLOATING CRANES. COAL BUNKERING 
VESSELS. 


Werf Conrad, Ltd. ,4PK" 


pHOLLAN db 
Agents: MARINE WORKS, amy any } esau 
89-41, New Broap 8r., LONDON, 


See half-page Advertisement, last ond ord week, 
CHANTIERS & ATELIERS 


Argustin - Normand 


67, rue de Perrey—LE HAVRE 
(France). 








3890 
Destroyers, Torpedo Boats, Yachts and Fast Boate. 
Submarine and Submersible Boats. 
NORMAND’S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 


Cement Plants. 
tary Kilns, Wet and Dry Grinding Mills, Dust 


collet Elevating and Conveying Machinery, &c. 
ENGINEERIN COMPANY, ar 


Wickuam, Rocumersr. 115 


Rebber 


Valves and Packings 





MAN UFACTU RERS 


GUTTA PERCHA & RUBBER, LIMITED, 


Toronto Canada. 3889 





Punch and Shear “Machine 
Consult us. ne 
teed. Established 
BROS., Weat Mount, HALIFAX. 


(Nentrifugals. 


Port, (jaseels & W illiamson, 


MOTHERWELL, SCOTLAND. 





4161 
See half-page Advertisement page 60, Dec. 4. 
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[Dec. 25, 1914. 











[the Manchester Steam Users’ 
ASSOCIATION. 


For the Prevention of Steam Boiler Explosions and for 
theA ntof E y in theApplication of Steam. 
9, Mount STREET MANCHESTER. 
Chief Getinens : C. E. STROMEYER, M.1.0,E. 
Founded 1854 by Sir W. Farreairn. 

Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages and 
Liabilities paid’ in case of Explosions. a = = 
Boilers inspected during construction. 





in THE Hien Court or Jostici E, 
Onancery Division. 
Mr. Justice Eve. 
In the Matter of THE TRACTION AND POWER 
SECURITIES COMPANY, Liwitzp, 


and 
In the Matter of THE COMPANIES (CONSOLIDA- 
TION) ACT, 1908. 


Notice i is Hereby Given, that 


by an Order of the Chancery Division of the 
High Court of Justice, made on the 8th day of 
December, One thousand nine hundred and fourteen, 
by His Lordship Mr. Justice Evs, the alteration of the 
provisions of the Memorandum of Association of the 
above-named Company, made by the Special Resolu- 
tion passed at an Extraordinary General Meeting of 
the said Company held on the 22nd day of October, 
One thousand nine hund and fourteen, and 
subsequently confirmed at an Extraordinary General 
Meeting of the said Company, held on the 9th day 
of November, One thousand nine hundred and 
fourteen, was approved by the said Court, and an 
office copy of the said Order, together with a printed 
copy of the Memorandum of Association as so altered 
were on the 22nd day of December, One tho 
nine hundred and fourteen, duly filed by the said 





1914 T. No, 089. 


Company with the Registrar of Joint Stock 
Companies. 
Dated this 22nd day of December, 1914. 
SURTEES, PHILLPOTTS & CO., X 926 


6, St. Helen's Piace, London, E.C., 
wai _Solicitors for the Company. — 


[he Murdoch Trust. 


ae U 

For the benefit of INDIGENT BACHELORS and 
WIDOWERS of Good Character, over 55 years of age, 
who have done “something” in the way of Promoting 
or Helping some branch of Science, 

Donations or Pensions may be granted to persons 
who comply with these conditions. 

For particulars, apply to Messrs. J. & J. TURNBULL, 
W.8., 58, _ Frederick Street, Edinburgh. X 746 





nst. C.E. and all | Engineering 
Examinations.— Mr. G. taf" B.Sc. 
Assoc. M. Inst. C.E., F.8.1., M.R. San. L, PREPARES 
OANDIDATES personally or by co ndence, 
Hundreds of successes, including the Bay 
Courses for next February and October are just com- 
mencing.—39, Victoria St., Westminster, S.W. Tel. 
No. 1402, Victoria. 


10% of all Fees received fis to National | Relief Fund. 





nst. C.E., Inst. Mech. E., 
and all Engineering Exams, Co: ndence 
coaching by practical engineers. 1.C.E. successes 254 
out of 282. ‘© Bayliss Prizes, ‘‘ Proxime Accessit.” 
Special features for fo Write for 
booklet, &c.—Addresa, , Offices of Enenrasrine, 





M.I.C.E., A.M.1.M.E., 


A. AM.LE.E, and Stud, LO.E. TUITION, 
Oorrespondence and Oral. 
Not Nee tee than 90 per cent. successes in last eight 
examinations. 
Special Course in Aeronautical Engineering, £1 1s. 
P INGTONS University Tutors, 
254, Oxford Road, Manchester. 3664 


r. A. KleminSchmidt, B.Sc. 
sy Lonvon, A.C.G.L., Int. B.A., 
in pre tor the INST. OK., INST. MECH. E 
VE ITY EXAMINATIONS. Courses com- 
bine the highest efficiency with real individual 
attention. Results since January, 1911 —132 Passzs 
anv 15 Faruras. 
All enquiries as to courses of study fully and 
war | answe! 4204 
20, Lexham “Gardens, Earl's Court, S.W. 
x2. —Preparation for 
A.M.1.0.E., A.M.1.M.E., and B.Se.(Engineering), 
by a Consultant {B.8e. (Engineering) Lond., ACG 
A.M.L.C.E.}, wh vanpy/ for 16 years in Westininste 
220 pupils, 15 failures ; 23 years’ teachi: experience : } 
liss, and other Prizes; no classes; Pupils taken 
ividually, viva voce or bj ndence. —Care of 


i 
THE LINOLITE COMPANY. 25, Victoria Street, 8. W. 
Tels. 2053 and 244, Victoria. 4218 














TENDERS. 
COUNTY OF LONDON. 
The London County Council invites 


[lenders for the Roadwork and 


PLATELAYING required for the Reconstruc- 
tion of the Trackwork for the Overhead System of 
Electric Traction of the Horse Tramways in Grove 
Road and Burdett Road, &c. The Contractor will be 
required to use the rails with their fastenings, and the 

work for the various turnours, cross wets, &c., 
which will be provided by the Council under other 
Contracts, but all the remaining Metal Work and other 
Materials will be included in the Contract. 








The me Bills of Quantities, Form of 
Tender, Drawi &c., may be obtained on and after 
Tuesday, the 2 instant, from the Council’s Chief 


eae, Mr. G. W. Hompureys, at the County Hall, 
ng Gardens, S.W., after payment to the Cashier 
of the Counail of £5. This amount will be returnable 
only if the Tenderer shall have sent in a a 
Tender, and shall not have withdrawn the same. e 
Contract Documents may be inspected before the 
ent of the fee. 
person whose Tender is accepted will be bound 
by the Contract to pay wages at rates not less, and to | electrical 
observe hours of labour not , than the rates 
and hours set out in the "e list. Particulars of 
the Council’s Standing Orders ane to its Conditions of 
Tender and Contract are given in every issue of the 
London County Council Gazette. No Tender 


8790 | be forwarded 


CHESTERFIELD GAS AND WATER BOARD. 


’ ‘ 


The Board invite % 
Yenders for the Construction | Psiiern 
a of ron phew ema OATCHWATERS and CULVERTS 
a 
about a total length of gths mile, and a Tunnel of 
about one mile in length—also various Inlet and 
Overflow Works in connection therewith. 

The Works will be constructed chiefly of concrete, 
with a small amount of masonry; the Syphons will 
consist of Cast-iron Pi 

The General Conditions, ee and Quanti- 

ties may be obtained from Quantity Surveyors, 
Messrs. Nortucrort, Neiausour & NicHoLson, 338/351, 
Bank Chambers, 329, High Holborn, London, W. C., 
on forwarding cheque for £10 10s., which will be 
recurned after receipt of a bona fide Tender. 

Plans and Drawings may be inspected at the Offices 
of the Quantity Survey ors, or at the Offices of = 
Gas and Water Board, West Bars, Chesterfield, or b: 
sppetahmens with Mr. Berxarp W. Bry AN, Romf 4 


cssex. 
Sealed Tenders addressed to :— 
The Chairman, 
Chesterfield Gas and Sad Board Offices, 
est Bars, Chesterfield, 
must be received there a later than the 6th 
February, 1 x 907 
By Order, JNO. MIDDLETON, 
Law Clerk. 








APPOINTMENTS OPEN. 
PORT-OF-SPAIN CITY COUNCIL. 








The Council invite 


A Pplications forthe Combined 
of OITY ENGINEER and ENGINEER 
of the Port-of-Spain Water and Sewerage Works. 

2. The salary attached to the post of City Engineer 
is £100 a year, and to that of Engineer of Water and 
Sewerage Works, £550a year, with travelling allowance 
at the rate of £75 a year. 

8. The intention of the Council being that the two 
posts of “ City Engineer” and “ my aa of Water 
and Sewerage Works” should be held by the same 
person, every application must be for the two posts 
combined. 

4. The offices are pensionable under the Port-of- 
Spain a Ordinance, 1914. 

5. ointment, so far as concerns the post of 
MH... of Water and Sewerage Works, is subject to 
the ane of the Governor. 
andidates must be corporate members of the 
tnetitation of Civil and Mech. Engineers of England, 
and experience in the design, construction 
and maintenance of waterworks and sewerage systems. 

7. Applications, accompan 
three recent testimonials, and : stating age and previous 
experience, must be supported by satisfactory evidence 
that the Candidates possees the qualifications set forth 
in the preceding paragraph of this notice, and must 
so as to reach the undersigned not later 
than the 31st January, 1915. 

8. Oandidates must also forward with thelr applica- 
tions a medical certificate of fitness for service in the 
West Indies. 

9. The successful Candidate will be required to 
furnish a bond, with an approved surety in the sum 
of £500 for the due performance of the duties of the 
above offices. He will be required to devote his whole 
time to the service of the Corporation, and to reside 
in the City of Port-of-Spain, or within one mile of the 
limits thereof; and he must be pre to enter 
upon the duties of the appointment within one month 
from the date of the — by him of the official 
notice of his appointment 

JOSEPH ARNOLD LAMY, 
Town Hall, Port-of-Spain, Town Clerk. 
Trinidad, B.W.1. X 448 
Required, for the Duration of 
the War, a LECTURER in Mechanical En- 
neering Subjects in a London Engineering College. 

-trained man with laboratory and workshop 

ence preferred. Day and evening work. 

Sa ary £150, rising by zie —Address, with copies 
of three testimonials, age, full particulars of career, 
and stating when free to take << — A. 4 5, 
St. George's Terrace, Regent's Par X's92 


W orks Manager.—A Firm 


of Engineers, Glasgow district, aye yee | 

in quantity heavy machines and aes, will, owin: 

to extensions, shortly REQUIRE a WORKS MANAGE 
for department employing 300-400 men. He must be 
energetic, tactful, experienced in the handling of men, 
thoroughly up in heavy repetition machioing, and a 
Six o'clock man. An exceptional opportunity offers 
for the right man, with prospects of promotion later. 
Lp = treated in strictest confidence, should give 
full details of experience and qualifications, and state 
age, nationality, also salary required. £450 per 
annum upwards is contemplated, according to ability. 
Address, MAOHINE, Ws. Porteous & Co., Ad- 
vertising Agents, Glasgow. X 916 


Wanted, by Firm of West- 


minster Engineers, First-class TRAVELLER ; 
et — be primarily a machine tool expert, and have 
practical training, with an all-round, up- 
experience.—Apply by letter, in first instance, 
haar ing full credentials, ail of which will be treated in 
strictest confidence, X 909, Offices of ENGINEERING. 


Representative for London 


and district, for the sale of Me ey specialty 
which is already well established. 

engineer, energetic and ‘thoroughly alive, and have 
sound connection among-t consulting and marine 
engineers. State age, sa’ary and qualifications.— 
Address, X 868, Offices of ENGINEERING, 











Must be a qualified 





ssistant for Publication and 
Catalogue work of electrical firm ; should have 

had good education, knowledge of composition, some 
electrical knowledge, and be s , and should 
preferably have had experience in writing articles for 
technical a stating = ee 2 “ee, 


PUBLICATION IN OFFICE, SPICE, BT. Hi. Co H. Co., Rugby. 3 x oor 


of about two miles—S, 8 of | for 


ied by not less than |. 


Hs of Works Services Dept. 


ae WANTED, with hac oer ve Bg 
% smithy, tool- 


making, j 
millwrighting, plumbing, electrical fore. cea tn 
building, pre iron and concrete work ; scope 
zation. Salary £200-£250. —Write’ fully, 
HANS RENOLD, Lap., Manchester. 





Assistant Engineers 
A sis IRED by the Government of the 
Gold Coast for the Public Works Department 

for two tours of twelve months, with possible exten- 
sion. Age 25-40. Salary £350-£10- Furnished 
quarters and first-class passages. Two months’ leave 
in England on full salary after each tour, increased fe 
four months if returning. Candidates should be 
Associate Members of the Institution of Civil Engi- 
neers, or have obtained one of the University degrees 
or other distinctions in engineering which are reeog- 
nised as equivalent to that examination, and 
a ical knowledge of surveying, levelling, and 
———e pee particularly in regard vo municipal work, 
including building construction.—Apply, by letter, at 
once, to the CROWN AGENTS FOR THE COLONIES, 
Whitehall Gardens, London, 8. W 


ocomotive Teaphoker Re- 


QUIRED, at once, for a railway in North 
China, three years’ ement; salary, first year, 
£25 per month ; second year, £26; and third year, 
£27; free unfurnished quarters; free second-class 
passage out and home. Age must be: over 30; if 
——. must be ee .—Apply, by letter, 
stating age, &c., with full particulars of —— 
Lane, E: en of J. W. VickERS &Co., Ltd., 5 Nichola 

e, E.C. 





anted, at Once, Capable 


INSPECTORS, used to anit metal work and 
machined parts.— Address, stating age, experience and 
wages required, X 832, Offices of ENGINRERING. 





[»spector Wanted, Gloucester 


or Bristol district, to Shapeet engineering con- 
tracts in course of manufacture.—Addrers, stating 
experience, terms, &c., X 920, Offices of ENGINEERING. 


hief Draughtsman, 


thoroughly experienced in athe design and con- 
struction of all classes of pumps. Must be energetic 
and not lacking in initiative. Good opportunity for 
suitable person. State age, qualifications and salary 
required.— Addresa, X 869, Offices of ENGINcERING, 


Wanted, for Works on the|™ 


South Coast, a competent DRAUGHTSMAN, 
used to accurate work ; age about 25 years. No one 
who has not had good ‘theoretical training and shop 

and d.o. experience need apply.—Address, X 844, 
Offices of ENGINERRING. 


W aated, Draughtsman, in 


London, for small accurate mechanical work, 
such as monotype, typewriter or telegraph printers. — 
Address, stating experience and salary, X 906, Offices 
of ENGINEFRING. 


W anted, Draughtsman, accus- 


tomed to design of high-class switchgear, 
chiefly D.-C. apvaratus State age, experience and 
salary required. — Address, X 928, Offices of 
ENGINEERING. 


anted, in Manchester 


district, DRAU GHTSMAN, for designing 
machinery, consisting of light structural work gearing, 
&ec. ; must be accurate and quick. State salary re- 
quired, and send copies of testimonials.—Address, 
X 910, 0, Offices of ENGINEERING. 


[)saughtsmen Wanted, - with 


good general engineering experience ; also Men 
with a knowledge of oil engines design. Address, 
stating » experience and salary required, X 847, 
Offices of of EXGINRRRING. 


[)taughtsmen Wanted, , Mid- 


lands, electrical knowledge advantage but not 
essential. State age, experience and talary required. 
—Address, X 897, Offices of ENGINEERING. 


| 2 gers inrwipe re Wanted, for 


marine engine works on Clyde. Thorough 
know tee of Admiralty work. State experience and 
salary. —Address, X 915, Offices of ENGinegrine. 

















]taughtsman.— Permanent T 


Position.—Old-established firm of institutional 
engineers REQUIRE DRAUGHTSMAN to take charge 
of small drawing-office. Salary £200 year. — 
must have, in addition to experience in this 
technica] education and general training.—A 
X 912, Offices of ENGINEERING. 


‘Wanted, for Engineering Firm 


in Midlands, MECHANICAL DRAUGHTS- 

MAN; some electrical knowledge an asset. State 

ag, salary and experience.—Address, X 784, Offices 
ENGINEERING. 


Wanted, Two Experienced 


may vent prions a tela uc 

ary require particulars of technica 

and an experience, also when at liberty.—Address, X 0S. 
Offices of ENotneERING, 


W anted, an Experienced 


mane ee poy awpeons, 
required 

WESTGARTH & 00., Lrp., bP Wand Turbine 
Engineers, X 911 


Wiaated, Two or Three Jig 


and Tool DRAUGHTSMEN for large +8 
vehicle works, London ge ey stating 
experience, and salary expected BOX et 
Wittx’ 's Advertising Agency, 125, Strand, W.C. X905 


ress, 

















after Eleven a.m. on Tu 26th Jan’ 191 will 
be considered. — does not bind iteelt “ 
accept any Tender. 


LAURENCE GOMM 
Clerk of the London County 
County Hall, Gardens, 8. W. 


2ist Decem , 1914, X 917 








“| Rubee: in Civil, Required for 


26-28. Good technical training 
Giving, taleu ‘yerticniare, experiance end 
seers to A. M. 157, care of peek er 





Engineers: i in. City have 
VACANCIES for One or Two Smart 
DRAUGHTSMEN ; those ha had some work- 


preferred. — full 
a ne, pretecrall—-Aatvens, statink 208} “Unised 


X 902 | salary wanted, also enclose 





pytipDranght htsmana Wanted ,f>; 


large shipbu' ley oa on North-east Co... 
must be able to as complete control of all draw:;,.' 
office work under direction of chiet draughtsm:; 
Preference given to one having held a similar appoir 
ment. Applicants must state age, experience. ‘ 
of recent testi: 
table =man.—Addres.. 


nials, Liberal terms to 
X 898, Offices of ENGINEERING. 


Ghip Draughtsmen Require: 
for Glasgow district ; those having experien 

of Admiralty work preferred.—Apply, by lett: 
stating age, experience, and salary required, to ™. J 
care of Streets, 30, Cornhill, London, E.C. 


Wanted. a First- SasdMachin. 


Tool DRAUGHTSMAN, for the Glase- 
district.— Address, X 820, Offices ot Exemernino. 


Wanted, Chief Foreman, 


large iron foundry on North-east Coast. 
be experienced in heavy marine work and «:; 
turbine castings. — Address, X 850, Offic t 
ENGINEERING. 








Wanted, thoroughly Capab le 


FOREMAN, to take charge of mx 
fitting, erecting, and testing high-class Diesel « 
good salary will be — tosuitable man. State o, 
experience.—Address, X 798, Offices of ENoinre: 


1g, 





}\oreman Wanted, {or 

assembling dept., in commercial seston + hiele 
factory. Must have had considerable experien:: in 
assembling gear boxes, back axles, &c., — ca}-able 


of controlling a number of men. One who has hel la 
similar position preferred.—Address, in strict con- 
fidence, giving full particulars of experience and 
wages required, X 689, Offices of ENGINEERING, 





7: Hi: * 
anted, Fitters, accustomed 
to high- dit Diesel engine work ; only « ‘ompe- 

tent workmen need apply. State age and experience 
—Address, X 797, Offices of ENGINEERING. 





Eygineering Pupil. —Vacaney 
with Firm (Government Contractors) manu- 
nee latest types of machinery, oil and gas 
es, &c.; moderate premium. — Address, 6521, 

6521 


fices of ENGINEERING. 
A Large Firm of Engineers, 

in the Midlands, have gn OPENING for « 
YOUTH of good education as premium pupil, the 
course to ioslade both works and drawing office.— 
Address, M 173, Offices of ENGINBERING. 











SITUATIONS WANTED. 
xperienced Engineer, with 


commercial training, REQUIRES POSITION 
with large engineering concern, carrying complete 
responsibility for testing pits, experimental work, and 
outdoor erecting. —X 848, Offices of ENGINEERING. 








(Civil Engineer, 14 years 
maintenance engineer and yard manager with 
a large firm, SEEKS a similar . Good references. 


Free at New Year. —X 858, Offices of ENGINEERING. 








PARTNERSHIPS. 
ENGINEERING 


Partners and Partnerships 
are obtainable through 
WHEATLEY KIRK, PRICE & CO., 
ENGINEERS AND VALUERS, 
46. Watling Street, London, E.O. 
16, Albert Square, Manchester. 
26, Collingwood Street, Newcastle-on-Tyne. 
ESTABLISHED SIXTY YEARS. 





3659 


— 











PATENT AGENTS. 
Harris 


Mess. & Mills, 
Iharvered Patent Soon (Established 


1866), 
84-35, High Holborn, <—e » W.C., eee Ca 
es C) on. 


ERMS INV and MANUFACT 
DURING “THE vA 


Particulars of the new Act, enabling poreon eet 
Patents or use Trade Marks owned by MANS 
AUSTRIANS, sent post free. iio 


ensen&Son,Charterec Patent 


Agents(established gt) obtain British, Colonial, 
and receen P ATENTS, and TRADE MARKS and 
DESIGNS REGISTRATIONS.— Full information a 
application, 77, Chancery Lane, London, W.0. 4241 


ohn KE. Raw orth, 


CHARTERED PATENT AGENT, 




















Cham’ 3654 

rs Ponca tee An Toth a aden S.W. 
atents. — Messrs. Vau : “ 

nd SON, Bri Foreign and Colo’ uv 

Agente, 57, oc nes sagt na W.C., trangact af 
description ‘ot business connected with Letters = 
for Inventions ‘* A Guide to Inventors,” free b ) 
Established 1853. = 
PUBLICATIONS. x 
ooks, Second- hand, on 


2D Encinccring. Technical, and all other s:) 
tree. —W. & “9718 


Te Ounces Caden beak Laeaon, w.o. 





Ne on the Patents : od 
Beye oem 1907,  aaeene, be 

trom their © 10, New Court, Leno" 

ian WC. } . 
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Cw Bh Sov h Bs i ea * ‘ fica vr My foe a ye act . * eo sani , 
Dec. 25, 1914.] ¢ ENGINEERING. 3 
PATENT-RIGHTS ; ; CHARLES GRIFFIN & CO., LTD., PUBLISHERS. AUCTION SALES. 
bag sem neering’ Principal Facts 8 3 ised and Re-set: Throughout, Greatly Enlarged. 
which Inventors, we ihe interested Large Bro. Cloth, beg or ne iilustrated. feet 1 1000 en Se ae W heatley Kirk, Price & Co, 
in the Protection of Inventions, should be acquainted. A MANUAL Auétion ‘1850.) 
ME A, hy hw oy M A R | N E E N G | N Ee E R } N G : yr pun asee ca 
CROSBY LOCKWOOD & ® som, 3989 Comprising the Designing, Construction, and Working of Marine Machinery. - 


7, Srarionzas’ Hau. Court, 
Revised Edition, price 1s. 6d. ; armen ding A 








WANTED, &c. 





‘ihe Brown Hoisting 
MACHINERY OOMPANY, 
{ Cleveland, Ohio, — 8.A., the Proprietors of the 
Patents listed below, 
PREPARED to GRANT 
“ WORKING” oe. 
) responsible concerns for 
» order to have their valealile Patents exploited and 
introduced in Great Britain. 
The Patents are: 
6797-03, * “Clam Shell Bucket.” 
13429°04, ‘* Bucket-rotating Trolley. 
13430-04, ‘“* Means for , Coupling “Overhead 


23 a: 





Trolleys. 
19421-05, ‘Clam Shell Bucket.” 
19422-05, “Storage Bunkers. 
19424-05, **Clam Shell Bucket” ibingle Rope 


ct Pps 
24161-06, oe od of Constructing Wireless 


24162 06, « Maste for Wireless Telegraphy.” 
6237-09, ‘* Gates for Bunker?.” 

10595-09, ‘Scale or Rust Cleaning Device.” 
17988-11, ** Farnace Charging Apparatus.” 
19676-11, ‘‘Ore and Coal Unloading Appa- 


ratus,”” is 
an 
15021-18, “‘ Truck-frame for Overhead Hand 
Travelling Cranes.” 
Copies of the Patents, together with definite 


information and descriptive circulars, may be had by 
addressing the COMPANY, at the above rece ~. 
4 


the Proprietors of the Patents 


Nos. 26222, of 1911, 26224, of 1911, and 26225, of 
1911, for “* Improv ements in or Relating to the Manu- 
facture of Blown Glass Articles,” are DESIROUS of 
ENTERING into ARRANGEMENTS by way of License 
and otherwise on reasonabie terms, for the purpose of 
exploiting the same and ensuring their full development 
and practical working in this Country.—All commu- 
nications to HASELTINE, LAKE & 00., Chartered 
Patent Agents and Consulting Engineers, 28, South- 
ampton Buildings,Chancery Lane,London, W. 6. X701 


Patent.—The Proprietor of 


British Patent No. 25682, of 1910, entitled 
“Improvements in or relating to ’Filters,” DESIRES 
to ENTER into ARRANGEMENTS by way of Litense, 
or otherwise on reasonable terms, for the purpose of 
developing and practically working the same in this 
Countr:.—Enquiries should be addressed to W. P. 
THOMPSON & CO., Chartered Patent Agents, 285, 
High Holborn, London, w.c, X 908 


A n English Electrical and 

Mechanical Engineer, trained on Tyneside, 
with seven years’ experience in the construction and 
operation of large steam and hydro-electric plants in 
Canada, is PKEPARED to NEGOTIATE with 
reputable FIRMS with a view to establishing 
agencies or branches in Canada. Advertiser has 
large connection with consulting engineers, and is 
very familiar with Canadian practice. Best of refer- 
ences both in Canada and England.—Please reply to 
J. RUDDICK, 502, Merchant’s Bank Building, 
Montreal, Canada. X783 


Representation of Firms for 
machine tools, also tools for engineers, tin makers, 
&c., UNDERTAKEN by Messrs. HOUN & BARONNET, 
ll, rue Bichat, Paris, France, Xe. Arrt. X 899 


[rte th Engineer, (36 years), 
highest references, speaking English, French and 
German perfectly, would Accept any yee nye 4 
the Continent.—For further particulars, ts gulf 

V.ULDER, Lucas Colwerk, Utrecht, Holl xX Osi 


A‘ ertiser would be Glad to 

HE \R from FIRMS able to supply die castings 

ul. Address, X 882, Offices of ENGINEERING. 

Aé bir Wanted of Firm 

4 makir rankshaft and connecting - rod 


stampings and loryings, open for new work.—Address, 
X 924, Offices of LNGINBERING. , 


A dvertiser Requires, for 
1915-16 production, ADDRESS of FIRM 
villing to undertake cylinder pattern-making and 
castings for automobile engine ; also pattern-making 

and castings for aluminium base chambers.— Address, 

X 923, Offices of ENGINEERING. 


H. Williams “Oe, 
Lion Works, 
Warner Sod. Clerkenwell, E.C., 
GINEERS, 


will US DERTAKE the MANUFACTURE of aes 
ACHINERY, also MACHINE WORK 

Prompt Delivery. * X $86 

WM inted, to Manu facture, 


SPEC = MACHINERY or ENGINEERS’ 
































API NCES. Up-to-date machine plant for either 
hea: medium wee Sep gg nap a 
E ON & JOHNSON, Lap., Engineers, Taunton. 
a 4275 
N fac hine and Engineering 


WORK of all description undertaken for Manu- 
cs, Patentees, &c.. Also and renewals. 
SSER & RUSSELL, 


ay 
Bes rk, moderate charges. — 
aT yeas What, AOE Ros & Russeu, Ltd., 
stp tat made trend and wil be pase thet 
“tor firms desiring such work executed. 


Ay ‘anted, a No. 1 Vertical 


— vdle MILLING b ASTACRMERE 8 ~~ No. 14 


oon ition. GRUBB. BB, Heathmsines, Du be in Sor 





By A. E. SEATON, MInst 0.E., M.I.Mech.E., M.I.N.A. 


“A monumental work . . . up-to-date.”"—Marine Enginear. 


TWELFIH EDITION. Thoroughly Revised Thro 
Sy ) acts Leather. 


KET-BOOK 


MARINE ENGINEERING Rives AND TABLES, 


For the Use of Marine Engineers, Naval Architects, Designers, Draughtsmen, Superintendents and Others. 
With Various Lloyd's, B.o.T., oe Veritas, and German Srccrkanent 
By A. E. SEATON, M.Inst.C.E., M.I.Mech.E., M.I.N.A., and HY, M. SEmereererare™, 
M.1I.Mech.E., M.I.N.A. 
“The Best Book of its kind, both up-to-date and reliable.” — Engineer. 


SECOND EDITION. Revised and Enlarged. Pp. i- a Ay oN With 377 Illustrations and 
Three Folding Plates, 


THE THEORY OF THE STEAM TURBINE. 


A Treatise on the Frinciples of Construction of the Steam Turbine, 
with Historical Notes on its Development. 


By ALEXANDER JUDE. 


« also one of the best . . 





hout 5 A a Pp. i-xix+713. 
6d. n 





* One of the latest Text-hooks 
the Times Engineering Seyplenant, 


EIGHTH EDITION, Revi ised. 


- there is absolutely no psdding.”~—Sir William White in 





Large Crown 8vo, Pp. i-xi + 412. With Five Plates and 
113 Illustrations in Text. 6s. net. 


ENGINE ROOM PRACTICE. 


A Handbook for Engineers and Officers in the Royal aang? f and Mercantile oe 
including the Management of the Main and Auxiliary Engines on ‘Board Shi 


By JOHN G. LIVERSIDGE, Enor.-Comme. R.N., A.M.LC.E. 


‘As a practical handbook on the management of the main and auxiliary engines on board ship it may be said to have 
no rival’ ‘—Nhipbuilder. 


LONDON: CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND. 


Demy 4to, xx—264 pp., 173 Plates with Sectional Drawings and other Illustrations 
and Numerous Details in Text. Price 21s. 


THE EVOLUTION 


OF THE 


PARSONS STEAM TURBINE. 


An Account of Experimental Research on the Theory, Efficiency, and Mechanical Details 
of Land and Marine Reaction and Impulse-Reaction Turbines; and on the Efficiency 
of Screw Propellers, Electric Generators, and Mechanical Speed- Reduction Gearing 
Driven by Steam Turbines ; 

A Record of Progress in the Applications of Steam Turbines in Propelling Ships, Driving 
Electrical Machines, Air Blowers, Compressors, Fans and Pumps, and in Utilising 
Exhaust Steam from other Engines; and 

A Description of the Manufacture of Turbines, and of the Works of Messrs. C. A. 
Parsons & Co., Heaton, and of The Parsons Marine Steam Turbine Company, Ltd.,, 
Wallsend-on- Tyne. 


By ALEX. RICHARDSON, A.I.N.A. 


Offices of “ ENGINEERING,” 35 & 36, Bedford St., Strand, W.C. 
x AND ALL BOOKSELLERS. 
Imperial 4to., xii,, 104 pages, Cloth Gilt. 
By Post U.K., 14s. 6d. 














LonpDon : 








Price 14s. net. 
By Post Abroad, 15s. 2d. 


DIE FORGING 


AND 


THE CONSTRUCTION OF DIES 
By JOSEPH G. HORNER, A.M.I. Mech. E. 


Wir 778 ILLusTrations. 


This Volume is based upon various articles which have appeared in ‘‘ Enoineertne,” but the matter 
has been collated, re-arranged under suitable headings and revised. This is the only attempt yet 
made to deal with the subject of Die Forging in a comprehensive and fairly exhaustive manner. 


Loxpon: Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 


AND ALL BOOKSELLERS. 








{mperial 8vo, viii + 372 Pages, with upwards of 500 Illustrations (for the most part fully dimensioned 
reproductions from working drawings). Price 25s. net. 


DESIGN AND CONSTRUCTION 
STEAM TURBINES. 
A Manual for the Engineer. 


By HAROLD MEDWAY MARTIN, Wh.5Sc., A.C.G.I. 





Lonpon : 
of ‘* ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
LONGMANS, GREEN & CO., 39, Paternoster Row, E.C. ; 


Offices 





New York, Bombay and Calcutta. 


ENGINEERING WORKS, PLANT AND STOOK, 
46, WATLING STREET, LONDON, E.O. 

16, ALBERT 8Q., 26, COLLINGWOOD 8T., 
MANCHESTER, NR&WCASTLE-ON-TYNE. 
Telephones & Telegrams at each Address. 








FOR SALE. 


[the Owner of British Patent 


No. 1391, of 1909, entitled “‘ Improvements in 
Water Tube Steam Generators, " is DESIROUS of 
DISPOSING of the PATENT, or Entering into Working 

Arrangements, under License or otherwise, with firms 
likely to be interested in the same.—A copy of the 
Patent Specification and full particulars can be 
obtained from, and offers made (for transmission to 
the Owner). to MARKS & OLE RK, 57 & 58, Lincoln's 
Inn Fields, London, W.C. X 922 


team (Ait Bree) Boilers. sir 


Vertical, Loco., Cornish, Launch, Field-tube ; aleo 
Air Receivers, Feed. water Heaters, ‘Oy — keo.— 
Tue GrayTuamM BoiLer and ORANK Oo., Lp. , Gran 











Fo Sale, Horizontal Boring 


MILL, in ‘frat class condition ; it will take 
between the heads, 20 ft. long by 500 mm. diameter 
by 400mm. minimum to 1900 mm. maximum in 


height. Further particulars on application. — 
FRASER & CHALMERS, Lrp., Erith, Kent. X 925 
“CORPORATION OF PAISLEY. 
ELECTRICITY DE DEPARTMENT. 
Have for Disposal, One 
Horizontal STEAM ENGINE with Direct 


Current Generator of 720 Kw. at 600 volts, speed 
se revolutions per minute. The Set may be seen by 








intment. All communications ~via ting same 
ould be * the undersi, 
F. PARKIN ON, 
Engineer and Manager. 
Blackhall Street, Paisley. X 773 
COUNTY OF LONDON. 
The London County Council has 
or Dis sposal, Several Steam. 


FIRE ~ apes FIRE ESCAPES, at 
VANS and LADDER VANS, which are no lon; 
required for use by the London Fire Brigade. > 
appliances are in excellent condition, and are suitable 
for the requirements of fire brigades or estates. Some 
of the ladder vans are ware with first aid fire 
extinguishing appliances, on of extinguishing a 
fire in the early wage. The p prices are as follows :— 


Fire Engines .. «» from £81 10s. to £108. 
Fire Escapes . » 2 , £16, 
Ladder Vans and Hose Vans » 48 vy £15, 
Any of the 


liances may be inspected by arrange- 
ment with the ‘Ohiet Officer, London Fire Brigade, 
Southwark: Bridge Road, London, 8. 
LAURENOE GOMME, 
Clerk of the ones a out Council. 
County Hall, Spring Gardens, 8. 
19th December, 1914. x 919 


eady for Delivery, the 

following New TOOLS :— 

10 in. stroke Slotting Machine. 

12 in. to 14 in, stroke Shaping Machine. 

8 ft. 6in., 4 ft. Gin., 5ft., and 5 ft. 6in, Radial 
Drilling. Machines, 

Three 6 ft. Wall Radial Puiving Machines. 

din. to Z in. Single-ended Punching and Shearing 


Machines, 

Zin. and jin. Double-ended Punching and 
Shearing Machines, 
RUSHWORTH, Sowerby Bridge. X 927 








FOR SALE. 

Twelve Rivetted Steel TUBES, each 81 ft. bn By i 
3 ft. 6 in. diameter by +, in. thick, single ri 
lap- jointed, each with a base-plate 4 ft. 2 in. square, 
and angle iron round top. 

One nearly new Steel Dish-ended RECEIVER, about 
9 tt. neg by 5 ft. diameter by /, in. thick, with 
three O.-I. mounting blocks on same. 

Three Cast-iron TANKS, each 12 ft. by 12 ft. by 2 ft. 
6 in. deep, with wrot-iron covers ; outside anges 
on sides and inside on bottom. 

Two Overhead RUNWAYS, each 30 ft. long, with a 
stanchion at —_ end, and a set of 2-ton chain 
lifting blocks each. ». (deep. 

One Cast-iron TANK, about ?2 ft. square by 3 ft. 6 in. 

Twelve OL. ¢ Top Flat Bottomed PANS, each 
about y 6 tt. *‘" [5 ft. deep. 

Two Cast 1, TANKS, wn 14 e 0 in, uy 10 ft. by 


ATALOGUE: ot Stock MACHINERY, 2—3000 LOTS 
free on application. 4187 Inspection invited. 


Tt: w. _ WARD, LTD., a WORKS, 
“ Forward, Shet Sheffield.” HEFFIELD. 


Fe Sale, Grou Ground & Buildings, 


for Works at GOVAN, 

1. An area of Ay. B. ~ Ag ~~ yards, of which 
about 7 e covered by sub- 
stantial and Gelli Nighted nuildin suitable for 
an engine work or factory, including excellent 
Office accommodation. 

Feu-duty, £7 188. 5d. 

2. Vacant Ground adjoining the above, extending 

to about 12,350 square yards. 


Feu-duty, £214 0s. 24. 
Apply to McOLELLAND, KER & O0., ©.A., 115, 
ncent Street, Glasgow. X 860 








MISCELLANEOUS. 
N: os Clients Francais sont 
bog! de noter que sa avons installé a notre 


- sewing ead — 
en ppd par = tr den ignites cee 








la de ‘nantes de guerre.— 
HERBERT, Lrv., Coventry. 
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BULL'S METAL & MELLOID CO. 


BAD Orvice AND Works: 
YORKER. near GLAS cow. 


TELEGRA 
BULL'S METAL.— Hers, 


Valve ~ ey Condenser Sta: 
= > ¢ ie Mark and 


aa Places, box Plates, 
WHITE METALS. Babbitte, Plastic, &. 








WILLANS - DIESEL 


OIL ENGINES. 


Full particulars from— 


WILLANS & ROBINSON, Lt. 


VICTORIA WORKS, RUGB 
Bee Advertisement last week. 











TEAK CUT TO SPECIFICATION 
, Thoroughly seasoned and of the finest 
quality, free from holes or defects, and 
at prices which will compare favourably 
with New Teak. 
Send us details of your 
requirements and let 
us quote, 
HUGHES, ee a ermy te . Co., Ld.., 
Battleship Break 
BLYTH, NORTHUMBERLAND. 


4229 


a 2 
SEND THE 


Complimatte'e of the Season 
SUPPORT HOME INDUSTRIES. _, USE OUR WHEELS. 


LEATHER 








OXY:AGETYLENE 


WELDING 
AND 
CUTTING PLANT 
MANUFACTURERS. 
COMPLETE EQUIPMENTS. 


McROWAN, WILD & 60., 


Lower Hurst Street, 
BIRMINGHAM. 














Tel.—1816, MrpLanp. Teleg.— Loaio, B’HaM. 








THE ACETYLENE 
CORPORATION L‘. 


W. Gunther & Sons, Central Works, Oldham. 


5 GUNTHER , 


FANS 


FOR 
Forges, Cupolas, ro 


EXHAUST FANS. 
cormn UGAL 
UM 





For. Hard Wear. 
Makers of highest class only. 


Hose users go to Merryweathers 
exclusively when they want the 
best material in the market. 


HOSE 


MERRYWEATHER & SONS, L?. 


Fire Engine and Hose Works, 
GREENWICH ROAD, LONDON. 





J. aE. HALL Lr, 


Makers of CO, and NHg 


Refrigerating Machines 


—and— 


Hallford Motor Vehicle 


10, Sr. Swrram’s Laxz, Lorpos, E.C., end Darrronss, Kx: 


LIFTS ., 


WAYGOOD-OTIS Ltd.. 
Falmouth Road, London, S.E. 


Ransome-verMehr Machinery Co." 


505, BRUNSWICK HOUSE, LONDON, s.w. 


WATER FILTERS. §§ CONGRETE MIXERS 
STEEL PILING. PILE EXTRACTORS 
STONE DRYERS ano TAR MACADAM MIXERS. 


See Displayed Advert. Alternate Weeks. 416 

















CONTRACTORS TO B.M. GOVERNMENT, INDIA OFFICE & COLONIES. 


STEAM ENGINES S=co== 


Non-Condensing 

and Compound. 
Also fitted with Piston Valves f -preesure and 
guperhented —— 


VERTICAL ENGINES AND BOILERS. 
combined or separate. 


Haulage Gears, Winding & Hauling Engines. 


@ ELECTRIC GENERATING SETS, 5 to 40 HP., 
for Ship Lighting, &c., or for use on land. 2872 





T.aR. LEES, Engineers, HOLLINWOOD, *. MANCHESTER. 


Telegrams :—Lees, Hollin wood. eet Ths No. 16, Failsworth. r+ ly ae Al, ABC and Private. 

















MOND GAS. 


FOR POWER & HEATING. 


FOR PARTICULARS OF THE GASIFICATION OF BITUMINOUS 
FUELS, AND THE RECOVERY OF SULPHATE OF AMMONIA, 
&c., WRITE TO:— 


THE POWER-GAS GORPORATION, Lro., 


STOCKTON-ON-TEES. 


3614 


PRODUCER CAS SPECIALISTS 
AND PATENTEES. 














iF CONSIDERING 


WATER ed 
HYDRO ROGEN PURPOSE 


FOR ANY 


LY 
aee ro 


ster L 
_ base NCHESTER, 
STEEL PRESSURE TANKS. 


ALL SIZES, SHAPES anp PRESSURES. 








Also WELDED SPECIALITIES} = 
OF EVERY DESCRIPTION " 

tow Prices. Quick Delivery. ; 
Manufacturers: T. TOWARD & Co., ine; Be 
9, Ouseburn, Newcastle-on-Tyne. 4 


WALTER NEWBOLDeC®.| 


(Proprietors of Newbold’s Machine Tool Oo.), 
107, Upper Th St., London Bridge, E.C. 
Telegraphic Address :—NEWBOLD, LONDON 














LATHES and MACHINE TOOLS 
of every description. 
Aliso WOODWORKING MACHINERY. 


4081 











HOLD LARGE STOCKS OF 


Oxy-Acetylene Plant, 
Flares, Handlamps & 
Lighting Equipment. 


IMMEDIATE DELIVERY. 


Full particulars on application. 
4160 





49, VICTORIA STREET, 
WESTMINSTER. 





Seamless Copper VJointings 


ANY SIZE. ANY SHAPE. 
CUT FROM SOLID SHEET. MACHINED ALL OVER. 


Can be constantly re-used! Do not char, corrode, eat away, or adhere to 
Flanges! No red-lead or other filling! 


ni jeieivic: RS it 


For Cylinder ephiuaaiis or re nied and ate High Pressure Joints. 
APPLIED AND REMOVED WITHOUT USE OF TOOLS. 
— AVOID CAST OR STAMPED IMITATIONS. — 


THE HULBURD ENGINEERING CO., Ltn. 





pe 


Section No.8, 


dood 


Section Ne.7A. 
SecTION No. 8. 





Contractors to H.M. Government. Brassfounders and Coppersmiths. 
ST. BENET CHAMBERS, FENCHURCH STREET, LONDON, E.C. 





BROS, 
:. 


ENGINEERS 


BOILER- 
MAKERS 





iadglatly STEAM HAMM: ” 


OF ALL SIZES. ~ 























Bee Seek yet nineties 





vi 
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Beardmore, Wm., & Co., Entwisle & Gass, Ltd... Hoffmann in Mfg. Co., Ltd. 3 
Beardshew, J., & Son, Ltd. > Eureka foweph, Boas 1A Holden & Brooke, Ltd,” 1&9 
Beebee, 80 neering Co.; . Evans, Joseph, & Sons, Lid. 64 | Home Engineering Co. .. 21 
Brians PuckinghivubberCo. Clyde Sere ~t Co. Fair, W. rn Tae Test: © Howell & Co., Ltd “ 66 
Bellamy, John, Ltd. Cochran & Co., nate, Ltd. Fairley, pd & Son udson, Thomas, Ltd. .. ° » Lad. White, 
Belliss & Morcom, Lita. . Fawcett, Preston& wepe Ltd. Hudswell, Clarke&Co., Ltd. 48 ., Led... Corporation, Ld. pos > waieey A Vabiant, Lia. 
Bergius Launch & Engine ( ‘0. Ferranti Lti 9 | Hughes, Bolckow, & Co., Ltd. 4 Graham .. .. Se es oe Sons, Lid. .. Widdowson, 
Berry, F., & Sons.. .- Findlay, Alex., & G0. Ltd. Hughes & Lancaster .. .. 81 b oe F > stil ye Ltd, .. Wigglesworth, Frank, &Go, 
Bessemer, Henry, & Co. . Firth, T., & Sons, L Hulburd Eng. Co., cA. .. 4) Marshall, Sons ‘ , SO SS , Lhd... o oe O Ltd 
Billington & Newton, Ltd. Fleming x Teta Lea.” Hunslet Engine Co., “os re Ltd. 
Birch, John, & Co., Ltd. 42 Fletcher Brothers 


R. ¥.,@0o., Ltd. 
. & Co,, Led. 





Baxter, W. H., 


weSS=S o+-SeszZ2s 


MO, nk ce te 73 
White, J. wy &Co., La. 
#8 








Birmingham RailwayCarriage 
and Wagon Co.,Ltd. .. 16 
Blackstone & Co., Ltd. = 
14 

fy 


9 
18 


Coventry Ordnance Works 
Cowans, Sheldon & Co., — 


Crosby8 teninGages Val veCo. 
Ltd. 


Crossley Bros., 


Foyle, W.&G. .. . 

Fraser & Chalmers, Lta. 

Fuller, Horsey, Sons & Cassell 1 
34 
75 
i 

Giasgow Railway Eng. Co., 4.1 

Globe Pneum. Eng. Co., Lid. 53 


Lid... 68 
Hurst, Nelson & Co., Ltd. 1 “253 
Igranic Electric Co., Ltd. 58 
IndiaRubber,GuttaPercha, 

& Telegraph Wks. Co.,Ld. 73 
Isler, C., & Co., Ltd i 
JandtisArcLamps E 
Jenkins Bros., Lid. . 
Jenkins, B., & Co. 
Jenkins, W. J., & ( 


oe 3 
ricCo.36 
+. ol 


Stothert 16a = 
Btott, 8. B., & Co. ee 
Strachan & Henshaw, Ltd. 
Sturtevant Eng. Co., Td. 


orge & Roe Co. 


pay 
59 


2 
19 
3 


Wiley, James, A Bons, Ltd. 
Bor 


- 8 
.. Ltd. 79 
Brett's Patent Lifter Oo. Ld. 70 
British Hele-Shaw Patent 
Clutch Ca., Ltd. e oe @ 
British Oxygen Co., Lia 63 
Brit. Steam Sprcialitien 4. 1 
Brit. Thomson- Ho: 33 
Brit. by ay ne eilectriea 
Mfg. Co., Lt. . 37 


Crown Works .. 15 
par gga Engineering Co. 
Dalglish, A. & W. ° 
Damopney, J. "8 Go, Lia. 
Daniell, 8. A.., 

Daniels, T. H. wa, Ltd. : 
Darkue Bros., 14d. 

Darliug & Sellers, Lt. 


Glover, W. T., & Co., Ltd. 8) 
Grafton & Co. 10 
Saetaen Boiler & Crank 
+ 3&77 
Graphite Produc’ acta, Led. 80 
Greaves, Bull & [akia, Ltd. “ 
Greene, Tweed & Uo... .. 
Grice, Grice & Son, Lia. <: 3 


pn, ot oe co oo I 
Jensen & Son 2 
Jones& Lamson Machine Co. = 
Kaye & Co., Ltd. 

Kaye, Jos., & Sons, Lia. 
Keenan. Matthew, & Co., 1A. ” 
a 8 
Kermath Mfg., 18 


| Taylor & Challen, Ltd. 
Taylor & ey 


Terry “& Tench. te 
—- wy 


Thora Hoddle A Acetylene 


ridge 
Mother rll fron & Steal Ox . oe ge ee 
Mountford, Fredk., Ltd. . Wright, John, & Co. .. 
Yarrow @ Uo., 


Robinson, Th Ltd. 
" Robsoa, Joba (shipiey}, La Lad. Yorkshire Copper Works. 14. 
Seeman. Wesbananiate.: lA. 8 ester Eagineering Co. Ld Yorkshire Engine Co., iad. 


| Rochester 
Musgrave & Uo., (Belfast), Ld. 74 | Ross & Duncan Zynkara Co., Ltd. 


NOW READY.—The OCTOBER EDITION ot The Classified Directory of Current Advertisements in ENGINEERING, with a List of Telegraphic Addresses, &c. &c., to 
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co 
“WILLCOX-PENBERTHY ” 


CELLAR-DRAINER. 


For use in 
pits, sumps, cellars, 
tanks, or wherever 
it is necessary to 
remove accumulated 
water, or to keep 
water or other 
liquids from rising 
above a certain level. 


WILLCOX’S SEMI-ROTARY 


WING PUMPS. 


Double and quadru- 
ple acting. Simple 
in construction, yet 
very powerful. All 
sizes from 3} in. to 
3 in. connection. 
Readily fixed. 
Large Stocks 
Also Mounted for 
POWER. 


Perfectly automatic 
—operated by water 
or steam pressure, 
without manual 
attention. Cannot 
corrode er clog. 
Light and compact. 
Very efficient. 


Adopted by the 
Government, and 
fixed by Engineers 
all over the world. 


8310 


Send for 
Pump booklet. 


SOUTHWARK ST., LONDON, SE J 





Send for descriptive leaflet. 


. —W. H.- WILLCOX & CO, 


ROBINSONS” SQevareus 


THOMAS ROBINSON & SON. LTD. ROCHDALE. ENGLAND, 





LTD. 








a 














SOLE MAKERS cATALOQUE 
650 PAGES 
TO. 
BONA FIDE 
BUSINESS 
APPLICANTS 


MACHINERY AND- 
APPLIANCES UNDER 
THE BRITISH 


CROFT & PERKINS, L? 


Empire Works, BRADFORD. 
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60-in. BAND RE-SAW 


for timber up to 18 in. deep by 10 in. wide. 













This BAND RE-SAW is the finest at 
present on the market, and is capable of 
a very large output. 


>\  ALRANSOME & CO. Lr, 


NEWARK-ON-TRENT, 


| ENGLAND. 


LONDON OFFICE :—63, Queen Victoria Street, E.C. 





Write to Dept. “D” aero 
for particulars of this machine. 





WOOD-WORKING and SAW- 
-. MILL MACHINERY 
| of the most substantial build, for 


* j dealing with the hardest woods, 
a great Speciality. 




















LONDON HOUSE— 


























PIONEERS in the 

Design & Manufacture of ection 
PRESSED-STEEL 

UNDERFRAMES & BOGIES, J 
and ALL-STEEL 





RAILWAY PASSENGER 
CARRIAGES and WAGONS. 


UGAND ° 
“ee G A RAILWAY. 


Covered Goods Wagon, with 
Fox's Pressed Steel Under- 
frame and Bogies, and Lane’s 
Patent Corrugated Pressed 
Steel 












oors. 























» 


EASES 2225s: 


SERRATED SEAMLESS STEEL oll GA 


. FITTED WITH ALL BRITISH MADE. 
New Patent Thumb Button, Seamless ~ 


_ Spout, and Slide Feed Hole. 
Aliso IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 


Contractors to H.M. Navy, War Dept.. Home Office, and Indian State. Railways. 
SOLE MAKERS :— 


JOSEPH KAYE & SONS, Ld., Lock Works, LEEDS. 


Managing Director ~ = = W. K. KAYE, M. |. Mech. E. 
AND O3, BIGH HOLBORN, LONDPDonm, Ww .c. 2972 
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BUCKET DREDGERS, T t= SUCTION PUMP 
HOPPER and BARGE LOADING, SN me naanetneant neae waieal 
RN WHEEL. » 
prot st “4 OWN HOPPERS, INTO BARGES, 
COMBINED BUCKET Span TT 
a | GV T T FE he ASHORE THROUGH FLOATING 


PUMP DREDGERS, dais: 


WITH HYDRAULIC JET and TRAILING SUCTION 
IMPROVED ROTARY CUTTERS 


for CLAY & HARD MATERIALS. Ho ER HOPPER DREDGERS. 
———_—— ap NEW BUCKETS, LINKS, PINS, 
HOPPER BARGES, TUGS, and D GEARING, &c., SUPPLIED FOR 
FERRY STEAMERS EXISTING DREDGERS 


‘iadiataig Oe ae RE D GER LONDON OFFICE: 9; Fenchurch ia ESC. 
FLEMING & FERGUSON L: PAISLEY, 


near Glasgow. Od 1268 
GEORGE ELLIOT & CO., LTD., 


MAKERS OF ALL DESCRIPTIONS OF WIRE ROPES. 
MANUFACTURERS OF Od 9100 


LANG'S LAY WIRE ROPES 


oe LAY WIRE ROPE WHEN NEW. Office : 16, GREAT GEORGE STREET, WES! STREET, WESTMINSTER, LONDON. LANG’S LAY WIRE ROPE WHEN WORN. 


=$ & S( ay ey to oo ag and 


FAIRLEY’S SELF-HARDENING TOOL STEEL, tor Heavy Cuts at High Speeds, 


considered BARyees rs iT and TO GHEE? Steet mode (although the Cheaper eiling Bilis Ban Small samples free to approved bu 
NOTE" SAMES VAIRLEY & SONS? ORES Cpraail » SHEFFIELD. and Mill St. Forge BinMING GHAM) are me erely ‘Branch Departnents and 


‘= Au iiccntectiiae deadl hold be, be addressed to the Head Oficee—OLD MINT, SHADWELL STREET, BIRMINGHAM. Od 1719 


A.B.C. C. AUTOMATIC ’ BUFFER COUPLER 
















































































A.B.C. COUPLER LTD., Queen Anne’s Chambers. 


80LE OWNERS and MANUFACTURERS of :— 
A.B.C. COUPLER, Allison-Smith’s Patent. 
A.B.C. COUPLER, Jepson’s Patent (Gold Medal, Buenos Aires, 1910), 


““LAEVODEX” PATENT NON - TWISTING HELICAL 
SPRINGS. 

WATSON’S CENTRALISING GEAR. For all types of Central 
Buffer Couplers. 


WATSON’S VARIABLE RESISTANCE SPRING GEAR. 
For Shock Absorbers of all kinds. 8772 


LOCKYER’S PATENT | (BALANCED REGULATOR. 

















a ida Telogrims :—AuvrTosurr, Vic., Lonpon. Telephone No. 1561 Vicrorta. 
COVERED-IN WOVEREDIN TYPE 


S.A. DANIELL LIMITED, 


Machinists, Toolmakers 


ad Ironfounders, 
EDWARD STREET, PARADE, 


BIRMINGHAM. 


Telegrams—‘‘ DANIELL, BIRMINGHAM.” 
Telephones—5405 and 5406, CENTRAL. 4184 


LONDON Address: 10, Camomile Street, E.C. “im 
GLASGOW Address: 33, Robertson Street. 
MANCHESTER Address: !2, Lever Street. 
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LUBRICATING 





OLS 


For 
Cylinders of 





STEAM, 


GAS 
OIL 


ENGINES; 


for ENGINEERS’ 


and 


MACHINISTS’ 


for 
TEXTILE 
MACHINERY 


OF ALL KIND 


and for 
STEAMSHIPS 
and 


RAILWAYS. 


Price Lists and Sam 


on Application. 











LONDON, S.W. 


Guardian Buildings, 
CROSS STREET, 
MANCHESTER. 


SHAFTING and TOOLS; 


Ss. 


ples 


(Parce’s PaTRNT CANDLE Company Lp., 
LuBRIcaTING O1L Dept.) 


Belmont Works, BATTERSEA, 


2384 


~ 






HAMMERED The Standard Piston Ring 
CAST IRON & Engineering Co., 
PISTON RINGS, / Premier Works, 


(by the Davy-Robertson SHEFFIELD. 
Patent Process). 
; Telephone 
All sizes from 2} in No. 2149. 
iene Telegrams, 
Quick Delivery. Ocean, 
Low Prices: Sheffield. 








YOU GET MORE 
OUT OF YOUR PACKING WHEN 
ITS SHAPE IS ADAPTED TO 
THE SERVICE, 


“PALMETTO-... 


is plaited round and square for large rods. 
About 5 Ibs. to the box. 

In twist form for globe and other small valves. 
On one pound spools. 
“PALMETTO” IS THE PACKING FOR ECONOMY 
BECAUSE IT LASTS SO LONG IN SERVIGE. 


Let us send you a free working sample. 


GREENE, TWEED & CO., 


Sole Manufacturers, 
Queen Anne’s Chambers, Westminster, 


LONDON, S.W. 


3777 











ALEX. FINDLAY &CO., Ltd., 


Steel Roof and Bridge Builders, MOTHERWELL, N.B. 


Structural Enginesrs, . . ° 





Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, a total area of 560,000 square feet; also for 
the Grand area 200,000 square feet. 


Aut Kinps or Sresi Srructures DesianeED AND EXEOUTED. 
SPEDIALITY :—HYDRAULIO PRESSED STEEL TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 
Head Office -~ + = «= = oe MOTHERWELL, N.B. 
. 9, VICTORIA STREET, S.W. 











London Office ‘ . ° . 
Tazenams: FINDLAY MOTHERWELL. PARKNEUE, LONDON. 9262 


Vaucntons L@: 


, LIVERY S?: BIRMINGHAM 


METAL SMALL PARTS 


STAMPED PRESS WORK 
IN’BRASS, COPPER, ALUMINIUM, 
GERMAN SILVER, PHOSPHOR BRONZE 
& MILD STEEL. 


LETTER CUTTERS ENCRAVERS. 
NAME PLATES. 



























RONALD TRIST @ CO,, Lé. 


4, Lloyd’s Avenue, LONDON, E.C, 
Engineering Specialities. 


*“*THERMOFEED” Regulator 

or Boiler Feed Controller, 
*“*THERMOFEED” Pressure Governor, 
RUBYGAGE Indicator. 4214 
S.E.A. RINGS 

Pump and Engine Packing. 

Pistons and Jointing. 
Daniel's P.P.P. Rod Packing. 


Branches at Manchester, Glasgow and Paris. 


OXY- 


ACETYLENE 


WELDING & 
CUTTING oF metacs 


THE “INCANTO" 
LOW-PRESSURE SYSTEM 


AS USED BY 














The Admiralty, War Office, 1.C.C. 


and All important Engineers. 


COMPLETE OUTFITS SUPPLIED 
OR WORK UNDERTAKEN. 


BT HORN: HODDLE 


Xe] a 4-1) 2 O10 ae oe 
151, VICTORIA ST., 
WESTMINSTER. 


ESTABLISHED 1896. FIRST EVER SINCE. 


WATER TURBINES, 
PUMPS, PIPE LINES, 
COUPLINGS, &c. 








BOVING & CO., LTD., 


Union Court, Old Broad St., E.C. 














Sent along to us for Taper Pins, 
Cotters, Nuts, Bolts, Machined 
Parts, Packings, “4 = ream 
Sundries, Dynamo, Engine or 
Machinery Oils, &c., would we 
believe bring you information 
very greatly to 


OUR 
ADVANTAGE 











4 
‘ 
FREDk. MOUNTFORD, Lo., ; 
FREMO'WORKS, 4031 BIRMINGHAM. § 

















|e 



































TEE. 
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Gas-heated 


FURNACES 


for the various processes 


in the manufacture of 


SHELLS 


John Wright & Co., tins Birmingham 









Write for 
Illustrated Price 
List — Post Free. 











BROOKE ToOoL MFG. CoO., 


Specification : 





steel lock nut. 


120 gallons at 375 r.p.m. 
Pulleys 
1” belt. 


Body of cast-iron, gears 
of steel, spindle of steel, 
bronze gland nut and 


Suction and discharge 
#” Gas; Capacity about 


3” diam. for 


a 





GEARED SUDS PUMP. 


LTD., 


BIRMINGHAM. 























“HiaH VELOCITY” 


FEED WATER 
HEATERS. 


(Brooke's Patent.) 


“High Velocity” 


Higher temperatures. 


Fully 20° F. hotter than 


with other systems, 











Constructional Advantages :— 
Free expansion of tubes. 
Leaking or burst tubes unknown. 
Cleaning without breaking pipe-joints. 


No back-pressure. 


HOLDEN & BROOKE, Lr. 


west oorton, MANCHESTER. - 


——— 


IRON CEMENTS 


Permanently stop all leaks of 
Steam, Water, Fire, or Oil. 


Easy to apply. 
Send for Free 104-page Illus- 
trated Instruction Book. It will 
Save you Time and Money. 


SMOOTH-ON 
Manufacturing Co., 
sit 



























































WROUGHT IRON PLATE WORK, BLACK OR GALVANIZED 
STEEL CHIMNEY AND VENTILATING SHAFTS, &. ™7* 
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GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, + 
CYCLOPS WORKS, 


BEDFORD. 









Telegrams— 
Grafton, “Be Bedford. 











Illustrated Descriptive Price List free on — 


ow 


ILVER MEDAL, level Bshibition ne pro COLD MEDAL, . Paris, 1900 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX. Buenos Aires Exhibition, 1910. 3658 








BUY “TWINK”’ LATHES 


AND BE SURE OF SATISFACTION. 





J. PARKINSON & SON, 


SHIPLEY, Eng. 








MORE EFFICIENCY 


500/ FOR 25% MORE COST » 


In the year 1908 the Windes and Runcorn Transporter Bridge was 
painted by us with ANTI-CORROSIVE COMPOSITION, which we 
manufacture specially for this purpose, and now, after 6 YEARS 
weathering and chemical fumes, it shows no signs of deterioration: 


CAN THIS BE SAID OF ANY ; 
OTHER PAINT? : To 


Emphatically NOI! 


TO THOSE INTERESTED WE SIIALL 

BE PLEASED TO SEND A FREE 

SAMPLE ON RECEIPT OF THIS 
COUPON. 


H. DAVISON & SONS, 
Lp., 


H. DAVISON & SONS, Lep., : 
Maguut Srazet, Liverroon, 


Sirs,—You send me a@ Free Sample | 
| in of your “Ante Corvosiee Oommpottion. 


dad 





Finu’s Naue 





MAGULL STREET, 


LIVERPOOL. 





: ADDRESS 


STEAM CRANES, 
oN OVERHEAD ELECTRIC CRANES. 




















London 


HENRY J. COLES Ta Derby. 














HIGCINBOTTOM & MANNOGK, L®. 


Crown Iron Works, West Gorton, 


MANCHESTER. 


Telegrams:—CROWN, GORTONBROOK, 

















Electric Cranes, Hoists, Capstans, Winches, Traversers, 
Transporters, Hauling Machinery and Hand Cranes, 


A. EDMESTON « SONS, Ltd. 


Note New Address: -_PATRICROFT. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUCCESSFUL OPERATION. . 










INVALUABLE FOR DRIVING: 8219 
Mining Machinery & Haulage Concrete and Brick-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 
Power. and Mine Gearing 
Generally. 
FOR 
STARTING 


GAS 
& OlL 


FOR 
COUPLING 
SHAFT-ENDS. 





Hand and Power Runways. 


ENGINES. 
































EE ER EE | 





AT 


A 


| TBE. RRNA EN.» AIPA. 
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JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, _ EMERY WHEELS 
EMERY CLOTH, forall Purposes. 
Wellington Mills, GLASS & FLINT PAPERS, 


MNLONDON, SE. BLACK LEAD, &o. 


CHARLES MeNEIL, "ssc = 


Kinning Park fronworis & Sydrest? Forge, @Lasaow. 


Stamped Stool Pistons LOCOMOTIVE DOMES 
up to in. diameter Z > 


up to 
i} In. thick. 















Codes: 
5th Edition, 
ABO. Yj — 


Ragineees, 


2nd nad Witton. a 


PATENTEE AND ORIGINAL MAKER OF EMBOSSED } DOORS, © 4085 









NO BOILER TROUBLES "2 


AFTER USING 





USED BY A CREAT 
H. M. 
a pl 
ty, 
Se on 4 BOILERS. 
&e., &e. ing 


NOT A BOILER FLUID but a Compound having 4 basis of 98% pure Carbon, 
y to be applied direct to the surfaces like paint. 
pe One Client informs us he saves £20 per Boiler per year in 
Cost of Cleaning alene, to | to say nothing « Economy in Fuel. 





WRITE FOR INTERESTING DESCRIPTIVE BOOKLET TO— 


J. DAMPNEY & CO., Ltd. («c” Dept.), BUTE DOCKS, CARDIFF ; or 
87, BISHOPSGATE, LONDON, E.C. 


“* ApExioR, LONDON.” 3993 








WIRES :—“‘ Dampney, CARDIFF.” 














y PERRY'S NAN 


Can give Good Deliveries 
Springs of every description, 


of 
to give any particular action 


Springs & Presswork, J 02% = = & 


produced quickly. We have 

. ; : a good staff of expert spring 

E want to hear from you ifyou makers, and we will quote for 
are experiencing difficulty in ob- any quantities to samples or 

taining SATISFACTORY supplies of Springs, 

Clips, Bent-wirework or 


prints. 
plain or intricate designs. 











Presswork in 


With efficient organisation—modern plant 
and methods—and skilled men, we can 
give satisfactory service both in pro- 
duction and delivery. 





No. 427 TeErRky’'s Four-fold 


Send us samples or prints of any parts 
you need, and we will quote immediately 
and give delivery date for any quantities. 


Spanner Sets are of light, thin 
hardened and tempered steel, 
and give good service. They 











fo'dcompactlyand give different 
standard grip sizes. 


HERBERT TERRY & SONS, Ltd. 


The Spring and Presswork Specialists, 
REDDITCH, Eng. 


*Phone: No. 61 Redditch. 
*Grams: 


Prices per set :— 
9d,, 1/-, 1/6, 2/6, 3/9. 


“ Springs, 
Redditch” 


RY'S Flexible and 

Vaterproof Cable Covering 

{Complete Mechanisms, For 
uring greater efficiency in any kind 

©! controls. Made in any colour ; it does 





TERRY'S hardened and tem- 
pered steel pocket Screw Driver, 


not chip or erack easily, is thoroughly damp- oa a useful and reliable little tool 
Proof, and is made in sizes to suit speedometer, that can be carried in the waist- 
engineering aeroplane controls, &e. | Write now for coat pocket. 


® sample card and prices, 3879 44d. each, in leather case 








-WINN’S PATENT 


CUTTING-OFF MACHINES 





FOR TUBES 





THE FASTEST MACHINES YET BUILT FOR THIS DUTY 
Mabe in SEveEN Sizes 
For TUBES RANGING FROM 3} to 12 INCHES DIAMETER 


Also Makers ee 
Screwing Machines for Tubes up to 12-in. Bore, and 
Bolts up to 3-in. Whitworth 173 


CHARLES WINN & CO 


Granville Piace 


BIRMINGHAM 




















AND 


BLACK & BRICHT 
Botts & NUTS, &. 


BAYLIsS’s 
RAILWAY 
FASTENINCS, 
















HELICOID” LOCK-nuT, 
. : 

Ns | 4 : 
Vibration the Tight* 

oo One 


% 









Also Manufacturers of Iron Fencing, Railings, Gates, &c. 
: CATALOGUES FREE. 


BAYLISS, JONES & BAYLISS, 


LIMITED, 


oak 5 Sey ‘WOLVERHAMPTON. - 
AND 189 & 141, CANNON STREET, LONDON, E.C. 

















2 ENGINEERING. 





(Dec. 25, r9r4. 












“MALLSIDE” 


CONTRACTORS TO— . 
BRITISH ADMIRAL1 Y, WAR 
DEPT., and- FOREIGN and . 
COLONIAL: GOVERNMENTS. + 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 


CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 


RAILS, BILLETS, FORGINGS. 


AXLES of wehen pally. to meet the requirements of Home 
and Colcnis! Railways. 


TYRES.—Locomotive Carriage and Wagon, toall requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


& 










STREL COMPANY « SOOTLAND 


“STEEL” G.ascow. 











HANDRAIL STANCHIONS, 
REPETITION FORGINGS, 
TIE RODS. 








3611 


EDWIN RICHARDS & SONS, 


Portway Works, - WEDNESBURY. 











£ 


UNIQUE! 


the 


Gling- Surface 


AHE Success of “Cling-Surface” treatment for all Belts 
is such that EVERY BELT DRESSING NOW 
OFFERED BY MANUFACTURERS AND 
TRADERS we bineaiieae being “LIKE *‘CLING- 
SURFACE’” or“ AS GOOD AS‘CLING-SURFAGE.’” 


is only word 


which accurately de 


scribes the position of 


Is as 


Imitations and Substitutes are flattering 


Cling-Surface but disappourting to the users 


ING-SURFACt CAN BE OB Pat emee DD ONLY FROM 


‘THOMAS & BISHOP. 119-125 FINSBURY PAVEMENT 


PABERNACLE ST, 


LONDON, E¢ | 


_— a ____HHs__ | 


BATES’ 


PATENT “GOLD-MEDAL” SEMI-DIESEL 
OIL ENGINES 


For Crude and Residual Oils. 
16 to 200 B.HP. di 
IMMEDIATE DELIVERY. v7 
As supplied 7 ] 
to H.M. 
Government. 


— ae. and 
rome 040 CEN TERAI 


VELCLING. LONDON 





















SPIRIT 
ENGINES, 


2 to 350 B.HP. 


—_— 7 


W. J. BATES & CO., Ltd., DENTON, Manchester. 


Established 1897. 4058 


























The Most Accessible Superheater upon the Market. 
Each tube is detachable and all parts are strictly interchangeable. 


This type of superheater can be supplied to suit all classes of boilers. 4219 
No tube expanders required. Ample provision for drainage. © Saves from 10% to 25% in your fuel bill, 





SUPERHEATER UNITS, LTD., <*iwinses**= 











FAWCETT, PRESTON & CO. 


ENGINEERS, LIVERPOOL. 


Telegrams : Fawcett, LivgrPoon. Codes used: A B C (4th & 5th Edns.), A 1 and Western Union. 
LONDON OFFice: 69, VICTORIA STREET, S.W. 


ARK—“ CYCLONE.” Contractors to the Admiralty and War Office. 
SUGAR-MAKING PLANT 
of all kinds. 


SEA-WATER DISTILLING PLANT 
DISTILLING & EVAPORATING 
MACHINERY for all purposes. 
STATIONARY & MARINE ENGINES 
AND BOILERS. 
PUMPING MACHINERY 
for Town’s Water Supply. 
NITRATE-MAKING PLANT. 
WINDING & HAULING ENGINES. 
AIR COMPRESSORS. 

Sole Makers of CYCLONE PRESSES. 
Sole Makers of GRID PRESSES. 
and ot FawoetT’s HiaH DENSITY AND 
CompounD HYDRAULIO PRESSES 

AND Pumps 4255 
tor Packing Cotton, Jute, Wool, Silk, Hides, &c. 
to any required density and weight of bale. 
NOTE. — 85 “Cyclone” 
Presses supplied for Calcutta alone. 
Bole Licensees in U.K. of Patent FODDER PRES# 











| 
**Watson-Faweett” Hydraulic *‘Cyclone” Press. 
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SELF 
PROTECTION 


FOR LIGHT ENGINES 
OR 
WHOLE TRAINS. 


D.C. A-C. 
TRACK CIRCUITING 


AND MECHANICAL 
LEVER LOCKING 
A SPECIALITY. 





For Particulars, Schemes, and Estimates, 
Apply to :— 


The McKENZIE, HOLLAND & WESTINGHOUSE 
| POWER SIGNAL CO., Ltd., 


58, VICTORIA STREET, LONDON, S.W. 


Telegrams 
“ POWERSIG, SOWEST, LONDON.” 9647 


Telephone: 
VICTORIA 476¢e (2 lines). 











“BITUMASTIC” 


(BRAND) 


SOLUTION 


IS THE 


FINEST ANTI-CORROSIVE PAINT ON 
THE MARKET FOR SMOKE-STACKS. 


ee ee 





View of Steel Stacks 
at Large Electric 
Power Works. 


267 ft. High. 


Coated with 
“BITUMASTIC” 


(BRAND) 


SOLUTION. 


rer r were rr wwww 











“BITUMASTIC” IS SUPPLIED READY FOR USE. 
IMPERVIOUS TO ACID AND ALKALI FUMES. 





Write for “BITUMASTIC” BOOKLET to Sole Manufacturers :— 


WAILES, DOVE & GO., L™- 


5, ST. sii BUILDINGS, are ON-TYNE. 


TELEPUONE :—4637 (3 lines). 3906 TeLecrams :—‘* BITUMASTIC. 




















OWING TO THE WAR _— 


OUR STOCK of MACHINE TOOLS FOR SALE 
HAS BEEN INCREASED 


and we are now in a position to offer first-class 
Machines for immediate delivery as follows :— 











One 8 ft. by in. PLATE BENDING MACHINE. 


One BEAM BENDING and STRAIGHTENING MACHINE for Beams 
&c., up to 12 in. by 6 in. 


One BEAM BENDING and STRAIGHTENING MACHINE for Beams 
up to 6 in. by 4 in. 

One BEAM BENDING and PUNCHING MACHINE, for Beams up to 
6 in, by 4 in., and at the other end to punch } in. diam. through } in. steel. 


One Double-ended PUNCHING, SHEARING and ANGLE SHEARING 
MACHINE, for § in. Plates, both Gaps 18 in. deep. 


One Single-ended PUNCHING MACHINE, for § in. Holes in § in. Plates, 
20 in. Gap. 


One 2 in. SCREWING MACHINE. 


One Screw-driven PLANING MACHINE, to plane 6 ft. long by 2 ft. 3 in. 
wide by 2 ft. high. 


WE HAVE PART FINISHED, FOR SHORT DELIVERY, THE FOLLOWING :— 


One Double-ended PUNCHING, SHEARING and ANGLE SHEARING 
MACHINE, for { in. Plates, 22 in. Gaps. 


One Double-ended PUNCHING, SHEARING and ANGLE SHEARING 
MACHINE, for in. Plates, 20 in. Gaps. 


FRANCIS BERRY & SONS, 


Sowerby Bridge, ENGLAND. 4108 


CONTRACTORS TO THE ADMIRALTY, INDIA & COLONIAL OFFICES, & MOST OF THE FOREICN COVERNMENTS. 











ARTESIAN BORED TUBE WELL, 


At BOURNH, LINCS. 


THE TOWN OF SPALDING. 


FIXED BY 





COC. ISL.BER & OCOO., Lr». 


Artesian Well Engineers and Contractors to H.M. War Department. 4167 
BEAR LANE, SOUTHWARK, LONDON, 








— 
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A Goa the Ae Seger 
LUNKENHEIMER 


SUPERIOR STEAM BOILER VALVES |: 
AND FITTINGS 


conform with Canadian Boiler Regulations, and are approved 
for use in Canadian Provinces, including British Columbia, 
Alberta, Saskatchewan and Ontario. 


* 7 * * * * * a 


The line approved includes Globe, Angle, Cross, Check, 
Gate, Blow-otf, Pop Safety and Non-return Safety Boiler 
Stop Valves, Water Gauges, Gauge Cocks, &c. 

A complete list of Official Registration Numbers covering 
the above will be sent upon request. 

The supremacy of LUNKENHEIMER PRODUCTS is 
universally acknowledged, and to maintain this reputation, 
the highest type of skilled labour is —— and only new 
material of the very highest grade is used. 

We guarantee our goods to be of the very highest quality, 
and a LUNKENHEIMER GUARANTEE is a real, definite 
quantity, and not an empty use of the meaning of a guarantee. 

All correspondence and inquiries receive prompt attention, 
and immediate shipments are insured, as large stocks are 
carried. 

Specify and insist upon securing genuine Lwunkenheimer 
make. not accept substitutes—they are never as good as 
the genuine. 

Write for catalogue, illustrati and describing the 
complete line of Lunkenheimer High Products. 3652 


THE LUNKEN COMPANY, LIMITED, 
35, Great Dover St., LONDON, S.E. Works: Cincinnati, Ohio, U.S.A. 


32-19 Telegraphic Addresses ‘“* LunkEN,” LONDON. 


Ths [Zoi 


_— ~~ —_ 
a re eon 
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<= 
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**Lunxen,” CINCINNATI 





























RUBERY, OWEN & CO., 


DARLASTON, SOUTH STAFFORDSHIRE. 














10,000 Gallon per hour Water Softener 
Supplying a Battery of Boilers in Large Rolling Mills in the Midlands, 


WATERIPURIFICATIONM PLANTS. 
Bacterial Treatment for Town Supplies. —_ Filtration and Softening for Industrial Purposes, 


PLEASE SEND US YOUR ENOUIRIES. 8581 

























TELEGRAPHIC ADDRESS: 
** CRANES, RODLEY.”’ 


SEND US 
YOUR 
ENQUIRIES 


ELECTRIC, 
STEAM, 
HAND, &c. 


— ALSO 


CAPSTANS. 


ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 


LONDON OFFICE: 
CAXTON HOUSE, WESTMINSTER, S.W. 




















CAIRD & RAYNER, 


Admiralty and War Office Contractors. 


PATENT 


EVAPORATOR 


FRESH WATER FEED MAKE-UP 
APPARATUS. 


Approved by Board of Trade for Passenger Ships. 


BOILER FEED PUMPS. 


Vertical Single-Cylinder Direct-Acting type. 














COMPLETE 


FRESH WATER 


DISTILLING 
INSTALLATIONS 


(All Sizes) 
For LAND or MARINE USE. 


pa. Qi FEED WATER HEATERS. 
Sa FEED WATER FILTERS. 
177, 














Commercial Road, Limehouse, 


LONDON, E. 


4043 














Tel. Address : VAPORIZE, LONDON. Telephone: No. 210, Eastern. 


ips. 


pe. 
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Telegrams: BURNET, GLASGOW. 


118, | 








LOCO-TYPE BOILERS rOR DREDGERS, RIVER STEAMERS, &o. 


LINDSAY BURNET &CO. 


Specialty: -MARINE BOILERS OF ALL 
SIZES FOR SHIPMENT ABROAD. 


CORRABSPONDANCEH INVITED. 4245 
Address: Moere Park Works, Helen Street, 
GOVAN, GLASGOW. 











WE ARE THE LARGEST MAKERS IN THE WORLD {| 


SURFACE PLATES 


SETTING-OUT PLATES AND TABLES, 
CAST IRON STRAIGHT EDGES, &c. 


THOUSANDS OF PLATES IN STOCK UP TO SFT. x GFT 


CROWN WORKS. 


Surfacing Specialists, 
|elarelelame (2h, amma tere ler 


CHELMSFORD. 


THE AomiIRALTY, War OFFICE, INDIA OrFrice, Post Orrice, &c 


\Ofe) ha :) \onse):1: Minas) 























Ewe rROCHSS- 1 


RAW HIDE GEARS. 


All to BROWN & SHARPE'S Standard. 





Also METAL GEARS. 


SEND FOR DESORIPTIVE CATALOGUE. 





GEORGE ANGUS ¢ CO.. ua. 


NEWCASTLA-ON-TYNE. 8752 





PROCTOR’S PATENT SHOVEL STOKER 


AND MOVING FIRE-BARS. 
14,000 FURNACES FITTED. 








1eoO =F Oo 

15). <a 
MORE 

ECONOMY. put: 





Working on over 1000 Furnaces at many of the urge 
Steel Works and Collieries. 


JAS. PROCTOR, L0.. ‘ict'ven,” BURNLEY, 


SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements a la Vaporisation, 29, Rue de Londres, Parte, 


PECKETT « SONS, Lo., Bristot. 














LOCOMOTIV HS 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 





Full particulars on application. Telegrams PECKETT, BRISTOL. 
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HORIZONTAL PLANO-MILLING|— 
AND FACING MACHINE 


Convertible to “‘ Qpen-side.”’ 
CAPACITY: 201iNS. SQUARE By ANY LENGTH. 
SINGLE PULLEY DRIVE, WIDE RANGE OF oe AND FEEDS. 














DARLING & SELLERS, Lp, KEIGHLEY. KEIGHLEY. 











We wish to draw the attention of 


ENGINEERS, &c., to the fact that we 
have LARGE STOCKS of 


Raw Materials ana 


Finished Goods 
and can give QUICK DELIVERY. 


We ask you to SUPPORT BRITISH 
INDUSTRY and help us to keep several 
hundreds of British Workmen in Employment. 


Kirby BANKS Screw Go., Lt. 


BOLT, NUT ann SCREW MANUFACTURERS, 4183 


LEEDS. 


Telephone—541 (2 lines). 





Meadow Lane, 
Telegraphic Address—*‘ Hexacon, LeEps.” 








. 


GRAND PRIX, BUENOS AYRES EXHIBITION, 1910. 
RAILWAY CARRIAGE 


BIRMINGHAM & WACON CO., LTD. 


Tele. Address: ‘‘ Carriage,” Smethwick, Birmingham. Telephone Nos. : 17 & 107 Smethwick. 
—— MANUFACTURERS OF —— 
SALOON & OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION. 


PRESSED STEEL UNDERFRAMES, BODIES AND BOCIES 
For Home and Abroad. 











’ General 
Birmingham Railway Carriage * ‘Wagon Co. Lad. Smethwick, 
ntine “Raitway Limited. 


Manager’ s Coa 


SEER eee y 


Central 


Makers of Hydraulic Pressed Boss and other Wheels and Axles, Ironwork, Axle Boxes, Oastings, &o, 


Sole Manufacturers of Dean & Churchward’ - patent ‘ * Eitherside” Brake, 
and Marillier’s patent ‘‘ Instanter” Coupling. 


\ Wornss: SMETHWICK, BIRMINGHAM. ik 




















ELECTRIC 
DEGK 
GRANES 


AS FITTED TO 


“* MAURETANIA,” 
“‘ LUSITANIA,” 

“* OLYMPIC,” 

“ TITANIC,” 


“EMPRESS OF 
RUSSIA,’ 


**EMPRESS OF 
ASIA,” 


&c. 








Fig. 1155. 


SIX CRANES OF ABOVE TYPE FITTED TO 


S.S. “BRITANNIC.” 


STOTHERT & PITT, L° 


a ee ae ee. « 





Od 6997 














ie 


A,’ 


F 
1A,” 


|. 


6997 
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CRAIG a DONALD, Ld. 


JOHNSTONE, near GLASGOW. 
MAKERS OF 


MACHINE TOOLS| 


WITH 


PLATE FRAMES 








Punching, Bar Cropping and Plate Splitting Machine. 











JOHN HANDS & SONS, Ltd. 


Cardigan Works, 


BIRMINGHAM. 


T: legrame— 
“Machinery.” 


DELIVERIES 
FROM 
STOCK. 





For all kinds of GUTTING-OUT PRESSES, 
DRAWING PRESSES & METAL SHEARING MACHINES. 











East Ferry Road Engineering Works Go. Ltd 


HYDRAULIC CRANES AND COAL HOISTS, BELT 
CONVEYORS FOR COAL, &c. 
PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. 














FLOATING PNEUMATIC GRAIN ELEVATOR (200 tons per hour). 


Surrey Commercial Dock Co. 





Hydrostatic Orane Weighing Machines up to 250 Tons. 


Engines, Pumps, Siuioes, Capstans, &<. 
General Engineers and Ironfounders. 


Estimates given for Repairs. 


MILLWALL, LONDON, E. “” 





Telegrams : 
Hrprostanic, Lonvox, 








THE 


Mirrlees WatsonCo., L4. 


GLASGOW. 





ADVANTAGES 


OF THE 


“ MIRRLEES-LEBLANC” 


ROTARY AIR PUMP 


SIMPLICITY. 

SMALL SPACE OCCUPIED. 
NO RECIPROCATING PARTS. 
NO VALVES. 

LOW MAINTENANCE COSTS. 
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KERMATH MARINE ENGINES. 


Built in 4 Oycle, 4 Cylinder types only. 
12 to 20 HP. 


Medium Speed ; 
for Boats 20 to 35 feet. 


2 
Medium Duty; 


Dep g on Equip 8 
EXCLUSIVE DEALERS SOLICITED. 


KERMATH MFG. CO., 


Our. E.) 
DETROIT, MICH., U.S.A. 








4237 











~~ BRUNDRIT 


PATENT — 

















Temperature 
Balance 


Ghe 
AUTOMATIC 


CIRCULATOR 
for Marine « Land 


BOILERS 
1600 Sets 


already 
Meeereakin g 


BRUNDRIT’S Tempcrature BALANCE 
is valveless and perfectly Automatic in 
action. It starts working shortly after 
Fires are lighted and continues working 
even under Banked Fires, so long and as 
often as the Water above and below line 
of fire bars varies in tem ture. Can be 
fitted at short notice without drilling or 
structuralalteration. Supplied toall boslers 
of R.M.S.S. Lusitania and Mauretania. 


JOSEPH BRUNDRIT 
14 Water St. LIVERPOOL. 











BRADLEY aCRAVEN 2 


Estab. 
1843. 





. 


FOR ALL 
PURPOSES. 


WAKEFIELD. 


6325 


“a 
€ 


TY 



























LEECH, GOODALL & 











Works: LEEDS. 

















SSS 
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a a a 
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MAKERS OF 


CONVEYING 
PLANTS. 


ELEVATORS. 
COAL BREAKERS. 


——. 


SCREENING 
PLANTS. 


——- 


HEADCEARS. 


-_ 


PICKING - BELTS. 


STEEL 
STRUCTURAL 
WORK. 


ROOFS. 


CAS RETORT 
INSTALLATIONS. 





Telegrams : 
VERTICAL, LEEDS 


Telephone : 
No. 1982 Leeds. 
406 


oe 
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STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 


Shipbuilders’ and Boiler Makers’ Machine Tools, 
PATENT BEVELLING MACHINES 


FOR SHIPS’ FRAMES. 


FORGE CRANES,Hand & Steam. 


Sugar Cane Mills. Water Wheels, &c. 





Limited. 
BANGOR WORKS, LEITH, EDINBURGH. 3754 























HENDRY 


tt FROM A SINCLE STRAND tL 
BELTING 


—For Planing Machine, Lathe and 
all classes of Heavy Machine Tool Driving, 
HENDRYS' new patent Flexible construction 
gives a peculiar Elasticity and Spring not 
found in any other Belting, and which acts 
as a cushion against heavy and irregular 
stresses, and reduces stretching and wear and 
tear to a minimum. ia 























The experience of the largest concerns at 
home and abroad proves that HENDRYS'’ 
new patent Laminated Leather BELTING 
permits of higher speeds, heavier cuts, steadier 
running, and an all round increase of output. 
Enquiries invited ie. ' 4 


TTT sth t 


Illustrated Booklet on request. 

















JAMES HENDRY 
252 Main Street 
Bridgeton, GLASGOW 


Copyright Registered 





3730 














HARTNESS 
FLAT TURRET LATHE 


Now built in two sizes. 2} by 24—12 in. a 
and 3 by 36—14 in. swing. Equipped wi ith tools 
for either bar or chucking work. 


JONES & LAMSON MACHINE CO. 
“Jubilee Buildings,” 

97, QUEEN VICTORIA STREET, 

LONDON. 474 


(Corraient.) 

















High Speed Cutting Lathes. 


RIGID. POWERFUL. 
ACCURATE. HANDY. 


BUILT TO GUARANTEED LIMITS OF ERROR. 


In Progress for Early Delivery. 





bi. >Pindle Speeds. Two Ratios of Back Gears. Hollow Spindle. 


niikasee Se opindle Bearings, “sux Positive Feeds. micrometer Qeorge Swift & Sons, 
Range Bank, HALIFAX, England. 


Illustration represents our 7 in. Centre Lathe. Full particulars on request. 


3028 
Made in 7 in., 8} in., 10 in., and 12} in. Centres. 











SESE SEAT 














Ere 
THE STANDARD ENCINEERING 


co. LTD., 
LEICESTER and LONDON. 


| 






for INDUCEDJDRAUGHT, 


F ANS DRYING, VENTILATING, 
DUST EXHAUSTING, &c, 


Qn Admiralty List. 


BODLEY BROS. & Co. 


gre Millwrights, Boiler Makers, and 
iron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 











AND 


WORM WHEELS, 


Machine Moulded 
ALSO 


TEETH CUT TO SHAPE 


By Special Machinery. 





Telegraphic Address— 832 
Bopiay, Exersr. 
ESTABLISHED 1790, 
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AIR LIFT PUMPING PLANT. 


WATER 
SUPPLIES 


ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 





Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
125, BUNHILL KOW, ses 
LONDON, E.0O. 














REDMAN 


HALIFAX. 


See our Half Page 
Advertisement in 
last week's issue. 


LATHES 


















PRATCHITT BROos. 


Engineers, CARLISLE. 


Enoing Driven Mortar Mitt. 
ALSO MAKERS OF— 4157 


RAM PUMPS, DISINTEGRATORS 


Colliery and Chemical Manure Machinery. 








ANS 
PavFREY ST 





PREVENTIVE. 
Bright Metal Surfaces 


Is especially adapted for coating the 
bright a of Engines, Machinery, 
Tools, Prevents Rust, no matter 
how severe the test. Supersedes White 
Lead and Tallow or similar preducts. 
Costs less, because it goes further. 
Applied easier. Easily removed. Enters 
the pores, and is a permanent protection 
after cleaning up. Neither new nor 
experimental, but has been in constant 
use for over twenty years by most of the 
leading and up-to-date Engineers, &c. 

If interested, we should be pleased to 
submit sample and price. 


W.H.PALFREYMAN & CO. 




















G.& A.HARVEY, LT? 





> | 





GOVAN ,CLASCGOW. 
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HIGH SPEED 


MACHINE TOOLS. 


For TURBINE WorK 


BoILeER WoRK 
AND RAILWAY WorkK 


ZZ UZ 
Specialities. 


THE HARVEY TAPPER” 


FOR RAPID DRILLING , TAPPING & STUDDING 
{zm wa ca 
































THe Harvey Facer” 
































TELEGRAMS, GANDAH ” _ PROMPT DELIVERY. 





























GAS ENGINES and SUCTION GAS 
PRODUCER PLANTS 


also 
OIL ENGINES 


for working on refined or crude oil. 





























JOHN ROBSON (Shipley) Ltp. 
SHIPLEY, 


ESTABLISHED 1870. 






Oil Engine. 











YORKS, ENGLAND. 












Gas Engine and Gas Producer Plant. 














FRANK Frank WIGGLESWORTH —_ 


FRICTION 





a Rots 








Goree-Piazzas, Liverpool. 253 








HAULAGE 
GEARS, 






























FROM PHOTOGRAPH. af 
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PETTER| 


OILENCINES 


m™ The perfected product of 20 years’ specialisation. 


HORIZONTAL. VERTICAL. PORTABLE. 


For Orude and Refined Oils. Sizes 2 to 200 B.HP. 


The PETTER OIL ENGINES have a great reputation 
for reliability, economy and durability. Users, and 
prospective users, of power for any purpose will do 
well to consult us. Expert advice and estimates free. 


PETTERS L., Zncéncers, Yeovil, England, 


73, Queen Victoria Street, LONDON, E.C. 
Showrooms {3, ictoria Street, BRISTOL. 


Awarded 30 Gold and Silver Medals and Grand Prix, Turin, 1911. 








ABBOTT & CO. (Newark), LTD.. 


Maw ARE -Oom-TRawT, BWwerLANET. 
Tele. Address: ‘‘ ABBOTT, NEWARK.” National Telephone: No, 34. ABC Code, 5th Edition. 


MAKERS OF 
HIGH-CLASS 


BOILERS 


OF EVERY TYPE 
AND FOR ALL PRESSURES. 


REPAIR FIRE BOXES. DEGREASING PLANTS. 
VULCANISING PANS. 


FLANGED PLATES, 


IN IRON OR STEEL, TO ORDER. 3064 














or 





ANOTHER 


ECONOMICAL 


High-Speed Tool 


(Three sizes:—14", 2”, and 22” spindles), 
D65 
Powerful, Rigid, and Compact. 
ALSO 


OTHER MODERN LABOUR-SAVING 
TOOLS IN STOCK sanp PROGRESS. 

















DUPLEX VERTIOAL MILLS .. ... ... D3la 
TRIPLE _ ker ae D2 
DUPLEX HORIZONTAL BORERS ... ... D7 


Send for Lists and Prices. 





Telegrams .. .. “WILKINSON, ENGINEERS.” 
Telephone .. .. .. .. -. 10¥ KEIGHLEY. 


G. WILKINSON & SONS, 


KEIGHLEY, England. .,, 














TO GET FULL 








EFFICIENCY 


From Your Machines 





REQUIRES 


SMALL TOOLS 


OF HICH QUALITY. 


To meet this demand, a rigid 
inspection is made of all 


DRILLS, CUTTERS, BROACHES, 
REAMERS, TAPS, &c., = 
at every stage of manufacture. 


Coventry Ordnance Wks. 


SMALL TOOL DEPT., 


COVENTRY. 

















THERMOSTATS 


— for —4131 
Controlling 
Steam'to . 
CALORIFIERS, 
OR HOT WATER 
TANKS. 


THE HORNE 
ENGINEERING CO., 
Bt. Peters Lane, Glasgow. 
































SKANDIA 
Motor Winches 





(HRAVY OW). 





ideal for Handling ~ 
any kind of Cargo. 


Pull particulars from— 


WALTER D. FAIR & CO., 
14, Leicester Street, 


*Phone—7220 City. LONDON, W.C. y 


Agents for | NELSON &@ BO 
AGetraiasia } D168, Lettus t., 8YDE . 4276 

















D 





ENGINEERING: (Dec. 25, 1914. 


ON ADMIRALTY LIST. 


Telegrams : ; - Telegrams : 
BESSEMER, SHEFFIELD. ae a Fee: Se: BESSEMER, BOLTON. 














STHEHEL MANUFPACTU RERS 
gpEclAliT ‘ES, AND AT BOLTON (LANCS.) gpEClALl7ip. 


FORGE INGOTS up To 26 TONS. SHAFTING 


OF ALL DESCRIPTIONS FOR 
FORGED CHROME MARINE ano LAND ENGINES. 
STEEL SHOES anp DIES, ”, 
FOR GOLD MINING 4 ROLLED BARS, FLATS 
PURPOSES. ANGLES, COLLIERY 
LARGEST OUTPUT OF RAILS, 


ANY ENGLISH FIRM. FISHPLATES; SPRING 


ROLLERS ano PATHS’ STEEL 
For QUARTZ CRUSHING. AnD SPECIAL SECTIONS 


NICKEL it REELED 


CAGE | 3 
HARDENING , BILLETS 
STEELS. & 
cee BLOOMS 
HIGH ar FROM 
TENSILE = 2°—12" SQ. 


= CONTRACTORS 
WIRE ee TO 


ORDNANCE COLONIAL, 
INDIAN, 
—_— _ INDI 


FOREIGN 
smears - > jalahaaes ;' GOVERNMENTS 


ADMIRALTY, - BRITISH 

WAR OFFICE, ail & 

CROWN AGENTS FOREIGN 
FOR THE BUILT-UP ano SOLID CRANK AXLES, wen quaranTeeD MILEAGE, ano CRANK = RAILWAYS, 


COLONIES, ==§_ SHAFTS, TYRES anv AXLES oF at tvess for Railways, Tramways, &c. aa 


SPECIAL HIGH-TENSILE TYRES, ‘“ARGENTINE” BRAND, for Locomotives, &c. 
WELDLESS CRANK OOPS,” BOILER RINGS ano en RINGS. 56 


STEEL ano IRON FORGINGS 


Exceptionally quick delivery given for UP TO ANY WHIGHT. 
FINISHED CRANK SHAFTS, PROPELLER 
SHAFTS with Continuous Gun-metal 
liners complete, and STERN and RUDDER 
FRAMES. 


SPECIALITIES ‘Repair V Work of all 
descriptions, also Finished Hollow 
Crank & Line Shafting, rouse for 
Turbine Engines (Wheels, Spindles, \ 
Drums, &c.). 














Patentees and Sole Manufacturers of the 

‘“‘WEOGWOOD" PATENT VERTICAL 

INTERLOCKING SCARPHED JOINTED 

RUDDERS. Also Patentees of Combined Be 
ROTOR WHEEL & SPINDLE FORGINGS 


for Turbine Engines. DUMBARTON. 


On Admiralty, War Office and Crown 
Agents’ iste. Telegrams—FORGE, DUMBARTON. London Office: Palace Chane. Bridge St., Westminster, S.W. 
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National Gas Engine Co. 











LIMITED. 


AS SUPPLIED 

























SPECIAL 
FOR 
FEATURES. 
oe Reliability. 
~ Regularity of 
Weaving Speed. 

Sheds, Low Fuel & Oil 
Collieries, &c. Consumption. 
Electric Driving for Positive 

all purposes. Starting. 


Installation of THREE 600 B.HP. ENGINES, running on Coke Oven Gas, at an Iron Works in Staffordshire. 


WORKS and OFFICE: Ashton-under-Lyne, MANCHESTER. 


LONDON SHOWROOM: 75a, Queen Victoria Street, LONDON, E.C. 5148 


ELLISON GRANE CONTROL GEAR. 


























CONTROLLER. PATENT RELAY TYPE CRANE PANEL BRAKE SOLENOID. 
FOR 3-MOTOR D.C. CRANE. 


wt, __ GEORGE ELLISON, ««<« 


Queen Anne’s Chambers, 87, Union Street, 


Westminster VICTORIA WORKS, 
, pres a WARSTONE LANE, ORIEN ER 


SHEFFIELD.—Independent Buildings, Fargate. 
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x G. MUMFORD. 11. Colchewier, 


CONTRACTORS TO 


British ADMIRALTY, War Office, INDIA OFFICE, CROWN AGENTS | 
FOR THE COLONIES, AND FOREIGN NAVIES. 


PATENT 


‘DREADNOUGHT’ Pumps 












































il 
it 





| 





Rain Feed, prt 





















































Fire and Blige, Ou ‘Fuel inate 
“AUTOMATIC Over 25,000 PUMPS “ronson” 
BOILER-FEED aa OR APANESE AND = 
s REGULATO RS. Feed Pumps with ‘Automatic Control. FE nase. «incr 

















™ SUNDERLAND FORGES ENGINEERING CO. Ld, 


cS ELECTRIC WINCHES 


FOR SHIPBUILDERS, 


SHIPOWNERS, 
ENGINEERS, &c. 


Over 15 years’ experience in 
the Manufacture of Electric Winches. 


ENGINES & DYNAMOS 


FOR 


SHIPLICHTING AND POWER. 


Complete Electric Installations. 




















TeL_earams-MARR SUNDERLAND. 
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Dick, Kerr Steam Turbine Sets. 








LE 











ADVANTAGES: 





Simplicity of Construction. 
Large Blade Clearances. 
High Efficiency and Close 
Regulation at all Loads. 





Low Maintenance Costs. 








Minimum Floor Space. 














Pe bi inabasticd 6 











DICK KERR 2,500 K.V.A. TURBO-ALTERNATOR SET. 


DICK, KERR 


& CO., LIMITED, 


ABCHURCH YARD, CANNON STREET, LONDON, E.C. 


Branches: MANCHESTER, NEWCASTLE, JOHANNESBURG, TOKYO, SYDNEY, 
BUENOS AIRES, RIO DE JANEIRO, MOSCOW and MILAN. 


Se 
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THE - 
Photograph 
of 35 B.HP. 

STATIONARY yee 
For Crude Oil 5 to 300 B.HP. 
For Refined Petroleum . "°° 75 B. 
PORTABLE TYPE. 
For Crude Oil ‘ 15 to 45 B. 
For Refined Petroleum. . 14 ,, 26 


Start in <& minutes. 
No jm 4 Required except for 
starting. 


No external flame when working. 


BRANCHES— 
LONDON: 81, Cannon St., E.C. 
Teegrams—“ Engimanu, London.” 

Telephone 3144, Central. 
ADSLAIDB .. -- 61-63, Hindley St. 
ALEXANDRIA -- Rue de la Gare du 
Caire. 
AMSTERDAM -. Spuistraat 6 & a 
ANTWERP .. .. 83,RuedesPei 
BoMBAY .. -- Marshall’s Bi 
Ballard Road. 
But anny 4 oe -. VI Gyar Uteza 5. 
Buenos Ainks .. 333Calle Peru 335. 
Carr a .. RueBab-el-Hadeed 
Cc ALoUrEa an .. 99, Clive St. and 
25, Strand. 
Cusistcnurcn,N.Z. South Belt. 
TANTINOPLE- Grand Rue Mah- 
GALATA .. “a moudie, 142-146. 
Dusun “ .. DickiesWarehouse 
South Dock St. 
East Lonpox, S.A. Cambri St. 
GERALDTON, W.A.. Marine Terrace. 
GLascow -. 28, Graham Sq. 
MELGOURNE -- 585, Bourke St. 
MILAN - -- Via Palmero 8-10. 
Pakis -. 28, Boulevard de 
Hopital. 
SYDNEY ~ 7, Bent Street. 
Tue a Hase x ee 26, Verhulstatraat. 
Toronto .. .. Oorner King and 
Simcoe Streets. 
Tunis ee -- 109, Rue de 


Portugal. 





BLACKSTONE & CO., L?> Stamford, England 
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ROOTS’ wm “ACME” ROTARY PUMP. 


ROOTS’ LATEST PATENT ye L ates 23 
) PATENT 
“ACME” BLOWERS sia 


Belt-driven or fitted with Simple or Compound ; | POWER 
Engine or Electric Motor. t 


For use with any make of Cupola, Smiths’ Hearths, 3 - H A MM E RS 


Alkali Works, &c. 





For Ordinary fran — ba ew Be | - — = os Lease FOUNDRY 


and 


High Pressures a | It fy | MOULDING 

up to 10 Ibs. ee | ee ee LS MACHINES 

per square inch. = | ‘ae <= eee ; 
ae &c. 


—_—\—— 


This illustration shows a Pump specially designed for Pumping 42,000 gallons of water per hour to a head of 140 ft., 
for use in a coal mine, and driven = electric motor. 





For rtete. und full Portieniads ‘anata to :— 


SAMUELSON & CO. LIMITED, 


BANBUERY, OXON. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. 














ELECTRIC CRANES 


OF ALI TYPES 
ee eS ee a ee 


CAPSTANS 


ALSO BHBLEHCTRIC 


WINCHES 


Tf you -have requirements in the way of any 
of the above, please write at once for Catalogue. 


THOS. BROADBENT & SONS, L™. 


CENTRAL IRON WORKS. 


HUDDERSFIELD. 


SUFFOLK HOUSE, LAURENCE PC POUNTNEY HILL, “EC. 


ti ti Mt tt Mi tn tie 
v 7 


tit i i 
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DEAN, SMITH & GRA E «20m, L* 











ILLUSTRATION SHOWS OUR 1034 in. CENTRE GAP LATHE. 


FEATURES . 3526 


Large diameter Cone Pulley. Bearings of ample proportions and self-oiling. 
Steel Feed Gears, case-hardened where necessary, and practically unbreakable. 


Also made in Sizes 6% in., 8$-in., 12 in., and 16 in. centres, with Gap or Straight Beds. 


LATHE MANUFACTURERS. ~ KEIGHLEY. 
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JOHN LYSAGHT, Limited. 


Bristol, Newport (Mon), London. 


CHIEF 
OFFICES: 
ST. VINCENT’S 
IRONWORKS, 


BRISTOL. 


LONDON 
OFFICES : 
36, 


GRACECHURCH | 


STREET, 
E.C. 














wo 
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THE LATEST 
DEVELOPMENT 


IN 


HIGH SPEED STEEL. 











| SPEEDICUT jae 
eas EXTRA SPECIAL [ = | 


TYRES. METALS. 

















4079 


ry 


- THOS. FIRTH & Sons EL SHEFFIELD. 


Pb 1 1 Relient eRe edt stale Ee ALEC 
DAY. SUMMERS ®& CoO., Limited, 


ENGINEERS, BOILERMAKERS, Northam Iron Works, SOUTHAMPTON. 
\ SHIP & YACHT BUILDERS. 


SaaS SO SSS SS SSS SSE SSHh ESSE ad 


SSN seinen ci kath ial aaa 





























Telephone—No. 48. Telegrams—‘‘ DAY, SUMMERS, SOUTHAMPTON.” 





ere. ae ey 




















P. S. “PRINCESS MARY.” 663 Tons. |.HP. 1000. Designed and built by D., S. & CO., Ltd. 





Speeeiee 1—STEAM TRIPOD TRAVERSING SHEERS (Land and F i se apd 
HAULING-UP SLIP MACHINERY. 
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Cutting Threads 


on Bullard Vertical Turret Lathes. 








The attachment shown in the illustration can be applied 
to BULLARD VERTICAL TURRET LATHES at any time. It is a 
very useful device that often saves an extra operation on a 
screw-cutting lathe. 


It in no way interferes. with the regular feed arrange- 
ments. The mechanism is driven through a single tooth 
clutch so that it is impossible to split the thread; the 
tool can be returned by méans of the quick power traverse 
) without regard to the starting point of the tool or the 
position of the table. Change gears are provided for all standard threads from: 2 to 16 per inch. 








36’ MACHINE wItH THREAD-CUTTING ATTACHMENT IN STOCK. 





Od 8300 


ALFRED HERBERT 'T_ LTD. Coventry. 























Pea 


ON LUBRICATION 


and some other points 
where ordinary bearings fail 
in comparison with Skefko. 


\ " ie ‘ Us 3 ‘a | Uys % - AY, 
Unnecessary lubrication is unnecessary expenditure. Whilst ring-oiled | brs ay “a7 , Uj 

bearings increase the bill for lubricatzon, Skefko. SK F ball uh el | \3 Lp, ie 
reduce it by at least 90 per cent., and where heavy loads or high speeds 
or loose pulleys are the rule the saving effected is naturally considerable. 


Plain bearings waste power through friction. Skefko. SK F ball bearings 
increase power. They save labour and augment the output facilities of 
machines. The carrying capacity of ordinary bearings is low compared 
with that of Skefko. SK F, and where rigid bearings demand extreme 
accuracy of alignment, or if this is not afforded, involve undue strains, 
friction and wear, Skefko. S K F ball bearings neither demand the one nor 
are affected by the others. Write for full particulars free on request. 


aru BALL BEARINGS 
“ 


























THE SKEFKO BALL BEARING CO., LTD., 

















$ Head Office and Works: LUTON, ENGLAND. 
: | os Telegrams “‘ Skefko, Luton.” Telephone : 418 Luton. 
London Office: 28, VICTORIA STREET, WESTMINSTER, S.W. 
Telegrams ; “* Skefko, Vic., London.” Telephone : 0641 Victoria. 
t 
4 a astieneenal 
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RUSTON EXCAVATORS 








Let us solve your 
Excavating Problems. 




















We have exceptional experience 
in the design ‘and* building of 
Excavating Machinery, particu- 
larly Combined™ Excavators and 
Conveyors, and also Transporters, 
and shall be’ pleased to submit 
schemes for- all-classes of work. 


WE HAVE SOLD OVER 
600 STEAM EXCAVATORS. 


Removing the overburden from Ironstone by Ruston No. 18 Steam Crane Navvy, and dumping 
it on the spoil bank by a Ruston Transporter. 


RUSTON, PROCTOR & CO.,. Ltd., Lincoln. England. 


Telegrams—‘“ Ruston, Laxcoun,” or “* Ruston, CANNON, LONDON.” Also at 46, QUEEN VICTORIA STREET, LONDON, E.c. 

















Steam Turbines. 
Electric Generators. 


Motors and rm 


Transformers. 








The Brush Electrical Engineering Co.,. Ltd. 


LONDON OFFICE: 1, KINGSWAY, W.C. LOUGHBOROUGH. 
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The Same Quality, 
Accuracy and 
Dimensions, but will Hes, 
take 50'/, more load ce 


= than Ball Bearings. EN; 


BRITISH THROUGHOUT. 


The Hoffmann 
~ Mfg. Co., Ltd., 
Chelmsford, 
- ——_— Essex. 
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WILLIAM BEARDMORE & CO., LTD., 


Telegrams: “BEARDMORE, GLASGOW.” “BEAKDMORE, DALMUIR.” 
Steel Manufacturers, Forgemasters, 
Gun and Armour Plate, Makers, 


Shipbuilders & Engineers, QG, ASGOW. 











Contractors to Admiralty, 
Colonial and Foreign Governments. 


WAR SHIPS, 
MAIL STEAMERS, 
CARGO VESSELS. 












SHAE Ts 


Crank & Straight, Hollow & Solid. 


SHIP & BOILER PLATES & SHEETS. 


HYDRAULIC FLANGED 


BOILER FRONTS, ENDS AND FLUES. 


25 to 4000 HP. ‘“‘ BEARDMORE” 


| OIL ENGINES. 





ARMOUR PLATES 





ORDNANCE. 





ASSETS ee texan 
AND #S 


For LOCOMOTIVES, CARHIAGES and WAGONS. 


WHEELS « AXLES 


FINISHED COMPLETE. 


NICKEL STEEL PLATES, SHEETS, 


BARS SHAFTS and FORGINGS. 
All facilities afforded for TESTING at the Works. 





OF ALL 


STEEL CASTINGS ipncsins 
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“GAMMELL LAIRD & CO., LTD., 


SHEFFIELD anp BIRKENHEAD. > 








BATTLESHIPS. ARMOUR. 
CRUISERS. PROJECTILES. 
DESTROYERS. STEEL CASTINGS 





PASSENGER AND AND FORGINGS. 
CARGO BOATS. 





TOOL STEEL. 


3865 





MARINE ENGINES. 





HIGH SPEED STEEL. 





BOILERS. , FILES AND RASPS. 


CAST STEEL PRESS BASE. 
Tora. WeiaHt 70 Tons. 
























STEEL WORKS :— SHEFFIELD. 





LONDON OFFICE :—%, Centra Rotnpines Wesarurverer, S W. SHIPYARDS :—BrrKennEaD. 






















CAPSTAN LATHES. 


We have a full range of sizes in progress at our works. 





WARD 





i a 
bs 


= 


See 
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8in. CENTRE ALL-GEARED CAPSTAN LATHE with 2% in. hole through spindle, chasing saddle, sliding and surfacing 
motion to saddle and automatic feeds to turret. 


LONDON: 401, Manson ws Chanters is taeen Views ee, BIRMINGHAM. 


MILAN OFFICE: Conso Porta Nuova ANGOLO VIA PARINI. 3065 PARIS OFFICE: 82, AveENUuE DE LA REPUBLIQUE 
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Economical power in small quantities 


is difficult to obtain by means of reciprocating steam engines, but 
the difficulty can be readily overcome by the use of 


Small Curtis Turbines 


which are highly efficient at all loads and are 
built in sizes ranging from 15 HP. to 300 HP. 


They provide an exceedingly compact and economical 
form of driving unit for the operation of high-speed gas 
exhausters, blowers, rotary pumps, &c., and can be arranged 
to exhaust into feed water heater, atmosphere, condenser, 
or against any desired back pressure. 


They will operate at the highest steam pressures and 
superheat temperatures met with in turbine practice, and 
are particularly suitable for driving the condenser pumps 
used in connection with large turbines. 


A number of these machines are giving thoroughly 
_ satisfactory service throughout the country. 


The British Thomson-Houston Go., Ltd., 


Electrical Engineers and Manufacturers, 
100 HP. CURTIS TURBINE. Head Office and Works - - RUGBY, England. 





















































SELF-LUBRICA TING 
STEAM ENGINES, TURBINES, AIR COMPRESSORS, 


AND 


CONDENSING PLANTS 


for 


Electric Power, Traction, 
Lighting, Mill Driving, 
Mines, Veritilating Fans, 
Shipbuilding and Engineering 

Works, etc. “ 








MADE IN STANDARD sizes |\—_— = : 
RECIPROCATING ENGINE & EXHAUST TURBINE cada atte 
Combined Capacity, 2500 KW TO SUIT ALL REQUIREMENTS. moon Suvi. eouranssone 1600 c. ft. Capacity. 
Telegrams : “ Belliss, Birmingham.” Established 1852. London Office: 8, VICTORIAQ§ST., S.W. 


BELLISS & MORCOM LIMITED, ; 
BIRMINGHAM, Enc ann. 











J 
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GARDNER PATENT CRANK PIN TURNING LATHE 


ENORMOUS SAVING IN CRANK PIN MACHINING TIME. 











(FULL PARTICULARS ON APPLICATION.) 


An absolute essential where Cranks 


are machined in quantities ! 






L. GARDNER & SONS, L’. 
Patricroft, 


MANCHESTER. 
Selling Agents :— 
Messrs. A. HERBERT Ltd., COVENTRY. 


Telegrams :—“ THEOREM, PATRICROFT.” 
Telephone :—401, ECCLES (4 lines.) 1855 %-in. CRANK PIN TURNING LATHE. 


nd Fi CE N 1X BRADFORD’ 
































SPECIALISTS 
IN 
MEDIUM 
SIZED 
UNITS. 





| TURBO-ALTERNATORS COMPLETE TURBINE-DRIVEN UNITS. 





PHOENIX DYNAMO MANUFACTURING CO., LT. BRADFORD. 


Wires: Dynamo. HEAD OFFICE and WORKS. *Phone: 3700 (4 lines). 





___—____|__tonpow. | aiascow. | sinmiwonam. | SWANSEA |NEWCASTLE-ON-TYNE.| AND - 
BRANCHES | Tetecrse | ‘sasvax” |"acSusrie’ | sue | “SesimR |. TTS | ABmoAD 












































Dec. 25, 1914.] ‘ENGINEERING. 











See 





ss ae 


“TANGYE’ Ss 


“T” type GAS ENGINE 


wiTH “VARIABLE ADMISSION” GOVERNING. 


For 
driving alternators 
in parallel. 


‘Works like a Steam 
Engine.” 





‘SINGLE ¢ CYLINDER OR COUPLED ENGINES. 


‘taace "| TANGYES Ltd., Birmincuam. 


























The WER 
FEED PUMP 


IS UNEQUALLED FOR 
ECONOMY 
* EFFICIENCY oe 
RELIABILITY 
DURABILITY 





Standard Sizes - - ~- Delivery from om 


G.eJ. WEIR, 





td. Cathcart, 
Glasgow. 






































36 


ENGINEERING. 





[Dec. 25, 1914. 
















































Regenerative Arc Lamps. 


The Regenerative Electric Arc Lamp 
burns 80 hours with one pair of carbons, 
giving a scientifically distributed light. of 
7 candle power watt. 


Twelve pairs of carbons will outlast a 
half-watt or metal filament lamp; the 
cost of carbons is therefore only one-third 
the cost of metal lamp renewals. 


The efficiency is at least three times 
greater for the same consumption of 
electrical energy. 


Lamps and carbons are manufactured in 
our works at London. We have already 
supplied 50,000 Arc Lamps to the 
Government, British Municipalities and 
Colonial Authorities, and lit some thousand 
Bnitish works. 


May we place our experience at your service ? 


4209 


THE JANDUS ARC LAMP & ELECTRIC CO., Ltd. 
HARTHAM WORKS, HOLLOWAY, LONDON. 
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Advi. of The British Westinghouse Electric e~ Mfg Co. Ltd. 
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EBBW VALE STEEL IRON & COAL C®., L®. 


make a Speciality ot Cold Drawn Weldless 


STEEL TUBES 


FOR LOCOMOTIVE BOILERS. 
As Supplied to the Leading British Railway Companies. 


























AGENTS ~— 


Mr. R. S. COLQUHOUN, 22, Fields Road, NEWPORT, MON. 

Messrs. S. F. JONES & CO., 1, Cannon Street, BIRMINGHAM. 

Messrs, DUTTON, MASSEY & CO., Tower Buildings, Water Street, LIVERPOOL. 

Messrs. DUNFORD & ELLIOTT, Collingwood Buildings, Collingwood Street, NEWCASTLE-ON-TYNE. 

Mr. F. W. PAUL, 35, Princes Square, Strathbungo, GLASGOW. 

Messrs. T. BEYNON & CO., LTD., Merthyr House, CARDIFF (Coal Sales Agents). 

Messrs. THE BRECONSHIRE COAL & LIME CO., LTD., BRECON (Brick Sales Agents). —™ 


ENQUIRIES TO :— 
HEAD OFFICE: EBBW VALE, MON. LONDON orrice: 122, CANNON ST,., E.C. 
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LONDON: 


30, Norfolk Street, Strand, W.C. 


Two Uni-flow Steam Engines of 550 H.P. each; Hafod Copper Works, Swansea (Glam.). 


SULZER UNI-FLOW STEAM ENGINES. 


Special Advantages: High and lasting economy ; Substantial totally enclosed 
design ; Forced lubrication of all moving parts. 





Further Specialities s 


Alternating-flow Steam Engines—Steam Boilers of all systems—Four and Two-stroke cycle Stationary 
Diesel Oil Engines; Directly Reversible Marine Engines—High and Low-Lift Centrifugal Pumps; 
Sinking Pumps— Pumps for Fire Extinguishing purposes—Fans of all kinds— 

Ice and Refrigerating Machinery — Heating Installations. 


WINTERTHUR, SWITZERLAND. 
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VICKERS ume 


ALL TYPES OF WARSHIPS, DESIGNED, BUILT, snciae. ARMED, : 
: AND ARMOURED READY FOR SERVICE. 


OFFENSIVE AND DEFENSIVE AUTOMATIC SUBMARINE MINES. — N 
AIROGRALIrT. - Bh | 





























“a . wre eos SELF DOCKING FLOATING SHIP DOCK 
“DUKE OF CONNAUGHT.” \ 
ei 























\ Se a ne’ 

TESTE gations: donor oc on ShoUAC esthéAL Sousencano 
\ WORKS | 
| SHEFFIELD. . BARROW-IN-FURNESS. BIRMINGHAM. \ 
CRAYFORD. oa ERITH. er. ; {\ 
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VICKE RS u LIMITED. 








ELECTRICAL EQUIPMENT. 








———— 
+ 


NSNEX 







3000 kw. 6600 volt, 164 r.p.m. 3-Phase Generators for the City of Winnipeg. 
Five Generators have been supplied. 





MOTORS and GENERATORS of all Types. 
ROTARY CONVERTERS. 


Patent Automatic Reversing Drive for Reciprocating 
Machine Tools. 











River Don Works, SHEFFIELD. 


——— eee eee 


(Proprietors :—VICKERS LIMITED). 


WOLSELEY| 


Commercial Motors 
FOR 12 CWT. TO 5 TON LOADS 








Wolseley One-Ton Lorry. 


Send for New Catalogue G., post pree on request. 





}} WOLSELEY MOTORS, Ltd., Adderley Park, BIRMINGHAM. 


(Formerly THE WOLSELEY TOOL & MOTOR CAR CO., Ltd.) 


Telegrams: “ Exactitude, Birmingham.” Telephone: 4361, Central, Birmingham. 
Contractors to the Admiralty, War Office, &c. 








VICKERS VANADIUM HIGH-POWER 


DRILLS, 


QUICK CHANGE DRILL CHUCKS, & 
PATENT ADJUSTABLE REAMERS. 


Also 
CARBON DRILLS of all types, including Wire, 
Letter Gauge, Taper, Square and Bit Stock Drills. 


DELIVERY FROM STOCK. 









——— 
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—— 





—< 


—— 


_— = 


The Standard Tools 
for modern drilling 
and reaming practice. 


EFFICIENCY. 


ECONOMY. 





All communications to— 
TOOLS” DEPT., 3957 


VICKERS HOUSE, BROADWAY, 
LONDON, S.W. 
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TO THE MACHINERY BUYER ABROAD. 


At the present time British Manufacturers are laying themselves out to supply the exceptional 
demands made upon them consequent upon the stoppage of German Overseas Trade. 











In the changing circumstances many firms abroad may find a difficulty in adapting themselves 
to new markets and in discovering the best source of supply. 


We are on the spot, and are keeping pace with all new developments. 


Your enquiries and orders for PLANT AND MACHINERY, and Every Description of 
ENGINEERING MATERIAL, if sent to us, will be dealt with to the best advantage 



















































































HORIZONTAL BOLT 
FORCING MACHINE. 







2, LONDON WALL BUILDINGS, LONDON, E.C. 

Universally adopted; direct reading ; 

Seif er CHAIN AND ANCHOR MANUFACTURERS, 
by optical means is fast becoming the correct thing. The PYROSCOPE Forgings, Crane Chain, Chain Slings, and all kinds of 
SHORE INSTRUMENT & MFG. CO., New York. 

WEDNESBURY. 


and will be placed in the most suitable market. 
(Cables may, during the war, be addressed :—‘‘ BIRCH, LONDON WALL, LONDON.”) 

For Hardnews Teste || HENRY WOOD & CO.,Ltd 
in shop and laboratory use the # ‘ a9 bd 
inexpensive, and the only instrument 
that agrees with others of its kind in 
specification. Pr Works adapted to make up to the LARGEST SIZES. 

*s through Pyreccepe.” 

THE ae ae wk ese LARGE MOORINGS A SPECIALITY. 
has solved the problem. Perfect constancy, inexpensive, no electricity ANCHORS, MOORING and CABLE GEAR. 
used. Built to stand rough usage and upon common-sense lines. Used 

WOOD'S “VIKING” STOCKLESS ANCHOR. 
Agents for England :~SCHUCHARDT & SCHUTTE, Bodies, and Contractors to all 
34, Victoria Street, London, S.W. | THE PYROSCOPE. FOREICN COVERNMENTS. 5198 
BOLT & NUT PLANT. 
RAPID BOLT, RIVET, AND NUT FORGING MACHINES. 


JOHN BIRCH & CO., Ltd., 
Standard Scleroscope. SALTNEY, Near CHESTER. 
all parts of the World, thus solving 
: . BATTLESHIP’S CABLES aad GEAR. 
Heat Indication, 
by the Governments and best Firms. 
Standing Contractors to the British Admiralty, Trinity House and Public 
SAMUEL PLATT, L® 
| 
SCREWING, TAPPING, AND OTHER FINISHING MACHINES. 












2379 
Agent pour la France: FERNAND PERDRIZET, 102, Rue de Maubeuge, Paris. 


BILLINGTON « gid 


i.rD., 
— LONGPORT, STAFFS. 
PHOSPHOR TIN MAGNOLIA METAL 
PHOSPHOR COPPER | BABBITT’S METAL 
PHOSPHOR BRONZE | WHITE BRONZE 
And other Anti-Friction Metals. 


SPECIAL COMPRESSED PHOSPHOR BRONZE 
FOR BEARINGS AND SLIDE VALVES. sw 

























82 Tons Tensile per sq. in. 85% Elongation in 2 in. Telegrams: BRONZE, LONGPOKT. Telephone: No. 304 POTTERIES. 





ENGINEERING, * 





[SUPPLEMENT page 1] 





Dec. 25, 1914.] 


—— 








VENTILATION. =| 





]N SUMMER the vitiated air of 
the Factory is being constantly 
replaced by fresh air drawn from the 
open, purified and cooled by means 
of Filter Screens and distributed by 
the aid of Fan and duct work to every 
portion of the building. 


A Coot Factory. IN. SUMMER. 





BY THE 





SYSTEM. 


]N WINTER the building is kept 

at an even temperature, irrespec- 

tive of outside climatic conditions, 

by means of a large volume of fresh 

pure air, suitably warmed by means 

of Steam Heaters using live or 
exhaust steam. 


2 
= 





A Warm Factory IN WINTER. 


DAVIDSON & CO., Ltd., sirocco works, BELFAST. | 











PETER BROTH ERHOOD, = 


PETERBOROUGH. 























or Fr RES 








ie STEAM TURBINES 


Contractors to the British and other Governments. 
London Office: — 53, PARLIAMENT STREET, WESTMINSTER. 


Telegraphic Address :— 
“BROTHERHOOD, PETERBOROUGH.” 
“ BROTHERHOOD, PARL., LONDON.” 


Telephone :— 
70 PETERBOROUGH. 
4683, VICTORIA. 


IMPULSE- ‘TYPE 






‘for driving 
meg Generators, Pumps, Fans, fe. 


—__—___3#f 














SHIP-LIGHTING TURBINE & DYNAMO. 


LEAST POSSIBLE SPACE OCCUPIED. 























W.H.ALLEN,SON:CO.,L 


BEDFORD, ENGLAND. 




















VERTICAL ENCLOSED 
FORCED LUBRICATION, 


STEAM ENGINES 


DIRECT COUPLED TO 
PUMPS, FANS, 
DYNAMOS, &c. 


MARINE WORK. 


FOR - 











Steam Driven Circulating Pump. 














































MR CIRCULATING = EXTRACTION GEMPS | 


“ATTEN AG Th KY 
KH LUMEING & = 
CS GNGENSINE| 

aS: FE. 


WIVIZRG AMP LIN, 
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PATENT. 





EXPANDING STEAM TYPE. AUTOMATIC WATER TYPE. 


“LION” PACKINGS 


Are made with Practical Principles. 


tf The Metal Studs are composed of a SPECIAL HIGH 
MELTING POINT ANTI-FRICTION METAL ABLE TO 


WITHSTAND THE HIGHEST SUPERHEATED STEAM 
TEMPERATURES. 


@ The Fabric is made fror Finest Yarns and is Specially 
Woven. 
¢ The cloth is folded in such a manner as to give an 


automatic expanding action whereby the packing adapts 
itself to all conditions of work with the minimum of friction. 


il It has all the advantages of a solid metallic packing with 
none of the disadvantages. 


“GOLDEN WALKERITE” 


IS THE BEST TYPE OF 


COMPRESSED ASBESTOS FIBRE 


OR 


“ITE” JOINTING: ~ 


Large Quantities Used hy the Admiralty. 





GUARANTEED ALL BRITISH MANUFACTURE. 


James Walker & Co., Ltd., gees. London, E. 
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(S. E. ALLEY’S PATENTS). 
Single and Two- Stage. 
Simple vn. 
# “Sentinel” Works 
Design 
— is 
Economical the Largest 
in 
Op og Air Compressor 
Factory 
Durable | 
with in 
No Repairs. Europe. 
All Sizes from Always in | 
50 to 7500 Stock 
Cubic Feet or Progress. 

















Lowest 


First Cost. 
No Attendance 


Necessary. lowest 
— Running Cost. 
Small 
Foundations. 


Longest 
Efficient Life. 





4244 


Moto: lictete Machine, 2750 Cubic Feet Capacity. 


Alley & Mac clan, Ltd. Pr anda 
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SIEMENS 











ELECTRICAL MACHINERY 


made at our Stafford Works includes ;— 


Electric Motors and Generators. Turbo-generators. Rotary Converters. 


Rolling Mill Motors. Tramway Motors and Controllers. 
Electrical Equipments for Winding Engines. 
Crane Motors and Controllers. 
Switchboards and Switchgear for all Industrial Purposes. 
High-tension Switchgear of all descriptions. Mining Switchgear. 
Starters and Regulators. Transformers. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office : Supplies Dent & Stores: ** Tantalum ’’ Lamps & Fittinge 1 
CAXTON HOUSE, WESTMINSTER, 8.W. 38 & 39, npg a STREET, E.C. TYSGEN STREET, DALSTON, N.E. 
Telephone: GERRARD 860. Telephone: C. Telephones: CENTRAL aap & DALSTON 244. 
Telegrams: SIEMBRALOS, VIC, LONDON. Telegrams : I EMOTOR, CENT, LONDON. Telegrams: SLEMODYN, KINLAND, LONDON, 
Works: STAFFORD. 


HOME BRANCH ADDRESSES: 
BIRMINGHAM .. ... Central House, Mow Strest -+ «+ Tel. No. 6907/8 Central. MANCHESTER .. .. ++ Tel. No, 4635/8 Central. 
4, BRISTOL .. .. .. 30, Bridge Street... + «+ Tel. No. 1479 National. NEWCASTLE .. .. 20-41, Collingwood Buildings. .. Tel. No. 3033/5 Central. 
CARDIFF .. .. .. 89, St. Street .. .. .. .. Tel. No. 3057. SHEFFIELD... .. . 22, High Street -. Tel. No. 4251 Central. 
GLASGOW .. .. .. 66, Waterloo Street -- .. -: |! Tel. No. 4901/8 Central. SOUTHAMPTON .. ++ +s se ee, e+ Tel, No. 1008 8’th’pton. 

’ BRANCHES IN PRINCIPAL TOWNS ABROAD. 1712 
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HUDSWELL, CLARKE & CO., LTD., 


ene ee FOUNDRY, LADDs. 


LOCOMOTIVES 


For Main or Branch Rallways, Gontrastors, Ironworks, Collleries, &c. Made to sult any Gauge of Railway. 








Established 
1860, 


Telegraphic Address: 
“LOCO, LEEDS.” 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 


Bore] MAEHEERS OF 


RODGERS PULLEYS” 


(REGISTERED). 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. ™ 


ADMIRALTY LIST, aT tC) Tes CP re INDIA OFFICE, 


CROWN AGENTS FOR THE COLONIES. PATENT WAR OFFICE LIST. 



































CYLINDRICAL AND WATER-TUBE BOILER. 


The illustration shows one of our Standard Sizes, the Cylindrical Element of which is 16 ft. long x 8 ft. diameter, HEATING SURFACE 2000 square feet. 


EVAPORATION 15,000 Ibs. per hour — equal to Two 30 ft. x 8 ft. LANCASHIRE BOILERS. Ground Space required about one-half that of Lancashire 
LEADING FEATURES : Boilers of equivalent power. Made in Standard Sizes for Evaporations of 3000 Ibs. to 15,000 Ibs. per hour. 





ACCESSIBILITY. 
FREEDOM from 
SCALE due to 
EFFECTIVE 
CIRCULATION. 
DURABILITY. 
No risk of burning 
out Tubes. 
DRYNESS OF 
STEAM. 







THERMAL 
STORAGE. 


EFFICIENCY. 





These Boilers are 

bo a i giving great satisfaction. 

765 to 80 per cent. . BE ima Py GE ' We are receiving repeat 
alee liteien aes cual 4 me ta 4 


orders. 
ECONOMY. 


=" THOMAS nner Lid. act 
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ERNEST NEWELL & CO, [2 


Rotary Kilns, Slurry Pumps, Mixers, Slurry and Clinker Grinding Plants. 


COMPLETE WORKS SUFPFIIED AND BERBOCTUD. 


LS —_— — rr —— 








THREE ROTARY KILNS, 200 vin LONG. 36500 TONS{§CLINKER WEEKLY. ERECTED IN ENGLAND. 








RICHARDSONS, WESTGARTH & CO. LTD. 


HARTLEPOOL. a a SUNDERLAND. 














Metal Mixers. 


Marine Engines. 


Rolling Mill Engines. Steel Tilting Furnaces. 





Water-tube and other 
Blowing Engines. 








>. Boilers. 
Waterworks Pumping Cinicateee: 
Engines. ea 
: Rolling Mill Plants. 
Gas Engines. i 7 


Heavy and Light Machine 
Work a Speciality. 


Gas Cleaning Plants. 


3578 








Repair Work of all Kinds. 


25,000 Horse Power VERTICAL ROLLING MILL ENGINE. 
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THOMAS SHANKS & CO. oe aiascow. 
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SEE PATENT FEED WITH CONVENIENTLY GROUPED HANDLES. 

























ROLLED STEEL vOoISTS, 
‘CHANNELS, TRAMRAILS, \ 
BULL HEADED &FLAT BOTTOMED RAILS. 








\ 
ey 
SD MIN, 
Sau si 
iinet | 


~ 












rT] MiLD STEEL IN THE SHAPE OF 
ame: BILLETS, TINBARS, SLABS, FLATS &. ROUNDS. 











8000 TONS OF STOCK KEPT. AT LEEDS. ga: 











GD COMPOUND GIRDERS FOR ANY DESIRED STRENGTH OR SPAN. 
Cann) ESTIMATES GIVEN FOR CONSTRUCTIONAL STEELWORK FOR BUILDING PURPOSES. 


LIST.OF SECTIONS AND OTHER INFORMATION CAN BE OBTAINED ON APPLICATION. 
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CAMPBELL GAS ENGINES 


REPRESENT 


THE LAST WORD 


IN EFFICIENCY, 
CONVENIENCE IN WORKING, 
AND ECONOMY. 























The Following are some of the Principal Features :— 

1. RING LUBRICATION TO CAMSHAFT AND CRANK- 
SHAFT BEARINGS. 

2. FORCED LUBRICATION TO CYLINDER. 

3. AUTOMATIC LUBRICATION TO CONNECTING ROD 























BEARINGS. 
4. QUTSIDE COMPRESSION SPRINGS ON ALL 
VALVES. 
5. LOW TENSION MAGNETO IGNITION WITH 
TIMING GEAR. 
35 B.HP. Propucer Gas ENGINE WITH THROTTLE GOVERNOR. 
STANDARD SIZES From 3 TO 625 B.HP. Write us for Quotations and Full Particulars. 
3575 
THE GAMPBELL GAS. ENGINE GOMPANY, LTD., 
LONDON : GLASGOW: 
73A, QUEEN Victoria Sr., E.C. HALIFAX, ENGLAND. 104, BATH STREET. 





COWANS, SHELDON & CO., LD., 
en ae oui CARLISLE. 


Aland ABC (6th Edition) 
CODES USED. 






















LONDON OFFICE :— 
3, VICTORIA STREET, WESTMINSTER. 


CRANES 


OF sos 


EVERY TYPE. 


Electric, Steam, 





. 150-Ton 
FLOATING CRANE. 











Hydraulic, Hand, or 


wit Pneumatic Power. 
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A WELL EQUIPPED 
DRAWING OFFICE. 


if —\- 


= 
tay al 














If you would have 
all your fittings and 
materials of the very 
best quality, send 7 
your enquiries and . ; 7 = == =a 




















‘ 
a 
Ry 
=e 


















































orders to:— 


J. HALDEN & CO.,Ltd., >a om 


MANCHESTER: 8, ALBERT SQUARE. ; 
LONDON: 15 & 1%, BROADWAY, WESTMINSTER, S.W. - / ° 
NEWCASTLE-ON-TYNE: 6, GRAINGER STREET. 

BIRMINGHAM: 27, UPPER PRIORY. 

GLASGOW: 17, CADOGAN STREET. i, 

LEEDS: 14,.PARK ROW. 3588 - 














CLARKE, CHAPMAN «& CO., LTD., 


oe A and Electrical Engineers and Boilermakers, 


VICTORIA WORKS, GATESHEAD. 
Specialists in Ships’ Auxiliary Machinery. 





ELECTRIGALLY-DRIVEN WINDLASS. 
, Our 1909"Type STANDARD STEAM WINCH. 





ELECTRICALLY-DRIVEN WINCH. 





- ELECTRICALLY-DRIVEN WINCH. “SIEURIN” Patent STEAM WINCH. 
LONDON OFFICE: 50, Fenchurch Street, E.C, 
Telegrams: “CYCLOPS, GATESHEAD.” “CYCLOPS, FEN, LONDON.” 3885 


Telephone Nos.— | A.B.C, 4th and 5th Editions, A.1., Engineering lst and 2nd Editions: 


CODES Lieber’s, Broomhalls, Moreing & Neils, Watkins. 


1070 and 1073 Central and No. 137 City. 
Western Union and Private. 


Trunk Calls 2196 Central. 
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HURST, NELSON & CO., LTD. 


Builders of RAILWAY HER sl “WAGONS, ELECTRIC CARS and every other description of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIBUS and other ROAD VEHICLE BODIES. 


SPECIALTY—ELECTRIC RAILWAY AND TRAMWAY TRUCKS, 
WAGONS BUILT For CASH or DEFERRED PAYMENTS, -orR LET ON HIRE. 








I 


MAKERS OF PRESSED 
WHEELS STEEL WORK 
* AND -AXLES, 
ot all kinds, 
RAILWAY 
including 
’ PLANT, 
| FORGINGS, UNDER- 
SMITH-WORK, FRAMES 
IRON AND 
AND BRASS BOCIES. 
CASTINGS. 





STEEL COVERED GOODS WAGON 
as Built for Great Indian Peninsula Railway Company. 


a 


wax The Glasgow Rolling Stock ¢ Plant Works, Motherwell. 


GLASGOW OFFICE: 40, West Nile Street. CARDIFF OFFICE: Gordon Chambers, 31, Queen Street. LONDON OFFICE: 14, Leadenhall Street, E.C. 
BRANCH WORKS: hatsworth Wagon Works, near Chesterfield. Bridgend Wagon Works, Bridgend, Glamorganshire, Swansea Wagon Works, Swansea. 









GLOBE RIVETTING, CHIPPING and. 
CAULKING HAMMERS, MADE THROUGH- 
OUT FROM NICKEL GUN STEEL. 





GLOBE DRILLING, TAPPING, and REAMING MACHINES HAVE ‘ 
FEWE oF THE : : ; 
ais ER WORKING PARTS THAN ANY OTHERS O TYPE. ALL GLOBE PNEUMATIC TOOLS 


ARE. MANUFACTURED BY . 
siR W. G. ARMSTRONG, WHITWORTH & CO. 











Guope PNEUMATIC ENCINEERING 
COMPANY, LTD., ont 


GLOBE “coma Bema iyiagt > cn cape ee * VICTORIA STREET, LONDON, S.W. 


~_ ANDREW. a RB. PD. WOOD, Ls ee 
J. D. Ni VERPOOL. 

TELEGRAMS ... ...  “‘ PNEUMATOID, Vic., LONDON,” JAMES TURNBULL & O0., Bmxixonax. SOUPER & CALLAGHAN, Mancussras, 

TELEPHONE om ons ons oss o= 2671 VICTORIA. GILBERT LODGE & ©O., 109, trrr Srazer, Srowey, AverRaisa. 











bis 
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NATIONAL-ACME AUTOMATIC 
MULTIPLE SPINDLE SCREW MAGHINES. 


MANUFACTURED BY— 


A LOWER COST PER PIECE. THE NATIONAL-ACME MANUFACTURING CO., 
Cleveland, U.S.A. 





[ 











The National-Acme Multiple Spindle method 
shows the lowest cost per piece on screw machine 
work. The eight tools that operate at once on 
National-Acme Automatics are controlled by 
positive cam movements to produce accurate 
duplicate parts, each piece in the time of one 
operation or less; and with very little supervision 
one operator runs from four to six machines. 
Extra tools on the National- Acme do most 
of the special milling operations, &c., reducing 





the expenses for re-handling to a minimum. 


C. W. BURTON, GRIFFITHS & CO. 











LUDGATE SQUARE, LONDON, E.C. And at Glasgow. : 
LIMITED, 





Engineers and Contractors, 


= SCOTSTOUN IRONWORKS, GLASGOW. 





Conveying ano Klevatin g 
Plants.- - ===". 











Mild Steel Bar Chains- - = = = = «= = 

Push Plate and Gravity Bucket Conveyors 

Spiral and Paddle Conveyors- - - = - = 

' Belt Comveyers - - =< = = = = = «=. 
Conveyor Stoking Systems - - - = - = 
Silos - «- Tanks - - Structural Work, &e: 
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1) The “Robey” Patent § 
) Uni-Flow Engine | 
) Driving Mine Fan. | 





| ROBEY & CO.,Ld., | 
i] are Manufacturers of 


DROP VALVE 
ENGINES, 


ii) WINDING ENGINES, | 
i] AIR COMPRESSORS, | 
i ELECTRIC 
HAULAGE. GEARS, 
BOILERS, &c. 


|| GLOBE WORKS | 
| ———= LINCOLN | 


x 79, QUEEN VICTORIA ST. 
aN —s FI ON DON.E 











HEAD, WRIGHTSON 
& CoO., LTD., 


STOCKTON-ON-TEES. 


“*TEESDALE, VIC., LONDON.” 
*“*TEESDALE, STOCKTON-ON-TEES.” 


LONDON OFFICE—5, Victoria Street, Westminster, S.W. 


Telegrams { 


Manufacturers of— 

TUNNEL SEGMENTS, 
CAISSONS, DOCK GATES, 
WAGON HOISTS, ELEVATORS, 
CONVEYORS, BUNKERS, 
BRIDGES, PIERS, ROOFS, &c. 


oak i. .\ ak COAL SHIPPING ° ‘ 

RICHMOND-TWICKENHAM __ APPLIANCES. 
TUNNEL Colliery and Mining Plant, 

(Metropolitan Water Board). Blast Furnace. Plants, &c. 


LL 


SINGLE CASTINGS uP TO 40 TONS IN WEIGHT. 
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HYDRAULIC, "EDIN BURGH, 
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BROWN BROS. &CO., Lr. 


oes re lronworks, a 5 


Gopes Ussp: 


ABU, 6ru Eprrion. 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. 


STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. 


(STEAM, HYDRAULIC & 


ELECTRICAL.) 


TELEMOTOR 


HELM 
SIGNAL 
GEARS. 


SPECIAL 
STEERING 
GEARS 

FOR 


SUBMARINES. 


DIRECT 
ACTING 


REVERSING 


ENGINES. 


HYDRAULIC 
MACHINERY 


FOR 
SHIPS, 
&c. 


3941 


PATENT “TELEMOTOR, ADMIRALTY STANDARD TYPE. 


“CLYDE” BOILER es 


WILL BURN CHEAP FUEL and is ALMOST SMOKELESS. 


MARRIOTT & GRAHAM, 


Plantation Boiler Works, GLASGOW. 





| BELFAST 22 ROOFS 


covered with their social roofing 














View of a building at Leices'er, 
shewing our Belfast Lattice Girder 
Roof, which was construct< d to givea 


clear span of 100 ft. 


These roofs are economical, more durable 
than iron, unaffected by chemical fumes, ,,,, 
and can be arranged to carry shafting. 

Full particulars and Estimates free 


D. ANDERSON & SON LTD. 


ROACH ROAD WORKS | LAGAN FELT WORKS 
OLD FORD, LONDON, E. BELFAST 


P.c.B. 3, 














eal 
Most up-to-date outfits 
of all sizes supplied. 


| gy | ver 9&60O sets of Engines and 1450 
Boilers already constructed and 


working in all parts of the world. 











Admiralty sto 4 Telegrams: 3993 
CGontractors. WHITEFIELD, GLASGOW. 


ROSS & DUNCAN. a 
WHITEFIELD WORKS. GLASGOW. | 
ESTARLISHFD. 13 dL : 
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—, 





Telephones:— 
3, Cowes. 


Telegrams:—, 
Wuite, East Cowes. 
CARNAGE, LONDON. 










































4507, VICTORIA 
TORPEDO BOATS. WATER-TUBE BOILERS 
7.B. DESTROYERS. S| (Wure-Forsrer ) 
STERN WHEEL & WHITE -DIESEL 
SCREW-IN-TUNNEL OIL ENGINES. 
VESSELS. oR " : 
STEAM PETROL & ‘WHITE - BRONS’ 
PARAFFIN LAUNCHES OIL ENGINE 
Hol BulbsVapori: 
THE WIGH T’” “ng lgnton Gear of ony 
SEAPLANE a eater 


a 









[LONDON OF FICE, Ea=(28, VICTORIA S!, SW.) 

















PORTABLE LIGHT FROM OIL. 


up To 4000 canvte power. 
FOR ENGINEERS, CONTRACTORS, DOCKS, RAIL- 
WAYS, &e. 

OVER 18,000 SOLD. 
Adopted by 2@ Governments. Supplied to S00 British 

and Foreign Railways and a@lfl Leading Firms. 
nih PRICE COMPLETE. 
No. 6.—600 Candles. Hand Pattern .. ce ee ee oe 2770 
No. 1,—1,500 Candles, hand pattern, with No. 2 size burner for 
Tar Oil .. ba én si a - ah . £10086 
No. 2,—1,500 or 2,000 Candles. Useful and portable pattern .. £1510 @ 
No. 3,—2,500 or 8,500 Candles. Manchester Ship Canal pattern £1610 0 


Burn Kerosene or Petroleum in Fore’ Countries; in Great Britain our 
Special Wells Oil is supplied. 


TYRE EXPANDING, BENDINC, STRAICHTENING 
SETTING, SHRINKING, &C. 





WELLS HEATER 


No. &.—(Standard Heating Plan age 14 
with Burner, O# Tank, \ 
Pump, all Fittings -. £1710 6 
Heater Burner and Hose only . £5100 
WELLS’ 


“STANDARD” 





REMOVABLE BUNG POUR. 
(PATENTED), ‘ 
yf emptying Oasks without Pump, Tap 


DIL GAS LAMP) or stitinge. 


Applied to and removed from any cask 
Suitable for | instantly. All waste aud mess prevented. 
More rapid in action than apump. Will 
ENGINEERS, | ft any ordinary cask trom 10 to 60 gallons, 
CONTRAC- Does notdamage 
TORS, | 
BUILDERS, 
RAILWAYS, 
FOUNDRIES, 
and for all 
Classes of 
INDUSTRIAL 
Pr dois , WORK. 4086 
Prices.—Fitted with Single Burner, £8; fitted with 
double Burner, £3 58. Exrra BuRNERS, 3s. each. 


A. C. WELLS & CO., * 








. PANCRAS, 











ERST COWES ~ 











SPIRAL SPRINGS FOR ALL PURPOSES. 


Steering Gear Buffer Springs a Specialty. 


Telegrams: 
** Cockburn, Glasgow.”’ 


Ask us to 
Quote. 





Our only address: 


COCKBURNS LIMITED, 


CARDONALD, 
near GLASGOW. 


3348 
Established 1962. 











Victoria Concrete Mixer. 


2 gm 


, - : — ‘ oi teaied 
r . — ea ae Sma bales ae " 
; Ser sl psa ~ wf 





For a RELIABLE, UP-TO-DATE, EFFICIENT 
CONCRETE Mixer 


to suit any requirements, apply for Catalogue No. 2 to:— 


STOTHERT & PITT, LTD. 


Works—BATH. 38, Victoria Street, LONDON, S.W. 


Od 6997 











STOTHERT, LONDON. 1849, VICTORIA, 
Telegrams { STOTHERT, BATH, Telephone { 185) BAIH, 
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ON ADMIRALTY AND 
WAR OFFICE LISTS. 
"CONTRACTORS TO 
THE CROWN ACENTS FOR THE 
COLONIES. 


LAND AND 
MARINE 
BOILERS 


OF ALL TYPES. 
To the Requirements of 


Lloyd's, 

Board of Trade, 
Foreign and Colonial 
" Governments. 00 


LARGE STOCK 
OF 
Vertical Bollers. 


BRADLEY 
BOILER GO.. 























Standard Range of 
HIGH-SPEED 


VERTICAL DRILLING 
MACHINES. 















24-in dia. spindle. 


For all Engineering Purposes. 








1}-in. dia. spindle. 


D. & J. Tulhs, Ld., 


Machine Tool Makers, 
CLYDEBANK. 
meneneneeeiiinintaanttinmines CRADLEY HEATH, 

Near BIRMINGHAM, 


ENGLAND. 


aan 2 Satan Sy Ba Sa St Sor Sa ————— 
é RSE SSS AG ss SHE RSE ASHE ATS ; 
eee 
pa DAVID AULD & SONS, 
SLOTTIN G_| car cenera vee a. 
MACHINE WITH 
WHITEVALE FOUNDRY, 


PATENT STROKE 


MACH i N ES CHANGE BY POWER. Q LASG OW. TeLearams— ReEDucina, GLAsaow.” 


aR Ma a AULD’S PATENT “QUITETITE” 
REDUCING VALVES 


AS FITTED IN THE NEW 


~cunaro Liner AQUITANIA’ 


ENSURING 
SIMPLICITY 
ACCURACY 
RELIABILITY 
DURABILITY: 8525 




















































Nt 






SPECIALITY. 


PATENT PUNCHER 
SLOTTING MACHINES 


6 in. to 18 in. 


For all classes of 
Heavy Forge Wort. 





a E ive 


aw [ 








Guaranteed Times Given. 











. 
» 
— 


ma TH ee 


ALSO SPECIALISTS IN 


EQUILIBRIUM « EMERGENCY STOP VALVES 


MUIR ~ FULL BORE SAFETY VALVES, Ere 


ce == “AL D'S” VALVES. 
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Setr-AcTING STARTERS 
FOR 


COMPRESSORS, 
PUMPS, 

ACCUMULATORS, . 
CONVEYORS. 


Economise labour. ‘‘ Igranic” Self-acting 
Control Gear for Electric Motors is so 
reliable that for many duties the services 
of an attendant can be entirely dispensed 
with. 


MAKE YOUR 


PPARATUS 
AUTOMATIC. 


The illustrations on this page show a 3703 
few “IGRANIC” Standardised Self-acting 
Electric Motor Starters. The complete 
range includes over 2500 different types 
and sizes. 








“Z” Type Self-acting Starter 
for Direct-current Motors. 












Self-acting Starter, for 
Polyphase. Slip-ring Motors. 







Double-pole A.C. Clapper 
Switch, magnetically 
operated. 





(Bil Self-acting Starter{ for) 
« ~Direct-current} Motors. 
Without cover. 







Are you taking full advantage of the latest 
developments in self-acting control gear ? 





IGRANIC ELECTRIC C9 [tT 


LONDON and BEDFORD. 


Dial-type Pressure Regu lator 
for Air Compressors, 





Double-pole Float Switch. 











A complete warming unit 


{I 


which can be promptly 
installed in your 
workshops to meet 
special requirements. 


The Sturtevant Fan 
Heaters occupy small 
space and can therefore 
be used for additional 
or permanent heating 
purposes - - 
Sturtevant 

Engineering Company, Ltd., 


147, Queen Victoria Street, 
LONDON. 


nd a 





Catalogue 
No. E G 1171 
will be gladly 
sent on request. 
8728 

















AND 


HANDLE 
YOUR 
MATERIAL 
QUICKLY & 
CHEAPLY 





4 mT er treo te 


q ul te 
Aa Tinga eld Ti : 
RUM ns Se RS FS) spe 
See. 1 S= t 





—- 














WORTHINGTON 


AIR COMPRESSORS 


Of any Size and for any Purpose. 





WORTHINGTON TWO-STAGE ENCLOSED FRAME 
AIR COMPRESSOR—Belt-driven Type. 





Can be fitted with mechanically moved inlet valves on low pressure 
Air Cylinders at a small additional cost. 


WORTHINGTON PUMP CO., Lto., | 


With which is incorporated the European Business of the 
: Blake & Knowles Steam Pymp Works), 


153, Queen Victoria Street, LONDON, E.C. 
AND BRANCHES IN PRINCIPAL TOWNS AND CITIES THROUGHOUT THE WORLD. 
WRITE FOR SPECIAL COMPRESSOR GATALOGUE. 
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SHIPBUILDERS & ENGINEERS. 





Contractors to the Admiralty, &c. 
PARAFFIN & PETROL MOTORS 


74 B.HP. to 150 B.HP. 


STATIONARY MOTORS 
for ELECTRIC GENERATING PLANTS, 
EMERGENCY LIGHTING, &c. 


PUMPING PLANTS for IRRIGATION, 
SALVAGE WORK, SPRINKLERS, &c. 





Write for our Latest CATALOGUE dealing 
exclusively with STATIONARY MOTORS: for 
ELECTRIC GENERATING, &c. 


COMMERCIAL MOTOR VEHICLES, &c. 
JOHN I. THORNYCROFT & CO., LIMITED, 


Caxton House, Westminster, London, $S.W. 3506 























DUNGAN STEWART « Co, Lo. 


London Road Ironworks, GLASGOW. 


ESTABLISHED 1864. TELEG. DORESS: 


COTTON BALING PLANT. 
HALF BALING PRESSES. 
FINISHING PRESSES. 
HYDRAULIC PUMPING 
ENGINES. 


Capacity of Complete Plant, 200 
Bales of 400 Ibs. each, per day. 


These Presses are also suitable 
for Hemp, Jute and Coir. 


HYDRAULIC PLANT 
of all descriptions. 


“Stewart, GLAsGcow.” 

















PRESSES FOR ALL PURPOSES. 


HYDRAULIC CRANES, PUMPS AND 
ACCUMULATORS. ox 














( INDIA :-DREWET, CHOWNA & CO., Bombay. 

















Agents ) CUBA: DUNCAN STEWART & CO., Ltd., Havana. 
| MEXICO: THE GENERAL SUPPLY CO., S.A., Mexico, D.F. 








FLETCHER BROS. 


(Late of Ashton/Lyne), 
MAKERS OF HIGH-CLASS 


BOILER MOUNTINGS 


and all types of reliable 


STEAM, WATER & GAS VALVES. 


a ili 





ATMOSPHERIC 
EXHAUST -_ - 
s VALVES - - 


’ TO SUIT ANY REQUIREMENTS 
2S S 


LONDON OFFICE: 
72 & 74, Gray’sinnRd., 
W.C. 











4001 


— 


Telephone :—MID. 393 & 394, 
Telegrams :—MITTON, B'HAM. 





OOZELIS STREET NORTH, 


BIRMINGHAM. 





ate CASTINGS 


By Siemens-Martin and Crucible Processes of every description. 


















TO PASS ADMIRALTY, LLOYD'S, BOARD 
OF TRADE OR BUREAU VERITAS TESTS. 





CASTINGS for Railways, itoling. Mills 
Yards, Engine Works, Rolling Mills, 
Iron & Bridge Works, Hydraulic and 
Electrical Machinery, Mining, River 
Dredging, Excavating Work. 





SPECIALITIES— 


Tooth Wheels and Pinions used in 
connection with Cranes, Winches, 
Capstans, &. 


Cast-Steel Anchor Heads and 
Dredger Buckets Fit up Complete. 


On Admiralty 
and War Office 
Lists, 


Cast-Steel Rivetter Body. Total Weight 11 Tons. 


W. SHAW & CO., “fauiiue" MIDDLESBROUGH. 


London Office—8, Eastcheap, E.C.—Representative, A. H. SHARPE. 


- Office for Manchester and Birmin Districtge—12, Exchange’Street, Manchester. 
Representative—THOS. F. DIXON, 
Agent for Scotland—H. M. HARPER, 93, Street, Na tel 
Agent tor Leeds and District—G. G. 8. GRUNDY. 8, Park 4217 
Agent for Hull and yy ee LAWSON, 2, Princes Dock —~ 
faut for Newcastle and District—R. B, FERRY, 90, Pilgrim Street. 














so" 
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“BRITANNIC’ 


(Largest White Star Liner) 


IS FITTED WITH 


) BELDAM’S 


“Excelsior” 
METALLIC 
PACKING 
RINGS 


(DUPLEX TYPB) 







THROUGHOUT 
ALL THE 


PISTON RODS 
AND 


VALVE SPINDLES 
OF THE 4224 


MAIN ENGINES. 


SOLE PATENTEES 
AND 





MANUFACTURERS | 


THE BELDAM PACKING & RUBBER Co., LE 
Saigaens eae 1 & 2, GRACECHURCH STREET, LONDON, E.C. 


Telegrams—*‘ Corrugated.” 


The Last Word 


— IN —. 


BAND SAWING 
MACHINES for Metal. 


PATENT No. 29385. 





New Features :—Al/ wear on gears, due to cuttings dropping on them, AVOIDEL 

by our patented Overhead Drive. Patent Swivel Table, Feed Gear Box for instantaneous 

change of feed.* New Top Guide to adjust instantly to correct position of table 
when swivelled, 





NOBLE & LUND, Ltn. 


FELLING-ON-TYNE, 





NAMA AANA 


=] 











B 128 


Best is Cheapest 


is an old adage, but a very 
true one. 


Do you buy your engine-room plant 
to /ast, to run economically year in 
and year out? Or do you buy in the 
cheapest market, trusting blindly 
that a few pounds saved initially will 
not be swallowed up many times over 
by -the cost of subsequent break- 
downs and repair bills ? 


The wise man buys with an eye to 
economies in the future, not to paltry 
savings at the present. 


You simply cannot afford to buy any- 
thing but the best for your power 
house, and the gas engines which are 
universally acknowledged to be the 
best in economy, design, workmanship 
and materials, are the world-famed 


But they aren’t cheap. We 
could make them cheaper, but 
we won't; we would make 
them better, but we can’t. That 
puts our case in a nutshell. 


You buy assurance with a 
Crossley—assurance of econo- 
mical service, absolute 
reliability and maintained 
efficiency. You buy for the 
Future. 


Get our latest gas engine and 
producer literature NOW, and 
find out more about the new 
Crossley designs. Please 
mention this Journal, 


Crossley Bros. Ltd., 


Established 1867. 


Openshaw ~ 





Manchester. 


Su 


NM 


ic 


Ife 
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“Simplon” Ferrosafe 


An Ideal System, based on a 
scientific phenomenon, for 
correctly storing photo-papers. 


Rubber 


<— 
Joint. 


Pressure 





























<_< 
Springs 
Prices 
at Halifax. 
ROLL IN. 
3x BO B/G 
Caw 
12 4, 5» 16/6 
24» 108 
36 4, », 21/6 
ROLL IN. 
3x 40 10/6 
6 15/6 
1 20/6 
4 24/6 
i 27/6 
' Moisture 
ms) Py ‘a. “re <~-<« 
Absorbing 
i ‘VAT Chamber. 





Orders are being executed in rotation 
by the Patentees and Makers, 


DARGUE BROS. Ld., 


Simplon Works, 
Halifax, Yorkshire. 
t (Tel.: 1473. Telegrams: “ Simpton,” Hauirax. 











THE MOTHERWELL BRIDGE co. 


Telegraphic Address—‘* BRIDGE.” 


BRIDGES, ROOFS, 
PIERS, TANKS, STRUCTURAL WORK. 


HYDRAULIC PRESSED FLOORING SPECIALITY. 


SFLTCLTLANT ALLL 
IRON, STEEL & METALS 


OF EVERY DESCRIPTION. 
, EDWARD LE BAS & COMPANY, London, Glasgow, Manchester. 













sie ec: 40. 


DOCK CATES, 


AND SIMILAR 
































Reducing the Cost. 





The Cleveland Automatics. 
eat WORK of all kinds becomes so much cheaper 


when produced on a “Cleveland” that it is 
common experience with.us to be asked to furnish more 
“‘Clevelands” within a short time of the first one or two 
being introduced into our customers works. 
They are built in many varieties and sizes, ranging from 3/32 


to 7} inches in diameter and 1/16 to 15 inches in length. 
We$gladly furnish production estimates on any suitable work. 


SHURCHILL 





Also 


Screw-cutting Lathes, Capstan Lathes, Drills, 
Machines, Grinding Machines, Shapers, “Planers, Gear 


Milhng 
and all 


Cutters, Forging Machines, &c., classes of 


Shop Equipment. 
CHARLES CHURCHILL & CO., Ltd., 


9 to 15, LEONARD STREET, LONDON, E.C. 
Birmingham, ‘Manchester, Newcastle-on-Tyne, Glasgow, Bristol. 


























—™~, 7 
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TELPHER PLANT FOR CONVEYING COAL DIRECT FROM BARGE TO BOILER HOUSE BUNKERS— = S = § | 
AT A LONDON ELECTRICITY WORKS—THE COAL I8 AUTO-WEIGHED EN ROUTE. 3769 
STRACHAN Qo InN So Awa’. i.rD., 
Telegraph—“ STRASHAW, BRISTOL.” WHITEHALL, BRISTOL, ENGLAND. 
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és oy 


Allen’s 


Forged Steel Balls 


for Ball Mills. 


CPORSAADE< 








(( 


LARGE STOCK READY 
FOR IMMEDIATE DELIVERY 





OXYGEN 


For the Welding and Cutting of Metals, 





British Oxygen Co., Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world. 





Factories in all important Engineering 
centres equipped exclusively with modern 
LIQUID AIR PLANTS, PRODUCING OXYGEN 
OF UNRIVALLED PURITY, entirely free from 
Hydrogen or other combustible residuals. 








Prompt Deliveries! MANUFACTURERS OF 
Oxy-Acetylene Welding 
BLOWPIPES, 
OXYGEN METAL CUTTERS 


Edgar Allen & Co., Limited, | REGULATORS, 


And other Appliances. 





— 4198 
Imperial Steel Works, 2 fll parioulare apply to any of the Company’ 
SHEFFIELD. 3197 poe ay nny Sy eg 


SavILe Street, SHEFFIELD. 
SautLey Works, Binminenam. 
Great MARLBOROUGH STREET, MANCHESTER. 
Waker Gare, NEWCASTLE-ON-TYNE. 
Rosen, Works, Potmapim, GLaseow. 
\ ol East Moors, Carpirr. 
Anp Sronzy, N.8.W. 







































_[S0PPLEMENT wr peoxxn] -___! ENGINEERING. [Dec. 25, 1914: 


Se SS 


LARGEST MAKERS « CAST IRON TANKS 


BRANOH OFFIOES :— WT Tae EIN popGo nm. 
Brook House,” 10-12, Walbrook, LONDON, E.C. - ——— 
Grosvenor Buildings, Deansgate, MANCHESTER. 
60a, Lord Street, LIVERPOOL. | 
Moorhead, SHEFFIELD. ons 


“ ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED 
and ERECTED ANYWHERE. 


DRAWINGS, SPECIFICATIONS ano ESTIMATES 
CIVEN UPON APPLICATION. 


Contractors to the Admiralty, War Department, 
and Crown Agents | for the Colonies. 


KLEG — Namonan TsierHons No. 2200. 
NEW rON. Sit: ¢PFIELD. ESTABLISHED 1793. 


NEWTON, CHAMBERS & CO. ‘iténwonis: ne SHEFFIELD. 
Tue DREADNOUGHT EJECTOR j 


GRESHAM PATENT. SELF REGULATING. 









































— 


on 


Requires no complicated Steam Reducing Valve. 

Works at any boiler pressure with ONE setting of the 

steam valve. 

Vacuum Automatically maintained constant. 
GREATLY INCREASED CAPACITY. 
ECONOMY IN STEAM CONSUMPTION. 

Rapid production of vacuum. 

Power to maintain a good vacuum against leakage. 

Simplicity of construction. 

Interchanges with our Standard Type ‘‘C” Hijector. 

Works down to 90 Ibs. pressure. 


THE VACUUM BRAKE co., L= 


32. Queen Victoria Street, LONDON, E.C. 


JOSEPH EVANS & SONS, TREB 


(WOLVERHAMPTON), Lrto. 


a 
































Culwell Works, WOLVERHAMPTON. 






TREBLE RAM PUMP, DIRECT DRIVEN BY ELECTRIC MOTOR, 
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IMPROVED TYPE 


“WOOLWICH” TAPE 


Our “Woolwich” Tape has enjoyed a world-wide 

Where “Weeiwich” Tape reputation for many years, and we are confident 
oC J Empl . : . 

is made. parler «ste: ink that this Improved Type will give even greater 











Established 1858. 





satisfaction. It is manufactured of a very fine 


SIEMENS BROS. & CO., Ltd. quality fabric, and is entirely free from pinholes. 





City 6200 (lines) WOOLWICH, LONDON, S.E. Sieannet Wentwich. SEND FOR SAMPLES. sxe 
——— —— —— - _— on —— 

















SPEGIALITY :—Patent Double-Header Wrought Steel 


Steam Superheaters 


For Lancashire, Cornish, and ail types of Water-tube Boilers, 
Tubes evenly distributed. 


NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE 
WITHOUT DISTURBING INSTALLATION, LEAKAGE IMPOSSIBLE. 


This Superheater has stood the test of ~paeed years, superseding all ESTIMATES FULL PARTICULARS ON APPLICATION. 


i th McPHAIL & SIMPSON, Ltd. Wakefield. 


LARGE EOORONY IM FUEL. POWER PLANT EFFIGIENOY INCREASED. Lendon Office: FINSBURY PAVEMENT HOUSE, E.C. 





















THE STIRLING BOILER. 


i —-- = The most ECONOMICAL and 
Sy, RELIABLE Boiler on 
the market. 
















For all 
purposes. 
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SUPERHEATERS and 
CHAIN GRATE 












STOKERS. \ 
hey a Made in Sections. Easily transported. 
yd = ss ow 
wail so BS Send for our New Illustrated Catalogue. ae 

















EUREKA PUMP Co. EUREKA PUMP Co. 


PUMPS 


HORIZONTAL AND VERTICAL EU REKA PU MP CO. Leen 08 Mistarte 9. Westnincter. 


PUMPS MANCHESTER—134, Deansgate. 
- 63, BoTHweLt STREET, CARDIFF—12, Victoria R dW 
SIMPLEX, DUPLEX & TRIPLEX, 3, apelin 


FOR ALL PURPOSES. GLASGOW. ae DELIVERY FROM STOCK. 
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PRESSWORK an. PRESS TOOLS 


FOR WORKING IN SHEET METAL 
UP TO A THICKNESS OF 
3/16ths of an INCH. 
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of the KEYSTONE 
Patent All-Steel PULLEY. 










eS LTD. DARLINGTON. 














HEAD OFFICES :—41, Oswald Street, Glasgow Broad Street Chambers, Birmingham. 
LONDON OFFICE :—Winchester House, Old Broad Street, E.C. 


wr” WROUGHT IRON and STEEL TUBES 


by the LAPWELDED, BUTTWELDED, SOLID-DRAWN and LOCK-BAR PROCESSES. 








MAIN STEAM PIPE INSTALLATIONS. LIGHT TUBES with STEWARTS’ INSERTED JOINT. COILS OF EVERY DESCRIPTION. 
OIL LINE PIPES. STEEL CASTINGS. SIEMENS-MARTIN STEEL PLATES for Boilers, Bridges, &c. 2050 








AY 


‘HARDE! 





LocK WOOD @ CARLISLE, Ld. 


HAGLE FOUNDRY, 


Telegraphic Address : ‘‘ PISTON, SHEFFIELD.” National Telephone : 1376. 


Improved Double-action Metallic Piston Packing Rings & 


CARLISLE’S PATENTS. 








oes 


SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. 
3296 
As Fitted in S.S. “BRITANNIC.”’ 









H.P. Rings and Spring specially designed for’ 
Improved Deuble-action Pisten Valve Rings. High Steam Pressures, 
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Telegrams : Telephone No. : 


sesnseae sonal! ware (BABCOCK & WILCOX, LTD., 


— PATIENT 


WATER-TUBE STEAM BOILERS. 
1 1 sa 00 ,000 al — Type for manenrsondiien 3,100,000 al Marine Type eau 




























Manufacturers of 


STEAM SUPERHEATERS. ECONOMISERS. MECHANICAL STOKERS. FEED-WATER HEATERS. 
COMPLETE STEAM PIPING PLANTS. WATER SOFTENERS and PURIFIERS. STEEL CHIMNEYS. 
COAL and ASH CONVEYORS. STRUCTURAL STEEL WORK. ELECTRIC CRANES. 


STEEL WORKS CHARGERS. 


BABCOCK & WILCOX also Supply as Joint Manufacturers and General Licensees with 
J. SAMUEL WHITE & CO., Ltd., the WHITE-FORSTER Boilers for Destroyers, 
Torpedo Boats, Pinnaces, &c. 8887 





Head Offices: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 
Works: RENFREW, SCOTLAND. 




















AWARDED 


GRAND PRIX Waka g S707 


‘ a. > A FRANCO-BRITISH oe 
-— Sy THe 
—e . IcePlants up to 200 Tors Capacity- HASLA ms 
UNION FOUNDRY, Londor Office:~ FOUNDRY: & - 


DERBY 175-177, SALISBURY HOUSE; ENGINEERING C2 Lt? 
* LONDON WALLEC: 


ee ‘ . 
‘OMPRESSED AIR cySTeM> 


















































Od 1448 


, J. P. HALL a CO., O ; OLDHAM. Telophone No. 800 (rime) OLOMAM. 











rrmMirtTrayYD. 







TOTALLY ENCLOSED INDUCTION CRANE MOTORS, 







I Prom 3°x14" to 24” 74" 


Blabs up to 14” 60” and 20 tons 
[ Prom 3” x1)’ to 15” x4” 


- MANUFACTURERS OF : 
ALL SIZES OF ROLLED STEEL SECTIONS 


in weight. 
L. Equal Sides 1” x1” to 8” <*# 3” x24" x3" tole” xay’xay” 
L Unequal Sides sigs 4 2H é 1” x1" to 7” x34 _ 
Bineenirietil BLOOMS FOR FORGINGS UP TO 20 TONS fy ™*=re" | 
' ALSO 


OuTPuT 15,000 TONs PER MONTH. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. 


HEAD Orrice :—LanarksHire STEEL Worxs, MOTHERWELL, N.B. 
@ Squares from }” to 6” LONDON OFFice:—Lonpon House. New Lonpon Srreer, E.C 8218 


Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. ai 
ARE = encom 


T From 6” to 12” 
@ From ?” dia. to 12” dia. 


NUMEROUS RAIL and 
OTHER SPECIAL SECTIONS 


56 & 70 lbs. per yd. Bridge Rails 


ALWAYS KEPT IN STOCK. 
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LACY-HULBERT & Co., LO. =. —= 


91, VICTORIA ST., WESTMINSTER, S.W. 


WORKS :—BEDDINGTON, near CROYDON. 


—— ANDO -— 


VACUUM PUMPS 


FOR IMMEDIATE DELIVERY. 


NORTH BRITISH LOCOMOTIVE c0., im. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & Co.) (Late Duss & Co.) (Late SHARP, STEWART & Co., Ltd.) 


ADMINISTRATION BUILDING, 110, FLEMINGTON STREET, SPRINGBURN, GLASGOW. 


LONDON OFFICE :—!7, VICTORIA STREET, WESTMINSTER, S.W. Telegrams--LOCO., GLASGOW 



























BUILDERS OF ALI HBINDS OF 3524 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY GAUGE OF RAILWAY. 


Annual Capacity, 700 MAIN LINE LOCOMOTIVES. Output now exceeds 20,000 LOCOMOTIVES. Workshops Equipment, 8000 MEN. 


THE LARGEST LOCOMOTIVE WORKS IN EUROPE. 


THE HUNSLET ENGINE CO., Ltd. 


LADS. 











4 MAKERS, OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 









DESIGNS & SPEGIFICA1IIONS 
SUPPLIED OR WORKED TO. 


Quotations and Specifications on application. 


; 4 
| 
5 





2840 
Tetegraphic Address: ** ENGINE, LEEDS.” 
Telephone: Nos. 3430 to 3434 inclusive. 


BAGNATL.L., TL TpD.. 


MAKERS OF STAFFORD, *JENGLAND. BUILDERS OF 


Tipping oan tr Sugar Cane LOCOMOTIVES weighing from 3 to 
agons : ye 50 tons, for any gauge, of highest-class 
witches, &c workmanship and material, at 
competitive prices. 











Code Used :—A B 0. Speciality:_NARROW-GAUGE LOCOMOTIVES. flelegrams: Bagnall, Stafford, 


™™, || 


iif 
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r 
“TUBES LIMITED | 
WELDLESS TUBES fer BOILERS and STEAM. PIPES 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. ] 
ee Works: ASTON MANOR, BIRMINGHAM. 361 Tele {Shone: No. 871 & 73 F (4 lines) 














LIMA LOCOMOTIVES. 


Our Mikado Type Locomotives have great power, fully 

sustained by ample boiler capacity. Recommended for 

heavy goods traffic. Sizes furnished to suit conditions 
Write for details. = 


New York Office ... “8 a .. 60, Church Sireet. 


THE LIMA LOCOMOTIVE CORPORATION, 

















Cable Address :—“ Shayloco.” LIMA, OHIO, U.S.A. 


R. & W. HAWTHORN, LESLIE & CO., LTD. 


Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 
For Collieries, Ironworks, Railway Depots, Branch Lines, Contractors, dc. 






































OF eine © SE — Telegraphic Address: ‘‘ Locomo1tvs, NewcasTLE-on-TYNB.” ESTABLISHED 1817, 
MARINE ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON- I Y NE. 8625 
YORKSHIRE ENGINE CO., LTD. 
Builders of LONDON OFFICE—15, Caxton House, Westminster, S.W. HEAD OFFICE & WORKS—SHEFFIELD, Eng. 


STEAM, ELECTRIC & COMPRESSED AIR 


LOCOMOTIVES 


FOR ANY GAUGE—OF ANY WEIGHT. 


COAL CUTTING MACHINES 
HAULAGE ENGINES 


OF ALL TYPES. 
FORGINGS & MACHINE WORK. 


Telegrams—ENGINE, SHEFFIELD. 4106 




















sete 


——__—___—_—_ 


On ADMIRALTY, WAR OFFICE and COLONIAL LISTS. 


WHEELS 


OF ALL DESORIPTIONS. 
MACHINE MOULDED AND MACHINE CUT. 


RAW HIDE AND COMPRESSED PAPER PINIONS. 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty. 


URQUHART, LINDSAY aCO.,Ld., “AS DUNDEE. 
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TheClayCross Company, L'*- Clay Cross, Derbyshire. 


Telegrams :—JACKSON, OLAYOROSS. —_— BHSTABLISHED 1837. Telephone :—147, CHESTERFIELD. *¥ psn detg ~ 


MAKERS OFJSTAN DARD-TYPEj._ ; 


FUEL ECONOMISERS 


4087 
For Utilising the Waste Heat from Steam Boilers of all Types. 


SAVES IN COAL FROM 15 To 25 PER CENT. 


Adopted by Steam Users throughout the World. 


DROP FORGING PLANT 


For THE PRODUCTION OF ALL CLASSES OF Drop Foroainas. 


BRETT’S PATENT DROP HAMMERS FOR BELT OR DIRECT MOTOR DRIVE 


CONTROL BY VERTICAL CorD oR HAND Lever. ECONOMICAL IN POWER. 
Simpce in CONSTRUCTION. LIFTERS CAN BE APPLIED To Existina STEAM or Kick STAmps. 


STEAM DRIVEN DROP HAMMERS 


Patent Douste AcTina VALVE Firrep wwHichH UtTiises ExHaust STEAM. 
Lirrerns Hia@Hiy EFFioiEenT. 600 


PORGING HAMMERS FOR GENERAL WORK 
Anvi BLock PLracep DIRECT ON CONCRETE. Max Errioimsnoy oF Bi.ow OBTAINED. 
OIL OR COKE FURNACES, PRESSES, &c. 


BRETT'S PATENT LIFTER CO., Lro. 


CO VENTRY, Eng. on Illustration shows Battery of 


. 8 16-cwt. Motor-Driven Hammers. 

















———— 


eel 








Crow’s 


oa ee Ac PW. McONIE, 


GOVAN, Glasgow. 








MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
© tN aad ACCUMULATORS, RIVETTERS, AND 
io penetehoosion, Reltieg ond Sullstinn Machin, "i ALL CLASSES OF SHIPBUILDING TOOLS. 


SUSPENSION BULB FURNACE. gr 


H = CONSTANT 
CORRUGATED TYPES 

















BOARD OF TRADE 


CONSTANT POR 
SUSPENSION BULB 
FURNACE 




















16,000. 14,000. 
The HIGHEST 
TRONGEST FACTOR of SAFETY. 
Seanies UNIFORM 
MANUFACTURED. THICKNESS. 


LONDON AGENT: Mr. JOSEPH 
HALLETT, 70, FENCHURCH 
Sr., a 


ae DIAMETER OF FURNACE 
R OFFICIALLY TESTED TO Tel hi 


COLLAPSE. ae Lonvon. 


Tree LEeBDSsS FORGE Cco., lLrmrrsp, 1.HBpDs. 























” 
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A Reprint From “ENGINEERING” | or :-— 


THE QUADRUPLE SCREW CUNARD LINER 





“AQUITANIA” 


Built and Engined: by 
Messrs. JOHN BROWN & CO., LTD., Sheffield and Clydebank. 


In Imperial Quarto, 92 pp., with 13 Two-page Engravings and 320 Illustrations, many 
of them large scale working drawings. 


Price §/- net, bound in cloth (post free in the United Kingdom, 6/5; or abroad, 6/-). 





‘“‘The description of her propelling machinery, an exceptionally in- 
teresting installation, is perhaps the fullest that has ever been published 
for a single ship.” — Times. 

‘*We have enjoyed the educational advantage of following the letter- 
press descriptions and particulars and the equally educational and interesting 


**In addition to chapters dealing with the history of the Cunard line’s 
fleet and the dimensions of the Aquitania and other large ships of various 
nationalities, every section of the liner and its equipment is specially 
treated. There are a large number of illustrations and plans, the latter 
being distinguished by their technical accuracy.”— Glasgow Herald. 


illustrations of the noted Cunarder Aquitania, as these were passing through ae a ae .° from the technical point of view, one of the best 
the pages of our — contemporary age <r vane — — week and ee < 7 ship is the handsome volume issued by Encingerwe.”— 
month after month, . . . . . . the instalments have been mustered Shipping a ercantile Gazette. 

together in a portfolio, which enables us to round off our reference to what “, , . Asa souvenir of the big ship, there could be nothing more 
llatrated, from the point of view ofthe naval architect and engineer and | <omPtchansive, complete or usefully interesting, ‘The veri of portaite 
general reader ae wae ba Ng > challenged the best work of while the descriptive letterpress has the detail and authority about it 
illustrated journalism." — —_s characteristic of ENcingERtNo work.”—Lennox Herald, Dumbarton. 








Orrices or “ENGINEERING” 35 & 36, Bedford Street, Strand, London, W.C. 








a ee 











CRANES 


Butters Bros. & Co.. 


Makers of all ‘Types of Cranes 





for 


Steam, Hand, or Electric Power. 


SPECIFICATIONS and CATALOGUE ON 
DRAWINGS SUPPLIED. APPLICATION. 





TELEGRAPHIC ADDRESS: 
“BUTTERS,” GLASGOW. 


TELEPHONE Nos, :— 
498 IBROX (Two Lines). 


47 Years’ Experience. 





WORKS: PERCY CRANE AND ENGINE WORKS, 


Maclellan Street, 


GLASGOW. - | 
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WOODITE” WORKS, MITCHAM COMMON, SURREY. 








TEAM USERS ne set OrEERS._ Ap iy articles can now be obtained with the utmost cape Pk tag 5 MB Aa the severest 

istence AC my ky -*® Purposes, and ~gx—ey has stood test up to 40,000 volts for 1/8 in. sheet, without the London : Electric 

ater fa x Uv Sp ae Re eae slyes, Sheeting, and other which have hi erto been manufactured in natn huboer, Leather, & &e. can 
now ™ ol 








STEAM:POWER PUMPS 


From Stock or for Quiok Delivery. 





FRANEK PHARN & CO., LTD. MANCHESTER, S.B. 
ELECTRIC OVERHEAD 





WRITE FOR PARTICULARS. 4148 















BEST QUALITY “27 
TAPS, STOCKS 
ano DIES. 


JOHN H. WIDDOWSON, 


(16 years Manager at Sir Joseph Whitworth’s & Co.) 
BRITANNIA ST., ORDSAL LANE, 


Established sas SALFORD, 
_— MANCHESTER. 










JOHN 
GRIEVEaGo. 


— CRANE BUILDERS, — 


Motherwell. 


North Eastern Marine Engineering Co., Lé. 


ENGINEERS, BOILERMAKERS & REPAIRERS. 
IRON FOUNDERS, BRASS FOUNDERS, COPPERSMITHS. 


Sole Makers of North-Eastern Grease and Air Extractor and Feed Heater, 4146 
yt semana SUPPLIED AND QUICK DELIVERY GIVEN. 

































































MORTHUMBERLARD || NORTHUMBERLAND LICENSEES» 
FOR THE 
WALLSEND-ON-TYNE. WORKS, MANUFACTURE 
Telegrams—NeEws, WALLSEND. WA LLSEND-ON- TYNE. AND FITTI N G OF 
LONDON OFFICE: Telegraphic Address - NEWS, WALLSEND. 
BES eh roche SUNDERLAND SCHMIDT 
<7 WORKS, SUPERHEATERS 
ide . een ce, SOUTH DOOK, SUNDERLAND. TO 
f= _2000_.HP._TRIPLE EXPANSION ENGINES, Tel. No. 1896 Central (Two Lines). Telegraphic Address—NEWS, SUNDERLAND. MARINE BOILERS 








FRASER & CHALMERS RATEAU TURBO BLOWERS 


FOR BESSEMER CONVERTERS. 
TURBO BLOWERS 
from 
5000 cubic ft. per minute up. 
Any Pressure, 
TURBO COMPRESSORS 
from 5000 cubic ft. up. 


TURBO GENERATORS 
ALL SIZES. 


qumam $707 





HIGH, LOW AND MIXED-PRESSURE TURBINES. 
Small Steam _Turbines—Condensing and Non-Condensing-—-From 5 .B.HP. 


FRASER & CHALMERS LTD., 3, London Wal! Buildings, London, E.C. Works: ERITH, Kent. 








Sk 








ir. 


1 @Sro she 





it, 





ENGIN 


EERING., 
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HAND POWER BENDING TOOLS. 


If you have work to do 
that comes within the 
range of our tools you 
© cannot afford to be 
without them. Gres 
iabour savers. We make 
all kinds and’ sizes, for 
bending braces, form- 
ing of wires, rods or bars, rings, “ U * shapes, hooks, pipe % 
han 





me Li , 
gers or bending of pipe, Send for catalogue. ee” 
~- 'WALLACE SUPPLY CO. (Mfrs.), 445, Orleans St., Chicago, U.S.A. 


or C. W. BURTON, GRIFFITHS & CO., 3, Lupeare Squark, Lonvon, E.O, 





Pressin Ss S & 

Cyaehect odie OS. 
Any Size or Weight. From Plate & Sheet 
Metal—Rough or Machined. Foundry Ladies. 


Write and let us know your requirements and we will quote you. 4129 


SANKEY § 














Joseph Sankey & Sons, Ltd., Hadley, Salop. 














* IBROCH x 


(LYNDE & CALTHROP’S PATENTS.) 
The Vibrocel System of Floatable Monolithic Sea Walls for Harbour Contention and 
the Prevention of Coast Erosion, sunk a any foundation in any depth of water; for 
ye pee storage tanks and oil reservoirs, &c., &c., has 
been Patented throughout the World. Concrete rendered non-porous and crushing strain 
increased by nearly 100%. Cost per cube yard of the work less than by any other system, 
For particulars apply :— Casuz Appress: “ Viproceiio.” 


THE VIBROCEL COMPANY, LTD., sino srmeen——uuc. | Loxvox Wau ss, 












































POINTS TO REMEMBER 
when purchasing Silent Chain Drives, 


DURABILITY, EFFICIENCY, ECONOMY 


are all enhanoed by 
THE “ROCKER - JOINT” 


peculiar t6 every Westinghouse-Morse Chain as manufactured by 


THE WESTINGHOUSE BRAKE CO., LTD., LONDON, N. sex: 














Toopert_ A. » W. DALGLISH, 


WEST OF 


Copa— SCOTLAND BOILER 
” 0, WORKS, 
Edition. Pollokshaws, 


MARINE, 
DRYBACE, 
LOCOMOTIVE ana 
MULTITUBULAR 
BOILERS, 


ALL 8IZE8. 
3101 _ 
MADE BY THE 
MOST 
IMPROVED 
MACHINERY. 














2-Crt. Compressor DELIVERING 300 CU. FT. FER MIN, Tr wr 








BE SEEN THAT ALL PARTS ARE ACCESSIBLE FOR CLEANING, &c. 












ECONOMY . OF 
: " FLOOR SPACE 


qo’ has been carefully con- 
sidered in the design of 


this 


HEAVY SINGLE 
PUNCHING 
PRESS. 


This machine will punch 3 in. dia. hole through 
1} in. steel, and will shear 34 in. round bars. 


Made in throat depths from 18 in. to 72 in. 


Also made double-ended, when desired, to avoid 
changing of tools. ~ 


HILLES & JONES COMPANY 


(Founded 1854) 
WILMINGTON, DELAWARE, U.S.A. ™ 



























THE AIR COMPRESSOR THAT 
MAINTAINS its INITIAL EFFICIENCY 





T is freely admitted by most who 
have had experience of more than 
one make of air compressor that 

the “ Broom & Wade” is the most reliable 

machine of its kind. This is borne out 
by the comparatively small number of 

“spares” we supply to users. 

Give us particulars of your requirements 

and we will quote you for a compressor 
which we will guarantee fo compress more 
air per HP. taken than other machines of 

similar size. Although the Broom & Wade 
is the most efficient air compressor there 
is, Our prices are competitive. 


Broom & Wade 
AIR COMPRESSOR. 


Our booklet illustrates the various patterns in which we 
tuild this self-ciling, dustproof air compressor, sizes 
§-1000 cu. ft. per minute. 








Write for a copy. cd 


BROOM & WADE, Ltd., Wonxs,” HIGH WYCOMBE. 


Makers of Hyatt Roller Bearing end Michell Thrust Bearings. 
















TELEPHONE 938 Hick Wycomns. 





4 4 
rg 
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Feed 
Water 
Heaters. 


ALL KINDS. FOR 
Exhaust & Live Steam. 


POLLOC 
MACNAB & 
vas HIGHGATE, 


Shettleston, 
GLASGOW. 











us PVICKERLINE C | PVICKERLINE C | 


A PURE CLEAR 

= FROM Hh eid 
‘OR STAUFFER LUBRE 

caToRs & MOTOR GEARS 


VICKERLINE X 


Au EXTRA WARD 

FOR HOT NECKS - 

ia TROPICAL CLIMATES 
M2 MEFS 101 


BENJ* R. 
VICKERS 
&-SOKS. 


LTD. 


LEEDS. 


ABRILWANT 
BRIGHT METAL 








THE NEW ALL-STEEL TYPE A, 


Scatoscalo Pneumatic Tool, 


For ay er Removing Rust from ALL 
of Boilers, Tanks, Ships’ Bottoms, Brid 
Roofs, Railway Wagons, &., 


At Supplied to the Admiralty and New South Wales Government. 


For Full Particulars apply to— 3704 
ERANE GILMAN 
(Sole Maker), 
LIGHTWOODS, BIRMINGHAM. 





PES 
, Ginders, 








Totally abolish 
SCALE and 
CORROSION 


from your Plant by installing 


The “CUMBERLAND 
ELECTROLYTIC 
PROCESS FOR THE 
PROTECTION OF 
METALS.” 


SPECIALITIES: 
BOILERS, CONDENSERS, , 
ECONOMISERS, PUMPS, 
REFRIGERATORS, SHIPS* 
TANKS, STERN PRAMES 
and PROPELLERS, &c., &c. 








4118 


No chipping, no water softeners and no 
compounds necessary. Greater steaming 
facilities. Large saving In coal bill. 
Economical to instal and always effective. 


Many large marine and land Plants 
installed. 


Apply for particulars to: 


The Cumberland 


Engineering Company, 
Licyd’s House, 6, Licyd’s Avenue, 











aia 


CrosBY SPECIALITIES. 


SEE ADVERTISEMENT NEXT 


CROSBY STEAM GAGE & VALVE CO., 


WEEK 
eS ae elt) 2 2 me longs) 1) hoe 
Re) tele), Fam on on 





HENDERSON & GLASS, LIVERPOOL 


Extensive aTOoE ~ of all descriptions and Sections 


MALLRABLE IRON AND STEEL. 


See eee aoe = 8 eS 


Rolled Gindars & Joists, in. t to 20in. n.deep. 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 


PLAIN AND CHEQUERED PLATES. 
Boller and Tank Plates: in Iron or Siemens-Martin Steel, all sizes. 


QUOTATIONS AND SECTION SHEETS ON APPLICATION. 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITED. 
a aE 


| RAPID 
ae MACNETIG 
SEPARATOR 


Ss 9526 
FOR METALS, DESTRUCTOR REFUSE, POTTERS SLIP. 
The Crescent, BIRMINGHAM. 





PATENT DIRE(T ACTING 


STEAM PUMPS “is 


Contractors 
to the 
Admiralty, 
War Office, 
&c., &c. 


LONDON OFFICE :— 
Palace Chambers, 

Bridge Street, 
Westminster, S.W. 





NEWCASTLE-ON-TYNE 
OFFICE :— 


1, St. Nicholas Buildings. 








LONDON, E.C, 












Vertical 


or 
Horizontal 
Types. 


Special 
Patterns 
for 


Mine Pumps. 











- THIS Feed-Water Heater 
ia VERY EASILY 
OLEANED. 















GLANCE «ct the 
illustration will 
show the simple con- 
struction ; the top 
being quickly re- 
moved, the tubes 
beingstraight,ensure 
a thorough cleaning 
in the shortest pcs- 
sible time. 
Thousands of 
horse-power being in 
constantand success- 
ful use every day 
should be a strong 
inducement to write 
to us for particulars 
and prices, 
which will 
be for- 
a war ded 
promptly 
and with 
pleasure. 


“SHORE” PATENT 
FEED WATER MEATER.. 


I. SHORE & SONS crntein,stoxe-oc tier 











MARSHALL, FLEMING:C* Motherwell. 


as ELECTRIC and HAND TRAVELLERS. 


ELECTRIC GOLIATH CRANES. 
LOCO. STEAM CRANES. 





vet 
VAN 





%-Ton ELECTRIC WHARF CRANE, * Cor 




















SANDS 


For STEEL WORKS 
AND GLASS_ TRADES. 


Apply, Owner of Pitr— 


JOSEY Ha ARNOLD, 
Camden Town, LONDON, N.W. 


DANIELS GAS PLANTS 
DANIELS GAS ENGINES 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T. H. & J. DANIELS, Ltd., Engrs., Stroud, Eng. 


See displayed Advt. last and next week. 506 


The CLYDE STRUCTURAL IRON CO., Ltd., 


Clydeside Ironworks, 8eotstoun, Alaagow. 


MANUFACTURERS OF 


[ron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 48, Cornhill, E.C. 


MUSGRAVE'S 
















a¥D 3959 
HIGH-SPEED 
ENGINES 


For HEATING, VENTILATING DRYING 
FORCED & INDUCED DRAFT PLANTS. 


MUSGRAVE & Co., Ltd. BELFAST, 












a} 
‘Ke O:L.0 5. 


Positive LOCK 


WASHERS 


Prevent Vibration. 
pte’ only perfect pomen 
Avoid imitations 
by specifying ‘KOLOK. 
( POSITIVE LOCK 
[ WASHER CoO, 
2-8, James Watt 8t., 
GLASGOW. 420 


SCHAFFER &BUDENBERG 


BROADHEATH, — “eo ~ og 
LONDON, E.C. 
Tia, Queen Victoria 















ctoria Street. 5, Wellingeon 8 Street. 


Makers of Pressure Gauges and High 
Class Engine and Boiler Fittings. 





Boiler Feed Pumps. Sluice Valves. 
Control Watches. Steam Meters. 
* Counters. “Steam Traps. ~ 
Indicators, Stop Valves. 
jectors, 
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GRICE.GRICE &SON Lure 


BRASS & COPPER, LOCO & CONDENSER 








pS 408° BIRMINGHAM. 







= 


> 





GEIPEL’ 


3 PATENT 


The Most Efficient 
Steam Trap ex. 
tant. 


Wastes least steam 
by radiation. 


Intermittent and 
rapid full’ bore 
discharge. 


Sharp shut oft. 


IN USE TL 


ON SS. 






= te CEIPECS PATEWy 
“RAPIDITY” 











fee a 
1H, 


















_ — - _ —__ ..______, 


S STEAM TRAP. 


Works under vary 


ing pressure. 


detached 


Valve 


and removable in 


10 secs. 


Rotating 


self- 
grinding valve. 


Hand blow througt. 


Explosions 


impossible. 


AQUITANIA” 


COSTS LESS THAN HALF OF ANY OTHER TRAP FOR A GIVEN DISCHARGE CAPACITY. 


W™. GEIPEL & C°”:: 


Usep sy ADMIRALTY on 50 WARSHIPS For 300.88. PRESSURE. 
VULCAN WORKS, ST. THOMAS STREET, S.E. 





8041 








SIR WILLIAM ARROL & CO., Ltd., 


Dalmarnock Ironworks, 


CONTRACTORS, BRIDGE BUILDERS, AND DESIGNERS OF STRUCTURAL STEELWORK. 


BRIDGETON, GLASGOW. 


— MAKERS OF — 


HYDRAULIC MACHINERY AND CRANES OF ALL KINDS. 





PORTION OF WORKS FOR THE CCVENTRY ORDNANCE WORKS CO., LTD., AT SCOTSTOUY. 


Shop 675 feet long x 134 feet wide, and Gantry 675 feet x 87 feet Span, carrying 100 Ton, 60.Ton and 10 Ton Cranes. 8967 


‘LONDON OFFICHS: 56, VICTORIA STREET, WHSTMINSTER, S.w. 













WROUCHT 


; 


HINGES 


SHIPBUILDERS 
LOCO. BUILDERS 





Manufactured by 


WHITLEY & VALIANT, 


LIMITED, 


ASHTON IN MAKERFIELD, 
(Laacashire). 





te- Send for our Quotations. 
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BOLTS, NUTS, WASHERS, 
BLACK AND BRIGHT 





Large Stocks for Prompt Despatch. 


JAMES WILEY @ SONS, CL” 


DA MRLASTON- 














OSTER TUBE SCREWING MACHINE 


No. 306a. 


NOTE THESE FEATURES : 
Automatic die release, quick-opening 
dies, automatic oil — No. 306a is 
designed with a yie wards more 
convenient changing and setting of 
dies. . These features are found also in 
Nos. 3004 afid 304a. For your heavy 
| work instal» an Oster No. 3064, and 
handle your tube work mes a cost so far 
below the same work when bought 
—— your shop, that you will a4 ~ 
fit of 25 cent. a year 
nvestment. rite for details. ‘For sale 
by the leading British 
Distributors :—CHAS. CHURCHILL & CO., Ltd., 
9-15, Leonard &t., 9 Faremennt London; Birming- 
ham, fh tle-on Tyne, Glasgow. 
Manufacturer's praeenias —-J. RICKARD, 
, Perryn Road, East Acton, London, W. 


THE OSTER MFC. 60. 


CLEVELAND, OHIO, U.S.A. 4000 © 

















GENUINE ARMSTRONG STOCKS & DIES. 


These Dies are adjustable to variations in size of Fittings 
for Threading Pipe or Rod. 
ENGLISH OR AMERICAN THREADS. 


HINGED PIPE VISES. PIPE CUTTERS. 
PIPE THREADING & CUTTING-OFF MACHINES. 


THESE GOODS ARE CARRIED IN STOCK BY LEADING HARDWARE AND 
STEAM AND PLUMBING SUPPLY HOUSES. 


Manufactured by 8778 


THE ARMSTRONG MFG. CO., 


3838, ENOWLTON STREET, BRIDGHPORT, CONN., U.S.A. 
New York. 








Catalogue Mailed on Request. CHICAGO. 


Gp Royal 
O@Marrant. 


To His Majesty 
Ring George V. 





WAYGOOD-OTIS LIFTS 





8025 


Waygood-Otis Ltd. (Estab. 1833), London, 8.E. Telephone 4000 Hop (Night and Day). 

























EDWIN COTTAM & CO., U2 


CARDIFF & ROTHERHAM. 
LAMINATED RAILWAY CARRIAGE AND “ew SPRINGS, 
VOLUTES, CONICALS, SPIRALS, 


STEEL CASTINGS 


“*STOCK PROOESS.” 


Bure STEEL AND Sprina Works, CARDIFF. 
Don Spring Works, ROTHERHAM. 
_ Don Stee. Founpry, a 




















THE MASON SPEED GOVERNOR for PUMPS. 


By using the Mason Governor, you can instan orb oe ennee rome oom to any required speed, 
” which will be maintained in epite variation in Or team pressure. 


ESPECIALLY ADAPTED FOB 
WATERWORKS PUMPS, 
BOILER FEED PUMPS. 
BREWERY PUMPS. 
FIRE AND TANK PUMPS, 
VACUUM PUMPS, 
AIR COMPRESSORS. 


Full Particulars and Prices upon Application to— 


THE ‘MASON REGULATOR 00., 


ese pate mee oe yeaa 


-_ 














THERMOMETERS 


RECORDING. 





O° to 1800° Fah. 
ALEX TYPES. 
CAPILLARY TUBING, 

Up to 60 yards from Source of Heat. 





ENGINEERING SUPPLIES, Lro, 


28, Victoria Street, LONDON, S.W. 


Telegrams aan Lonpon.” etiaowe No. : 1566, VICTORIA. 
The TERRY s TENCH CO., Inc, 


3} GENERAL 
CONTRACTORS 
AND 
BUILDERS 
OF 
DERRICKS: 
AND 
CRANES, 


GRAND CENTRAL 
TERMINAL, 


| NEW YORK 














SYON l 
74, Clarence Street. 





CITY. 
3047 


,7 & 
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THE GRANTHAM BOILER & CRANK 00., LTD.,| 969 Ean 


deta 3s GRANTHAM. on | ——— 
STEAM BOILERS sites” |g. the Lancaster” 


i: 
oe 
st: 

esses 

at 

$33 : 

sa | | ete 

+ i t 

| 

$ 



















Vertical, 
Portable, 
Cornish, 
Colonial, SAVE HEl-BORIN G. 
**Field” Tube, ae | .To prove our assertion, send for “‘The-Lancaster” Illustrated Piston Booklet 
and Loco. zt and read pages 99, 41 and 42, 


sit First prt ‘*ON APPROVAL.” 


” Makers of ‘‘The Lancaster” Seam Traps, Metallic Packin Steam. Dryers, 
Limit Piston Rings, Spiral Springs, Machine Moulded Wheels, &c. 


Pendleton, MANCHESTER. 
Te'egrams—“ PISTONS, MANCHESTER.” Telephone—4621, OITY. 





I een eee 























BUCYRUS CO., ' 


South mivarkee. |] TO) MARINE ENGINE BUILDERS 


4 DIPPER WHY WASTE TIME AND MONEY ON) + 
DREDGERS. FITTING PINS AND CASTLE NUTS? | 


GROVER 22". 3 
WASHERS 


SERVE THE SAME PURPOSE 


at HALF THE COST. == 














Lowest first cost 
easiest type to handle ; 
best for hard material; 
by far the most 
economical for sub- 
aqueous rock work, 


Also 
SUCTION DREDGERS. 
GOLD DREDGES. 









ws ) BUT BEWARE OF IMITATIONS. , a 
DRAG LINE _ THE GENUINE ARTICLE IS MANUFACTURED ONLY BY 


EXCAVATORS, 
PILE DRIVERS. 









4130 - 


CROVER 60 L Britannia Works, Wharf Road, 
Sole British Agents— & "y TD., LONDON, N. ™ 


GEORGE F. WEST & CO., 507, Caxton ease, Westminster, S.W. - 


RELIABLE SERVICE |/KELVIN MARINE MOTORS 


ep cak Diced O8 Exche PETROL OR PARAFFIN. 


as the power unit 


FOR ELECTRIC LIGHTING. 6 TO 60 HP. TO PASS LLOYDS AND B.O.T. 


Engine adaptable to operate on 
either ordinary lamp or light re- 
sidual oils. Also for all kinds of 


No electric ignition or other 


D\,_Simpie“io mae." “= 111 STATIONARY WORK, PUMPS, COMPRESSORS, — 


4 Perféct system of combustion 
































{ensures economical, clean. and 
—-.- efficient working. BTC. 
' 





Write for Catalogue CR-2 to the 
j ‘Manufas eturers : 


) The Westinghouse Brake &., 


Te Hein 8 The Bergius Launch & Engine Co., 


82 York Road, d, King's Fait 
LON oa 















































A wo OP. Ses Grostanealell S68 SNe ennpaetn on fdmiraty Lia, ll 254, DOBBIES LOAN, GLASGOW. 
; MACHINE “CONQUEROR” _INVINGIBLE” 
AND 
2S C U T : CONQUEROR 3 z i 
a EELS. HIGH SPEED STEELS 
WORM AND SPUR **Conqueror” Steel has no. superior for 6 _lnvineihie * Steel is the outstanding 
general purposes at the price we offer. brand for exeeptionally hard cutting. 
REDUCING GEARS. Is in universal favour with practical It is offered for the production of tools 
: users and the various technical and above the average.high speeds and 
iL , So see upon steel production ay 7 a. and is a new standard 
185 
T Ask for Official Report, No, 11919a, giving test details. 
K he REID GEAR CO., BALTIC J BEARDSHAW [ d LONDON 
unwoox | = & & SON, Ltd., . ome:... 
ccd ae SHEFFIELD. SEHEEIEL.}D. WESTMINSTER. 
near . 
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BROUGHTON COPPER C2 L? 








OFFICES: 


‘COPPER, BRASS"° BRONZE TUBES"=CYLINGERS 4 


eee 


MANCHESTER. | Z 


The Patent Lightminsg 


CRUSHER«PULVERIZER 


The Simplest, the Most Powerful, the Most Rapid Pulverizing Machine on the Market. 
GREAT OUTPUT BCconwoxmtT OF Wohin cG. 4271 
Unequalled for the treatment of MINERAL ORES, SHINGLE, LIMESTONE, &c., &c., &c. 


"aie"tiry. THE PATENT LIGHTNING CRUSHER CO., Ltd., % "esebery Avenue, Gray's tan Rona, 


CRANES 


TO WORE BY 


Electric, Steam, Petro! & Hand Power. 






































ALSO-— 


RAILWAY PLANT 


SUCH AS 
Tanks, - Pumps, Capstans, Winches, estihaiet 3 








42-ton STEAM GOLIATH ORANE. Traversers, &c. 





20-ton OVERHEAD ELECTRIC -ORANE, 


RANSOMES & RAPIER, LTD, « (Dept. H.), 82, VICTORIA STREET, LONDON, S.W. 


Telegrams & Cabies—Ransomes Rapier, London. BO, 5th Edition. Telephones—4391 & 4897, Victoria. 49 Ipswich. 











EU. ee ee ee cee 


ILUERTOWN 


The SILVERTOWN COMPANY have specialized in Direct- 
Current Dynamos and Motors for upwards of 30 YEARS, and 
have acquired a high reputation for the efficiency of their machines. 


A number of SILVERTOWN DYNAMOS and MOTORS 
installed over 20 years ago are still doing good work. 





Every Silvertown Machine develops its guaranteed rated output. 
ESTIMATES ON APPLICATION, 


The India Rubber, Gutta Percha & Telegraph Works Go., Ld. 


Nine Sets similar to that illustrated were Head os Sree _ — Works: 3907 


ordered recently by a Shipbuilding Yard for . 106, Cannon Street, London, E.C. Silvertown, London, E. 


Ship Lighting and Refrigerating purposes. BRANCHES :—Belfast, Birmingham, Bradford, Bristol, Cardiff, Dublin, Gh 
Liverpool, Manchester, _Newcastle-on-Tyne, Portsmouth, She eld. 





STVANVUUNUNVNAOOOATLOANAANNAALNAANLA0000100 00 WAV TALOOOUUOOUUABDUOLONNAOLADANLATATTONTTA0N0TO40V0T00NAT0000VVOQUUUUUUUUUUIUULUUOIIA 
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wt YORKSHIRE COPPER WORKS « 


Have Supplied Tubes for the following Dreadnough?s, viz: 


“ Queen Mary,” 


SOLID 
DRAWN 





CRANES. 


mat ’ wuss 
a pXuon pn 


penn 


Lirrine, pa 


STEAM & ELECTRIC. 

















PURE WATER 


for all purposes. 


Particulars from 3739 


The BUHRING’S Patent WATER PURIFYING Co., 











60, Wilson Street, E.C. 
CENTRIFUGAL | 


e A ACERD &,WOH, SPEED ENGINES 





LAST WEEKS (5 
DRYSDALE & ce Ge Yoxner, 
CLASGOW. 




















1013 THe Best 


MELDRUM sc. 


STOKERS. 
DESTRUOTORS 
MELDRUMS LIMITED. 
Canal Works, Timperley, MANCHESTER. 


SUPERHEATERS 
LOUDON BROTHERS, Ld 


Makers of— 


HIGH CLASS MACHINE TOOLS 


for 

















“Tron Duke,” 


gy 


GALVANISING & CONSTRUCTION AL IRONWORKS 


JOSEPH ASH & SON, 


8719 


Rea Street South, BIRMINGHAM 


BaAEDS. 


“ Andacions,” “Princess Royal,” “Lon, “ Monarch,” wKing | George V..” 


“ Thunderer,” 





Central House, Kingsway, LONDON, W.C. 
ELECTRICAL SWITCHGEAR, 











LIMITED, 


‘Shipbuilders, — 8. 


AILSA SHIPBUILDING C0. , 


and Repairers. 
TROOW and = A. 


See Displayed Advertisement last week and next week. 

















BACSHAWE CO., ra 






oS Ts — Sor all — 
MENSE 8ST 





ROWLAND’ ¢ at, ess 
cme Hee -< 


ENG LAND. 





, | Instruments, Heating & Cooking Apparatus. 


TRANSFORMERS and METERS. 


Write for H/G Lists. 


Ocntarion,” “Conqueror,” “ Benbow ”’ 
“ Marlborough,” “Tiger,” “Delhi,” “ Queen Blizabeth.” mr “Valiant.” 


TUBES 


SOLE MAKERS OF * BEWMLAIL.” BRASS CONDENSER TUBES. 


COPPER, 
BRASS, 
GUN-METAL. 


FERRANTI LTD.|| 5 








“New Zealand,” 





BATEMAN 


See last week's issue. 
WARD, HAGGAS & SMITH, Keightey. 


So 








4148 








iPatterns] 


—vyour kind. 


WOODMANSEY 4& CoO.., 
MADELEY STREET. HULL. 


||| BULLIVANT & GO., L” 


Stee! Wire Rope Makers, 
BULLIVANT’S AERIAL ROPEWAYS, Ltd., 


aa, LANE, LONDON, E.O, 2007 
Works: Mur Tele,: 2108 Avenue (3 lines). 


EDWARD HAYES, 


Od 2174 Watling Works, 
Stony Stratford, 






























Write for the 


PATERSON “RED BOOK" 


WATER SOFTENING 
AND FILTRATION 


THE PATERSON ENGINEERING 00., Ltd., 


21, AMBERLEY HOUSE, 


Norfolk Street, LONDON. 














2ailway, Marine & General latin ec. 


4 








* Marine Engines 
Now Ready. 


6&12x 8C.S8. 
7 C.8. 
8 C.8. 
9 C.8. 


& & br & 
Oe 
x X’x 


1 
] 
1 


=Se 





Aduhazir 


C. 
C. 
C. 
Cc. 
Makers to Admiralty, &. 














| MARKS. STAMPS, BRANDING IRONS, 


> . Lrasslabels & Time Checks. »\. 
ders Of Letter & Figure bunches, Embossing Presses. 
brasshame bates, Stencils, Mouldersletterss /igures. 


* pies. -EPRYOR& SON, Seals: 
u ) | 68WESTS! SHEFFIELD. y, 





























ENCLOSED 


“HARTNELL” GOVERNORS 


ENGINES and STEAM TURBINES, 


GAS and OIL ENGINES. 








LONDON OFFICE: 38, Victcria Street, West-ninater, 5.W. 


WILSON HARTNELL & CO., LTD., 


VOLT Works, LEEDS. 


6445 





MOTORS & a 
















BYNAMDS ey 


MAVORE COULSON Is 4/, Broan, GLASGOW. 


CAMPBELL ’& CALDERWOOD, 
Boho Engine Works, X\2 
scoTiA. One 4257 


LAND & Illustrated Advertisemen 
Last Week and Next Week. 
SHIPBUILDERS, 
MARINE ENGINEERS. 
SEE DISPLAYED ADVERT, ALTERNATE WEE 


CRABTREE & CO., Lrv., 


GREAT YARMOUTH. 41% 


CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED 


41, Moorfields, LONDON, E.c. 


MANUFACTURERS OF THE 


STANDARD AUTOMATIC VACUUM BRAKE 
Rapid ae Service & Emergency hooelerators 


Seo = vay Fon “to ents aa and np 
», La * Telephor No a0, London Wa i. 




















Telegrams: “ Va 























GENERAL STEEL 
STRUCTURAL WORK 
RETFORD,NOTTS 


x &) 5 

As (S PLANT 
0.8 PATE CONVEYORS 
COAL BREAKT “SCREENING 

PLANTS. ~ * 

ELEVATORS...’ 6 

erc. y am 

WAGGON TIPPERS 















MACHINE TOOLS. 


ENGEL WORKS, GUILDFORD, SURREY. 




















Kaa NWAW’s 


NON-CONDUCTING COVERINGS 


are the best for 
Boilers, Steam Pipes and all Heated duiidhead 


Bpecial Cork Ooverings for Refrigerating Plant, &o 








Anmacn Worxs, Bow, Lonpon, E. (Phone, East 348 
Qt. Waiuieton 8t., Guaseow. (’Phone, 2063 South’ 
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HINDLEY 


Enclosed, Forced Lubrication 


. 7 
Gas, Oil & Steam Engines 
or direct coupling, Give Complete Satisfaction. 
Kindly state your requirements and we will quote gou 


E. 8. HINDLEY & SONS, 2796 


Bourton, Dorser; and 11, Queen VierortA St., E.C. 











G BAe C21 
TRAFFORD PARK-MANCHESTER 
JELAGRAAS: CABLES, MANCHESTER. 





JOHN* SPENCER, FE 


WEDNESBURY. 
imo é& STHHDL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 
DIXON’S GRAPHITE 





SPECIALITIES. 


GRAPHITE PRODUCTS Ltd., 
218-220, que ENS ROAD, BATTERSEA, 
» LONDON, S.W. 


PULSATING PUN PS) 


TURNSTILES, 
AND GENERAL ENGINEERING 


W. T. ELLISON & €0., Ltd., 


Irlams-o’-th’-Height, 9806 
MANORS rk. 
Telegrams: 











“ Eliisons Ltd., Irlams’-o’th’-Height.” 
Telephone: No. 30, Pendleton. 








THE 


CLEVELAND 
BRIDGE AND 
ENGINEERING CO., L™ 


Specialists in the Design, Manufacture, 

and Erection of Bridges, Girders, 

Roofs, Warehouses, and all classes of 

Tron and Steel Construetional Work. 
HEAD. OFFICE AND WorKs— = 394 


DARLINGTON . 


DIVING 


APPARATUS. 
SMOKE HELMETS. - 
RESCUE APPARATUS (35). 
AIR_PUMPS and COMPRESSORS. 


High and 














cubic foot p.m. upwards. 


fi sitee, GORMAN & CO., Ltp., 


‘“Neptune’’ Works, LONDON, S.E. 


” ‘TELEGRAMS: “SIEBE,” Lonpon. 3661 TreLernone : No. 251 Hop. 
» Oopgs:—Al, A BO (4th & 5th Edition), Western Union, Engineering, and Private. 


PLAYER'S WELDED Tanks 


PLAN ISH i NG gg ag ahi 
HAMMERS 


SWITCH. BOXES. 
BELT OR MOTOR DRIVEN. | 


Pressure. 














CYANIDE TANKS. 
HARDENING POTS. 
ELEVATOR BUCKETS. 
STEAM JACKET PANS. 


R. JENKINS & CO., 





W. & J. PLAYER, BIRMINGHAM. 


‘HUDBEIDG 2 


GAS<OIL ENGINES. GE 


LONDON OFFICE; 


Estb. 1856. 
4216 

























87,VICTORIA ST. 
V/ESTMINSTER , S.W. 


The __ TheDudbridge lron Works Ltd. Stroud, Gloucestershire 











i SEND for CATALOGUE 
No. 90. IT WILL BE OF ¢ 
| INTEREST TO YOU. 








KERN & CO., oe 


SWITZERLAND. 


FIRST PRIZE—GOLD MEDAL, Allahabad (1911) U.P. Exhibition. 
TURIN (1911) 2 GRANDS PRIX. 20 Medals and Highest Awards. 
GRAND PRIX—Paris 1889, Milan 1906. 






Makers and Exporters 
of finest Engineers’ 


bé Drawing Instruments 
Telescopic 








— THE — 


\ DRUM ENGINEERING CO. (Gs 


83, BROOK STREET, 
BRADFORD. 











THE FINEST INSTRUMENTS 
IN THE WORLD. 
HIGHEST PRECISION. 
LATEST IMPROVEMENTS. 


| Lonoon cone" HH. E. HAY, Peninsular House, 28, Monument St.,{B.C. 


Te._erHone: Ne. 10,411, Cure. Tatzerams ; KERNAMAT, LONDON, 


CONTRACTORS TO THE INDIA OFFICE. _ 2688 


Theodolites. | | 





A. BEEBEE, 
Studs, Bolts, Nuts, « 


WEDNESBURY. ™ 
MAXWELL & FAGE, 


to bKUUs & 01 
49, Sefton Street, LIVERPOOL. 


CONSTRUCTIONAL ENCINEERS & CONTRACTORS 
for Steel Buildings, Bridges, Girders, and all 
descriptions of Structural Work. Timber 
Buildings designed for use at home & abroad. 
Bee ey ay ry s Eresediny ® Following Wests. 
4 
ele.: No. 1817 Royal. Telegrams: * Galvaniaer,” Liverpool. 


pease LER at FLAT! os SQUARES, ANGLES, 
TEES, OVALS, &c., ER IRON OR STREL, 
SIEMENS-MARTIN 0 OR BASIC 

Tele. Add.: “ “Add.: “ Hoops,” 

Motherwell. 























oO- also onan Cotton 

Ties and all other purposes. 
Oo” Motherwell Iron 

and Steel Co., Ld., Motherwell, x.s. 


HALL Pumps 


FOR ALL CLASSES OF BOILER FEEDING, &c., &c. 

















8028 


PETERBOROUGH. 


J..P. HALL* SONS, L?: 







Transmit 987 of Power 


Handbook C3 on Chain Gearing FREE 


THE COVENTRY CHAIN Co.Ltd. 
COVENTRY. ENG AND. 


ZYNKARA 60., L™: 


hae Side, Newcastle-on-Tyne. 


Most Perfect and Economical 
PRESERVA TIVE of Steam Boilers 
against Corrosion & Incrustation. 





























Entwisle & Gass, Ltd., 


Engineers, BOLTON, Lancs. 


RUBBER Machinery. 


Special Patent Washing Machinery 
for Plantation Use. 1192 


“SPLIT GRIP” 
«« COLLAR Gra 


AS USEFUL AS THE 
SPLIT ‘PULLEY. 


in HALVES. 

=\ WO Set Serew 

3] Accidents. 

Grips likes Vice. 
Fixed 

or Removed 


> without 
Disturbance. 















Sole Makers. 


TRIER & Bros. 


conpeu. 's. w. 


GAXTGN HOUSE, 


WESTMINSTER. 





Plane Tables, oma 














‘S7avund puke SNOYLS 
*DOsIUvAIeES SDNuPMUSCLIG DUB 


_ | 


“eS 
ope 








q 
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“ SHONE ” POR RAISING SEWAGE, SLUDGE, || R¢- White & Sons, Widnes, 
BALDWINS EVprcuaTiC “Soe | Rae 


AS USED AT 


5, Fenchurch Street, E.C. : RANGOON, KARACHI, BOMBAY, POINTS ANP CROSSINGS. 
Lonpon Works: EJECTOR S 2rcni ccs . || AeRIAL_ROPEWAYS.- 


Orchard Place, Blackwall, E. Westminster, and many other places. 

















S 
For Concrete and Mortar *°° <>, 

Ye fi, 
BLACK STEEL SHEETS|| AIR COMPRESSING | COMPRESSED . AIR_ ||| KAYE’S CEMENT. fx3 


GALVD. CORRUGATED MACHINERY Ese S Ce eeE aie tren AYE 00 [ethan Work RUGBY. i ie 
AND PLAIN SHEETS. 


















Wells, Boreholes, &c, os aes 
, saat 








For Pamphlets and full particulars apply to the Manufacturers— 


STEEL FRAMED || HUGHES & LANCASTER, Ld., 16, Victoria St., LONDON, S.W. V ALVES! 
ROOFS & BUILDINGS. |—— TURNBULL'S SAFETY, STOP, CHECK, SLUICE, 


TANKS 10 ware TURE RBINES NEES uniting aitiece 


CISTERNS srs, sossc’ FS THE STEEL PIPE 60. 























“British Empire” LIMITED, 4014 


KIRKCALDY, N.B. 


Turbine. 





Turbine. 





See our large Advertisement on alternate weeks. 


GALV?: WATER BUTTS The Most Eficient Motor Jee Docstaniinl of Water Power. " Asquith” Drills Pay. 
0 ee -\JOSEPH J. ARMFIELD & CO, smn “ete on°miny sec 



































. 33 to rt 
o8z d 20, Mark Lane, LONDON, E.C. coe | Sa OR etree tae Wartsentala, 
a8 8 Works: RINGWOOD, HANTS. abe Works, Halifax. || Adee. Yast stock. 
Loe = wo 

2° ° 
535 <9 3 LIDGERWOOD 
> » +4 oN 
z3% 23 PileDrivers,HoistingEngines 
On § %Q for BUILPHRS and CONTRACTORS. 
Bez S LIDGBRWOOD MANFG. CO., so 
D2.0 ‘ 2 8 Caxton House. Westminster. LONDON, 8.W. 
nae - 





ENNICOTT 
LANCASHIRE, CORNISH, UNDERFIRED MULTITUBULAR 


Also Sole Makers of DRYBACK AND WATER TUBE TYPES FOR HOME OR EXPORT. WATER SOFTENER Co., 
THE “ PHEENIX ” GALYD. 


LVERHAMPTON. 


WILLIAM WILSON & CO. soe 1) Bacgns Werte Walrrbamptin. 
PETROL STORAGE LILYBANK BOILER works, GLASGOW. || MURRAY, WORKMAN &CO.,Lo. 























AIR COMPRESSORS. 
FOUNDRY MOULDING MACHINES. 
CRAIGTON ENGINEERING WORKS, 


COMBINED AIR PUMPS = AND |] "sete ave, Den em 
JET CON DENSERS xs parm RODENT STEPHENSON & C0, 














Office :—Sanctuary House, Westminster. 
BELT ROPE, MOTOR, OR IN. LOCOMOTIVES ter all, gpagee 
DEPENDENTLY STEAM DRIVEN by eH ry ~~ tissope, London. 
Codes—a BO ny Edition, Bngincering 8 Standards, 
ALso SURFACE See our Tlustrated Advt. last and newt weak. 
CONDENSERS, WORKS, MONTREAL .CANADA. 


Which keeps your PETROL under 
LOCK and KEY, excludes risk of 
FIRE, and meets all the requirements 
of the PRIVATE OWNER. 


Made in to hold 12 2-Gallon Cans. 


” 48 ” 
Write for prices and particulars. 


GALV°2: IRON 
CORN BINS. 


IRON KEGS, ” 
ORUMS & CANS 


GALVANIZERS 


of all kinds of IRONWORK. 





AIR AND KINS S BRes2 
CIRCULATING VA TTY 


: KIN SHEETING 
PUMPS LONDON, 9SQUEEN VICTORIA ST.EC. 




















Sizes 


THE “STONE-LLOYD” SYSTEM 


OF 
HYDRAULICALLY OPERATED 
WATERTIGHT DOORS. 

As fitted to latest Mail and Passenger Steamers 


Cylinders and Air Pumps J. STONE & CoO.. LTD., 


Bored, and Valve Facings Deptford, London, 8.R. 
Planed BY SPECIAL 


_ APPARATUS without being GREAVES’ PORTLAND 


removed from their working 
rao CEMENT 


for Highest Class Engineering Work, 


S. : 70 years’ reputation. 
ve 8 STOTT & 60., GREAVES,BULLé LAKIN,L*- 
aon HASLINGDEN, -near Manchester, HARBURY, LEAMINGTON. 


Depots—Lowpon axp Birminatiam, Od 6364 
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HEAD OFFICE and WORKS :-— : R es H j\ L iL S oO N =F : ie (e Oo Lt D MANUFACTURERS OF 
GAINSBOROUGH, ENGLAND. : , a TRACTION ENGINES, 
LONDON DEPOT := ince, =a ROAD LOCOMOTIVES, 
79, Farringdon Road, E.C. ama Pa ee STEAM TRACTORS. 


INDIAN BRANCHES :— Eom . “7 es 3 Special types for 
Calcutta, Bombay, Lahore, Madras, {5% J q ea? GE=7 yy DIRECT-TRACTION PLOUGHING, 

CANADIAN DEPOT :— : Lb = — co em COLONIAL TRANSPORT, and 
©) Saskatoon, Sask. HE sell Ba Sse. _——— _ cat ay ¥ é AGRICULTURAL SERVICES. 























CRANES m =e 


MOTHERWELL 
_OF ALLTYPES : t| NEAR GLASGOW 























11, TOTHILL STREET, NINE ELMS IRON WORKS 
LONDON. READING. 


. Weite for 
































STEAM HAM MERS| 


FROM 


STOCK 


Aicwr 10 O.cur, SIZES, FOR DELIVERY IN ONE WEEK, Lown T0 20 CWT. SIZES IN THREE WEEKS. 


MAY WH SHND YOU PARTICULARS °? 3049 


B. & S. MASSEY, Ltd., opznsuaw, MANCHESTER. 


- meena en 


| 
| 





Prinved by the Proprietors Offices, The Bedford Press, 20 and in the Parish of St. Martin’s-in-the-! ee ye Coens Sees eee. asc teen, 
nes Seem 86 & 86, Bedford Street, in the the of St. Covent Garden, both in the County of Middlesex.—Friday, December 25th, 191 
































